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Abstract
AIM: Phase I/II enzymes metabolize environmental carcinogens and several functional polymorphisms have been
reported in their encoding genes. Although their significance
with regard to esophageal carcinogenicity has been examined
epidemiologically, it remains controversial. The present
systematic review of the literature was performed to clarify
associations.
METHODS: Eligible studies were case-control or cohort
studies published until September 2004 that were written
in any language. From PubMed and a manual review of reference lists in relevant review articles, we obtained 16 studies
related to the CYP1A1 Ile-Val substitution in exon 7, CYP1A1
Msp I polymorphisms, CYP2E1 Rsa I polymorphisms,
GSTM1 null type, GSTT1 null type and GSTP1 Ile104Val.
All were of case-control design. Summary statistics were
odds ratios (ORs) comparing heterozygous-, homozygousnon-wild type or these two in combination with the
homozygous wild type, or the null type with the non-null
type for GSTM1 and GSTT1. A random effect model was
used to estimate the summary ORs. A meta-regression
analysis was applied to explore sources of heterogeneity.
RESULTS: Individuals with the Ile-Val substitution in

CYP1A1 exon 7 had increased esophageal cancer risk,
with ORs (95%CI) compared with Ile/Ile of 1.37 (1.09-1.71),
2.52 (1.62-3.91) and 1.44 (1.17-1.78) for Ile-Val, Val/Val
genotype and the combined group. No significant association
was found between esophageal cancer risk and the other
genetic parameters.
CONCLUSION: A significant association exists between
the CYP1A1 Ile-Val polymorphism and risk of esophageal
cancer. Polymorphisms that increase the internal exposure
to activated carcinogens may increase the risk of esophageal
cancer.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Most environmental chemical carcinogens undergo activation
by phase I enzymes, often in an oxidation reaction, and
detoxication by phase II enzymes. The cytochrome P450
enzyme superfamily constitutes the majority of phase I
enzymes, while the glutathione-S-transferases (GSTs) and
N-acetyltransferase are primarily responsible for the detoxication
of xenobiotics. The drug-metabolizing enzymes often display
genetic polymorphisms, which may alter the enzyme activity
and thus impact on the risk of cancer.
The enzyme CYP1A1 is involved in the activation of
major classes of tobacco procarcinogens, like polyaromatic
hydrocarbons and aromatic amines, and is present in many
epithelial tissues[1]. CYP1A1 Ile-Val substitution in the hemebinding region results in a two-fold increase in microsomal
enzyme activity and is in complete linkage disequilibrium in
Caucasians with the CYP1A1 MspI polymorphism, which has
also been associated experimentally with increased catalytic
activity[2]. CYP2E1 is primarily responsible for the metabolic
activation of many low molecular weight carcinogens [3],
including certain nitrosamines, which may be involved in
carcinogenesis of the esophagus. This enzyme is also believed
to participate in the oxidation of other compounds, such as
ethanol, to produce reactive free radicals that may initiate lipid
peroxidation and consequently influence carcinogenesis[4].
The variant c2 allele recognized by RsaI digestion in the 5’flanking region of the gene appears to be associated with
decreased enzyme activity[5].
GSTs are a family of multifunctional enzymes which
metabolize a variety of xenobiotics with a large overlap in
the substrate specificity. Individuals who are homozygous
for the null GSTM1 or null GSTT1 alleles lack the respective
enzyme functions [6,7]. GSTP1 is a major GST isoform
expressed in human esophagus[8], which can eliminate DNA
oxidative products of thymidine or uracil propenal[9]. After
induction by cytochrome P450, some cigarette-related
carcinogens, such as benzo[a]pyrene diol epoxide and acrolein,
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can also be eliminated by GSTP1[10]. The Ile-Val substitution
at residue 104 may be associated with a higher level of DNA
adducts[11], thus increasing the susceptibility to cancer induction.
Therefore, the CYP1A1 Val allele, the CYP1A1 MspI
non-wild allele, the null type of GSTM1 and GSTT1 as well
as the GSTP1 Val allele may increase the risk of esophageal
cancer, while the CYP2E1 c2 allele (recognized by RsaI
digestion) may decrease the risk. Based on the possible biological
significance of CYP1A1, CYP2E1, GSTM1, GSTT1 and
GSTP1 polymorphisms on cancer susceptibility, several
epidemiologic studies have been conducted to assess their
association with esophageal cancer. However, most studies
featured only small samples and the results were not always
consistent. To obtain a better understanding of the significance
of gene polymorphisms with regard to esophageal cancer
risk, we performed a systematic review of all the relevant
studies published in the literature.

MATERIALS AND METHODS
Selection of studies
Before the study, we defined inclusion criteria as follows:
(1) any study design giving relative risk (an OR or a risk
ratio) for candidate gene (CYP1A1, CYP2E1, GSTM1,
GSTT1, and GSTP1) polymorphisms regarding the risk of
esophageal cancer (including both squamous cell carcinomas
and adenocarcinomas); (2) inclusion of non-cancer or diseasefree subjects as a control group; (3) already published in
any language but cited in PubMed.
All the studies were obtained via PubMed using key
words “CYP1A1”, “CYP2E1”, “GSTM1”, “GESTT1” and
“GSTP1” in combination with “esophageal cancer” to
identify potentially relevant articles. A total of 45 articles
were captured, and 21, 28, 20, 12, and 12 were related to
CYP1A1, CYP2E1, GSTM1, GSTT1, and GSTP1, respectively.
We selected all the studies, which provided a relative risk with
the candidate gene.
We examined abstracts of all the candidate articles to
decide whether to include/exclude in the further detailed
review. Thereby, we excluded a total of 22 studies due to
inappropriate study design; among them, 8, 18, 5, 4, and 4
were related to CYP1A1, CYP2E1, GSTM1, GSTT1, and
GSTP1, respectively. Among the 22 excluded articles, five were
reviews[1, 12-15], three concerned the expression of cytochrome
P450 (CYPs) in esophageal mucosa[16-18], four covered animal
experiments[19-22], three compared gene polymorphism frequencies among different populations[23-25], one focused on
the metabolism of N-nitrosobenzylmethylamine by human
cytochrome P450 enzyme[26], one was related to gastric cancer,
not esophageal cancer[27], and other five were incompatible
with the inclusion criteria[28-32].
Other studies were further excluded based upon detailed
review because in three cases[33-35] they were the same study
as in two other papers[36]. The newest two studies were
retained for the analysis. Three more studies were excluded
because they did not provide relevant information required
for our analysis. Most of them did not apply subjects with
other diseases as control groups and did not provide relative
risk of esophageal cancer for candidate gene polymorphisms[37-39]. One study was excluded since it was the only
example which examined associations between a tandem
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repeat polymorphism of CYP2E1 and the risk of cancer[40].
Finally, a total of 16 case-control studies were included
in the meta-analysis (Table 1), 9, 5, 12, 6 and 7 concerning
CYP1A1, CYP2E1, GSTM1, GSTT1 and GSTP1, respectively.
All the potentially relevant articles were reviewed by two
independent investigators (Y.CX. and M.K.).
We also tried to use “esophageal” combined with candidate
genes as keywords to search for much more relevant articles
as well as check the reference lists in the reviews and selected
original investigations and found no additional eligible articles.
Data abstraction
Two investigators using a standard information extraction
for m independently abstracted data. Characteristics
abstracted from the articles included the name of the first
author, year of publication, location of the study, study design,
mean age for all cases and controls, the percentage of males
in the case and control groups, matched factors as well as
adjusted factors; number of cases, number of controls, number
of cases and controls with each genotype of candidate polymorphisms, and overall crude or adjusted odds ratios (ORs)
with their 95%CI. For one study[41], which supplied the result
for both present controls and total controls (including historic
control and the present control), total control data were
selected for our meta-analysis.
Statistical analysis
The STATA statistical package (version 8, stata, College
Station, TX) was used for the meta-analysis. The homozygous
wild type was used as the reference group for CYP1A1,
CYP2E1 and GSTP1, and the non-null type for GSTM1
and GSTT1. With four papers[36,44,47,48] whose reference
groups were defined in the opposite way, the ORs were
inverted for our analysis. Adjusted ORs were employed for
the present meta-analysis if available in the reports, otherwise,
crude ORs were used. Since some of the original studies
did not provide the ORs but the genotype frequencies were
available, crude ORs were then calculated and employed
for our meta-analysis. A random-effect model was applied
to obtain summary ORs and their 95%CIs since the results
with fixed-effect models are the same as with random-effect
models if there is no heterogeneity across the studies. A
random-effect model should be applied if heterogeneity
exists. Publication bias was graphically assessed by funnel
plots and statistically assessed by Egger’s test. Meta-regression
analysis was applied to explore potential sources of heterogeneity. The factors, study design, Chinese population (yes/no),
Asian population (yes/no), publication year (after 2 000 or
not), number of cases and controls (both greater than 100
or not) and matching (matched for sex and age or not)
were examined. Statistical significance was defined as a Pvalue less than 0.05 except for meta-regression analyses,
which used a P-value 0.10 because of the relatively weak
statistical power.

RESULTS
In the final analysis, we had a total of 16 case-control studies
consisting of 3 hospital-based (controls selected from noncancer patients), 12 population-based (controls selected
from the healthy population) and 1 without a clear type.

Yang CX et al. Phase I/II enzymes and esophageal cancer

Among them, 9 were studies of the CYP1A1 exon 7 IleVal substitution, 1 [53] without any Ile-Val substitution in
either cases and controls, 5 concerned the CYP1A1 MspI
polymorphism, 5 the CYP2E1 Rsal polymorphism, 12 the
GSTM1 null type, 6 the GSTT1 null type and 7 the GSTP1
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Ile-Val substitution (Table 1).
For CYP1A1 exon 7 Ile-Val substitution, all ORs for
the Ile/Val genotype and the combined group were larger
than 1 when compared with the Ile/Ile genotype, although
only one study demonstrated a significantly increased risk.

Table 1 Summary of studies included in the analysis of CYP1A1, CYP2E1, GASTM1, GSTT1 and GSTP1
Study

Yr

Study
design

Cases
Mean
age

Controls
Mean
age

Hori H

1997

2

NA

NA

Nimura Y
Morita S

1997
1997

1
2

NA
62.2

NA
50.5

Cases
Man
(%)
78 (83)

67 (75)
45 (85)

Controls
Man
(%)

Polymorphisms

Result

NA

CYP1A1, MspI

NS

CYP1A1, IIe-Val

NS

GSTM1

NS

CYP2E1, Rsal

NS

76 (55)
112 (85)

Morita S

1998

2

62.1

49.8

56 (85)

102 (62)

Lin DX

1998

NA

55.5

53.3

27 (60)

23 (50)

CYP1A1, IIe-Val

S

GSTM1

NS

CYP1A1, IIe-Val

NS

CYP2E1, Rsal

NS

GSTM1

NS

GSTP1

S

CYP2E1, Rsal

S

Adjusted
factors

Reference

42

43
44

45
Adjusted by

36

age and sex
CYP2E1,Dral

NS

GSTM1

NS

GSTT1

NS

GSTP1

NS

CYP1A1, MspI

S

Lieshout

CYP1A1, IIe-Val

NS

EM

GSTM1

NS

GSTT1

NS

GSTP1

S

van

Shao G
Lee JM

1999

2000
2000

2

2
2

NA

55
NA

52

53
NA

27 (79)

74 (69)
82 (91)

98 (40)

80 (72)
228 (89)

CYP1A1, IIe-Val

NS

GSTM1

S

GSTP1

NS

46

47
Adjusted by

48

potential factors
Tan W

2000

2

54.5

53.6

99 (66)

99 (66)

CYP2E1, Rsal

S

Adjusted by age, sex

49

and smoking

Wu M-T

2002

1

60.6

61.2

133 (91)

298 (92)

GSTM1

S

GSTT1

NS

GSTP1

NS

CYP1A1, MspI

NS

Adjusted by age,

50

sex, smoking and
Gao CM

2002

2

NA

NA

55 (59)

131 (66)

CYP1A1, IIe-Val

S

alcohol, etc.

CYP2E1, Rsal

NS

Adjusted by age,

51

sex and potential
factors
Yokoyama A

2002

2

61.7

58.8

Gao CM

2002

2

NA

NA

234 (100) 634 (100)
78 (55)

149 (67)

GSTM1

NS

GSTM1

S

52
Adjusted by

53

age and sex
Wang LD

Casson AG

2003

2003

2

2

NA

NA

NA

NA

32 (53)

38 (84)

NA

38 (84)

GSTT1

NS

CYP1A1, MspI

NS

CYP1A1, IIe-Val

NS

GSTM1

NS

GSTT1

NS

GSTP1

NS

CYP1A1, MspI

NS

54

Adjusted by age,

55

sex and smoking

Wang AH

2004

1

NA

NA

97 (76)

78 (77)

CYP1A1, IIe-Val

NS

GSTM1

NS

GSTT1

NS

GSTP1

S

CYP1A1, IIe-Val

S

GSTM1

S

1: Population-based case-control study, 2: hospital-based case-control study. NA, not available; NS, not significant (P>0.05); S, significant (P<0.05).
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In three of eight cases, the Val/Val genotype was associated
with significantly increased ORs (Table 2). The meta-analysis
with a total of 754 cases and 1 563 controls showed significantly
increased ORs of 1.37 (1.09-1.71), 2.52 (1.62-3.91) and
1.44 (1.17-1.78) for Ile-Val and Val/Val genotypes and the
combined group, respectively. There was no heterogeneity
across the studies, so that the results for the fixed-effect
model were the same as for the random-effect model for
CYP1A1 exon 7 Ile-Val substitution. In contrast, no significantly
increased risk of esophageal cancer was observed for the
CYP1A1 MspI polymorphism.
For CYP2E1, two out of five investigations suggested
that the c2 allele may significantly decrease the risk with
adjusted ORs (95%CI) of 0.31 (0.24-0.40) and 0.21 (0.080.56) for the homozygous and combined group, respectively.
The meta-analysis showed non-significantly decreased ORs
for the c1/c2 and combined group (Table 2). For GSTPP1,
one of seven showed significantly increased risk with ORs
(95%CI) of 3.44 (1.47-8.55), 3.65 (0.56-16.82) and 3.47
(1.51-8.46) for the hetero, homo and combined group,
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respectively, while one indicated an opposite association.
Another study showed a marginally increased OR for the
hetero of 2.5 (1.0-6.3) but the meta-analysis generated a
null result (Table 2). For GSTM1, 3 of 12 studies showed
the null type to significantly increase the risk but the metaanalysis failed to confirm this result (Table 3). For GSTT1,
all the studies were homogenous and both the fixed-effect
and random-effect models generated the same result. All
the studies and the meta-analysis found no relationship
between this gene polymorphism and risk of esophageal cancer
(Table 3).
We also examined publication bias for each polymorphism
and only the GSTM1 polymorphism showed a significant
existence. Regarding CYP1A1 Ile-Val, the test was far from
statistically significant. In addition, the source of heterogeneity
was examined by meta-regression analysis for potential
factors such as Asian and Chinese population, publication year,
study design, and matching. No obvious source of heterogeneity
was identified except studies in Asian populations for the
GSTP1 polymorphism (Table 4).

Table 2 Summary of the meta-analysis of CYP1A1, CYP2E1, GSTP1 and esophageal cancer risk
Study

Country

Cases

Control

Cases
wt/wt

Cases Cases
hetero1 homo1

Control Control Control OR1 (95%CI)2,3
wt/wt1 hetero1 homo1

OR2 (95%CI)2,3

OR3 (95%CI)2,3

CYP1A1 Ile-Val:
Hori H

Japan

91

428

52

37

2

275

133

20

1.47 (0.89-2.41)

0.53 (0.06-2.29)

1.35 (0.83-2.19)

Nimura Y
Morita S

China
Japan

89
53

137
132

50
32

26
20

13
1

92
80

38
49

7
3

1.26 (0.65-2.41)
1.02 (0.49-2.08)

3.42 (1.17-10.72)
0.83 (0.02-10.84)

1.59 (0.89-2.87)
1.0 (0.5-1.9)
1.59 (0.58-3.95)

van Lieshout EM

Netherlands

34

247

26

8

0

207

37

3

1.72 (0.62-4.30)

0 (0-10.62)

Shao G

China

107

111

43

56

8

55

51

5

1.40 (0.78-2.53)

2.05 (0.54-8.49)

Wu M-T
Wang LD

Taiwan
China

146
62

324
38

68
30

62
28

16
4

179
20

127
16

18
2

Casson AG

Canada

Wang AH

China

Meta-analysis results
CYP1A1 MspI:
Hori H

NA6

1.46 (0.83-2.59)
1.42 (0.94-2.14)
1.19 (0.49-2.88)

45

45

45

0

0

45

0

0

NA6

NA6

127

101

21

56

50

31

48

22

1.72 (0.83-3.58)

3.35 (1.49-7.61)

2.24 (1.14-4.43)

754

1 563

367

293

94

984

499

80

1.37 (1.09-1.71)

2.52 (1.62-3.91)

1.44 (1.17-1.78)

94

242

33

50

11

106

97

39

1.66 (0.96-2.88)

0.91 (0.38-2.06)

1.44 (0.86-2.44)

Netherlands

34

247

22

12

0

207

37

3

3.05 (1.26-7.08)

0 (0-12.63)

2.82 (1.17-6.51)

Wu M-T
Casson AG

Taiwan
Canada

146
45

324
45

60
38

65
NA

21
NA

136
33

146
NA

42
NA

Wang LD

China

van Lieshout EM

Japan

1.34 (0.86-2.07)4 2.48 (1.15-5.34)4
1.17 (0.47-2.93) 1.33 (0.17-15.97)

Meta-analysis results

0.98 (0.63-1.53)4 1.24 (0.65-2.36)4
NA
NA

1.04 (0.68-1.57)
0.6 (0.2-1.8)4

62

38

33

25

4

12

22

4

0.41 (0.16-1.08)

0.36 (0.06-2.33)

0.41 (0.16-1.02)

381

896

186

152

36

494

302

88

1.21 (0.64-2.32)

1.02 (0.62-1.68)

1.07 (0.64-1.80)
1.14 (0.68-1.89)

CYP2E1:
Hori H

Japan

79

633

49

24

6

412

202

19

1.00 (0.57-1.72)

2.66 (0.83-7.33)

Morita S

Japan

53

132

34

18

1

85

42

5

1.07 (0.51-2.22)

0.50 (0.01-4.72)

Lin DX

China

45

45

36

6

3

20

22

3

0.15 (0.04-0.48)

0.56 (0.07-4.59)

Tan W
Gao CM

China
China

150
93

150
196

107
55

31
31

12
7

66
121

77
62

7
13

0.25 (0.14-0.43) 1.06 (0.36-3.34)
1.13 (0.60-2.13)4 1.23 (0.40-3.77)4

0.31 (0.24-0.40)4,5
1.15 (0.64-2.07)4

420

1 156

281

110

29

704

405

47

0.59 (0.28-1.23)

1.33 (0.72-2.44)

0.63 (0.30-1.30)

Japan
China

66
42

164
36

61
29

5
12

0
1

113
22

48
11

3
3

0.19 (0.07-0.52)
0.83 (0.28-2.51)

0 (0-4.6)
0.25 (0.005-3.48)

0.13 (0.04-0.45)5
0.7 (0.3-1.8)

Netherlands

34

247

10

21

3

146

89

12

Taiwan

90

254

65

NA

NA

160

NA

NA

China
China

150
62

150
38

93
29

48
30

9
3

91
24

53
13

6
1

Meta-analysis results

1.0 (0.5-2.0)
0.21 (0.08-0.56)4,5

GSTP1:
Morita S
Lin DX
van Lieshout EM
Lee JM
Tan W
Wang LD
Casson AG
Meta-analysis results
1

Canada

45

45

489

934

19

22

4

26

12

7

306

138

20

582

226

32

3.44 (1.47-8.55) 3.65 (0.56-16.82)
NA6
0.89 (0.53-1.48)
1.91 (0.76-4.89)
2.5 (1.0-6.3)
1.17 (0.55-2.49)

NA6

3.47 (1.51-8.46)
0.65 (0.39-1.11)4,5

0.95 (0.58-1.55)
1.0 (0.8-1.3)
2.48 (0.18-135.66) 1.95 (0.79-4.87)4
0.8 (0.2-3.1)
1.02 (0.65-1.58)

1.8 (0.8-4.3)4
1.01 (0.60-1.70)

“wt” allele was defined for each polymorphism as follows: the IIe allele for CYP1A1 IIe-Val and GSTP1 Ile-Val, the *1 allele for CYP1A1 MspI, and c1 for CYP2E1. Non“wt” allele was defined as follows: the Val allele for CYP1A1 IIe-Val and GSTP1 Ile-Val, the *2 allele for CYP1A1 MspI and c2 for CYP2E1. “wt/wt”, “hetero”, and
“homo” indicate homozygous for “wt” allele, heterozygous, and homozygous for non-“wt” allele, respectively. 2“wt/wt” was defined as the reference group and OR1,
OR2, and OR3 for heterozygous, non-“wt” homozygous and the combination of heterozygous and non-“wt” homozygous groups. 3All the ORs were crude values
calculated from the genotype distribution except in places denoted by4,5. 4indicates cases where adjusted OR in the report was used and 5indicates where the OR value was
inverted. 6NA: not available.

Yang CX et al. Phase I/II enzymes and esophageal cancer

2535

Table 3 Summary of the meta-analysis of GSTM1, GSTTI and esophageal cancer risk
Study

Country

Cases

GSTM1:
Hori H
Japan
Nimura Y
China
Morita S
Japan
Lin DX
China
van Lieshout EM Netherlands
Shao G
China
Tan W
China
Yokoyama A
Japan
Gao CM
China
Wang LD
China
Casson AG
Canada
Wang AH
China
Meta-analysis results
GSTT1:
Lin DX
China
van Lieshout EM Netherlands
Tan W
China
Gao CM
China
Wang LD
China
Casson AG
Canada
Meta-analysis results

Controls

Case

Case

Control

Control

94
89
53
45
34
107
150
234
141
62
45
127
1 181

428
137
132
45
247
111
150
634
223
38
45
101
2 291

Non-null
53
42
30
25
17
68
104
131
35
35
19
53
612

Null
41
47
23
20
17
39
46
103
106
27
26
74
569

Non-null
232
74
77
24
119
56
74
313
90
19
20
57
1 155

Null
196
63
55
21
128
55
76
321
133
19
25
44
1 136

OR (95%CI)

0.92 (0.57-1.47)
1.31 (0.74-2.32)
1.1 (0.6-2.0)
1.0 (0.4-2.3)3
0.93 (0.42-2.04)
1.76 (1.03-2.74)
0.43 (0.33-0.56)3,4
0.77 (0.56-1.05)
2.17 (1.35-3.50)3
0.77 (0.32-1.88)
1.1 (0.5-2.7)3
1.81 (1.03-3.18)
1.07 (0.76-1.51)

45
34
150
141
62
45
477

45
247
150
223
38
45
748

26
28
90
67
28
37
276

19
6
60
74
34
8
201

22
198
91
104
18
33
466

23
49
59
119
20
12
282

0.7 (0.3-1.5)3
0.87 (0.28-2.29)
1.11 (0.83-1.43)3,4
0.90 (0.59-1.39)3
1.09 (0.45-2.65)
0.6 (0.2-1.7)3
0.99 (0.80-1.22)

1
Non-null genotype as the reference group. 2All the ORs were crude values calculated from the genotype distribution except in places denoted by3, 4. 3indicates cases where
the adjusted OR in the report was used and 4where the OR value was inverted.

DISCUSSION
In this systematic review, we found a significant association
between the CYP1A1 Ile-Val polymorphism and the risk
of esophageal cancer, while failing to detect links with other
gene polymorphisms examined.
The CYPs superfamily, which plays a central part in the
metabolism of carcinogens through activating oxidation
reactions, may be expressed in esophageal mucosa[16-18]. The
CYP1A1 Ile-Val substitution in exon 7 results in a two-fold
increase in microsomal enzyme activity[2] and therefore the
Val allele would be expected to increase the susceptibility to
esophageal cancer. In fact, our results are in line with eight
of the studies previously published, although five of them
failed to find a significant association, possibly because of
small sample sizes (Table 2). One meta-(OR for Val/Val
genotype, 1.62 (0.93-2.82)) and one pooled analysis (OR
for Val/Val genotype, 1.54 (0.97-1.46)) of lung cancers
and another of head and neck cancer (OR for Val/Val type,
1.35 (0.95-1.82)) also showed that the CYP1A1 Val allele may
increase cancer risk, although this was not significant[54-56].

MspI polymorphisms in the 3’-flanking region of the
CYP1A1 are completely linked with the Ile-Val substitution
in exon 7 in Caucasians, which has also been associated
experimentally with increased catalytic activity[2]. However,
this complete linkage between MspI and Ile-Val substitution
could not been found in Asian population[41,49]. The previous
five studies on this polymorphism and esophageal cancer
risk showed different results. Only one study in Caucasians
showed the MspI non-wild allele, which was completely linked
with the Val allele in control group to significantly increase
the risk of esophageal cancer (Table 2). The meta-analysis
showed no significance with ORs around unity (Table 2).
This may be because the MspI polymorphism itself does
not alter activity of the CYP1A1 enzyme. Increased enzyme
activity[2] and susceptibility to esophageal cancer[45] in Caucasians
may be because of the high association between the MspI
polymorphism and the Ile-Val substitution in exon 7. This
should be clarified in further studies.
In contrast to CYP1A1, no association was found in the
present meta-analysis with the CYP2E1 c2 allele. CYP2E1

Table 4 Results of meta-regression analysis and Egger’s test for publication bias
Results of meta-regression test

CYP1A1 Ile-Val
CYP1A1 MspI
CYP2E RsaI
GSTM1
GSTT1
GSTP1

Number
of studies

Egger’s test
For publication
bias1 P

Asian
Yes/no
Coefficient3

8
5
5
12
6
7

0.96
0.96
0.32
0.04
0.11
0.99

-0.1
-0.42
1
0.06
0.34
-1.254

Chinese
Yes/no
Coefficient3
0.19
-0.67
-0.89
0.21
0.34
-0.07

Publication
Year
Coefficient3
0.11
-0.9
0.76
0.25
-0.16
0.88

Design
1 or 22
Coefficient3

Matching
Yes/no
Coefficient3

-0.2
0.01
1.3
-0.34
0.37
0.4

-0.22
-0.01
-0.13
-0.16
0.16
0.02

1
P-value of Egger’s test for publication bias. 2Study design: 1: population-based case-control study, 2: hospital-based case-control study. 3Coefficient in the meta-regression
analysis indicates the summary OR change in the value for that factor. For example, the OR for studies examining CYP1A1 Ile-Val polymorphism only among Asian
population is the value of (summary OR–0.1). 4Indicates statistical significance at the level of P<0.10.
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is primarily responsible for metabolic activation of many
low molecular weight carcinogens [3], including certain
nitrosamines, which may be involved in carcinogenesis of
the esophagus. The variant c2 allele appears to be associated
with decreased enzyme activity[5]. Possible explanations for
the lack of any association found here include (1) a small number
of studies, (2) greater influence of other polymorphisms in
CYP2E1 such as Dral and tandem repeat polymorphisms
and (3) difference in exposure level to xenobiotics across
the study populations. These issues must be considered in future
investigations.
We also failed to find any association with GST gene
polymorphisms. GSTM1 and GSTT1 null type cannot
encode functional enzymes and therefore affected
individuals would be expected to be more vulnerable to
carcinogens. The GSTP1 Ile104Val substitution may also
change the enzyme activity of GSTP1 and modulate
susceptibility. A meta- and pooled analyses on head and
neck cancer showed GSTM1 (OR = 1.32, 95%CI, 1.07-1.62)
and GSTT1 (OR = 1.25, 95%CI, 1.00-1.57) to modestly
increase susceptibility[54], but most previous studies on
esophageal cancer and our meta-analysis failed to find any
relationship. Possible explanations include (1) significance
of these enzymes may vary with the cancer site; (2) GSTs
metabolize a variety of xenobiotics with a large overlap in
the substrate specificity and individuals lacking only one
functional enzyme also can metabolize the carcinogens by
other GST enzymes; and (3) publication bias may exist
together with heterogeneity across studies, which may
decrease the statistical power.
As is often the case with meta-analyses, there were several
limitations to the present study. Possible sources of heterogeneity, such as differences in study design, publication year
and countries/ethnicities, must be considered although metaregression did not demonstrate the existence of any significant
variation except in ethnicity for GSTP1. Possible publication
bias is another threat for our summary ORs, although it
was detected only for GSTM1. In addition, as adjusted ORs
are much more accurate than crude ORs but not available for
certain studies, and adjusted and matching factors differed
across the studies, residual confounding might have influenced
our analysis. Finally, literature-based meta-analysis rather
than individual data-based meta-analysis could be a potential
source of bias.
In conclusion, we found here a significant association
between the CYP1A1 Ile-Val polymorphism and the risk
of esophageal cancer by systematic review. Harboring the
Val allele, expected to increase the internal exposure to
activated carcinogens, thus appears to elevate the risk of
esophageal cancer.
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Abstract
AIM: To detect the presence of inducible nitric oxide
synthase (iNOS), nitrotyrosine (NT) and apoptosis in
gastric adenocarcinomas and their possible correlations
with the clinicopathological characteristics and prognosis
of gastric adenocarcinoma.
METHODS: Sixty-six specimens of gastric adenocarcinoma
and corresponding adjacent normal gastric tissues were
studied. Immunohistochemistry was employed to localize
iNOS and NT protein and an immunohistochemical scoring
system was used. The occurrence of apoptotic cell death
(apoptotic index [AI]) was analyzed by the terminal
deoxynucleotidyl transferase-mediated deoxyuridine
triphosphate biotin nick-end labeling (TUNEL) method.
RESULTS: Results showed that iNOS expression was
detected at an intermediate or high level in 41 of 66 (62%)
specimens of gastric adenocarcinoma. NT expression was
58%. Neither of them was found in the normal gastric tissues;
there were significant positive correlations among iNOS
expression, NT expression and AI. Many clinicopathologic
characteristics of gastric adenocarcinoma, such as tumor
size, depth of invasion, lymph node metastasis and TNM
staging, were related to iNOS and NT expressions (P<0.05).
In 66 surviving patients, the 5-year survival rate of 41
patients who had tumors with intermediate or high iNOS
expressions and high AIs (4.09%; 19.96%) was significantly
lower than that of 25 patients who had tumors with
negative or low iNOS expressions and low AIs (0.79%;
47.14%) (P = 0.001). COX’s multivariate analysis revealed
that the iNOS expression was identified as one of the
significant independent prognostic factors predictive of a
poor survival (relative risk [RR] = 2.69).
CONCLUSION: NO produced by iNOS may play a stronger
role in promoting gastric adenocarcinoma growth than in
suppressing its growth. iNOS and NT expressions by gastric
adenocarcinoma may correlate with a poor survival.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Gastric carcinoma is one of the most common malignant
diseases in the world, and the first cause of gastrointestinal
cancer-related mortality. The study conducted by Lala and
Orucevic[1] showed that inducible nitric oxide synthase
(iNOS) might play an important role in tumor growth,
invasion, and metastasis. Thus, iNOS has been proposed to
affect the clinical features of tumors[2-4]. Some tumors were
reported to express iNOS, and the product of this enzymatic
action (high output of NO), may induce peroxynitrite
formation, resulting in a series of extensive oxidation
reactions[5,6]. Peroxynitrite can cause damage to proteins,
lipids, and nucleic acids [7], which may lead to cellular
apoptosis and necrosis[8] . Peroxynitrite nitrates tyrosine
residues of proteins, resulting in the production of
nitrotyrosine (NT) [9]. Since this product is stable, the
occurrence of NT in tissues has been measured as a marker
indicative of formation and activity of the NO-derived
oxidant peroxynitrite[10].
Previous studies indicate that effects of NO synthesized
by iNOS can be either tumor suppressing or tumor promoting.
The tumor suppressing role has been identified by the typical
findings in NO-mediated apoptosis, including accumulation
of tumor suppressor protein p53, caspase activation, chromatin
condensation, and DNA fragmentation[11-13] . The tumor
promoting role has been demonstrated by the evidence that
NO produced by iNOS may promote tumor angiogenesis
and blood flow in tumor neovasculature, and enhance tumor
growth, invasion, and metastasis[1]. The conflicting dual roles
of iNOS might work together to influence the clinical
pathology and pathophysiology of tumors. However, when
there is iNOS expression in gastric adenocarcinoma, the
direction and condition in which the tumor may develop
(promoted or suppressed) remains to be defined.
Our present study was designed to determine whether
gastric adenocarcinoma cells expressed iNOS and NT,
whether the distribution of NT in gastric adenocarcinoma
was related to the apoptosis, and whether the presence of
iNOS, NT and apoptosis correlated with clinical features
of gastric adenocarcinoma and influenced patient’s prognosis.
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MATERIALS AND METHODS
Specimens
Specimens of gastric adenocarcinoma and corresponding
adjacent normal gastric tissues (at least 5 cm beyond the
border of tumors, as control) were obtained from 66 surgically
treated patients with gastric adenocarcinoma at the
Department of Surgical Oncology, First Affiliated Hospital,
China Medical University. Of them, 36 were males and 30
were females. The mean age was 57 years (range, 29-78 years).
All the selected adjacent control gastric tissues were identified
as normal by gross and microscope study. As to the grade
of tumors, 36 cases were classified as poorly differentiated
adenocarcinoma, of which 30 cases were well and moderately
differentiated ones. None of the 66 patients received
preoperative radiotherapy or chemotherapy, and all underwent
curative surgical resection of the tumor along with regional
lymph node dissection at least 5 years ago. Clinicopathologic
characteristics of these patients were investigated based on
the TNM classification of malignant tumors[14].
Resected specimens from the patients were fixed in
40 g/L formaldehyde and embedded in paraffin. Before
immunohistochemical examination, hematoxylin-eosin
staining was used to verify the pathology.
Immunohistochemical detections of iNOS and NT expressions
Immunohistochemical staining was performed by using the
avidin-biotin-peroxidase complex (ABC) method. Mouse
monoclonal antibodies against iNOS (diluted 1:100; Santa
Cruz, Heidelberg, Germany) and mouse monoclonal antiNT antibody (diluted 1:50; Zymed, Berlin, Germany) were
used for immunostaining. The immunohistochemical staining
steps were the same for both iNOS and NT. In brief, sections
(4 m) were fixed to the slides pretreated with polylysine (Sigma)
and dried overnight at 50 ℃. For immunohistochemistry
the sections were deparaffinized, rehydrated in sequential
alcohol baths, and washed with phosphate-buffered saline
solution (PBS). The sections were boiled in 0.01 mol/L of
citric acid buffer (pH 6.0) for 10 min, then cooled to room
temperature and washed thrice with PBS for 9 min. The
endogenous peroxidase activity was inactivated with 3%
hydrogen peroxide in ethanol, and specific antibody binding
was suppressed with 1.5% normal blocking serum in PBS.
Sections were incubated in a humidified chamber for 2 h at
room temperature. After intervening washes in PBS, sections
were then incubated for 30 min with a biotin-conjugated
secondary antibody. Goat anti-mouse immunoglobulin G
(IgG; Santa Cruz) was used for anti-iNOS, and anti-NT
antibodies. The avidin-biotin-immunoperoxidase complex
(ABC staining system, Santa Cruz) was then applied. Peroxidase
activity was visualized with diaminobenzidine (DAB; Boster,
Wuhan, China). As controls, sections from all the samples
were stained with the procedures described above, omitting
the primary or secondary antibodies.
For iNOS and NT, weighted scores were computed,
representing the percentage of positivity and intensity of
gastric adenocarcinoma cells, as described previously[15]. The
percentage of tumor cell positivity was categorized as follows:
0, <5%; 1, 5-25%; 2, 26-50%; 3, 51-75%, and 4, >75%.
Staining intensity was graded as absent (0), weak (1+),
medium (2+), or strong (3+). On the basis of weighted
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scores, expression was categorized as negative or low (0-4)
and intermediate (5-8) or high (9-12). Before the study,
specimens were scored, and representative sections displaying
each of the four staining intensities were reviewed by two
independent examiners.
Detection of apoptotic cells and bodies
Apoptotic gastric adenocarcinoma cells were detected by
the terminal deoxynucleotidyl transferase-mediated
deoxyuridine triphosphate biotin nick-end labeling (TUNEL)
method. The ApoTag in situ detection kit (Boster, Wuhan,
China) was used in this study. Briefly, paraffin sections were
deparaffinized in xylene and rehydrated in graded ethanol.
After being washed in Tri-buffer saline (TBS, pH 7.4), the
sections were put into 3% H2O2 for 10 min, the tissues
were then digested with proteinase K (20 g/mL in TBS)
at 37 ℃ for 10 min to enhance nuclear staining of apoptotic
cells. The digestion was stopped with the sections washed in
TBS. The sections were then treated with terminal transferase
enzyme and digoxigenin-labeled nucleotides, and antidigoxigeninperoxidase solution was applied afterwards. The color was
developed with DAB, after which the sections were lightly
counterstained with hematoxylin. To confirm the staining
specificity of the TUNEL method, a positive control section
was prepared. The substitution of equilibration buffer for
TdT was used as a negative control.
The apoptotic index (AI) was expressed as the ratio of
positively stained tumor cells and bodies to all tumor cells
given as a percentage for each case. Positively stained tumor
cells with morphological characteristics of apoptosis were
identified by using standard criteria, including chromatin
condensation, nucleolar disintegration, and formation of
crescentic caps of condensed chromatin at the nuclear
periphery[9,16]. To determine the AI, 10 representative areas
without inflammation and necrosis but consisting of at least
1 000 gastric adenocarcinoma cells were counted for each
sample with a light microscope (×400 magnification). The
results were assessed by two independent observers.
Statistical analysis
SPSS for Windows10.0 (SPSS, Inc., Chicago, IL, USA) was
used for statistical analysis. Statistical significance was
determined by 2 test, Mann-Whitney U-test, and McNemar’s
test. The null hypothesis for the McNemar’s test is that
there is an agreement between the two parameters. Correlation
between AI and NT expression was judged by the Spearman
rank correlation test. Survival rates were calculated for the
66 patients by using the Kaplan-Meier method. Corrected
survival rates were used, that is, only the deaths caused by
gastric adenocarcinoma were taken as outcome events, and
all the other deaths were considered as censored events.
Log-rank test was used for univariate analysis to determine
differences between curves. Multivariate analysis by Cox
proportional hazards regression used only the variables that
were significant in univariate analysis. P values less than
0.05 were considered statistically significant.

RESULTS
iNOS distribution
Positive iNOS staining was located in cytoplasm. iNOS was
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Figure 1 iNOS staining. A: iNOS staining detected in cytoplasms of tumor cells
(thick arrow) and in inflammatory cells (thin arrows); B: Negative control; C: No

positive immunohistostaining for iNOS in normal gastric tissue sections.
Magnification A and B ×1 000; C ×400.

not only expressed in gastric adenocarcinoma cells, but also
in inflammatory cells (Figure 1A). In contrast, in the normal
gastric tissues, iNOS expression was barely detectable in
epithelial and stromal cells (Figure 1C). Intermediate or highlevel staining for iNOS was observed in 62.12% (41/66)
of these specimens. The expression of iNOS was upregulated with the advancement of the disease process.
Gastric adenocarcinoma tissues, larger than 5 cm, expressed
iNOS significantly stronger than smaller ones (P = 0.014).
Intermediate or high iNOS expression was noted in 68%
(28/41) of pT3/pT4 gastric cancers, but in only 32%
(13/41) of pT1/pT2 gastric cancers (P = 0.039). Apart
from that, TNM stages of the tumor affected iNOS
expression, 75.61% (31/41) of stages III and IV tumors
expressed an intermediate or high iNOS, whereas 24.39%
(10/41) of stages I and II tumors showed an intermediate
or high iNOS expression (P = 0.048). iNOS immunostaining
rate in the patients with lymph node metastasis was higher
than that in those without lymph node metastasis (P = 0.024).
The other clinicopathologic characteristics, such as age,
gender, degree of differentiation, Lauren’s classification and
Borrmann classification did not show any significant relation
to the expression of iNOS (Table 1).

Thirty-eight of these sixty-six cases (57.58%) under study
showed an intermediate or high expression for NT. The
correlation between iNOS and NT expression within the
same tumor specimen (P = 0.25) was found by McNemar’s
test, suggesting that there might be an agreement between the
two markers. All negative or low iNOS expression specimens
were also negative or low for NT by immunohistochemistry.
Only 3 of 41 intermediate or high iNOS expression specimens
did not express NT. NT expression was related with the
clinicopathologic characteristics of gastric adenocarcinoma.
So was iNOS expression.

Nitrotyrosine
Cytoplasms and nuclei of gastric adenocarcinoma cells were
positive for NT staining, which was also detected in stromal
cells around the tumor cells (Figure 2A). No NT staining
was observed in the normal gastric tissues (Figure 2C).

A

B

Figure 2 NT staining. A: NT staining detected in cytoplasms and nuclei of
tumor cells (arrow); B: Negative control; C: No positive immunoreactivity in

Apoptotic index (AI)
Almost all the positively stained cells and bodies were
considered to be apoptotic cells corresponding morphologically
to the standard criteria of apoptotic cells as defined previously.
Nonspecific staining in necrotic foci showed a faint and
diffuse staining and could be distinguished from the
apoptotic nuclei by simple morphological examination
(Figure 3A). The incidence of AI varied from 0% to 8.9%.
The mean AI was 2.69% (s, 2.61) with a median of 2.09%.
The mean AI in intermediate or high NT expression group
was 4.09% (s, 2.57%), while it was significantly higher than
the mean AI of 0.79% (s, 0.95%) observed in negative or
low NT expression group by using the Mann-Whitney U
test (P<0.001).
Correlations between AI and NT expressions
To examine whether NT expression corresponded to AI or

C

normal gastric tissue sections. Magnification ×400.
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Table 1 iNOS expression and clinicopathologic features in gastric
adenocarcinoma
Variable

Age (yr)
Gender
Tumor size
Borrmann classification
Depth of invasion
Lymph node metastasis
Lauren’s classification
Degree of differentiation
TNM staging

Definition

Intermediate Negative
or high
or low
n (%)
n (%)

≤59 yr
≥60 yr
Female
Male
<5 cm
≥5 cm
0, 1, 2
3, 4
pT1, 2
pT3, 4
Negative
Positive
Intestinal
Diffuse
Well and moderate
Poor
III, IV
I, II

22 (53.66)
19 (46.34)
20 (48.78)
21 (51.22)
12 (29.27)
29 (70.73)
20 (48.78)
21 (51.22)
11 (26.83)
30 (73.17)
13 (31.71)
28 (68.29)
15 (36.59)
26 (63.41)
19 (46.34)
22 (53.66)
10 (24.39)
31 (75.61)

14 (56)
11 (44)
10 (40)
15 (60)
15 (60)
10 (40)
12 (48)
13 (52)
13 (52)
12 (48)
15 (60)
10 (40)
12 (48)
13 (52)
11 (44)
14 (56)
12 (48)
13 (52)

P

Categories

iNOS expression

≥5 scores
0.001
≤4 scores
pT3, 4
<0.001
pT1, 2
Positive
<0.001
Negative
III, IV
<0.001
I, II
≥5 cm
0.043
<5 cm
Diffuse
0.032
Intestinal
3, 4
0.026
0, 1, 2
Poor
0.023
Well and moderate
≤59
0.178
≥60
Female
0.201
Male

0.487
Depth of invasion
0.014
Lymph node metastasis
0.951
TNM staging
0.039
Tumor size
0.024
Lauren’s classification
0.360
Borrmann classification
0.853
Degree of differentiation
0.048

Survival analysis
After more than 5 years of follow up, 18 patients were
alive at the time of this analysis, 4 patients died unrelated
to gastric cancer, and the remaining 44 patients died of
recurrent diseases. As a result, for the 66 subjects under
study, the 5-year survival rate was 30.56%. The 5-year
survival rate of the 41 patients in the intermediate or high
iNOS expression group was 19.96%, which was significantly
lower than 47.14%, the 5-year survival rate of the 25 patients
in the negative or low iNOS expression group (P = 0.001).
The 5-year survival curves in terms of iNOS expression
are shown in Figure 5. Univariate analysis demonstrated
that iNOS expression, depth of invasion, lymph node
metastasis, TNM staging, tumor size, Lauren’s classification,
Borrmann classification, and degree of differentiation were
significant prognostic variables for survival (P = 0.001,
P<0.001, P<0.001, P<0.001, P = 0.043, P = 0.032, P = 0.026,
and P = 0.023, respectively; Table 2), while age and gender

B

Figure 3 Apoptotic cells and bodies staining. A: An apoptotic body characterized
by a pyknotic nucleus surrounded by shrunken cytoplasm and separated from
the surrounding cells by a halo (arrow); B: Negative control. Magnification A
×1 000; B ×400.

Univariate

Factor

0.853

not, the specimens were further stratified into different groups
according to a comprehensive scoring system as described
above. As AI was considered as a continuous variable,
regression analysis with the Spearman rank correlation
coefficient showed that AI had a significant direct correlation
with NT expression scores (r = 0.718, P<0.001) (Figure 4).
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Table 2 Univariate and multivariate regression analyses of prognostic indicators for long-term survival

Age (yr)
Gender

A

May 7, 2005

P
(Log-rank
test)

Multivariate
P
(Wald
test)

RR (95%CI)

0.012 2.69 (1.5–4.8)
0.020 4.11 (1.5–4.7)
<0.001 5.77 (2.0–6.6)
0.007 3.94 (1.4–7.2)
NS
NS
NS
NS

≥5 scores: intermediate or high iNOS expression; ≤4 scores: negative or low
iNOS expression; RR: relative risk; CI: confidence interval; NS, not significant.

were not. However, Cox’s multivariate analysis revealed that
iNOS expression, lymph node metastasis, TNM staging,
and depth of invasion were significant independent
prognostic factors (P = 0.012, P<0.001, P = 0.007, and
P = 0.020, respectively; Table 2). The group with an
intermediate or high iNOS expression and a high AI showed
a poorer prognosis.

DISCUSSION
This study was undertaken to investigate the expression of
iNOS and NT in gastric adenocarcinoma. Because NO is
known to influence apoptosis, we also studied the extent of
apoptosis in gastric adenocarcinoma.
Our results showed that normal gastric tissues did not
express iNOS or NT, while the rate of iNOS expression in
stages III and IV gastric adenocarcinoma was higher than
that in stages I and II, revealing that expression of iNOS
of gastric adenocarcinoma increased with the staging of
cancer, which is in accordance with a previous study[17].
We also found that the expression of iNOS of gastric
adenocarcinoma in patients with lymph node metastasis was
higher than that in those without metastasis, suggesting that
the significant increase of iNOS expression in gastric
adenocarcinoma might contribute to lymph node metastasis
of gastric cancer cells. Similarly, there were strong differences
in iNOS immunostaining among the cases with different
sizes of tumors or depths of invasion. But the degree of
differentiation, Lauren’s classification, and Borrmann
classification did not show any significant relation to the
expression of iNOS. These results suggest that there is an
up-regulation of iNOS positivity along with the biological
aggressiveness of gastric cancer. The higher the iNOS
expression of gastric cancer was, the more advanced was
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Figure 4 Significantly direct correlation between AI and NT expression observed
by using the Spearman rank correlation coefficient (r = 0.718; P<0.001).

Figure 5 Survival of patients relative to iNOS status. Solid line: negative or low
iNOS expression; dotted line: intermediate or high iNOS expression.

the gastric cancer, and the worse was the prognosis,
suggesting the tumor-promoting role of iNOS, also shown
in Koh’s[18] and Doi’s studies[19].
In our previous studies, frequent iNOS expression was
also observed in many types of tumors such as colorectal,
breast and bladder carcinomas and played an important
role in tumor progression[20-22]. There is mounting evidence
that NO acts as a carcinogen[23-26] . It was reported that
elevated NO production could enhance the growth of some
tumors through the suppression of antitumor immune
responses[27,28]. Nitric oxide as a mediator of tumor vascularization
might enhance tumor growth[29]. These observations suggest
that NO may have some role in the growth, progression,
maintenance, and/or metastasis of tumors.
Although this result is appealing, it has not been
unanimously accepted. Some studies also revealed that iNOS
activity was inversely correlated with tumor promotion, and
some tumor cells lost their tumorigenic and metastatic
abilities as a result of NO-mediated tumor-cell apoptosis[30,31].
Our study showed that there was a gradual increase in AI
with a coexistent up-regulation of total iNOS in gastric
cancer. The result suggested that NO produced by iNOS
in gastric cancer and stromal cells could be an additional
factor participating in the enhancement of gastric cancer
cell apoptosis. Apoptosis mediated by iNOS may be one of
the body’s defense mechanisms to restrict the growth of
gastric adenocarcinoma, suggesting the tumor-suppressing
role of iNOS.
It is thus obviously controversial as to the roles of iNOS
in gastric clinicopathology as shown in our previous studies.
However, the genetic constitution of cells may determine
NO sensitivity or resistance. Lala et al[30] proposed that the
genetic composition of tumor cells and the concentrations
of NO in tumor-cell microenvironments were the main
determinants of the role of NO. During clonal evolution
of tumors in the presence of high NO concentrations, NOsensitive cells might be deleted and NO-resistant cells might
emerge owing to mutational events mediated by NO[30].
High AI of tumor cells in vivo, taken in isolation, might
not necessarily indicate a favorable outcome. Our study
showed that gastric carcinomas with intermediate or high
iNOS and NT expressions had a higher AI and much poorer
prognosis in the 5-year survival analysis. iNOS expression
might have a higher predictive value (RR = 2.69) for
determining the recurrence of gastric carcinoma patients

following a curative resection. This indicates that in the
process of gastric adenocarcinoma development the role
of iNOS in enhancing tumor growth, invasiveness and
metastasis may be stronger than that in promoting tumor
cell apoptosis.
In conclusion, gastric adenocarcinomas can express
iNOS and NT, and there is a correlation between NT and
tumor apoptosis. Although tumors with a high AI may have
a better prognosis, as noted by Ikeguchi[32] and Sugamura[33],
tumor expression of iNOS and NT with a high AI is associated
with a poor survival of gastric adenocarcinoma patients,
which may result from the co-effects of a double-edged
role of NO generated by iNOS. Further studies are necessary
to investigate the precise mechanisms of this process.
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Abstract
AIM: To investigate the relationship between the expression
of pepsinogen C (PGC) and gastric cancer, precancerous
diseases, and Helicobacter pylori (H pylori) infection.
METHODS: The expression of PGC was determined by
immunohistochemistry method in 430 cases of gastric
mucosa. H pylori infection was determined by HE staining,
PCR and ELISA in 318 specimens.
RESULTS: The positive rate of PGC expression in 54 cases
of normal gastric mucosa was 100%. The positive rates
of PGC expression in superficial gastritis or gastric ulcer
or erosion, atrophic gastritis or gastric dysplasia and gastric
cancer decreased significantly in sequence (P <0.05;
100%/89.2% vs 14.3%/15.2% vs 2.4%). The overexpression rate of PGC in group of superficial gastritis
with H pylori infection was higher than that in group without
H pylori infection (P<0.05; 2 = 0.032 28/33 vs 15/25).
The positive rate of PGC expression in group of atrophic
gastritis with H pylori infection was lower than that in
group without H pylori infection (P <0.01; 2 = 0.003 4/61
vs 9/30), and in dysplasia and gastric cancer.
CONCLUSION: The level of PGC expression has a close
relationship with the degree of malignancy of gastric
mucosa and development of gastric lesions. There is a
relationship between H pylori infection and expression of
antigen PGC in gastric mucosa, the positive rate of PGC
expression increases in early stage of gastric lesions with
H pylori infection such as gastric inflammation and decreases
during the late stage such as precancerous diseases and
gastric cancer. PGC-negative cases with H pylori-positive
gastric lesions should be given special attention.
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INTRODUCTION
Pepsinogen (PG) is the precursor of pepsin or gastricsin
and activated in acid condition. Pepsin of humans can be
divided into two groups: pepsinogen A (PGA) and pepsinogen
C (PGC)[1]. PGA is mainly distributed in gastric fundus and
PGC throughout the stomach and proximal duodenum. PGC
is mainly secreted by chief cells of gastric gland, also by
cardiac gland and pyloric gland and Brunner gland. The
change of serum PGC can reflect the degree of gastric lesions
or differentiation of gastric cells[2,3]. Recently studies showed
that the change of PGC could reflect the degree of gastric
disease and differentiation[4-7]. The level of PGC and the
ratio of PGA/PGC in serum decreased in chronic atrophic
gastritis and gastric cancer. There is now evidence from
epidemiological studies that Helicobacter pylori (H pylori) carriers
have a significantly greater risk of developing gastric cancer[8-10].
H pylori has been classified as a group I carcinogen by IARC,
but the exact role H pylori plays is unclear. In the present
study, we investigate the dynamic expression of PGC antigen
in gastric cancer and precancerous lesions and H pyloriassociated gastric lesions and evaluate the application value
of PGC in gastric cancer diagnosis, and also the influence
of H pylori on PGC antigen expression.
MATERIALS AND METHODS
Samples
A total of 430 gastric mucosal biopsied specimens were
involved in this study which came from the endoscopic
screening of subjects in the region of Zhuanghe, Liaoning
Province, a high risk area of gastric cancer from 1997 to
2002. Each of the biopsies contained gastric corpus, antrum
and angulus and was diagnosed by two pathologists separately,
including 54 cases of normal gastric mucosa, 58 cases of
superficial gastritis, 37 cases of gastric ulcer or erosion, 91
cases of atrophic gastritis (all with intestinal metaplasia), 66
cases of dysplasia, and 124 cases of gastric cancer. There
was no significant difference between normal and disease
groups in age and sex (P>0.05).
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Reagents
The anti-PGC antibody was a gift from Japanese Clinical
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Figure 1 Expression of PGC in different gastric tissues. A: Positive expression
of PGC in normal gastric mucosa (SP×100); B: Negative expression of PGC in

gastric cancer (SP×400); C: Negative expression of PGC in atrophic gastritis
with H pylori infection (SP×200).

Inspection Institute. The two-step SP kit (Lot No: Kit9801D2) was a product of Maxin Company in Fujian,
China; ELISA kit was from Huamei Company; and H
pylori-DNA-PCR kit was from Fuhua Company in
Shanghai, China.

positive expression (+), comprehensive score 4 as moderately
positive expression (++), comprehensive scores 5-6 as strongly
positive expression (+++). The cases with scores greater
than 4 were defined as overexpression.

H pylori examination
H pylori infection was detected by HE staining, PCR and
ELISA. H pylori was considered positive if two of the three
methods were positive. H pylori could be found in the gastric
pit and mucus by histological examination. Detection of
H pylori with H pylori-DNA PCR method followed the
protocol of the kit. The bands in the same position as positive
controls were defined as positive. When ELISA was
performed, the samples with A value/A average value of
negative controls ≥2.1 were defined as positive.
Immunohistochemistry staining of pepsinogen C
SP-two step immunostaining was performed according to
the instructions of the kit. Diagnosis was made based on
brown coloration with varied intensities and the number of
cells stained brown[11]. Intensities of staining in cytoplasm
were graded as score 1: light brown; score 2: brown; score
3: deep brown. The number of positively stained cells in
total cells was categorized as score 1: stained cells<30%;
score 2: stained cells 30-70%; score 3: stained cells >70%.
According to the sum of the two indexes, the comprehensive
scores were made. Comprehensive score 0 was defined as
negative expression (-), comprehensive scores 2-3 as weakly

Statistical analysis
The data were analyzed by 2 test. P values less than 0.05
were considered statistically significant.

RESULTS
Dynamic expression of pepsinogen C antigen in different
gastric mucosal tissues
The PGC antigen was mainly expressed in plasma and nuclei.
The positive rate of PGC expression in normal gastric
mucosa and superficial gastritis was 100% (Figure 1A). All
the atrophic gastritis mucosae were accompanied with
intestinal metaplasia (IM) in which PGC was all negative,
while the positive rate of PGC expression was 14.3% in
atrophic gastritis in the area of non IM. The positive rates
of PGC expression decreased in sequence of superficial
gastritis, gastric ulcer or erosion, atrophic gastritis or gastric
dysplasia and gastric cancer (P<0.05) (Figure 1B) and decreased
significantly from superficial gastritis or gastric ulcer to
atrophic gastritis or gastric dysplasia (P<0.01) (Table 1). The
over-expression rates decreased significantly in sequence
of normal gastric mucosa, superficial gastritis, gastric ulcer
or erosion, atrophic gastritis or gastric dysplasia or gastric
cancer (P<0.05).

Table 1 Expression of PGC antigen in various gastric lesions
Number of cases with
PGC expression
Gastric lesions

Normal gastric mucosa
Superficial gastritis
Gastric ulcer or erosion

Positive
rate (%)

n

54
58
37

–

+

++

+++

0

1

14

39

0
4

15
20

26
13

17
0

100.0b
100.0

Over-expression
rate (%)
98.2b

b

74.1b,d,f

a,b,c

35.1b,c,d

b,d,f

1.1d,f

89.2

Atrophic gastritis

91

79

11

1

0

Intestinal metaplasia

91

91

0

0

0

0.0d,f,h

0.0a,f

0

15.2

b,d,f

1.5d,f

0

d,f

Dysplasia
Gastric cancer
b

66
124

56
121

9
3

1
0

14.3

2.4

0.0d,f

P<0.01 vs gastric cancer; dP<0.01, aP<0.05 vs normal gastric mucosa; cP<0.05 vs superficial gastritis; fP<0.01 vs gastric ulcer or erosion; hP<0.01 vs dysplasia.
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The positive rate of PGC expression in well-differentiated
gastric cancer was 9.4% and 0% in moderately or poorlydifferentiated gastric cancer (P<0.05) (Table 2).
Table 2 Expression of PGC antigen in different histopathologic
types of gastric cancer
Histopathologic type
of gastric cancer

n

No. of cases with
PGC expression

Positive rate (%)

Well-differentiated

32

3

9.4

Moderately-differentiated

31

0

0.0

Poorly-differentiated

61

0

0 .0a

a

P<0.05  2 = 0.015 0/61 vs 3/32.

Expression of PGC antigen in H pylori-associated gastric
diseases
On examination, H pylori infection was detected in 318 cases
of different gastric mucosa tissues in which 192 cases were
H pylori-positive and 126 cases H pylori-negative. The positive
rate of PGC expression was 100% in superficial gastritis
but the over-expression rate was higher in H pylori-positive
group than in H pylori-negative group (P<0.05). The PGC
positive rate was higher in H pylori-positive group than in
H pylori-negative group in the area of non IM in atrophic
gastritis (P<0.01) (Figure 1C) and lower in groups of
dysplasia and gastric cancer (P>0.05) (Table 3).

DISCUSSION
PGC is known as progastricsin and a mature marker of
stomach cells, the change of which could reflect the degree
of gastric lesions[6,7]. In our study, the expression of PGC
antigen was various in different gastric diseases. The positive
rate of PGC expression was 100% in normal gastric mucosa
and 2.4% in gastric cancer. The positive rates of PGC
expression decreased gradually in sequence of benign lesions,
precancerous lesions and gastric cancer, especially from
benign lesions to precancerous lesions. We found that PGC
antigen was negative in most of dysplasia and gastric cancer
mucosae while in all of intestinal metaplasia mucosa there
was no production of PGC. Zhang et al[12], found the adult
residents with ser um PG level abnor mality were
accompanied with a higher risk of precancerous lesions
(intestinal metaplasia and epithelia dysplasia) in gastric
mucosa than those with normal serum PG level during
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following-up. PGC served as a proteinase involved in the
digestion of proteins in the stomach, its levels significantly
decreased in atrophic gastritis and dysplasia implicating
poorly differentiated cells in these two precancerous diseases
and were more susceptible to gastric cancer, but the PGC
levels of the above two lesions were still higher than those
in gastric cancer (P<0.01). The dynamic expression of PGC
in different gastric mucosa implicated that PGC antigen
had a close relationship with malignancy of gastric mucosa
and could well recognize benign or malignant gastric lesions.
We also found the positive rate of PGC antigen in welldifferentiated gastric cancer was higher than that of
moderately or poorly-differentiated gastric cancer, showing
PGC expression had some tendency toward a certain
histopathologic type. The presence of PGC in cancer cells
implicated some mature secreting function in them. The
decrease of PGC expression indicated dedifferentiation or
malignancy of cancer cells, and was also closely related with
prognosis and metastasis[13-15].
The cause of gastric cancer is still unclear but it is generally
considered as a multifactor process. H pylori infection is an
important factor in the pathogenesis of gastric cancer.
Most atrophic gastritis are related with H pylori infection.
Epidemiological data showed H pylori carriers had a 2.8 to
6.0 fold increased risk of developing gastric cancer when
compared with their H pylori-negative counterparts[16,17] .
H pylori has been known as a group I carcinogen[7] and acts
as the initiating agent[18,19]. It is still unclear whether H pylori
plays a role in the development of atrophic gastritis and
intestinal metaplasia.
In our study, the overexpression rate of PGC was higher
in H pylori-positive superficial gastritis than in H pylori-negative
cases. This is consistent with serological researches[5,20].
The level of PGC was proportional to the planting density
of H pylori and decreased after H pylori eradication[21,22] .
Possible explanations were[23-26]: H pylori infection could induce
the expression of PG gene, the cytokines produced by H pyloriassociated gastritis such as TNF and lipopolysaccharide
could stimulate chief cells to secrete PGC, H pylori infection
could increase gastric acid and gastrin while decreasing
somatostatin, all of which could increase PG level. The
PG released into gastric lumen was activated to pepsin,
which can damage gastric mucosa, aggravate gastritis and
gastric ulcer. We also found the positive rate of PGC
expression in H pylori-positive atrophic gastritis was lower
than that in H pylori-negative cases (P<0.01) and the same

Table 3 Expression of PGC in H pylori-associated gastric lesions
H pylori positive

H pylori negative

Gastric lesions
PGC positive
expression

n

PGC
over-expression

n

Rate (%)

n

PGC positive
expression

n

Rate (%)

PGC
over-expression

n

Rate (%)

n

Rate (%)

100.0

Superficial gastritis

33

33

100.0

28

84.8

25

25

15

60.0a

Atrophic gastritis

61

4

6.6

0

0.0

30

9

30.0b

1

3.3

Intestinal metaplasia

61

0

0.0

0

0.0

30

0

0.0

0

0.0

Dysplasia

40

4

10.0

0

2.5

19

6

31.6

0

0.0

Gastric cancer

58

0

0.0

0

0.0

52

3

5.8

0

0.0

a

P<0.05,  2 = 0.032; 28/33 vs 15/25; bP<0.01, 2 = 0.003; 4/61 vs 9/30.
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trend presented in dysplasia and gastric cancer. One possible
explanation was that the cytotoxin and immunoinflammation
response induced by H pylori stimulated carcinogens such
as oxygen-free radical and superoxide, which can accelerate
mutations of PG gene and indirectly reduce the expression
of PGC antigen, affecting the balance between cell
proliferation, differentiation and apoptosis, and increasing the
risk of developing gastric cancer[27-29].
In conclusion, the positive rate of PGC antigen increases
in H pylori-related gastritis and decreases in H pylori-related
atrophic gastritis, dysplasia and gastric cancer, the latter
should be followed up closely to improve the early detection,
evaluation of recurrence and prognosis of gastric cancer.
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Abstract
AIM: Patients with advanced stage cardiac adenocarcinoma
have a very poor prognosis. Surgery is the first choice of treatment for this kind of patients. Peptide hormone gastrin is a
recognized growth factor for gastric cancer, and gastrin receptor
antagonist proglumide can block the effects of gastrin. The
aim of this study was to investigate the actions of proglumide
as an adjuvant treatment to improve the postoperative longterm survival rate of patients with cardiac adenocarcinoma.
METHODS: We performed a randomized, controlled study
of gastrin receptor antagonist proglumide in 301 patients with
cardiac adenocarcinoma after proximal subtotal gastrectomy.
The oral dose of 0.4 g proglumide thrice daily preprandially
was maintained for more than 5 years in 153 cases (proglumide
treatment group). In the control group, 148 patients underwent
operation only. In clinicopathologic features, there was no
significant difference between the two groups (P>0.05). All
patients were followed up during their lifetime, and the survival
rates were analyzed combined with clinicopathologic factors
by SPSS 11.5 statistical software.
RESULTS: The 1, 3, 5 and 10-year survival rate of the patients
was 88.4%, 48.8%, 22.6% and 13.4%, respectively. The
1, 3, 5 and 10-year survival rate of the proglumide treatment
group was 90.2%, 49.7%, 26.8% and 17.6% compared
to 86.5%, 48.0%, 18.2% and 8.9% of the control group.
There was a significant difference between the two groups
(P = 0.0460). The patients in proglumide treatment group
had no obvious side effects after administration of the drug,
and no definite hepatic and renal function damage was found.
According to single factor log-rank analysis, the long-term
survival rate was correlated with the primary tumor position
(P = 0.0205), length of the tumor (P = 0.0000), property
of the operation (P = 0.0000), histopathologic grading
(P = 0.0003), infiltrating degree of the tumor (P = 0.0000),
influence of lymph node metastasis ( P = 0.0000),
clinicopathologic staging (P = 0.0000) and administration
of proglumide (P = 0.0460). Cox regression analysis
demonstrated the infiltrating degree of tumor (P = 0.000),
influence of lymph node metastasis (P = 0.039) and the

clinicopathologic staging (P = 0.003) were independent
prognostic factors. Administration of proglumide (P = 0.081),
length of the tumor (P = 0.304), radical status of the
resection (P = 0.224) and histopathologic types (P = 0.072)
were not the independent prognostic factors.
CONCLUSION: Proglumide is convenient to use with no
obvious toxic side effects, and prolonged postoperative
administration of proglumide as a postoperative adjuvant
treatment can increase the survival rate of patients after
resection of cardiac adenocarcinoma. Proglumide may
provide a new effective approach of endocrinotherapy for
patients with gastric cardiac cancer.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The optimal treatment for cardiac adenocarcinoma is surgery,
but its long-term effect is still unsatisfactory[1-5]. In order to
improve postoperative long-term survival rate of patients
with cardiac carcinoma, from March 1990, a randomized
prospective study of proglumide as adjuvant treatment for
patients with cardiac adenocarcinoma after resection was
conducted[6]. We observed its long-term efficacy.
MATERIALS AND METHODS
Clinical data
From March 1990 to December 1995, 457 patients with
cardiac carcinoma received surgical management in the
Department of Thoracic Surgery, Tumor Hospital of Shantou
University Medical College. Through left thoracotomy, 395
cases had their tumor resected and then underwent subtotal
gastrectomy and esophagogastric anastomosis below aortic
arch, with an 86.4% resectable rate. The remaining 62 cases
were only explored. Among the patients receiving resection
of tumor, one case died of myocardiac infarction, 82 underwent
postoperative adjuvant chemotherapy, and 11 received
postoperative radiotherapy. They were all excluded from
our study. Three hundred and one cases were enrolled in
this study and divided into proglumide treatment group and
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Table 1 Clinicopathologic characteristics of the patients
Proglumide
treated group
153

n
Sex (M/F)
Age (mean)

115/38
59.6

Control
group

2

P

2.374
1.463

0.123
0.226

0.152

0.697

1.321

0.517

0.917

0.632

0.877

0.349

0.774

0.856

2.342

0.310

0.127

0.721

3.120

0.374

148
122/26
57.5

Location
Cardiac
Cardiac & lower
esophagus

71

72

82

76

Tumor size
<3 cm
3-5 cm
>5 cm

17

11

27
109

25
112

132

132

15
6

10
6

Margin cancer
Not stated
Upper margin (+)
Lower margin (+)
Property of resection
Radical (grade A+B)

102

91

Palliative (grade C)
Differentiation

51

57

High and moderate

93

84

Poor

38

40

Undifferentiated
Mucinous

6
16

5
19

Muscular layer
Tunica serosa

35
98

36
84

Infiltration

20

28

(-)

61

62

(+)
Stage

92

86

I

19

11

II

43

52

III
IV

82
9

77
8
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RESULTS
The overall 1-, 3-, 5- and 10-year survival rate was 88.4%,
48.8%, 22.6%, 13.4%, respectively. The patients in proglumide
treatment group had no obvious side effects after administration
of the drug, and no definite hepatic and renal function
damage was found in followed patients. The 1-, 3-, 5- and
10-year survival rate in proglumide treatment group was
90.2%, 49.7%, 26.8% and 17.6% compared to 86.5%, 48.0%,
18.2% and 8.9% in the control group (P = 0.0460).
According to single factor log-rank analysis, the location
of the disease (P = 0.0205), the length of tumor (P = 0.0000),
radical status of resection (P = 0.0000), histopathological
types (P = 0.0003), infiltrating depth (P = 0.0000),
clinicopathologic staging (P = 0.0000) were all significant
prognostic factors. However, the age, gender and residual
end carcinoma were not associated with prognosis.
Cox regress multiple factor analysis also showed that
infiltrating depth (P = 0.0000), lymph node involved status
(P = 0.039) and clinicopathologic staging (P = 0.003)
were independent prognostic factors. The length of tumor
(P = 0.304), radical status of resection (P = 0.224),
histopathologic types (P = 0.072) and administration of
proglumide (P = 0.081) were regarded as independent
prognostic factors.

Depth of invasion

Lymph node metastasis

control group (only surgery group). The clinicopathologic
features are presented in Table 1. The radical status of resection
was classified by criteria of diagnosis and management, and
the staging used in the study was based on UICC1988 PTNM
stage for gastric cancer[7].
The patients in proglumide treatment group continuously
took 0.4 g of proglumide, thrice daily, 15 min preprandially,
for 5 years or more. All patients in the two studied groups
took compound vitamin Bco and vitamin E as well. The
patients received no additional chemotherapy, radiotherapy,
immunotherapy, or traditional Chinese medicine in our study.
Follow-up and statistical analysis
All the patients were followed up during their lifetime, and
the follow-up rate was 95.3%. The patients who failed to
receive follow-up were assumed to have died as they could
not be contacted before the deadline. The patients followed
up as outpatients received hepatic and renal function test
regularly. Statistical analysis was performed using SPSS 11.5
software, and survival rate was calculated by Kaplan-Meier
method. Single factor analysis was carried out using logrank time sequence test, and multiple factors analysis was
made using Cox proportional hazard model.

DISCUSSION
Cardiac carcinoma is a common tumor in our country. Its
main treatment is still surgical resection by far, the 5-year
survival rate of surgical resection was just 17.6% to 25.1%[1,5].
The 5-year survival rate of palliative resection was 8.0%[5,8].
Moreover, because of the physical and anatomical characteristics
of cardia, it is difficult to make early diagnosis of the disease,
resulting in the limited efficacy of radical treatment.
When cardiac tumor infiltrated less than one-third of lesser
curvature, proximal gastrectomy was mainly performed for
cardiac carcinoma[9]. The acidic function of residual stomach
apparently decreased after operation, leading to a massive
secretion of gastrin from G-cells in mucosa of gastric antrum.
The sustained increase of circulating gastrin was found after
truncal vagotomy and removal of vagus nerve around proximal
stomach, resulting in elevation of gastrin in baseline and
postprandial level about twice higher than that before operation[10]. Serum gastrin concentration in empty stomach after
resection of cardiac carcinoma was 2.9 times as high as
that before operation, and the postprandial peak value was
2.3 times as high as that before operation[11] . At the same
time, it was reported that some gastric cancer cells secreted
gastrin[12-14]. It has been confirmed that there are gastrin receptors
upon the membranes of gastric carcinoma cells[12-16]. Furthermore, the positive rate of high-affinity and high-content gastrin
receptors in cancer of gastric body and fungus was higher
than that in cancer of gastric antrum[17], and advanced gastric
carcinoma was easier to express high-affinity and high-content
gastrin receptors than early and moderate gastric cancer[18].
In the course of the development and growth of gastric
cancer, gastrin played a role in promoting proliferation of
tumor cells[19-21]. After the combination of gastrin and its
receptors, the flow of intracellular Ca2+ was triggered, activating
cyclic-AMP and cyclic-AMP-depended protein kinase system,
regulating the expression of early genes, such as c-fos and
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c-jun[22-24] associated with cell differentiation through the
conduction of intracellular information so as to enhance
the growth of gastric tumor cells, inhibit cell apoptosis[22]
and exert its biological effects of carcinogenesis and tumor
promotion. This is likely to be another reason why the survival
rate of patients with cardiac carcinoma is hard to improve.
Proglumide, an antagonist of gastrin receptors, could
completely block the proliferation of tumor cells caused by
exogenous gastrin[25]. It has been shown in vitro that proglumide
can completely inhibit growth of cancer cells, MKN45[25-27].
Animal experimental studies in vivo also demonstrated that
proglumide could block the growth of xeno-transplanted gastric
cancer, make the tumor size much smaller, tumor weight much
lighter, average DNA content and S-phase fraction of gastric
cancer cells much lower [25,28-30] . Furthermore, it was also
able to induce apoptosis to exert anti-tumor actions[25]. Unlike
chemotherapy or radiotherapy which could eliminate tumors
directly, proglumide restrained the growth of gastric cancer
with positive gastrin receptors and could be used as an adjuvant
endocrine therapy after operation[25,29]. Nevertheless, there were
few reports using proglumide in clinical therapy. Harrison et al,
treated patients with advanced stage gastric carcinoma by
proglumide, and achieved a prolonged survival time. We used
proglulmide as an adjuvant therapy after operation and achieved
a better efficacy[6], which was probably related with the high
positive rate of high-affinity and high-content gastric receptors.
In conclusion, proglumide can be utilized as an alternative
adjuvant therapy. Along with the development of more specific
antagonists of gastrin receptors, a more efficient endocrine
therapy for patients with cardiac adenocarcinoma will be available.
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Abstract
AIM: Because of a major resistance to chemotherapy,
prognosis of hepatocellular carcinoma (HCC) is still poor.
New treatments are required and gene therapy may be
an option. Tumor necrosis factor-related apoptosis-inducing
ligand (TRAIL) induces apoptosis in multiple malignant
tumors, and using adenoviral vectors has shown a targeted
tumor-specific therapy. However, repeated administration
of adenoviral vectors can lead to cell resistance, which
may be caused by the initial coxsackie-adenovirus receptor
(CAR). One technique to overcome resistance is the use
of modified adenoviral vectors containing an Arg-Gly-Asp
(RGD) sequence. In this study we constructed an adenoviral
vector (designated Ad/TRAIL-F/RGD) with RGD-modified
fibers, expressing the TRAIL gene from the human telomerase
reverse transcriptase (hTERT) promoter, and evaluated
its antitumor activity in HCC cell lines.
METHODS: To investigate the effects of Ad/TRAIL-F/RGD
in human HCC cell lines Hep G2 and Hep 3b, cells were
infected with Ad/CMV-GFP (vector control), Ad/gTRAIL
(positive control), and Ad/TRAIL-F/RGD. Phosphatebuffered saline (PBS) was used as control. Cell viability
was determined by proliferation assay (XTT), and
apoptosis induction by fluorescence activated cell
sorting (FACS).

RESULTS: Cells treated with Ad/TRAIL-F/RGD and Ad/
gTRAIL showed a significantly reduced cell viability in
comparison to PBS and Ad/CMV-GFP treatment in both
cell lines. Whereas, treatment with PBS and Ad/CMVGFP had no cell-killing effect. The reduced cell viability
was caused by induction of apoptosis as shown by FACS
analysis. The amount of apoptotic cells was similar after
incubation with Ad/gTRAIL and Ad/TRAIL-F/RGD.
CONCLUSION: The new RGD modified vector Ad/TRAILF/RGD could become a potent therapeutic agent for the
treatment of HCC, adenovirus resistant tumors, and CAR
low or negative cancer cells.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: HCC; TRAIL; hTERT
Jacob D, Schumacher G, Bahra M, Davis J, Zhu HB, Zhang LD,
Teraishi F, Neuhaus P, Fang BL. Fiber-modified adenoviral vector
expressing the tumor necrosis factor-related apoptosis-inducing
ligand gene from the human telomerase reverse transcriptase
promoter induces apoptosis in human hepatocellular carcinoma
cells. World J Gastroenterol 2005; 11(17): 2552-2556

http://www.wjgnet.com/1007-9327/11/2552.asp

INTRODUCTION
Hepatocellular carcinoma (HCC) represents up to 80% of all
primary malignant liver tumors with an increasing incidence
worldwide[1]. The most common risk factors for this disease
are liver cirrhosis, chronic infections with hepatitis B and
hepatitis C viruses, and exposure to aflatoxins[2]. Surgical
resection and liver transplantation are therapies of choice,
with potential cure, but at the time of diagnosis, about 80%
of no curative therapy is possible. Local tumor ablations such
as radiofrequency ablation, and laser-induced thermoablation
may be a good alternative, but the indication is restricted
only to selected patients with small tumors. Chemoembolization
has no effect on long-term survival, and no promising radio/
chemotherapy is available[3].
Because of a poor outcome in non-resectable HCCs,
new treatment strategies are of high clinical interest, and
gene therapy may be an option. One reason for focus on
gene therapy is the tumor necrosis factor-related apoptosis-

Jacob D et al. Adenoviral vector induces apoptosis in HCC

inducing ligand (TRAIL), which is a death-inducing ligand
belonging to the tumor necrosis factor (TNF)-cytokine
superfamily.
It has recently been demonstrated that the direct transfer
of the TRAIL gene via adenoviral vectors into a variety of
human cancer cells could induce strong apoptosis in vitro
and suppress tumor growth significantly in vivo[4-6].
However, repeated application of apoptosis-inducing
adenoviral vectors can result in the selection and expansion
of resistant cells, and resistance to adenoviral infections is
presumably caused by a low expression of the initial binding
receptor, the coxsackie-adenovirus receptor (CAR) or integrins,
such as v3, v5, or v1 [7-9] . In addition, reduced
expression of CAR has also been reported in primary tumors[10],
suggesting that overcoming resistance to adenoviruses in
cancer cells is important for the future success of adenovirus
mediated cancer gene therapy in patients.
Adenoviral capsid proteins can be modified to retarget
adenovectors to CAR-independent binding molecules. One
technique is to modify the adenoviral vector by incorporating
the integrin-binding motif RGD sequence into the HI loop
of the adenoviral fiber proteins.
Therefore, we constructed an adenoviral vector broadly
applicable to cancer therapy, designated as Ad/TRAIL-F/
RGD. This new vector was modified with the RGD sequence
in the HI loop of fibers and expressed the TRAIL gene
from the hTERT promoter via GAL4 gene regulatory
components that could augment transgene expression
from the tumor-specific promoter without losing target
specificity[11].
We evaluated the efficiency of Ad/TRAIL-F/RGD in
comparison to our previously constructed adenoviral vector
Ad/gTRAIL in vitro in two HCC cell lines. Our results
showed a strongly reduced viability and apoptotic effect of
Ad/TRAIL-F/RGD in both cell lines.

MATERIALS AND METHODS
Adenovectors
The adenoviral vectors Ad/CMV-GFP and Ad/gTRAIL
were described previously [5]. Ad/TRAIL-F/RGD was
constructed by co-transfecting 293 cells with a shuttle plasmid
expressing a full-length human TRAIL coding sequencing
from the hTERT promoter and a 30 kb ClaI fragment
from Ad/LacZ-F/RGD as described previously[12] . The
expansion, purification, titration, and quality analyses of all
these vectors were performed at the vector core facility at
The University of Texas MD Anderson Cancer Center as
previously described[13]. All viral preparations were found
to be free of the E1 + adenovirus using polymerase chain
reaction (PCR)[13] and to be free of endotoxins using a Limulus
amebocyte lysate endotoxin detection kit (BioWhittaker,
Walkersville, MD). The titer used in this study was determined
by the absorbency of the dissociated viruses at A260 nm (one
A260 nm unit = 10 12 viral particles [VP]/mL), and the titers
determined with a plaque assay were used to determine
additive information. Particle: infectious unit ratios were
usually between 30:1 and 100:1. Thus, the multiplicity of
infection (MOI) of 1 000 VP was equivalent to a multiplicity
of infection of 10-30 infectious units. Unless otherwise
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specified, Ad/CMV-GFP was used as the vector control
and phosphate-buffered saline (PBS) as a control.
Cell lines and reagents
Human HCC cell lines Hep G2 and Hep 3b were purchased
from the American Type Culture Collection (ATCC)
(Rockville, MD). Both cell lines were maintained in Dulbecco’s
modified Eagle’s medium (DMEM), supplemented with
100 mL/L heat-inactivated fetal bovine serum (CFBS), 1%
glutamine, and 1% penicillin and streptomycin (Gibco-BRL,
Life Techologies, Inc., Grand Island, NY). All cells were
cultured at 37 ℃ in a humidified incubator containing
50 mL/L CO2.
Cell viability assay
Cell viability was determined using a 3-bis-(2-methoxy-4nitro-5 sulfenyl)-(2H)-tetrazolium-5-carboxanilide (XTT)
assay (Cell Proliferation Kit II, Roche Molecular Biochemicals,
Indianapolis, IN, USA), as described previously[13]. Briefly,
1×10 4 cells/plate were seeded onto a 96-well plate, and
after 24 h Ad/CMV-GFP, Ad/gTRAIL, or Ad/TRAIL-F/
RGD were added to each well with a multiplicity of infection
(MOI) of 2 000 VP/cell. PBS was used as a control. Cells
were incubated at 37 ℃ in a humidified atmosphere
containing 50 mL/L CO2. A XTT assay was performed
for the following 5 d after the treatment. Each experiment
was performed in quadruplicate and repeated at least twice.
Data are expressed as mean±SD.
Flow cytometric assay
Fluorescence-activated cell sorting (FACS) was performed
to determine in vitro apoptosis induction. The Hep G2 and
Hep3b cells were plated onto 100 mm plates at a density
of 1×10 6 cells/plate a day before treatment. Cells were
infected with Ad/CMV-GFP, Ad/gTRAIL, or Ad/TRAILF/RGD using a MOI of 1 000 VP/cell. PBS was used as
a control. After incubation for 48 h, both adherent and
floating cells were harvested (adherent by trypsinization)
and washed with PBS. The cells were then fixed with 70%
ethanol overnight and stained with propidium iodide (PI)
(1 mL of PI, 10 µL of RNase, 9 mL of PBS, PI: 50 µg/mL)
before analysis. This procedure was done using flow
cytometry, the sub-G 0/G 1 cellular DNA content was
measured using Cell Quest software (Becton-Dickinson, San
Jose, CA, USA).
Statistical analysis
Statistical differences among the treatment groups were
assessed by ANOVA using the Statistica software program
(StatSoft, Tulsa, OK). P<0.05 was considered statistically
significant.

RESULTS
Construction and characterization of Ad/TRAIL-F/RGD
Ad/TRAIL-F/RGD had the same bicistronic expression
cassette as Ad/gTRAIL[5] except that wild-type TRAIL
cDNA was used instead of the GFP/TRAIL fusion construct
described in Ad/gTRAIL. In addition, Ad/TRAIL-F/RGD
contained an insertion of the CDCRGDCFC sequence in
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the HI loop of fibers and a deletion in the E3 region from
28 599 to 30 469 bp. The sequences of the E3 region, the
fiber region, human TRAIL cDNA, and the GAL4/VP16
fusion gene in the E1 region in Ad/TRAIL-F/RGD were
verified by automatic DNA sequencing using purified viral
DNAs as templates.

cell lines Hep G2 (Figure 2A) and Hep 3b (Figure 2B).
Both cell lines were sensitive to Ad/TRAIL-F/RGD and
Ad/gTRAIL and showed a significantly reduced viability
compared to cells treated with PBS or Ad/CMV-GFP, after
5 d of treatment in all groups (P<0.05). The viability reducing
effect was not significant between Ad/gTRAIL and Ad/
TRAIL-F/RGD.

GFP-expression in hepatocellular carcinoma cells
We transfected both cell lines with Ad/CMV-GFP and
Ad/gTRAIL for evaluation if the cell lines were capable of
transfecting adenoviruses. PBS was used as a control. Cells
were transfected with a MOI of 1 000 VP/cell and the
GFP expression was measured after 48 h of treatment by
FACS analysis. Hep G2 and Hep 3b showed a strong
transfection rate for Ad/CMV-GFP between 98% and 99%
and for Ad/gTRAIL between 40% and 97% (Figure 1).
Cell-killing effect of Ad/TRAIL-F/RGD on hepatocellular
carcinoma cells
We examined the effects of Ad/TRAIL-F/RGD on HCC

Apoptosis induction in hepatocellular carcinoma cells
To further evaluate the apoptosis caused by Ad/TRAILF/RGD and Ad/gTRAIL, we quantified the sub-G 1
population in both cancer cell lines by FACS analysis. The
MOI for the adenoviral treatment was set at 1 000 VP/cell.
Ad/gTRAIL and Ad/TRAIL-F/RGD dramatically increased
the percentage of apoptotic cells in comparison to cells
treated with PBS, or Ad/CMV-GFP. The apoptotic effect
between Ad/gTRAIL and Ad/TRAIL-F/RGD was almost
equal and cells treated with PBS or Ad/CMV-GFP had
only background levels of apoptosis (Figure 3).
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DISCUSSION
Gene therapy may be an alternative approach, using the
proapoptotic tumor necrosis factor-related apoptosis-inducing
ligand (TRAIL).
TRAIL belongs to the TNF- cytokine super-family,
including TNF-, FasL/CD95/Apo1L, TRAIL/Apo2L, and
TWEAK/DR3L/Apo3L [15]. These ligands are type-II
transmembrane proteins and membrane-bound TRAIL as
recombinant soluble TRAIL could rapidly induce apoptosis
in various cancer cells by interaction with DR4/TRAIL-R1
or DR5/TRAIL-2 death receptors[15]. It has recently been
reported that expression of the TRAIL or TRAIL/GFP
fusion gene could induce apoptosis in a wide variety of
cancer cells[5,15-17,25,26]. Moreover, the direct transfer of the
TRAIL gene resulted in an apoptotic bystander effect
including non-transfected neighboring cancer cells[4,15].
However, one major concern of proapoptotic gene therapy
is its systemic toxicity. Using tumor-specific promoters with
targeted gene expression can avoid this effect. For this reason,
we used the human telomerase reverse transcriptase (hTERT)
promoter, whose gene was active in 85% of human cancer
cells, but inactive in most somatic cells[5]. But a limitation
of tissue- or cell-type-specific promoters to target transgene
expression was hampered by their weak transcriptional
activity[11]. A solution for this problem is the GAL4 gene
regulatory system, wherein a weak tissue-specific promoter
could drive expression of the GAL4/VP16 fusion protein
(GV 16), which in turn could transactivate a minimal
synthetic promoter, GAL4/TATA (GT), which upstreams
the TRAIL gene[11]. We recently constructed an adenoviral
vector, which could combine these qualities, expressing the
GFP/TRAIL fusion gene driven by the hTERT promoter
via GAL4 gene regulatory components (designated as Ad/
gTRAIL). This vector prevented transgene expression and

toxicity in primary human hepatocytes[5], but led to apoptosis
in multiple human tumor cell lines[4-6].
Nevertheless, repeated administration of adenovectors,
as a gene transport delivery device, could result in cell
resistance to adenovirus binding mechanism, especially the
initial CAR[7,9,18]. Moreover, reduced expression of CAR has
also been reported in primary tumors[10]. Thence, new
techniques to increase the transfection efficiency are desirable.
A simple solution could be the increase of the viral titer,
but it would lead to more systemic toxicity in animal
experiments or clinical trials. An alternative way is to retarget
the adenoviral capsid protein by modifying adenoviral
vectors to CAR-independent binding molecules. One
technique is the incorporating of the integrin-binding motif
RGD sequence into the HI loop of the adenoviral fiber
protein.
Recently published reports showed a significantly
increased transduction efficiency in oral squamous cell
carcinoma[19] and cervix carcinoma cells[20], ovarian cancer
cells[21], melanoma cells[22], and glioma cells[23].
Therefore, modified vectors containing polylysine or an
RGD sequence might have a broader application than
conventional adenovectors in targeted cancer gene therapy[8,9],
especially for in vivo experiments. These vectors could
overcome resistance to adenoviral treatment, and increase
the transfection efficiency in cells with a low CAR expression.
Consequently, we constructed an adenoviral vector
expressing the wild-type TRAIL gene from the hTERT
promoter and contained an RGD sequence in the HI loop
of its fiber protein (Ad/TRAIL-F/RGD), which would have
a broader application than the vectors previously reported.
We compared the new vector with our previously constructed
adenoviral vector Ad/gTRAIL as a positive control, which
showed a strong apoptotic effect on a variety of human
tumor cells[4-6].
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The in vitro experiments of our study showed that Ad/
TRAIL-F/RGD significantly reduced the cell viability in
Hep G2 and Hep 3b cells in comparison to Ad/CMV-GFP
and PBS treated cells. FACS analysis concerned these results.
Both experiments showed no significant difference between
Ad/gTRAIL and the new Ad/TRAIL-F/RGD in both cell
lines. These results confirmed that the modification of our
previously demonstrated vector Ad/gTRAIL did not
decrease the proapototic efficiency in vitro. It would be
interesting to compare both vectors in vivo in tumor models
with CAR low or negative cell lines, but so far no tumor
model with these criteria has been established. However,
we have previously reported that the pancreas carcinoma
cell line MIA PaCa-2 has a low CAR expression[8] and might
be an option for a tumor model, because of its tumorigenicity
in nude mice. Furthermore, it has recently been found that
some chemotherapeutic agents have a synergistic effect in
combination with adenovirus mediated TRAIL synthesis,
even on chemoresistant cancer cells[17,24]. These results and
the increased transfection rate by fiber modified adenoviruses
in CAR low cell lines may reduce the virus particles for
clinical studies, which seems to be an effective treatment
without side effects due to high adenovirus titers.
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Abstract
AIM: Fatty acid-CoA ligase 4 (FACL4) is an arachidonatepreferring enzyme which has been shown to be up-regulated
in human colon cancer tissues and implicated in the colon
tumorigenesis. The purpose of this study was to investigate
the role of FACL4 in the human hepatocellular carcinoma
(HCC) tumorigenesis and the specific signal pathways
involved in this process.
METHODS: We investigated the expression and regulation
of FACL4 in HCC, adjacent non-tumorous liver tissues, and
cell lines.
RESULTS: In HCC patients, we demonstrated that FACL4
gene expression was markedly elevated in the cancerous
tissues than in the adjacent non-cancerous liver tissues.
In addition, several human hepatoma cell lines, including
Hep3B and HepG2, expressed high levels of FACL4. Stable
overex-pression of FACL4 knockdown plasmids (small
interfering RNA, siRNA) to Hep3B cells significantly
decreased FACL4 expression and subsequently limited
the cell proliferation. Treatment of Hep3B cells with 8bromo-cAMP and SB203508 (p38 MAPK inhibitor)

significantly suppressed the FACL4 expression.
CONCLUSION: FACL4 is involved in the HCC tumorigenesis
and both cAMP and p38 MAPK pathways are associated
with the regulation of FACL4 in HCC.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most frequent
malignancies worldwide, showing the highest prevalence in
Asia and Africa. Most symptomatic HCCs have a low surgical
respectability and the disease usually progresses rapidly and
has very poor prognosis[1]. It is likely that searching novel
molecular or genetic mechanisms of HCC tumorigenesis
would shed light on the development of more effective
therapeutic strategies against it.
Fatty acid-CoA ligase 4 (FACL4) is an arachidonic acid
(AA)-preferring isoenzymes of the acyl-CoA ligase family[2].
Production of acyl-CoA by FACL4 is an essential reaction in
mammalian cells. FACL catalyzes the ligation of long chain
fatty acids with coenzyme A to produce long chain acyl-CoAs.
The resulting acyl-CoAs can be subsequently metabolized
into the pathways of -oxidation, glycerolipid synthesis,
cholesteryl ester synthesis, desaturation, elongation, and
protein acylation and can also serve as signaling molecules[3].
There are five FACL isoenzymes present in human tissues[4,5].
Of these, FACL4 could highly express in human steroidogenic
tissues, such as placenta, brain, testis, ovary, spleen, and adrenal
cortex, whereas it is less expressed in the gastrointestinal system,
including liver[6]. FACL4 is highly elevated in colon adenocarcinoma and plays an important role in colon carcinogenesis[7].
A previous study also demonstrated that exogenous addition
of AA induced apoptosis in colon cancer cell lines and so
did triacsin C, a FACL4 inhibitor[8], suggesting that FACL4
may be involved in the tumorigenesis process. However, the
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molecular pathways underlying FACL4-associated tumorigenesis
process are still not clear.
Cyclic AMP (cAMP) is a second messenger in eukaryotes,
playing a crucial role in the intracellular signal transduction
of various stimuli, and controlling a wide variety of cellular
events including cell proliferation, differentiation, apoptosis,
and several cytoskeletal remodeling functions. cAMP has
traditionally been thought to act exclusively through cAMPdependent protein kinase (PKA), but recent studies have
clearly shown that not all effects of cAMP are mediated by
a general activation of PKA[9]. A previous study demonstrated
that an elevated cAMP could suppress the N-formyl methionylleucyl-phenylalanine-induced p38 mitogen-activated protein
kinase (MAPK) activation in the hypertonic stress suppression
of neutrophil function[10]. Another experiment indicated that
cAMP could inhibit multiple signaling pathways, including
p38, induced by an amyloid precursor protein in human
monocytic cell line THP-1[11]. These findings suggested a link
between elevation of cAMP and inhibition of p38 activation.
The p38 pathway also plays an essential role in regulating many
cellular processes including inflammation, cell differentiation,
cell cycle, cell growth and death[12]. Regarding the effect of
cAMP on the cell cycle progression, several reports demonstrated that cAMP could induce G1 synchronization, growth
arrest, and terminal differentiation in certain cells[13,14]. For
example, Lee et al[15], showed that cAMP could induce G1
arrest and apoptosis in hepatoma cells.
In this study, we found that FACL4 was up-regulated in
HCC specimens, and knockdown of FACL4 gene expression
resulted in growth inhibition of hepatoma cells. In addition,
we demonstrated that both cAMP and p38 were involved in
the regulation of FACL4. Our results suggest that overexpression
of FACL4 might contribute to the growth of hepatoma cells
or HCC tumorigenesis.

MATERIALS AND METHODS
Tumor tissues and cell culture
A total of 16 HCC tissues and their corresponding noncancerous liver tissues obtained from patients who received
surgical treatment were enrolled in this study. Tumors were
carefully dissected from adjacent normal tissues and all the
malignant and non-malignant tissue specimens were confirmed
by pathological examination. This study was approved by
the Human Study Review Board of the Taipei Medical University. Hep3B (HB-8064; American Type Culture Collection)
originated from a HCC was used in this study.
RNA extraction and RT-PCR
Total RNA was isolated from human tissue specimens or
Hep3B cells, and cDNA was prepared as previously described[16]. The amplification of FACL4 cDNA was performed
by incubating 20 ng equivalents of cDNA in 100 mmol/L
Tris-HCl buffer, pH 8.3, containing 500 mmol/L KCl,
15 mmol/L MgCl2, 0.1% gelatin, 200 mol/L concentration
of each dNTP, and 50 U/mL Super Taq DNA polymerase
with the following oligonucleotide primers: 5’-ATGGCAAAGAGAATAAAAGCT-3’ and 5’-TGGACTTTGCTCATAACATTC-3’. The cDNA sequence of glyceraldehyde3-phosphate dehydrogenase (GAPDH) was also amplified
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as a control in the same method using the following primers:
5’-CCACCCATGGCAAATTCCATGGCA-3’ and 5’TCTAGACGGCAGGTCAGGTCCACC-3’. Thermal cycle
conditions were as follows: 1 cycle at 94 ℃ for 5 min, 30
cycles at 94 ℃ for 1 min, 52 ℃ for 1 min, 72 ℃ for 1 min,
and 1 cycle at 72 ℃ for 10 min. PCR products were analyzed
on 1.0% agarose gels. The size of the RT-PCR products
for FACL4 and GAPDH was 1 046 and 598 bp, respectively.
Western blot analysis
Cells were washed with cold PBS, lysed in Golden lysis
buffer, and performed Western blotting as described
previously[17]. The blotting procedures were first with antiphosphorylated p38 polyclonal antibody (1:1 000 dilution,
Cell Signaling Technology, Beverly, MA), anti-p38 polyclonal
antibody (1:1 000 dilution, Santa Cruz Biotechnology, Santa
Cruz, CA), or anti-glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) monoclonal antibody (1:2 000 dilution, Biogenesis,
Kingston, NH), and then with anti-mouse or anti-rabbit IgG
antibody conjugated to horseradish peroxidase (1:5 000
dilution, Santa Cruz Biotechnology, Santa Cruz, CA) and
visualized bands using enhanced chemiluminescence kits
(2 min, ECL, Amersham). The densities of the bands were
quantitated with a computer densitometer (IS-1 000 Digital
Imaging System).
In vitro kinase activity assay
Equal amounts of total cellular protein (200 g) were
immunoprecipitated with p38 specific antibody (Santa Cruz
Biotechnology) and protein A/G-PLUS agarose for 15 h at
4 ℃. The kinase reactions were carried out in a final volume
of 40 L containing 1 g of substrate of glutathione Stransferase (Gst)-ATF2 fusion protein (Santa Cruz Biotechnology), 20 mol/L cold ATP, 5 Ci [r- 32p] ATP (5 000
Ci/mmol, Amersham) and incubated for 20 min at 25 ℃.
Each sample was mixed with 10 L of 5× Laemmli’s loading
buffer to stop the reaction, heated for 10 min at 100 ℃,
and subjected to SDS-PAGE. The gels were dried, visualized
by autoradiography, and quantitated by densitometry (IS1 000 Digital Imaging System).
Immunohistochemistry stain
As previously described[19], paraffin-embedded blocks were
incubated with anti-phosphorylated p38 antibody according
to the manufacturer’s instructions (DAKO LSAB+kit, Dako
Corp., Carpinteria, CA).
Construction of FACL4 siRNA expression plasmid and
establishment of FACL4 knockdown cell lines
Briefly, the siRNA stable expression vector-pKd/Neo was
constructed from pcDNA3 (with CMV promoter and
neomycin selectable gene), in which the CMV promoter
was replaced by human H1 RNA polymerase III promoter
of pSilencer 3.0-H1 vector (Ambion Inc., Worcester,
Massachusetts). Therefore, pKd/Neo vector was ready for
insertion of specific double-strand oligonucleotides and could
stably express siRNA. For knockdown of FACL4, the
complementary oligonucleotides A, B, C and D were designed
according to the guidelines as described in Ambion website
(www.Ambion.com), containing a 19-mer oligonucleotides
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(Figure 2A, underlined) corresponding to nucleotides 322340 and 513-531, respectively, of human FACL4 (GenBank
accession no. XM 017658) coding region. Another two
randomly-designed oligonucleotides (oligo E and F) lacking
FACL4 and other genes (blast with GenBank) were used as
a negative control to verify siRNA mechanism. After annealing
the complementary oligonucleotides, oligoA/B, oligoC/D, and
oligoE/F were inserted into the pKd/Neo vector in specific
restriction endonuclease sites (BamHI/XbaI), to generate
pKd/FL1, pKd/FL2, and pKd/non-plasmids, respectively.
For selection of stable FACL4 knockdown cell lines,
Hep3B cells were transfected with pKd/FL2 or pKd/non
plasmid[20] and treated with G418 for 3 wk. Three potential
FACL4 knockdown clones (Kd/FL1-3) and one non-specific
knockdown clone (Kd/non) were chosen to examine the
growth rate. The FACL4 mRNA level of the Kd/non-clone
was measured by RT-PCR and showed no significant
difference in the parent cells.
Construction of FACL4 sense and antisense expression
plasmids
Total RNA was isolated from Hep3B cells, and the full
length FACL4 cDNA was synthesized by RT-PCR with
primers 5’-ACGCTATGGCAAAGAGAATAA-3’ and 5’AGACAACAACATTTTATTTGC-3’. The RT-PCR
products were inserted into the linearized pTARGET vector
(Promega) through TA ligation mechanism to obtain pTar/
FL plasmid. To construct the FACL4 sense expression plasmid
pcDNA/FL, a Kpn I/Xho I fragment excised from the vector
pTar/FL was inserted into the pcDNA3.1 vector in the
sense orientation. On the other hand, a BamHI/NotI
fragment excised from the vector pTar/FL was inserted into
the pcDNA3.1 vector in the antisense orientation to obtain
pcDNA/antiFL plasmid. Sequence identities were confirmed
using an ABI PRISM 377 DNA analysis system (PerkinElmer Corp., Taipei, Taiwan).
FACL4 enzyme activity assay
FACL4 enzyme activity was measured by counting AA-CoA
formed from AA as described previously with some modifications[21]. Total protein was extracted by Golden lysis buffer.
Fifty micrograms of total protein was incubated with
0.5 L [14C] AA (50 Ci/mL) substrate in a final volume of
200 L reaction buffer (0.1 mol/L Tris, pH 7.5, 1 mmol/L
GSH, 0.1 mmol/L hydroquinone, 6.7 mmol/L ATP, 20 mmol/L
MgCl2, 67 mol/L CoA) for 5 min. For removing the
residual AA (in petroleum ether phase), the reaction mixture
was extracted twice with 1.2 mL petroleum ether, and the
aqueous phase was then acidified by the addition of 7.5 L
of 1 N HCl to approximately pH 3.0. After two extractions
of ethyl acetate, the aqueous phase containing[14C] AA-CoA
was collected, mixed with the scintillation cocktail (Cocktail
EX2, VWR International Ltd.), and the radioactivities (cpm)
were estimated by a liquid scintillator (Beckman L-6000) .
Colony formation assay
To study the colony formation in monolayer culture, cells
were plated at 6×105 per 6-cm dish, and transfected with an
individual plasmid as indicated in Figure 2B. After 48 h
post-transfection, the cells were treated with G418 and the
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colonies were stained with Coomassie blue at 4 wk after
transfection.
Proliferation assay
The cells were seeded in a 96-well plate for 1-4 d and the
cell number was estimated by a tetrazolium-based semiautomated colorimetric assay (MTT assay)[22]. Three clones of
FACL4 knockdown cells (Kd/FL1-3) and a negative control
clone (Kd/non) were used in this test.
Statistical analysis
Results were expressed as mean±SE. for each study. Data
were analyzed by Student’s t-test and P≤0.05 was considered
statistically significant.

RESULTS
Up-regulation of FACL4 expression in human HCC
Sixteen HCC tissues and their corresponding non-cancerous
tissues from the same patient were used to detect the expression of FACL4 by RT-PCR. As shown in the Figure 1, a
representative result from five patients indicated that FACL4
expression was significantly increased in four HCC tissues
in comparison with their individual adjacent non-cancerous
tissues. Altogether, 13 of 16 (81.3%) HCC cases showed at
least two-fold increased expression of FACL4 in cancerous
tissues. The change in the expression level of FACL4 relative
to non-cancerous tissues ranged from 2.3 to 27.52 folds,
the average increase was 8.68 (n = 13). Our findings suggested
that FACL4 played an important role in HCC tumorigenesis.

P’t 1
N
T

P’t 2
N

T

P’t 3
N
T

P’t 4
N
T

P’t 5
N
T
FACL4

GADPH

Figure 1 Up-regulation of FACL4 expression in HCC. P’t, patients; T, tumor
from HCC; N, normal liver tissue from the same patient.

FACL4 knockdown resulted in growth inhibition of HCC cells
The human HCC cell line Hep3B was used in this study,
which expressed high levels of FACL4 as the human colon
cancer cell line Colo205. To investigate the role of FACL4
in cell growth, small interfering RNA (siRNA) was used to
disrupt the expression of endogenous FACL4. Several studies
used siRNA expression plasmids or double-stranded siRNA
oligonucleotides to suppress the specific protein expression
by transition transfection[23]. However, little is known whether
the continuous and stable expression of siRNA also functions
well for a long period of time in mammalian cells. In this
study, we constructed the FACL4 siRNA expression plasmid
(Figure 2A) with neomycin-resistant genes and selected
several stable FACL4 siRNA expression clones. During the
examination period (about 4 mo), they always expressed a
lower level of FACL4 than the parent Hep3B cells. These
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results indicated that siRNA expression plasmids were able
to express continuously for a long period of time without
significant toxicity to mammalian cells.
To examine whether suppression of FACL4 could affect
HCC cell growth, Hep3B cells were transfected with FACL4
sense and antisense expression plasmids. In a representative
experiment, about 628 colonies were found in the cells
transfected with mock expression plasmids after selection
of G418 for 4 wk. However, about 804 and 285 colonies
were found in the cells transfected with pcDNA/FL and
pcDNA/antiFL, respectively (Figure 2B, left). Similar results
were found in the cells transfected with FACL4 siRNA
expression plasmids. Then, Hep3B cells were transfected
with two kinds of FACL4 siRNA expression plasmids (pKd/
FL1 & pKd/FL2) or one control siRNA expression plasmid
(pKd/non). FACL4 knockdown significantly reduced the
number of colony formation in comparison with controls.
The number of colony formation was about 109, 126, and
337 in the cells transfected with pKd/FL1, pKd/FL2, and
pKd/non, respectively (Figure 2B, right). These results
indicated that decreased FACL4 expression significantly
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inhibited the colony formation number and the constitutive
expression of FACL4 was associated with the growth of HCC.
Three potential FACL4 knockdown clones (Kd/FL1-3)
and a control, non-specific siRNA expression clone (Kd/
non) were chosen to compare their growth rate by MTT
assay. Three clones (Kd/FL1-3) decreased about 50% in
FACL4 expression and their growth rate also decreased in
comparison with the Kd/non-clone (Figures 2C and D);
representative experiments were shown. The decrease of
growth rate was not due to the increase of Hep3B cell
death by trypan blue exclusion assay. Moreover, FACL4
protein levels were confirmed by FACL4 enzyme activity
assay. As shown in Figure 2E, Kd/FL1-3 clones had a lower
FACL4 activity as the mRNA level by RT-PCR. These results
indicated that the expression levels of FACL4 were associated
with cell growth, and FACL4 overexpression might contribute
to the tumorigenesis of HCC.
Involvement of cAMP in the regulation of FACL4 gene
expression and p38 kinase activity
Previous studies demonstrated that elevated cAMP was able
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Figure 3 Effect of cAMP on the expression of FACL4 in Hep3B cells (A) and on
the inhibition of p38 in Hep3B cells (B). In Figure 3B, a: total p38 proteins and the

to inhibit fatty acid synthesis, and the process was mediated
indirectly by cAMP-dependent protein kinase[24]. Therefore,
we used 8-bromo-cAMP, a metabolism resistant analog of
cAMP, and Rp-adenosine-3’,5’-cyclic monophosphorothioate
(Rp-cAMPS), a competitive cAMP antagonist for cAMPreceptor proteins, to examine whether cAMP also participated
in the regulation of FACL4 in hepatoma cells. As shown in
Figure 3A, treatment of Hep3B cells with 8-bromo-cAMP
could dose dependently suppress FACL4 mRNA expression
and this effect was reversed by pretreatment with Rp-cAMPS.
On the other hand, a PKA inhibitor, H-89 did not affect
the expression of FACL4 (data not shown). These results
suggested that cAMP negatively regulated FACL4 expression
in PKA-independent pathways in Hep3B cells.
To further study which downstream signaling pathways
were involved in the regulation of FACL4 by cAMP, we focused
on the MAPKs members. Since cAMP could activate the ERK
kinase activity and inhibit the p38 kinase activity[10,11,25], we
next examined whether cAMP regulated the kinase activity
of MAPK members in Hep3B cells. Treatment of Hep3B
cells with 8-bromo-cAMP dose dependently suppressed p38
phosphorylation and this effect was reversed by pretreatment
with Rp-cAMPS (Figure 3B(a)). To further examine that
cAMP not only inhibited p38 phosphorylation but also p38
kinase activity, we performed in vitro kinase activity assay
using Gst-ATF2 fusion protein as a substrate. As shown in
Figure 3B(b), 8-bromo-cAMP dose-dependently suppressed
the p38 kinase activity and this effect was reversed by
pretreatment with Rp-cAMPS. However, 8-bromo-cAMP
did not affect the phosphorylation and kinase activity of
the other MAPK members, ERK and JNK (data not shown).
These results suggested that cAMP negatively regulated the
p38 kinase activity in Hep3B cells.
Involvement of p38 in the regulation of FACL4 gene expression
Since elevated cAMP was able to inhibit both of FACL4
expression and p38 activity (Figures 3A and B). To examine
whether p38 also participated in the regulation of FACL4
gene expression, we used a MEK 1 inhibitor (PD98059), a
p38 inhibitor (SB203580) and a JNK inhibitor (SP600125)
to examine their effects on the FACL4 expression in Hep3B
cells. As shown in Figure 4, treatment of the Hep3B cells

1

a

a

0

0

phorphorylated p38 by Western blot; b: the p38 kinase activity by in vitro kinase
assay. aP<0.05 vs control.
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Figure 4 Effect of p38 inhibitor on the expression of FACL4 in Hep3B cells.
a
P<0.05 vs control.

with SB203580, but not PD98059 or SP600125, could block
the FACL4 mRNA expression, suggesting that p38 but
not ERK or JNK was involved in this process. In addition,
SB203580 inhibited FACL4 expression in a dose-dependent
manner.
Phosphorylated p38 is up-regulated in human HCC
The above-mentioned in vitro experiments demonstrated that
FACL4 expression might also mediate through p38 pathway
in HCC cell lines. We then tested whether the expression of
phosphorylated p38 (p-p38), the activated form of p38,
was also elevated in human HCC tissues that could
overexpress FACL4. In our 16 HCC tissues, 10 (62.5%)
showed an increased p-p38 expression. Importantly, all the
p-p38 increased expression cases were in the FACL4 mRNA
up-regulated group. Figure 5 shows the immunohistochemistry
study of two representative HCC patients. The cancerous
tissues strongly expressed p-p38 protein (Figures 5B and E).
In contrast, p-p38 immunoreactivities were very low in the
adjacent non-cancerous tissues (Figures 5A and C). Interestingly,
when the tumorigenesis process was from the cirrhotic
nodules (Figure 5C) to well differentiated (Figure 5D) HCC
and then to moderately differentiated (Figure 5E) HCC,
the p-p38 immunoreactivities were expressed from low
to strong.
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Figure 5 Up-regulation of phosphorylated p38 in human HCC. HCC tumor
tissues (B, D, and E) and the non-cancerous tissues (A and C) were analyzed

for the phosphorylated p38 (p-p38) by immunohistochemistry staining. Green
arrows indicate the representative p-p38 immunoreactive cells (brown) (400×).

DISCUSSION
A previous report demonstrated that the different siRNA
sequences targeting different positions in the specific gene
could influence the knockdown efficiency of the specific
gene[26]. In this study, we used two kinds of siRNA to knockdown
the FACL4 expression and three clones were decreased
about 50% in FACL4 mRNA levels and enzyme activity
(Figures 2D and E). However, the inhibition of FACL4
expression significantly limited HCC cell proliferation and
this effect was related to the expression level of FACL4
(Figure 2). It would be of great interest to perform experiments
using several different FACL4-specific siRNAs to fully
knockdown the gene expression and to examine their impacts
on HCC cell proliferation.
The p38 is one of the discrete signaling cascades for
diverse extracellular stimuli, and functions to regulate cellular
processes. Activation of p38 often through cytokines, growth
factors, pathogens and stress environments, could mediate
signal transductions into the nuclei to turn on the responsive
genes[12]. The upstream activators of p38 are diversified and
involved in various signal events including cAMP dependent
pathways. One recent study demonstrated that cAMP
elevation could inhibit LPS-induced IL-12 production through
suppression of p38 in macrophages[27]. These findings are
consistent with our results that FACL4 expression was mediated
through p38 pathway and elevated cAMP suppressed
FACL4 expression by inhibition of p38 activity. A recent
report indicated that histone H3 phosphorylation and the
activity of chromatin remodeling complexes were regulated
by the p38 pathway[28] . It is possible that p38-dependent
histone phosphorylation could regulate FACL4 promoters
through increasing recruitment of transcription factors.
Another report showed the potential transcriptional elements
in the promoter region of FACL4 gene[2]. The p38 might

regulate the transcriptional activity directly in FACL4
promoters. Further study is required to clarify the transcription
factors targeted by the p38 pathways toward the expression
of FACL4 in HCC.
In conclusion, our data suggest that p38 and cAMP
pathways are involved in the regulation of FACL4 in HCC.
Furthermore, FACL4 products induce liver cancer cell
proliferation and participate in HCC tumorigenesis. Therefore,
development of methods to selectively inhibit FACL4
expression might lead to a novel strategy for the treatment
of HCC.
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Abstract
AIM: To investigate the mechanism of -fetoprotein (AFP)
in escaping from the host immune surveillance of hepatocellular carcinoma.
METHODS: AFP purified from human umbilical blood was
administrated into the cultured human lymphoma Jurkat
T cell line or hepatoma cell line, Bel7402 in vitro . The
expression of tumor necrosis factor related apoptosisinducing ligand (TRAIL) and its receptor (TRAILR) mRNA
were analyzed by Northern blot and Western blot was
used to detect the expression of Fas and Fas ligand (FasL)
protein.
RESULTS: AFP (20 mg/L) could promote the expression
of FasL and TRAIL, and inhibit the expression of Fas and
TRAILR of Bel7402 cells. For Jurkat cell line, AFP could
suppress the expression of FasL and TRAIL, and stimulate
the expression of Fas and TRAILR. AFP also could
synergize with Bel7402 cells to inhibit the expression of
FasL protein and TRAIL mRNA in Jurkat cells. The monoclonal
antibody against AFP (anti-AFP) could abolish these
functions of AFP.
CONCLUSION: AFP is able to promote the expression of
FasL and TRAIL in hepatoma cells and enhance the
expression of Fas and TRAILR in lymphocytes. These could
elicit the escape of hepatocellular carcinoma cells from
the host’s lymphocytes immune surveillance.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Though a lot of investigations were carried out on the
function of -fetoprotein (AFP), the biological role of AFP
is still indistinct so far. Because the number and sequence
of amino acid of AFP are very similar to those of human
serum albumin (HSA), it is thought that the biological
function of AFP just like HSA, plays an important role in
transporting materials and regulating osmotic pressure in
human blood. During the course of embryo development,
the serum concentration of AFP is higher (3 g/L). The
concentration of AFP falls down to a low level that it is
hard to detect (<20 ng/L) when 2 years birth after. However,
the expressed quantities of AFP would rise abnormally when
an individual suffers from liver tumor or benign hepatic
growth[1,2]. Therefore, it is reasonable to imagine that the
high exp-ression of AFP is related to the proliferation of
tumor or normal cells. Previous researches have shown
that AFP could promote the proliferation of different types
of tumor or normal cells when a sole administration or in
combination with other growth factors[3,8]. Since AFP is a
kind of biological macromolecule (MW: 69 ku), it is
impossible to enter cells directly to regulate biological
responses of the cells. Our research revealed that AFP
could regulate cell growth was mediated by its receptor,
which exists on the membrane of cells. Some studies also
showed that AFP could inhibit immune responses mediated
by its receptors[2,9,10]. The cells secrete plenty of AFP during
the development of liver cancer. The potential role of AFP
in the proliferation of tumor cells is still unclear though
AFP has been thought as an important marker of hepatoma. It was traditionally considered that AFP was a
substance accompanied with the development of liver cancer,
so it was regarded as a diagnostic standard of liver cancer.
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However, recent studies indicated that AFP was a kind of
protein with some biological activities, such as promoting
the growth of cells and escaping from the host’s immune
monitor of liver cancer cells in vivo. Some proteins, such
as Fas as well as its natural ligand (FasL protein) and
TRAIL as well as TRAILR play an important role in escaping
from immune surveillance of liver cancer cells in vivo[11-14].
In the present investigation, we observed the influence of
AFP on the expression of TRAIL/TRAILR or Fas/FasL
and explored the possible mechanism of AFP in the growth
and immune escape of liver cancer cells.

MATERIALS AND METHODS
Materials
Bel 7402 cells and Jurkat cells were presented by the Department of Cell Biology, Peking University Health Science
Center (PR China). Purified AFP was purchased from Sigma
(USA). Monoclonal antibody against AFP (anti-AFP) used
to block AFP was offered by the Department of Biochemistry
and Molecular Biology, Peking University Health Science
Center (PR China). HSA and RPMI-1640 were purchased
from Gibco (USA). Monoclonal antibodies against Fas and
FasL were purchased from Santa Cruz (USA). Total RNA
extract reagent kit and the random primer-a-gene labeling
system reagent kit were products from Promage Company
(Madison, WI, USA). -32P-dCTP was bought from Yahui
Biological Engineering Company (Beijing, China). TRAIL,
TRAILR (DR4) and -actin cDNA probe were presented
by the Department of Endocrinology, Northwestern
University (Chicago, USA). Salmon fish sperm DNA,
fraction V of bovine serum albumin (BSA) and Ficoll-400
were purchased from the Jingke Chemical Reagents
Company (Beijing, PR China).
Methods
Cell culture Bel7402 cells and Jurkat cells were maintained
in RPMI 1640 medium supplemented with 10% fetal calf
serum (FCS) at 37 ℃ in a humidified atmosphere of
50 mL/L CO2. Bel7402 cells were digested and scattered
by using 0.25% trypsin containing 0.02% EDTA, and then
continuously cultured. The cultured medium was replaced at
every 24 h.
Northern blot analysis of TRAIL and TRAILR
expression Cells were treated with AFP (20 mg/L), anti-AFP
(40 mg/L) or AFP (20 mg/L) plus anti-AFP (40 mg/L) for
12 h. Total cellular RNA was isolated from Bel 7402 cells
and Jurkat cells with the TRIzol reagent kit according to the
manufacturer’s protocol. RNA (10-20 g) was isolated by
electrophoresis through a 1% formaldehyde agarose gel, and
transferred (in 20×SSC) onto the nitrocellulose membranes
(Millipore Corporation Bedford, MA, USA) with a standard
procedure[15]. The membranes were hybridized with -32 P
labeled probes and then exposed to X-ray films at -80 ℃.
Western blot detected the expression of Fas and FasL
Cells were treated with either AFP (20 mg/L), HSA (20 mg/L),
anti-AFP (40 mg/L) or AFP (20 mg/L) plus anti-AFP
(40 mg/L) for 24 h. After washing thrice with PBS (pH 7.4,
0.15 mol/L), the cells in each group were lyzed with 10 µL
of lysis buffer containing 0.2% Triton X-100, 500 mmol/L
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NaCl, 500 mmol/L sucrose, 1.0 mmol/L EDTA, 0.15 mmol/L
spermine, 0.5 mmol/L spermidine, 10 mmol/L HEPES
(pH 8.0), 200 µmol/L phenylmethylsulfonyl fluoride,
2.0 mg/L leupeptin, 2.0 mg/L pepstatin, 24 000 IU/L
aprotinin and 7.0 mmol/L -mercaptoethanol. Forty or
twenty micrograms of proteins were subjected to sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDSPAGE) and transferred onto the PVDF membrane for
immunodetection. Molecular weight markers (Sigma)
verified the correct locat-ions of visualized bands. The
membranes were blocked with 50 g/L nonfat milk in PBSTween, then probed with anti-Fas or anti-FasL followed by
second antibody (goat anti-rabbit IgG-horse radish
peroxidase). Immunoreactive proteins were detected using
Western blotting chemiluminescence luminol reagent
developing systems. The results of Western blot were
analyzed by a standard procedure[15].
Statistical analysis
Data were analyzed by Student’s t test and expressed as
mean±SD based on three independent experiments.

RESULTS
Influence of AFP on the expression of Fas and FasL protein in
human Bel 7402 cells and Jurkat cells
After being treated with AFP (20 mg/L), anti-AFP (40 mg/L),
AFP (20 mg/L) plus anti-AFP (40 mg/L) and HSA (20 mg/L)
for 24 h, AFP promoted Bel 7402 cells to express FasL
and inhibit Fas protein express significantly. For Jurkat cells,
AFP suppressed the expression of FasL protein, but
stimulated the expression of Fas protein. When Bel7402
cells and Jurkat cells were co-incubated, AFP co-operated
with Bel7402 cells to inhibit Jurkat cells to express FasL
protein. HSA and anti-AFP had no significant influence on
the expression of Fas and FasL protein in the two types of
cells, but anti-AFP had a role in blocking the function of
AFP (Figures 1 and 2).
Figure 1, Lane 1: Control group; lane 2: AFP treated
groups; lane 3: Anti-AFP (40 mg/L) treated groups; lane 4:
AFP (20 mg/L) plus Anti-AFP (40 mg/L) treated groups;
lane 5: HSA (20 mg/L) treated groups.
Figure 2, Lane 1: Control groups (cells were cultured
individually, respectively); lane 2: AFP treated groups (cells
were cultured individually, respectively); lane 3: Cells were
co-cultured groups; lane 4: Cells were co-cultured and treated
with AFP group; lane 5: Cells were co-cultured and treated
with anti-AFP group; lane 6: Cells were co-cultured and
treated with AFP plus anti-AFP group.
Effects of AFP on the expression of TRAIL and TRAILR mRNA
of human hepatoma Bel 7402 cells and Jurkat cells
After being treated with AFP (20 mg/L), anti-AFP (40 mg/L),
AFP (20 mg/L) plus anti-AFP (40 mg/L) for 12 h, it showed
that AFP could enhanced the expression of TRAIL mRNA
apparently, but no significant influence on the expression
of TRAILR mRNA was detected in Bel7402 cells. The role
of AFP in Jurkat cells indicated that APF could inhibit the
expression of TRAIL mRNA and promote the expression
of TRAILR mRNA. When Bel7402 cells and Jurkat cells
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Figure 1 Influence of AFP (20 mg/L), anti-AFP (40 mg/L), AFP (20 mg/L) plus
anti-AFP (40 mg/L) and HSA (20 mg/L) on the expression of Fas and FasL
protein in Bel7402 cells and Jurkat cells. A, C: Western blot of Fas and FasL

protein of Bel7402 cells or of Jurkat cells; B, D: Quantitative analysis of IOD of
Fas/IOD of actin, the columns represent mean±SD.

were co-incubated, AFP functioned co-operatively with Bel
7402 cells to restrain the expression of TRAIL mRNA in
Jurkat cells, AFP could not synergize with Bel 7402 cells to
stimulate the expression of TRAILR mRNA in Jurkat cells.
Anti-AFP had no significant influence on the expression of
TRAIL mRNA and TRAILR mRNA in the two types of cells,
but it could prohibit the function of AFP (Figures 3 and 4).
Figure 3, lane 1: Control groups (cells were cultured
individually, respectively); lane 2: AFP treated groups (cells
were cultured individually, respectively); lane 3: Cells were
co-cultured groups; lane 4: Cells were co-cultured and treated
with AFP group; lane 5: Cells were co-cultured and treated

with anti-AFP group; lane 6: Cells were co-cultured and
treated with AFP plus anti-AFP group.
Figure 4, Lane 1: Control groups (cells were cultured
individually, respectively); lane 2: AFP treated groups (cells
were cultured individually, respectively); lane 3: Cells were
co-cultured groups; lane 4: Cells were co-cultured and treated
with AFP group; lane 5: Cells were co-cultured and treated
with anti-AFP group; lane 6: Cells were co-cultured and
treated with AFP plus anti-AFP group.
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Figure 3 Effect of AFP (20 mg/L), anti-AFP (40 mg/L) and AFP (20 mg/L) plus
anti-AFP (40 mg/L) on the TRAIL mRNA expression of Bel7402 cells and Jurkat
cells were cultured individually or cultured together. A: Northern blot of TRAIL
mRNA of Bel7402 cells and Jurkat cells; B: Quantitative analysis IOD of TRAIL/
IOD of -actin, the columns represent mean±SD.

Figure 4 Influence of AFP (20 mg/L), anti-AFP (40 mg/L) and AFP (20 mg/L)
plus anti-AFP (40 mg/L) on the expression of TRAILR mRNA in Bel7402 cells
and Jurkat cells were cultured individually or cultured together. A: Northern blot
analysis of TRAILR mRNA of Bel7402 cells and Jurkat cells; B: Quantitative
analysis IOD of TRAILR/IOD of -actin, the columns represent mean±SD.

immunity rejection and cellular immune response during
embryo development[16,17]. The synthesis and secretion of AFP
always accompany liver cell growth. Researches have proved
that AFP could promote the proliferation of various tumor
cells, such as liver cancer cells[3,6]. For tumor cell growth in
vivo, one of the mechanisms is to escape from immune
surveillance. Lymphocytes play a very important role in
inhibiting the proliferation of tumor cells. Previous
investigations have confirmed the inhibitory effect of AFP
on lymphocyte responses of cancer patients[18-20].
It has been known that escape of AFP from the immunity
monitors may lead to the proliferation and survival of cancer
cells. Researches have documented that AFP has a capability of
regulating the growth of various cells. However, the mechanism of AFP in controlling the growth and immune escape
of liver cancer cells is unclear. Formerly, it was thought
that AFP could carry unsaturated fatty acids, which are
essential nutrients for cell growth, AFP in this manner may
promote the metabolism of unsaturated fatty acids to yield
inositol triphosphate (IP3) which can affect the signal
transduction of cells[21]. As a result, liver cancer cells are
maintained to grow in vivo. The present research showed
that AFP could promote the expression of FasL and TRAIL,
and suppress the expression of Fas in hepatoma cells, but
the expression of TRAILR was not significantly influenced,
and an opposite role of AFP in Jurkat lymphocytes was
indicated. The fact that AFP could inhibit the expression
of TRAIL and FasL, and promote the expression of Fas
and TRAILR when Jurkat cells and Bel 7402 cells were coincubated, the results also indicated AFP synergism with
Bel7402 cells to restrain the expression of FasL and TRAIL
in Jurkat cells. FasL and Fas are a pair of systems that can
induce cell death (apoptosis). Fas is defined as the death

receptor and may induce the apoptotic process of cells by
combining with its natural ligand FasL[22-25]. There is evidence
that Bcl-2 protein displays a reciprocal pattern of expression
during the development of lymphocytes. Bcl-2 family is a
participant in the pathway that leads to cell apoptosis by
mediating the signals from “death receptors” known as Fas
on the cell surface, and Bcl-2 could affect the apoptosis of
hepatocellular cancer cells through Fas [26,27], but this
apoptosis-inducing effect has non-specificity of cells. Tumor
cells can escape from the attack of lymphocytes by changing
its Fas/FasL system[28,29]. TRAIL is mainly expressed in
activated lymphocytes and can combine specifically with its
receptor to induce apoptosis of tumor cells, but not for normal
cells[30-33]. Lots of researches have found that the FasL/Fas
system plays a very important role in promoting apoptosis
and escaping from host immune surveillance of hepatocellular
cancer cells[34-38]. The high expression of Fas in hepatocellular
cancer cells can be beneficial to the growth of tumor cells[37,39].
Hepatocellular cancer cells could suppress the infiltrated
lymphocytes to express FasL, which triggers hepatoma cells
to escape from the immunity attack of lymphocytes[12,40,41].
The present results showed that AFP not only reduced Fas
expression in cancer cells, which could suppress the attack
of lymphocytes, but also promoted the expression of FasL
in cancer cells and the expression of Fas in lymphocytes. It
may be speculated that FasL of tumor cells may induce
apoptosis of lymphocytes by combining its Fas. In the
present study, FasL of Bel7402 cells could bind to Fas of
Jurkat cells that lead the lymphocytes to apoptosis. This
may be one of the mechanisms of hepatocellular cancer
cells escaping from host immune surveillance.
The reason why TRAIL could induce tumor cell apoptosis
is complicated. It has been reported that TRAIL may induce
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cell apoptosis through its five kinds of receptors[42-44]. Recently,
it has been found that the effect of TRAIL was mediated
through death receptors DR4 and DR5 on the membrane
of tumor cells, which could combine with TRAIL to trigger
caspase signal transduction pathways and induce tumor cell
apoptosis[45]. Some studies have verified that TRAIL gene
transferring adenoviral vector system could inhibit proliferation
of human hepatoma SMMC7721 cells and induce cell
apoptosis, TRAIL has been considered as an anticancer cytokine,
which may generate a novel strategy for the treatment of
hepatocellular carcinoma. Our data showed that AFP could
enhance the expression of TRAIL, and had no obvious
influence on the expression of DR4 in Bel7402 cells. On
the other hand, the effect of AFP in Jurkat cells showed
that it could promote the expression of DR4 and suppress
the expression of TRAIL. The co-operative effect of the
level of DR4 elevated by AFP in Jurkat cells and elevated
TRAIL in Bel 7402 cells could facilitate apoptosis of
infiltrated lymphocytes. Thus, AFP secreted from liver cancer
cells could play a role in protecting itself in escaping from
immune attack during the growth of liver cancer cells. In
our previous studies, AFP could enhance tumor cell growth
and the expression of some oncogenes[46-49]. The present
study manifested that liver cancer cells persisted malignant
proliferation in vivo, and secreted AFP which played a role
not only in promoting cancer cells to cleavage, but also in triggering hepatoma cells to escape from host immune surveillance
by altering the expression of TRAIL/TRAILR and Fas/
FasL in hepatocellular cancer cells or in Jurkat lymphocytes.
Some researches showed that AFP was not necessary
for the embryo development, but only required for female
fertility[50]. A recent study revealed that AFP’s DNA vaccine
had a distinctive antitumor immunopreventive effect on
AFP-producing tumors. Some studies and our previous
researches[46-49] have discovered that AFP could promote cancer
cell growth by influenced cAMP and Ca2+ mediated signal
transduction pathways[3,5,46-49]. AFP could cause apoptosis of
cancer cells by activating caspase-3-like proteases rather than
Fas[52]. These results showed that AFP had a complex biological
function. It indicated that AFP could regulate the growth of
tumor cells and lymphocytes by various intracellular signal
pathways and at multiple regulation levels[17,52,53]. In this study,
HSA as a negative control and mono-clonal antibody against
AFP (anti-AFP) could not notably influence the expression
of TRAIL/TRAILR and Fas/FasL in Bel7402 cells or in
Jurkat cells. However, the fact that anti-AFP could block
the function of AFP these indicates the high specificity of
AFP in regulating the expression of TRAIL/TRAILR and
Fas/FasL in the two types of cells. The present study showed
that AFP could affect the expression of apoptosis relatedgenes of lymphocytes and hepatoma cells to maintain cancer
cell growth in vivo. The precise mechanism of AFP contributes
to a better understanding of the physiological effect of AFP
on regulating tumor cell growth and escaping from host
immune surveillance of liver cancer cells.
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Abstract
AIM: There is some evidence of functional superiority of
colonic J-pouch over straight coloanal anastomosis (CAA)
in ultralow anterior resection (ULAR) or intersphincteric
resection. On the assumption that colonic J-pouch anal
anastomosis is superior to straight CAA in ULAR with upper
sphincter excision (USE: excision of the upper part of the
internal sphincter) for low-lying rectal cancer, we compare
functional outcome of colonic J-pouch vs the straight CAA.
METHODS: Fifty patients of one hundred and thirty-three
rectal cancer patients in whom lower margin of the tumors
were located between 3 and 5 cm from the anal verge
received ULAR including USE from September 1998 to
January 2002. Patients were randomized for reconstruction
using either a straight (n = 26) or a colonic J-pouch anastomosis
(n = 24) with a temporary diverting-loop ileostomy. All
patients were followed-up prospectively by a standardized
questionnaire [Fecal Inco-ntinence Severity Index (FISI)
scores and Fecal Incontinence Quality of Life (FIQL) scales].
RESULTS: We found that, compared to straight anastomosis
patients, the frequency of defecation was significantly
lower in J-pouch anastomosis patients for 10 mo after
ileostomy takedown. The FISI scores and FIQL scales were
significantly better in J-pouch patients than in straight
patients at both 3 and 12 mo after ileostomy takedown.
Furthermore, we found that FISI scores highly correlated
with FIQL scales.
CONCLUSION: This study indicates that colonic J-pouch
anal anastomosis decreases the severity of fecal incontinence
and improves the quality of life for 10 mo after ileostomy

takedown in patients undergoing ULAR with USE for
low-lying rectal cancer.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The incidence of colorectal cancer has increased 200%
from the 1980s to the year 2000 in Korea[1]. Advances in
stapling technology have allowed restoration of bowel
continuity after resection of low-lying rectal cancers. In some
lower rectal cancers, for which the DS technique is not
feasible, coloanal anastomosis (CAA) has been used to
achieve bowel continuity[2] . However, efforts to preserve
the sphincter muscle may compromise the application of a
classical CAA. Several groups have attempted partial excision
of the upper part of the internal sphincter muscle to achieve a
tumor-free resection margin, thereby increasing the application
for using CAA[3-6].
A further problem in resection of low-lying rectal cancers
is the so-called anterior resection syndrome, which is characterized by functional problems related to defecation. To solve
this problem, Lazorthes et al, and Parc et al, designed a Jshaped colonic pouch which reportedly reduced the severity
of the syndrome[7,8]. As a result, the colonic J-pouch has been
widely used in treatments involving anastomosis following
ultralow anterior resection (ULAR) for low-lying rectal cancer.
We reported that the appropriate application of ULAR
technique preserves anal sphincters in over 90% of patients
with very low-lying rectal cancers, in which the lower margin
located 3-5 cm from the anal verge, without increased
morbidity or decreased oncologic results[9]. In our hospital,
the sphincter preservation rate increased significantly over
the 10 years, from 16.4% in Period I (January 1991 to
February 1994), to 53.0% in Period II (March 1994 to
March 1997), to 86.5% in Period III (April 1997 to
December 2000), thanks to the introduction of ULAR with
double stapling in March 1994 and ULAR with upper

Park JG et al. Quality of life after sphincter excision for rectal cancer

sphincter excision (USE) and CAA in April 1997.
On the assumption that colonic J-pouch anal anastomosis
is superior to straight CAA in ULAR with USE, the procedure
applied to Period III, we compare functional outcome of
colonic J-pouch vs the straight CAA.

MATERIALS AND METHODS
Patients
From September 1998 to January 2002 at the Seoul National
University Hospital and National Cancer Center, one
colorectal surgeon (J-G Park) operated on 133 rectal cancer
patients in whom lower margin of the tumors were located
between 3 and 5 cm from the anal verge, with all cases
measured by the surgeon’s digital rectal examination. During
the same period, the surgeon operated 601 patients with
colon cancer and 423 patients with rectal cancer. Fifty of
these one hundred and thirty-three patients were enrolled
into this prospective study, for which the inclusion criteria
were: (1) the presence of rectal adenocarcinoma located
3–5 cm from the anal verge, and no evidence of distant
metastasis, (2) CAA after ULAR with USE performed with
curative intent, and a tumor-free distal resection margin
confirmed in frozen tissue sections, (3) the absence of any
preoperative radiotherapy or chemotherapy, and (4) no history
of hereditary colorectal cancer. After the period of this study,
preoperative chemoradiotherapy was performed at the
hospitals in most cases of low-lying rectal cancer.
Surgical techniques
Informed consent was obtained from all patients before
surgery. We performed a standardized surgical procedure
for rectal cancer in all 50 patients, which included high ligation
of the inferior mesenteric artery with node dissection and total
mesorectal excision. Dissection beyond the peritoneal reflection
was continued to the level of the pelvic floor. After double
ligation using two 7-0 silks below the tumor and/or closing
with Satinsky clamp, and transanal irrigation with povidoneiodine solution, we performed ULAR with USE. USE involved
excision of the upper part of the internal sphincter. In order
to obtain a sufficient distal resection margin, further excision
of the internal sphincter was performed below the tumor
site. The resection of the mucosal layer was down to the
level of the dentate line. After confirming a clear distal
margin in frozen tissue sections, CAA was performed at
the level of the dentate line by a transanal hand-sewing method.
At the time of anastomosis, patients were also randomized
using preformed random table to receive either a straight
reconstruction or an anastomosis with a colonic J-pouch.
We performed a temporary diverting-loop ileostomy in
all cases. The ileostomy takedown was performed after 6 mo.
Follow-up
All 50 patients were followed-up prospectively with a
standardized questionnaire validated by the American
Society of Colon and Rectal Surgeons (ASCRS)[10,11]. The
Fecal Incontinence Severity Index (FISI) is based on a
type×frequency matrix. The matrix includes four types of
leakage commonly found in the fecal incontinent population:
gas, mucus, and liquid and solid stool and five frequencies:
1-3 times per month, once per week, twice per week, once
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per day, and twice per day[10]. The Fecal Incontinence Quality
of Life (FIQL) scale is composed of a total of 29 items;
these items form four scales: lifestyle (10 items), coping/
behavior (9 items), depression/self-perception (7 items), and
embarrassment (3 items)[11]. Questionnaire-based interviews
were performed preoperatively, and at 3, 6, 9 and 12 mo
after ileostomy takedown by three surgeons.
Statistical analysis
The Mann-Whitney U-test and Fisher’s exact test were used
to assess statistical significance. A linear regression model was
used to determine the relationship of FISI scores with FIQL
scales. Kaplan-Meier analysis with the log-rank test was used
to obtain overall and disease-free survival rates. A twosided probability level of 0.05 was accepted as significant.

RESULTS
Fifty patients were enrolled for this study (24 J-pouch vs 26
nonpouch). Clinicopathologic findings did not differ between
patients in J-pouch and nonpouch subgroups. The median
follow-up period was 43 mo.
Clinical outcomes
Three complications-intestinal obstruction, urinary incontinence,
defecation difficulty-occurred in 24 J-pouch cases (12.5%)
and five complications-two intestinal obstructions, incisional
hernia, urinary incontinence, pneumonia-occurred in 26
nonpouch cases (19.2%) (P>0.05) (Table 1).

Table 1 Clinicopathologic characteristics of patients
Nonpouch (n = 26)
Sex (M:F)
Age (years, median)

J-pouch (n = 24)

18:8

11:3

59 (32-76)

57 (37-68)

Tumor size (cm, median)

4.9 (2.5-7.5)

3.2 (2.1-8.0)

Distance of tumor

4.0 (3.5-4.5)

3.9 (3.5–4.5)

0.7 (0.3-1.5)

0.8 (0.3-1.4)

Number of ileostomies (%)

26 (100)

24 (100)

Time of ileostomy

7 (3-16)

7 (3-18)

3:20:1:2

5:17:2:0

from anal verge (cm, mean)
Distal resection
margin (cm, median)1

takedown (mo, median)
Differentiation
(WD:MD:PD:mucinous)
pT stage (T1:T2:T3)

3:7:16

2:8:14

pN stage (N0:N1:N2)

14:8:4

10:11:3

Postoperative radiotherapy (%)

17 (65)

12 (50)

Complications (%)

5 (19.2)

3 (12.5)

Recurrences

4 (15.4)

2 (8.3)

Local recurrence (2)

Local recurrence (2)

Liver (1), lung (1)
All probability values between nonpouch and pouch subgroups are >0.05. 1The
length of the distal resection margin did not include the portion in the EEA stapler.

There were two cases of local recurrence in the J-pouch
subgroup. One case developed recurrence at the anastomosis
after 11 mo. This patient was treated by APR and is still
alive after 43 mo. The other case had a recurrence at iliac
lymph node after 8 mo postoperatively. This patient underwent
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Table 2 Comparison of FISI scores and FIQL scales

Table 3 Correlation between FISI scores and FIQL scales

FISI score

Spearman’s rho

3 mo
12 mo

Nonpouch

J-pouch

P

1–2

38.9
27.7

31.2
18.6

0.017
0.032

0.7677
0.7747

FIQL scales
Nonpouch

J-pouch

P

1–2

FISI (3 mo)

FISI (12 mo)

FIQL (3 mo)
Lifestyle

-0.420a

Coping

-0.311

Depression

-0.254

Embarrassment

-0.383a

FIQL (12 mo)
3 mo
Lifestyle
Coping
Depression
Embarrassment
12 mo
Lifestyle
Coping
Depression
Embarrassment
2

(n = 22)
1.96
1.74
2.24
2.05
(n = 22)
2.67
2.59
2.83
2.98

(n = 21)
2.61
2.41
2.91
2.73
(n = 19)
3.37
3.18
3.64
3.23

0.011
0.004
0.016
0.018

0.8223
0.8961
0.7786
0.7717

0.015
0.040
0.004
0.267

0.8312
0.7011
0.9154
0.2663

1–: power calculation.

conservative management due to general condition, and
died 4 mo after the recurrence was diagnosed. In nonpouch
subgroup, there were two local recurrences and two systemic
recurrences. The first locally recurred case underwent APR
but died 5 mo later. The other locally recurred case had a
lesion at iliac lymph node 14 mo later. The two patients
with lung and liver metastasis died at 17 mo and 1 mo after
the diagnosis of metastasis.
We also compared the disease-free survival rate after
USE with the rate after curative APR. Forty-five patients
received APR by the same surgeon during the study period.
This patient group had the following characteristics: median
age of 59 years (range 29-79 years), 33 males, 12 females,
and a Dukes’ stage distribution of 9:8:28 (A:B:C). Statistical
analysis showed that the disease-free survival rates after USE
and APR were not different (3-year disease-free survival
rate after USE: Dukes A 90.9%, B 88.4%, C 82.6%; 3-year
disease-free survival rate after APR: Dukes A 100%, B
83.3%, C 55.8%; P>0.05).
Functional outcomes
Bowel frequency The frequency of defecations was
significantly lower in the J-pouch subgroup than in the
nonpouch subgroup. This finding was observed for 10 mo
after ileostomy takedown (Figure 1).

non-pouch
15

Error Bars show Mean +/- 1.0 SE

Frequency

pouch
10

5

0
1 2 3 4 5 6 7 8 9 10 11 12

Time (mo)
Figure 1 Bowel frequency after ileostomy takedown. Probability values: 1-10 mo,
P<0.05; after 11 mo, P>0.05.

Lifestyle

-0.484b

Coping

-0.413b

Depression

-0.563b

Embarrassment

-0.396a

a

P<0.05, bP<0.01.

FISI scores and FIQL scales Statistical analysis showed
that FISI scores and FIQL scales in the J-pouch subgroup
were significantly better than those in the nonpouch subgroup
(Table 2). A linear regression model was used to determine
the correlation between FISI scores and FIQL scales. At
3 mo after ileostomy takedown, only the FIQL scales of lifestyle
and embarrassment correlated with FISI scores. However,
at 12 mo, all four scales highly correlated with FISI scores
(P<0.05) (Table 3).

DISCUSSION
The techniques of ULAR[12] and intersphincteric resection
[3,6]
are now more widely applied in the treatment of lowlying rectal cancer, due to safety for a distal resection margin
of 1cm[13].
The distal resection margin of present study was about
0.7-0.8 cm. In general, no less than 1-cm margin was
accepted. In patients with very low-lying rectal cancer, we
accepted the margin of less than 10 mm by assistance of
pathologic findings. If the margin was tumor-positive on
frozen section, the cases underwent APR and were excluded
from the present study. Four cases with tumor-positive distal
margin underwent APR. We previously reported that the
appropriate application of ULAR technique preserves anal
sphincters in over 90% of patients with very low-lying rectal
cancers, located 3-5 cm from the anal verge, without
increased morbidity or decreased oncologic results[9,14].
Despite conservation of the anus, some functional
problems involving frequency, urgency and incontinence
are inevitable after sphincter-preserving operations for very
low-lying rectal cancers [2]. These problems gradually
improves over time[15] , but in about 30% of patients the
problems continues beyond a year[16], and these functional
problems become the main issue in postoperative quality
of life. Lazorthes et al, and Parc et al, reported that the
defecation frequency could be reduced by using a colonic
J-pouch[7,8]. A subsequent randomized study concluded that
an anastomosis using a colonic J-pouch after resection for
rectal cancer could reduce the frequency of defecations and
laxative use[17]. The results from the present study demonstrate
that a colonic J-pouch significantly reduces the defecation
frequency during 10 mo after ileostomy takedown.
The effect of the colonic J-pouch on frequency disappears
after a long follow-up[18]. Our results show that the difference
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between the two groups was no longer apparent after 10 mo.
However, because most patients undergoing such procedures
have cancer and many will have a limited longevity, quality
of this limited life span becomes paramount for the affected
patient[19].
It has been suggested that functional improvement when
using the colonic J-pouch is attributable to the capacity of
the neorectum. Recently, Furst et al [20], presented the
alternative possibility that bowel function is improved by
reduced bowel motility. One further advantage claimed for
the colonic J-pouch is that it reduces anastomotic leakage[17,18,
21,22]
. Proposed mechanisms for this were better blood supply
to the anasto-mosis site[23] and reduced ‘dead space’ in the
pelvic cavity due to the J-pouch[24] . In contrast to these
advantages, inefficient evacuation has been a concern with
the colonic J-pouch. Parc et al[8] , reported that 25% of
patients with colonic J-pouches needed medication for
evacuation. This problem appeared to be related to the size
of the pouch. Hida et al [25] , appeared to have solved this
problem by using a smaller, 5-6 cm pouch and this size is
currently recommended in general. A randomized, isotopebased study revealed improved fluid retention in small colonic
pouches[26]. The size of the pouch in the present study was
5-6 cm, and although two patients did complain of
defecation difficulty (1/24 pouch group, 4.2%), their
symptoms were mild and relieved by medication.
In conclusions, following ULAR with USE, the frequency
of defecation was significantly lower in patients with colonic
J-pouch for 10 mo after ileostomy takedown. The FISI scores
and FIQL scales were significantly better in J-pouch patients
than in nonpouch patients. On the basis of these findings,
we recommend CAA using a colonic J-pouch in patients
with rectal cancer located 3-5 cm from the anal verge
undergoing ULAR with USE.
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Abstract
AIM: To investigate the inhibitive effect of hepatitis B virus
(HBV)-TRL on HBV replication.
METHODS: Based on previously constructed pcDNA3.1
(-)/TRL, TR, TRmut, HBV core protein (HBVc) and hEDN,
interest gene sequences TRL, TR, HBVc and hEDN were
inserted into adenovirus shuttle plasmid pDC316 respectively
and co-transfected HEK293 cells with rescue plasmid
pBHGlox(delta)E1,3Cre to acquire RAd/TRL, TR, HBVc
and hEDN. And then RAds were identified, amplified and
the titers in HEK293 cells were determined. RAd/TRL
and TR were named as the experimental groups, and
others were control ones. After HepG2.2.15 cells were
infected, RAd/TRL expression was identified by indirect
immunofluorescence staining. Supernatant HBV-DNA
content was determined by fluorescent quantification
PCR. Meanwhile, metabolism of HepG2.2.15 cells was
evaluated by MTT colorimetry.
RESULTS: RAd vectors with distinct interest gene sequence
were successfully constructed. Effective expression of
RAd/TRL in HepG2.2.15 cells resulted in a significant
decrease of supernatant HBV-DNA content compared to
RAd/TR (0.63±0.14 vs 1.60±0.47, P = 0.0266, <0.05) and
other control groups (0.63±0.14 vs 8.50±2.78, 8.25±2.26,
8.25±2.29, 8.50±1.51, 8.57±1.63, P<0.01). MTT assay
suggested that there were no significant differences in
cell metabolic activity between groups (P>0.05).
CONCLUSION: The construction and expression of RAd/TRL
has been achieved and it could inhibit HBV replication
successfully, which has laid the foundation for further
research on anti-HBV activity in vivo.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatitis B virus (HBV) infection remains a major public
health problem worldwide[1-4]. HBV causes transient and
chronic infection of liver. Transient infection may produce
serious illness, and chronic infection may also have serious
consequences: nearly 25% (350 million) of chronic HBVinfected patients end with untreatable liver cancer[5-7]. The
available treatments are of limited efficacy, such as
interferon- (INF-)[8-11], nucleoside analog[12-15],and gene
therapy strategy[16]. Alternative approaches to inhibit HBV
replication are urged. Capsid-targeted viral inactivation
(CTVI, also called virion-targeted viral inactivation) was
established by Natsoulis and Boeke in 1991, in which a
viral capsid protein or other virion-associated protein as a
carrier guided a degradative enzyme into virus particles
specifically to inhibit virus replication or kill it[17]. CTVI has
been thoroughly investigated in experimental treatment for
retrovirus, such as Moloney murine leukemia virus and
dengue virus, showing a promising prospect as an antiviral
treatment[18,19]. Based on CTVI, Beterams[20] found that SN
and HBV core protein (HBVc) fusion protein can inhibit
HBV replication effectively. Previously we fused HBVc to
human eosinophil-derived neurotoxin (hEDN), and after
transfection of the fusion protein encoding plasmid into
HepG2.2.15 cells, HBV replication was inhibited, due to
the fact that HBV pregenome RNA (pgRNA) was degraded
by the effector molecule, hEDN, which was guided by the
target molecule, HBVc[21,22]. And then we also reported the
further enhancement of the degradative effect by introduction
of a linker sequence (Gly4Ser)3 to separate the effector molecule
and the target one, which was named as TRL mediated by
eukaryotic vector pcDNA3.1(-)[23]. In this work we report
the anti-HBV effect of TRL mediated by recombinant
adenovirus (RAd) as the alternative vector in order to further
use TRL in vivo to evaluate its function.
MATERIALS AND METHODS
Reagents and equipments
pcDNA3.1(-)/TRL, TR, HBVc, hEDN were constructed
in our laboratory[25]. HepG2.2.15 cells were kindly provided
by Dr. Hao (Department of Infection, Tangdu Hospital,
Fourth Military Medical University). HEK293 cells and blank
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vector recombinant adenovirus (RAd, titer: 5.3×107 nfu/L)
were kindly provided by Dr. Zhang (Department of
Microbiology, Fourth Military Medical University). Polyclonal
rabbit anti-TR sera were produced by Dr. Zhao[24]. AdMax
Kit D were purchased from Canada Microbix Biosystem
Company. Restriction enzymes BglII, EcoRI and HindIII,
Takara Ex TaqTM, DNA marker-DL2000 and T4 DNA ligase
were purchased from Takara Biotechnology Co., Ltd. Plasmid
Miniprep kit and Agarose Gel Extraction kit were purchased
from Watson Biotechnology, Shanghai, DMEM and fetal
calf serum (FCS) were purchased from Gibco Company;
HBV-DNA fluorescent quantification PCR (FQ-PCR)
reagent was purchased from Amplly Bio-company, Ximeng.
Rabbit anti-mouse IgG labeled with FITC was purchased
from Sino-American Biotechnology Company, Henan.
Reagents for calcium phosphate transfection were purchased
from Sigma. GeneAmp PCR System 9600 was purchased
from Perkin Elmer, USA.
Cell culture
HepG2.2.15 cells integrated full-length HBV genome were
cultured in DMEM media containing 150 mL/L FCS at
37 ℃ in 50 mL/L CO2. G418 was added to screen cells at
the final concentration of 100 g/L. The media were freshened
once in every 2 d and the cells were passaged every 6 d.
HEK293 cells were maintained in DMEM supplemented
with 100 mL/L FCS, 50 kU/L penicillin and 50 mg/L
streptomycin at 37 ℃ in 50 mL/L CO2.
Adenoviral shuttle plasmid construction
pcDNA3.1(-)/TRL, TR, TRmut, HBVc and hEDN bearing
BamHI and HindIII restriction sites were digested; the
interest fragments TRL, TR, TRmut, HBVc and hEDN
were then subcloned into shuttle plasmid pDC316, which
was restricted by BglII and HindIII to produce plasmid
pDC316/TRL, TR, TRmut, HBVc and hEDN. The five
plasmids were confirmed by EcoRI and HindIII digestion
and analyzed by electrophoresis in 12 g/L agarose gel.
Preparation of recombinant adenovirus (RAd) stocks
The transfection work was performed according to the
manufacturer’s instructions. Approximately 1.0×106 HEK293
cells were seeded in 60-cm plates 24 h before transfection,
by that time they reached 70% confluency. Twenty micrograms
of shuttle plasmid, 6 g rescue plasmid pBHGlox(delta)
E1,3Cre and 60 L 2 mol/L CaCl2 were added to a tube
and mixed well, then DDW was added to a total volume of
300 L. Three hundred microliters of 2×Hepes buffered
saline was added slowly to the tube while being constantly
mixed. And they were set at room temperature for 30 min
to form the precipitate. Afterwards the media were aspirated
thoroughly and replaced by DMEM without FCS. The cells
were returned to the incubator for at least 20 min to let the
precipitate to get distributed evenly over the plates. Then the
precipitate was mixed with media by gently agitating and
was returned immediately into incubator for another 16 h.
The cells were washed twice with HBS after the media were
removed. The cells were then fed with the complete media.
The plates were monitored daily for the appearance of
cytopathic effect (CPE), by which the cells would appear
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round and refractile and would begin to lift off the surface
of the plate (usually after 36-48 h). When >90% of the
cells showed CPE (usually after 72 h), cells were harvested
in their culture media and subjected to three freeze
(methanol/dry ice bath)/thaw(37 ℃ waterbath) cycles. After
the cell debris was sedimented, supernatant containing the
adenovirus particles was the RAd stocks and stored in small
aliquots at -70 ℃ after 10% glycerol added for further
identification.
Identification of RAd
Thus five RAds, which were RAd/TRL, RAd/TR, RAd/
TRmut, RAd/HBVc, RAd/hEDN, were obtained. Two
methods were here to identify the acquired RAds: (1)
infective identification. The RAds could be preliminarily
confirmed if HEK293 cells (70% confluency) showed typical
CPE after infected by the RAds; (2) PCR to amplify the interest
gene fragments of RAds. Procedures for PCR identification
were described in Ref. 28. The amplification products were
analyzed by electrophoresis in 10 g/L agarose gel.
Amplification of RAds
According to the manufacturer’s instructions, 1.0×10 6
HEK293 cells were seeded in 60-cm dishes 24 h before
infection, by which time they reached 70% confluency.
Aspirate the media from dishes, add 1 mL of media/RAd
solution to each plate and return to incubator for 90 min.
Then add another 2 mL media and continue to incubate.
Cells were harvested as above when >50% cells show typical
CPE. RAd stocks were stored at -70 ℃ for further titer
determination.
Titer determination of RAd - terminal dilution
Approximately 104/well HEK293 cells were seeded in 96well plates 24 h before infection. Procedures for titer
determination by terminal dilution are described in Ref.
28. RAd stocks were stored at -70 ℃ for further effect
evaluation.
Expression of RAd/TRL in HepG2.2.15 cells
RAd titer to infect HepG2.2.15 cells was 10 pfu/cell
according to manufacturer’s instructions. Approximately 105
HepG2.2.15 cells/well were seeded in 6-well plates 24 h
before infection. The experiment was divided into three
groups: test group in which RAd/TRL was used, and two
control groups in which blank vector RAd was used in the
second group and the third was mock infection. Tri-wells
were contained in each group. Polyclonal rabbit anti-TR
sera were used as the first antibody[24] , and as a second
antibody, rabbit anti-mouse IgG labeled with FITC was used.
The time chosen for indirect immunofluorescence staining
was 24, 36, 48 and 72 h post-infection, respectively.
Analysis of anti-HBV activity of RAd/TRL
Twenty-four hours before infection, HepG2.2.15 cells were
plated into a 24-well plate with a density of 105 cells/well.
Infections were performed as described above. To determine
HBV-DNA content, infection experiment was divided into
seven groups; they were RAd/TRL, RAd/TR, RAd/TRmut,
RAd/HBVc, RAd/hEDN, blank RAd and mock infection,
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Figure 1 EcoRI/HindIII restriction analysis of shuttle plasmid pDC316. M: DNA
markers (200 bp DNA ladder); 1: pDC316/TRL; 2: pDC316/TR; 3: pDC316/
TRmut; 4: pDC316hEDN; 5: pDC316/HBVc.
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named as A to G respectively, among which A and B groups
were testing group; the others were control ones. Each
infection was performed in triplicate. Forty-eight hours postinfection the cells suspension was taken and HBV-DNA
content was quantified by FQ-PCR. Meanwhile, the infected
cells were used to analyze the metabolic activity in order to
analyze the effect of expressing protein to host cells. The
data obtained were analyzed by SPSS software.
MTT assay
Metabolism of cells was evaluated by MTT colorimetry.
Forty-eight hours following infections, 20 L of MTT
solution (5 g/L) was added into each well and incubated at
37 ℃ for another 4 h. One hundred and fifty milliliters of
DMSO was added and surged for 10 min to dissolve the
crystal completely. Absorbance values were identified at
490-nm wavelength by ELISA reader.

RESULTS
Adenoviral shuttle plasmid construction
The five plasmids pDC316/TRL, TR, TRmut, HBVc and
hEDN were confirmed by restrictions of EcoRI and HindIII
and were analyzed by electrophoresis in 12 g/L agarose gel.
Gene sequences of interest are shown in Figure 1. The results
suggested that the construction was successful.
Identification of RAd
Two methods were here to identify the RAds: (1) infective
identification: Typical CPE showed after co-transfecting
shuttle plasmids with rescue plasmid pBHGlox(delta)E1,
3Cre to HEK293 cells for 7 d (Figure 2); (2) PCR to amplify
the interest gene fragments of RAds. The amplification
products were analyzed by electrophoresis in 10 g/L agarose
gel. The results suggested that the RAds were produced
successfully (Figure 3).

Figure 2 The cytopathic effect of HEK293 cells. A: normal HEK293 cells; B:
CPE of HEK293.

Analysis of anti-HBV activity of RAd/TRL
HBV-DNA content of HepG2.2.15 cells supernatant was
determined by FQ-PCR after infection to analyze the antiHBV activity of RAd/TRL. The significant decrease of
HBV-DNA content in RAd/TRL (A) group, compared to
RAd/TR (B) (P = 0.0266, <0.05), suggested that linker
introduction enhanced anti-HBV activity, which may be due
to optimization of the folding of both hEDN and HBVc
molecules[23]. Also there were significant differences between
groups A, B and groups C-G (P<0.01), and no significant
difference was found between control groups C-F and
group G (P>0.05). Compared to mock infection group, the
supernatant HBV-DNA content of RAd/TRL group
declined by about 59.9% (Figure 5).
Cell toxicity effect
Forty-eight hours post-transfection, cell growth was
observed and cell toxicity effect of TRL fusion protein to
HepG2.2.15 cells was detected by MTT assay. The A490 value
of HepG2.2.15 cells infected with RAd/TRL, RAd/TR,

M 1

2

3 4 5

6

M

Titer determination of RAd
Titer determination by terminal dilution of the five RAds,
RAd/TRL, TR, TRmut, HBVc and hEDN, was 4.1×106,
4.5×106, 3.7×106, 6.3×106, and 5.6×106 nfu/L, respectively.
Expression of RAd/TRL in HepG2.2.15 cells
The expression of TRL fusion protein of RAd/TRL in
HepG2.2.15 cells could be observed as 24, 36, 48 and 72 h
post-infection respectively and the strongest expression was
48 h post-infection (Figure 4).

Figure 3 Evaluation of recombinant adenoviruses by PCR. M: DNA marker
(200 bp DNA ladder). 1-5 is the targeted sequence TRL, TR, TRmut, hEDN,
HBVc respectively; 6: negative control of RAd.
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Figure 4 Expression of TRL in HepG2.2.15 cells infected by RAd/TRL. A-D: 24, 36, 48, 72 h post-infection, respectively.
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Figure 5 Comparison of quantitation of HBV-DNA among groups.

RAd /TRmut, RAd/HBVc, RAd/hEDN, RAd and mock
infection was 0.67±0.09, 0.69±0.09, 0.69±0.09, 0.65±0.06,
0.77±0.10, 0.76±0.14, 0.62±0.06, respectively (mean±SD,
n = 3). The results suggested that there were no significant
differences between groups (P>0.05).

DISCUSSION
HBV infection was an important health problem worldwide.
Analog of interferons and nucleosides were effective drugs
for chronic HBV infection, but only 20-30% of treated
patients maintained a long-lasting response to anti-viral
drugs[26]. The expense of prolonged treatment made these
therapies poorly suitable for people in developing countries,
where the prevalence of chronic HBV infection was often
high. Therefore, new therapy strategy for HBV infection
was urged.
In the year 1991, Natsoulis[17] established an anti-virus
strategy, CTVI, which was to guide effector molecule to
target molecule and inhibit virus replication. CTVI had been

thoroughly investigated in experimental treatment for
retrovirus, showing a promising prospect as an antiviral
treatment [19-21]. Based on CTVI, Liu [21] constructed a
eukaryotic expression vector pcDNA3.1(-), which fused
HBVc to human eosinophil-derived neurotoxin (hEDN),
and after transfection into HepG2.2.15 cells HBV replication
was inhibited. Meanwhile, Ding[22] constructed TAT-TR
fusion protein, which inhibited HBV replication successfully
via protein transduction domain TAT, and they had no sideeffects to the host cells. To further enhance the inhibition
effect of TR, the classic linker (Gly4Ser)3 was introduced
to separate the effector molecule (HBVc) and the target one
(hEDN); using eukaryotic expression vector pcDNA3.1(-)
to transfect HepG2.2.15 cells, the result showed that TRL
was more powerful to inhibit HBV replication than TR.
The effect of linker was elucidated in Ref. 26. Further the
more safety vector in gene therapy, RAd, was used as an
alternative for in vivo gene delivery. Adenovirus-mediated
genome transfer had distinct advantages. For example,
adenovirus could transfer genes to a broad spectrum of
cell types, and gene transfer was not dependent on active
cell division. Adenovirus vectors were therefore extremely
useful for both in vitro and in vivo studies in basic biology.
Of known gene delivery vectors, it most efficiently
transferred foreign DNA into the livers of a broad variety
of experimental animals. In the liver, it predominantly infected
hepatocytes. Additionally, high titers of viruses and high
levels of transgene expression generally could be obtained[27].
As a result, we chose RAd vector instead of vector
pcDNA3.1(-) to infect HepG2.2.15 cells directly in order
for the efficient expression of transgene. In our investigation,
supernatant HBV-DNA content determined by FQ-PCR
showed that there was a significant decrease from TRL
group compared to other negative control groups (P<0.01),
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no significant decrease among negative control groups
(P>0.05); a decrease between TRL and TR group was
observed (P = 0.0266, <0.05), the supernatant HBV-DNA
content of TRL group declined by about 59.9%. The above
results hinted that the recombinant adenoviral vector had
a stronger effect of transgene expression than that of
eukaryotic expression that was why we chose RAd other
than the eukaryotic expression vector. And meanwhile the
results confirmed again that TRL was more powerful to
inhibit HBV replication than that of TR. MTT results suggested
that the fusion protein had no side-effect on metabolism
of cells (P>0.05).
Two traditional methods based on homologous recombinant
were there to construct recombinant adenovirus. One was
two plasmids co-transfection: shuttle plasmid with interest
gene and helper plasmid with adenovirus genome co-transfect
HEK293 cells. Then recombinant adenovirus vector would
be created by homologous recombining of these two plasmids
and packaging virus using HEK293 cells; the other was Adeasy system: the cDNA of interest was first cloned into a
transfer vector, the resulting plasmid was co-transformed
into E. coli BJ5183 with most of adenovirus genome;
recombinants obtained by Cre recombinase of bacteria were
selected with kanamycin and screened by restriction enzyme
analysis; the recombinant adenoviral construct was then
transfected into HEK293 cells to produce viral particles. But
these two methods had all shortcomings. The first had low
homologous recombinant efficient and as for the second,
the procedures were too complex. AdMax system was used
in this research, which had shuttle plasmid with interest gene
and LoxP site, and helping plasmid with Cre recombinase
sequence, LoxP site and most of adenovirus genome cotransfect HEK293 cells. Then recombinant adenovirus vector
would be created by Cre recombinase. This method had high
recombinant efficiency and was comparatively simple[28,29].
Therefore, we concluded that TRL mediated by RAd
vector could be expressed in cells and could inhibit HBV
replication, which laid the foundation for using TRL in the
therapy of HBV infection in vivo.
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Abstract
AIM: To explore the expression of apoptosis-regulating
genes C-jun and Bcl-XL after normothermic liver ischemic
preconditioning and its protective effect on hepatocytes
in the rat.
METHODS: Wistar rats are randomly divided into sham
operation group (S group, n = 10), ischemic reperfusion
group (IR group, n = 10) and ischemic preconditioning group
(IP group, n = 10). After dissection of the hepatoduodenal
ligament in S group, and after 30-min reperfusion in IR
group and in IP group, the samples of liver tissue were
taken for studying the hepatocellular apoptosis, the
expressions of C-jun mRNA, Bcl-XL mRNA and their proteins,
and morphologic changes at 0, 3, 6, 20 h. Meanwhile the
venous blood samples were drawn at 3, 6 and 20 h for
testing ALT, AST and LDH.
RESULTS: The levels of ALT, AST and LDH in IR group
and IP group were significantly higher than those in S
group. Hepatocellular apoptosis was significantly increased
in both IR group and IP group, especially in IR group.
Expressions of C-jun mRNA and protein were significantly
increased in IR group compared with those in both IP group
and S group, but no significant difference between IP group
and S group (P>0.05). Expressions of Bcl-XL mRNA and
protein in IR group and S group were not significant
(P >0.05), but were significantly increased in IP group
compared with those in both S group and IR group. Patch
necrosis of hepatocytes because of severe injury could
be seen in IR group microscopically, and the ultrastructural
changes were irreversible. Meanwhile in IP group, no
hepatocellular necrosis occurred, and the ultrastructural
changes were reversible because of mild injury.
CONCLUSION: (1) IP can protect the rat liver from
normothermic IR injury by modulation of the expression
of apoptosis-regulating genes C-jun and Bcl-X L; (2) IR
injury may activate the apoptosis of hepatocytes by
increasing the expression of apoptosis-inducing gene C-jun;
(3) IP may prohibit the apoptosis of hepatocytes by increasing
the expression of apoptosis-inhibitory gene Bcl-XL.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Temporary hepatic inflow occlusion, which is a practical
procedure during liver surgery, can reduce the intraoperative
bleeding, but may cause ischemic reperfusion (IR) injury
and increase hepatocellular apoptosis as well[1]. A single or
multiple brief periods (minutes) ischemia and reperfusion
render tissue or organ resistance to a subsequent sustained
ischemic insult. This phenomenon called ischemic
preconditioning (IP), which was first discovered by Murry
et al[2], in 1986, has been subsequently documented on the
protective effect in a variety of organs including the
myocardium[3], brain[4], kidney[5], small intestine[6] and skeletal
muscle[7]. Recently, experimental study and clinical trial have
suggested that IP can protect the liver from IR injury[8] ,
but the mechanisms are still unclear. It is a new area that
the study of the effect of normothermic liver ischemic
preconditioning on the expression of apoptosis-regulating
genes. The purpose of the research is to study the characteristics
of the expression of apoptosis-regulating genes C-jun
and Bcl-XL and the relationship between regulation of
hepatocellular apoptosis and its protective effect on hepatocytes.
MATERIALS AND METHODS
Experimental animal and grouping
Healthy male Wistar rats, weighing 250-300 g, were randomly
divided into three groups (10 in each group), which were
sham operation group (S group): the liver was not subjected
to ischemia or IP; IR group: the liver was subjected to
30-min ischemia and 30-min reperfusion; and ischemic
preconditioning group IP group: the liver underwent 30-min
ischemia and 30-min reperfusion after 5-min ischemia
followed by 5-min reperfusion.
Methods
The animal models of IR and IP prepared in Wistar rats,
fasting for 12 h were anesthetized by injection of the

2580

ISSN 1007-9327

CN 14-1219/ R

A

World J Gastroenterol

May 7, 2005

B

1 000
900
800
700
600
500
400
300
200
100
0

3 h 3 500

1 200

6 h 3 000

12 h

S group

IR group

IP group

1 000

12 h

800

6h

2 000

12 h

1 500

400

1 000

200

500

S group

IR group

IP group

3h

2 500

600

0

Number 17

C

3 h 1 400
6h

Volume 11

0

S group

IR group

IP group

Figure 1 A Serum of ALT levels of three groups at different time points; B
Serum of AST levels of three groups at different time points; C Serum of LDH

levels of three groups at different time points.

peritoneal cavity with 3% sodium pentobarbital (30 mg/kg)
followed by intramuscular injection with heparin (100/g·kg)
to prevent clotting of blood after long periods of ischemia.
A laparotomy was performed to expose the liver and the
hepatoduodenal ligament. Total hepatic ischemia was
performed by clamping the hepatoduodenal ligament with
microvascular clamp followed by reperfusion after removing
the clamp. Two microliters of blood samples were drawn
from inferior vena cava at 3, 6 and 20 h after dissection of
the hepatoduodenal ligament in S group, and after 30-min
reperfusion in both IR group and IP group, for testing the
marker enzymes of liver damage (ALT, AST and LDH).
Meanwhile the samples of liver tissue (0.5 cm×0.5 cm×0.5 cm
in size) for fresh sections (4-mm thick) were taken from
the left lobes for studying the hepatocellular apoptosis with
TUNEL; the expressions of C-jun, Bcl-XL mRNA with
nucleic acid in situ hybridization; C-jun, Bcl-XL proteins with
immunohistochemistry staining and morphologic changes
with microscopy and electron microscopy at 0, 1, 3, 6 and
20 h. Finger compression was applied to stop bleeding after
drawing blood and taking liver tissue. 0.9% NS of 2 mL
was transfused into the peritoneal cavity at 1, 3, 6 h. The
abdomen of the rats, which were returned to their cages after
the suture of the abdominal wall at 6 h, were reopened at 20 h.

level at 6-h point, were significantly higher than those in IP
group (P<0.01) at the same time points (Figures 1A-C).

Chief reagents
Kits for ALT, AST and LDH were purchased from Centronic
Company (Germany). Kits for in situ hepatocellular apoptosis
detection, C-jun and Bcl-XL mRNA in situ hybridization
detection and C-jun and Bcl-XL protein immunohistochemistry
staining were all purchased from Sigma Company (USA).
Statistical analysis
Data were expressed as mean±SE. Group comparisons were
performed by ANOVA with multiple comparisons or t test
when appropriate. A difference of P<0.05 was considered
significant. All statistics were accomplished via software
SPSS10.0 for Windows.

RESULTS
ALT, AST and LDH
The values of these enzymes in IR group and IP group
were significantly higher than those in S group (P<0.01) at
the same time points. The values in IR group, with the peak

Hepatocellular apoptosis
Apoptosis was rarely seen in S group, but the apoptosis
index (AI) of hepatocytes was significantly increased in both
IR group and IP group (P<0.01), especially in IR group
(Figure 2).

0h
1h

25

3h

20

6h
20 h

15
10
5
0

S group

IR group

IP group

Figure 2 AI of three groups at different time points.

Expressions of C-jun mRNA and protein
Expressions of C-jun mRNA and protein were significantly
increased in IR group but not significant in both S group
and IR group. Compared with those in both S group and IP
group, the expressions of C-jun were significantly increased
at 3, 6, 20 h (P<0.05 or P<0.01) (Tables 1A and B).
Expressions of Bcl-XL mRNA and protein
Expressions of Bcl-XL mRNA and protein were significant
in IP group but not significant in both S group and IR
group. Compared with those in both S group and IR group,
the expressions of Bcl-XL in IP group were significantly
increased at 3, 6, 20 h (P<0.05 or P<0.01) (Tables 2A and B).
Morphology
Patch necrosis of hepatocytes could be seen in IR group
microscopically, and the ultrastructural changes on electron
microscopy were irreversible because of severe injury, while
in IP group there was no hepatocellular necrosis, and the
ultrastructural changes were reversible because of mild injury
(Figures 3A-D).
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Table 1A Degree of expression of C-jun mRNA of three groups at different time points (h)
Group
S
IR
IP
a

0

1

–

+

++

8
4
5

2
6
5

0
0
0

+++
0
0
0

3

6

20

–

+

++

+++

–

+

++

+++

–

+

++

+++

–

+

++

+++

7
1
4

3
3
6

0
6
0

0
0a
0c

7
0
5

3
0
4

0
4
1

0
6b
0d

4
0
2

6
1
6

0
4
2

0
5b
0c

6
1
5

4
5
4

0
3
0

0
0a
0d

P<0.05, bP<0.01 vs S group; cP<0.05, dP<0.01 vs IR group .

Table 1B Degree of expression of C-jun protein of three groups at different time points (h)
Group
S
IR
IP
a

0

1

–

+

++

6
4
5

4
6
5

0
0
0

+++
0
0
0

3

6

20

–

+

++

+++

–

+

++

+++

–

+

++

+++

–

+

++

+++

7
0
5

3
4
5

0
6
0

0
0a
0c

8
0
5

2
0
4

0
3
1

0
7b
0d

4
0
2

6
0
6

0
5
2

0
5b
0c

6
1
5

4
5
4

0
3
0

0
0a
0d

P<0.05, bP<0.01 vs S group; cP<0.05, dP<0.01 vs IR group.

DISCUSSION
Apoptosis (programmed cell death), a form of cell death, is
characterized by DNA fragmentation, which is caused by the
activation of endonuclease, and is a basic mechanism to
maintain the homeostasis. Abnormal cellular apoptosis, which
is increased or decreased, may lead to some disorders. Yadav
et al[9], found that the presence of hepatocellular apoptosis
played an ultimate role in the IR injury of liver. Sasaki et al[10],
revealed that the rats’ hepatocellular apoptosis were significantly
increased when the liver IR injury occurred. Some authors[11]
also showed that IP could reduce the degree of liver IR injury.
The present study demonstrated that the hepatocellular
apoptosis of rats and concentrations of AST, ALT, LDH

in IR group were significantly elevated compared with those
in S group, which were greatly elevated at 3-h point, reaching
peak value at 6-h point and then significantly reduced at
20-h point after undergoing 30-min ischemia and 30-min
reperfusion. Correspondent morphologic changes of damages
in both liver tissue and liver ultrastructure could be seen
microscopically and electron-microscopically. Meanwhile, we
also revealed that AI, values of the marker enzymes of liver
damage (ALT, AST and LDH) and morphologic changes
were much improved in IP group compared with IR group.
Hence, our experiment confirmed the theory that IP could
diminish the degree of liver IR injury.
Although it is clear that IP exerts beneficial effects in IR,

A

B

C

D

Figure 3 A: Large extent of patch necrosis of liver tissue and severe hydropic
degeneration of hepatocytes at 6-h point in IR group (stained with hematoxylin
and eosin, original magnification ×600); B: No apparent necrosis of hepatocytes
and only mild hydropic degeneration of hepatocytes at 6-h point in IP group
(stained with hematoxylin and eosin; original magnification ×600); C: The
ultrastructural features of apoptotic hepatic cells were recognized as shrinkage

of cytoplasm, condensation of nucleus, chromatin margination and vesicular
mitochondria at 6-h point in IR group (electron microscopy; original magnification
×6 000); D: The ultrastructural changes of hepatocyte were found as slightly
swollen mitochondria and no vesiculation were observed at 6-h point in IP group
(electron microscopy; original magnification ×6 000).
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Table 2A Degree of expression of Bcl-XL mRNA of three groups at different time points (h)
Group
S
IR
IP
a

0

1

–

+

++

6
5
4

4
5
6

0
0
0

+++
0
0
0

3

6
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+
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4

5
6
5
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1
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0
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0
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5

0
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5

0
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2
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–

+

++

+++

0
0
8b,d

7
4
0

3
5
1

0
0
6

0
0
2b,c

P<0.05, bP<0.01 vs S group; cP<0.05, dP<0.01 vs IR group .

Table 2B Degree of expression of Bcl-XL protein of three groups at different time points (h)
Group
S
IR
IP
a

0

1

–

+

++

5
5
4

5
5
6

0
0
0

+++
0
0
0

3

6

20

–

+
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–

+
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–

+

++

6
4
4

4
6
6

0
0
0

0
0
0

5
4
0

5
6
6

0
0
4

0
0
0a,c

6
4
0

4
5
1

0
1
2

+++

–

+

++

+++

0
0
7b,d

7
4
0

3
5
1

0
0
6

0
0
2b,c

P<0.05, bP<0.01 vs S group; cP<0.05, dP<0.01 vs IR group.

the mechanisms underlying the protective actions of IP remain
uncertain. However, the bulk of the available experimental
evidence suggested that the beneficial effects of IP involved
adenosine production during the period of preconditioning
ischemia and of reperfusion after prolonged ischemia. Some
authors[12] found that adenosine served as a regulator of genes
to suppress cellular apoptosis and produced protective role in
IP. Our research, using the methods of nucleic acid in situ
hybridization, attempted to explore the expressions of
apoptosis-inducing gene C-jun and apoptosis-inhibitory gene
Bcl-XL in Wistar rats during IR and IP, and found that the
expression of C-jun mRNA in IR group was significantly
increased and reached its peak at 3- to 6-h point. Similar findings
were the expression of C-jun protein, by using the test of
immunohistochemistry. These data suggested that enhanced
expression of C-jun during IR might induce hepatocellular
apoptosis and cause hepatocellular damage based on the aspects
of AI, values of marker enzymes of liver damage and
morphologic changes at the same time points. In IP group, the
expressions of Bcl-XL mRNA and protein were significantly
increased and reached the peaks at 6-h point with the
improvement of hepatocellular apoptosis, marker enzymes
of liver damage and morphology. These data suggested that
the protective function of IP on IR injury was closely associated
with the expression of apoptosis-inhibitory gene Bcl-XL.
Our study also demonstrated that IP protected liver IR
injury by the two-way regulations through hepatocellular
apoptosis-inducing gene and apoptosis-inhibitory gene.
Several studies have demonstrated that the sustained
expression of C-jun, which belongs to the immediate-early
gene, are involved in the initiation and regulation of
hepatocellular apoptosis and C-jun protein may serve as a
transcriptional regulator to modulate the production of
apoptosis. However, the delayed-early gene Bcl-XL has been
shown to suppress apoptosis in a variety of models and
Bcl-X L protein may prevent apoptosis by binding
proapoptotic molecules by functioning as an ion channel,
or altering mitochondrial function.
In conclusion, IP can protect the rat liver from
normothermic IR injury by modulation of the expression
of apoptosis-regulating genes C-jun and Bcl-XL. IR injury
may activate the apoptosis of hepatocytes by increasing the
expression of apoptosis-inducing gene C-jun. IP may prohibit

the apoptosis of hepatocytes by increasing the expression
of apoptosis-inhibitory gene Bcl-X L. We hope the results
of our research will provide some new ideas on IP protecting
liver IR injury for clinicians.
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to 20 was significantly less than that in control group
(P<0.05 or P<0.01). The tissue HSC positive rates of type
I collagen, -SMA and TIMP-1 mRNA, which represented
the active phenotype of HSCs in tissues, remained very
high from wk 6 to the end of model making in control
group. While in prophylaxis group, they were at a relatively
low level. In treatment group, there was a gradual
decreasing trend. Time- and dose-dependent effects of
anti-lipid peroxidation on isolated mitochondria, cell
proliferation and apoptosis in cultured HSCs were also
observed during the study.

Abstract

CONCLUSION: Yi-gan-kang can effectively inhibit or
inverse the course of liver fibrogenesis in CCl4- and pig
serum-induced rat models.

AIM: To investigate the efficacy of a Chinese medicine,

Yi-gan-kang granule (granules for benefiting the liver), in
prophylaxis and treatment of liver fibrosis in rats and its
possible mechanism.
METHODS: One hundred and forty Sprague-Dawley rats
were randomly divided into seven groups (20 each): group 1,
blank control group without any interference during the study;
group 2, CCl4 -induced liver fibrosis group; group 3, pig
serum-induced liver fibrosis group; group 4, prophylaxis
group of CCl4-induced liver fibrosis by Yi-gan-kang; group 5,
prophylaxis group of pig serum-induced liver fibrosis by
Yi-gan-kang; group 6, treatment group of CCl4-induced liver
fibrosis by Yi-gan-kang; group 7, treatment group of CCl4induced liver fibrosis by Yi-gan-kang. At wk 6, 10, 14 and 20
(baseline for CCl4 or big serum induction), five rats in each
group were anesthetized and their livers were removed
for pathological studies including immunohistochemical
studies for -SMA, type I collagen and in situ hybridization
of tissue inhibitor of metalloproteinase-1 (TIMP-1) mRNA
of hepatic stellate cells (HSCs). Anti-lipid peroxidation in
isolated mitochondria and 3-(4,5-dimethylthiazol-2-yl)-2,
5-diphenyl tetrazolium bromide (MTT) colorimetric assay
for proliferation and terminal deoxynucleotidyl transferasemedicated dUTP-biotin nick end-labeling (TUNEL), flow
cytometry and electron microscopy for apoptosis in isolated
HSCs were also studied.
RESULTS: The mean number of pseudolobuli at wk 10,
14 and 20 in the prophylaxis group was significantly less
than that in the control group (P<0.05 or 0.01). The effect
of prophylaxis at wk 14 in CCl4 rats and at wk 10 in pig
serum-induced rats was much better than that of
treatment group (P<0.01). The thickness (in m) of fibers
both in pig serum-induced prophylaxis and in treatment
groups at wk 14 and 20 was significantly less than that
in control group (P<0.05). The number of fibers both
in prophylaxis and in treatment groups from wk 10 or 14

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Chronic liver diseases mainly caused by hepatitis B and C
viruses are very common in China and can lead to liver
fibrosis[1-3]. Prophylaxis and reversion of liver fibrosis are
one of the key steps in the prevention and treatment of
chronic liver diseases. Yi-gan infusion is a recipe of traditional
Chinese medicine designed by professor Xi-Xian Yao, who
is a famous expert of gastroenterology in China. The
medicine is commonly used in clinics because of its fewer
side-effects and excellent clinical efficacies[4]. Yi-gan-kang is
a new generation of Yi-gan infusion for therapy of liver
fibrosis[4-6]. In order to explore its antifibrotic mechanism,
rat fibrotic models induced by carbon tetrachloride and
pig serum were used to mimic the liver fibrosis caused by
human viral hepatitis[7].
MATERIALS AND METHODS
Composition of Yi-gan-kang
The compositions of Yi-gan-kang mainly include nine Chinese
herbs, such as Radix Salviae Miltiorrhizae, Radix Angelicae
Sinensis, Radix Paeoniae Rubra, etc.
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Animal models
One hundred and forty Sprague-Dawley male rats, weighting
180-220 g, were randomly divided into seven groups (20
each): group 1, blank control group without any interference
during the study; group 2, CCl4 model control group; group
3, pig serum-induced liver fibrosis group; group 4,
prophylaxis group of CCl4-induced liver fibrosis by Yi-gankang; group 5, prophylaxis group of pig serum-induced liver
fibrosis by Yi-gan-kang; group 6, treatment group of CCl4induced liver fibrosis by Yi-gan-kang; group 7, treatment
group of CCl4-induced liver fibrosis by Yi-gan-kang. Rats in
groups 2, 4 and 6 were given 400 mL/L CCl4 peanut oil
solution at the dose of 2 mL/kg, (subcutaneous injection),
twice weekly for 10 wk. Rats in groups 3, 5 and 7 were
given pig serum (from fresh mix blood of adult pigs without
condensation or dilution) at the dose of 2 mL/kg (intraperitoneal
injection), twice weekly for 10 wk. Rats in groups 4 and 5
were fed with forage containing 10% of Yi-gan-kang, 4 wk
prior to the beginning of model making, while rats in groups
6 and 7 were fed with forage containing 10% of Yi-gankang, 4 wk before the end of model making. The duration
of feeding forage containing 10% of Yi-gan-kang was 14 wk
both in prophylaxis and in treatment groups. All rats had
free access to sterile water at room temperature of 25 ℃
in a 12-h light and dark cycle. At wk 6, 10, 14 and 20, five
rats in each group were anesthetized and their livers were
harvested.
Extraction of water-soluble compositions in Yi-gan-kang
Yi-gan-kang granules were dissolved in water and filtered,
the filtrates were combined and centrifuged at 4 000 r/min
for 15 min. The supernatant was mixed with 95% ethanol,
stored at 4 ℃ overnight, then dried on a rotatory evaporator
and stored at 4 ℃ for use.
Tissue and specimen
For liver specimens, one piece of liver tissue was fixed in
10% neutral formaldehyde and embedded in paraffin for
histological section, while another piece was immediately
stored in liquid nitrogen for frozen section. The paraffinembedded liver tissue was sectioned routinely for HE and
Masson staining.
Semi-quantitative score of cell degeneration and collagen
proliferation
Cell degeneration was scored as follows 0, no hepatocyte
degeneration; 1, the number of degenerated hepatocytes
being less than 1/4 of the total cells; 2, the number of
degenerated hepatocytes being 1/4 or 1/2 of the total cells;
3, the number of degenerated hepatocytes being 1/2 or 3/4
of the total cells; 4, the number of degenerated hepatocytes
being not less than 3/4 of the total cells.
Collagen proliferation was scored as follows 0, no obvious
collagen; 1, slight but no septation; 2, moderate with
incomplete septation; 3, obvious with thin complete septation;
4, severe with thick complete septation.
Immunohistochemical analysis of -smooth muscle actin and
type I collagen
The specimens embedded in paraffin were sectioned and

May 7, 2005

Volume 11

Number 17

placed on polylysine-coated glass slides and dehydrated at
60 ℃ for 8 h in alcohol, then transferred into 3% H2O2 for
30 min and digested in digest solution for 10 min. After the
unspecific binding sites were blocked with normal goat
serum for 2 h,-SMA monoclonal antibody or rabbit anticollagen type 1 polyclonal antibody (Boster Biotech Co. Ltd)
was applied to the sections at 4 ℃ overnight. After being
washed with PBS, the sections were incubated with IgG/
biotin at 37 ℃ for 15 min, washed, and further incubated
with avidin/HRP at 37 ℃ for another 15 min. After being
rinsed thrice, tissue sections were stained with DAB for
10 min, and the positive cells were visualized under microscope.
Detection of TIMP-1 mRNA by in situ hybridization
In order to observe the mRNA expression of tissue inhibitor
of metalloproteinase-1 (TIMP-1), another very important
parameter reflecting the degree of liver fibrosis, in situ
hybridization of TIMP-1 mRNA was carried out. Briefly,
frozen sections on polylysine-coated glass slides were fixed
in 3% polyformaldehyde containing 0.1% DEPC at room
temperature for 30 min. After being rinsed thrice in water
and dried, the sections were stored at -20 ℃ for several
days. Then, the sections were immersed in 0.5% H2O2 in
methanol for 30 min. After being rinsed thrice, the sections
were digested by pepsin at 37 ℃ for 60 s. After being rinsed
thrice in PBS and once in water, the sections were transferred
into a moister chamber containing 20 mL of 20% glycerin
for prehybridization at 37 ℃ for 4 h, then 20 L specific
probe solution (Boster Biotech Co. Ltd) was applied to the
sections, the sections were covered with special coverslips
for in situ hybridization and kept at 42 ℃ overnight. The
probe sequences of the products were as follows: 5’-ACAGC
AACAA CAGGA TGCCA GAAGC CAGGG-3’ and 5’TCTCC ATGGC TGGGG TGTAG ACGAA CCGGA3’. After removal of the coverslips, the sections were rinsed
twice in 2× SSC each for 5 min, once in 0.5× SSC for 15 min,
and twice in 0.2× each for 10 min, and blocked by normal
goat serum for 60 min. Then after being washed four times
with PBS, the sections were incubated with streptavidinbiotin complex at 37 ℃ for 20 min. After being stained
with DAB, restained with hematoxylin, and washed with
water, positive cells in the sections could be visualized under
optical microscope.
Isolation of liver mitochondria
According to Myers et al[8], liver mitochondria were isolated
as follows. Briefly, the rats were killed, the abdominal cavity
was opened immediately, and the livers were removed. Part
of liver tissues was cut into small pieces and put into a
10-time volume of 0.25 mol/L ice-cooled sucrose water.
The liver tissues were homogenized at medium speed for
30 s and centrifuged at 1 000 r/min for 10 min. Two-thirds
of the upper supernatant was obtained and centrifuged at
7 000 r/min for another 10 min. The deposition was dissolved
in ice-cold sucrose water, mixed for 10 s, and centrifuged
at 18 000 g for 20 min. The condensed deposition was
mitochondria.
Lipoperoxidation of mitochondria
Taking malondialdehyde (MDA) and superoxide dismutase
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(SOD) as the test parameters, we determined the dose- and
time-dependent effect of the extraction of Radix Salviae
Miltiorrhizae root, the main component of Yi-gan-kang, on
anti-lipid peroxidation of mitochondria. Mitochondria were
isolated according to Myers et al [8] . The MDA and SOD
kits were bought from Nanjing Biological Corporation
and the experiments were performed according to the
manufacturer’s instructions. During the experiments, the
extraction was further diluted into different concentrations:
0.5, 1.0, 2.0, 5.0, and 10.0 mg/mL. Mitochondria at the
concentration of 1.5 mg/mL, ADP of 1 mmol/L, FeSO4
and Tris-HCl of 10 mmol/L were added to each of the above
concentrations with the total volumes of 4 and 1.65 mL
respectively. MDA and SOD were determined at 5, 10, 15,
20 and 30 min during the reaction.
HSC culture
HSC lines (established by Professor Greenwel) were
provided by Southwest Hospital, Third Military Medical
University. The phenotype was activated hepatic stellate cells
(HSCs)[9,10]. Cells were cultured in RPMI1640 (Gibco)
medium supplemented with 10% fetal calf serum, 100 U/mL
penicillin and 100 mg/L streptomycin, and kept in a
controlled atmosphere (50 mL/L CO2 ) incubator at 37 ℃.
Exponentially growing cells were seeded in plates for 24 h
and treated with Yi-gan-kang extraction at various concentrations
(144, 72, 18, 9 and 4.5 mg/mL) for 24, 48 and 72 h,
respectively. The cells not treated with this drug served as
control.
Dose-dependent effects of Yi-gan-kang on cell proliferation
Colorimetric MTT assays[11] were used to observe cell
proliferation. HSCs were incubated in 96-well plates. The
concentration of cells was adjusted to 1×188/L. After being
cultured for 24 h, Yi-gan-kang extraction was added in
different concentrations such as 144, 72, 18, 9 and 4.5 g/L
and incubated for 48 h. Triplicate wells of cells were used.
After the supernatant was extracted, 10 L of 0.05% MTT
solution was added to all wells and incubated for 4 h followed
by incubation with dimethylsulfoxide for coloration. After
a few minutes at room temperature to ensure that all crystals
were dissolved, the optic density (A) was read on an ELISA
reader at test wavelength of 570 nm and reference wavelength
of 630 nm.
Apoptosis analysis
In situ cell death detection kits (TUNEL) were purchased
from Boehringer Mannheim Company, Germany. Briefly,
the cells were adjusted to a density of 2×103/cm2, and added
to 24-well plates with coverslips in 0.5 mL each well. After
being incubated with 18 mg/mL Yi-gan-kang extraction (Yigan-kang at 18 mg/mL had the best inhibitory effect on
proliferation of cultured HSCs by MTT analysis) for 48 h,
the glass slides were taken out, rinsed, fixed and stained.
The negative control with omission of TUNEL enzyme
was designed according to the manufacturer’s instructions.
The cells stained with dark brown nuclei were considered
as positive cells. About 500-1 000 cells were selected randomly
and counted in each coverslip under the high magnification
(400×) microscope. Apoptosis index was calculated as

2585

(apoptotic cells/total cells)×100%. Flow cytometry analysis
of HSC apoptosis at 24, 48 and 72 h was also carried out
in this study. Briefly, cells were digested by 2.5 mg/mL
trypsin, washed with PBS, fixed in cold ethanol at 4 ℃ and
stained with propidium iodide, and then analyzed by flow
cytometry. Also, centrifuged cells fixed in glutaraldehyde
were observed under transmission electron microscope.
Immunohistochemical image analysis
Computerized image analysis system (East China University)
was used to get the mean positive cell rate in immunohistochemical and in situ hybridization sections. Values were
determined by the same observer.
Statistical analysis
Using the statistical analysis software, SPSS 10.0, the values
of mean positive cell rates were entered into an analysis
database. ANOVA Student-Newman-Keuls and Student’s t
tests were used to analyze the differences between mean
positive cell rates of each group at different time points.

RESULTS
Pathology of Masson staining between groups and time
points
Three parameters of pathologic images were used in the
comparison between groups and time points. They were
the mean number of pseudonodules, the mean number of
tissue separating fibers per 200× field, and the mean thickness
of the fibers. The results are shown in Figures 1 and 2.

A

B

C

D

E

F

G

H

I

Figure 1 Comparison of liver pathological changes in three groups of pig
serum-induced model rats at wk 10 (A-C), 14 (D-F), 20 (G-I) (Masson 100×).

Immunohistochemical analysis of -SMA and type I collagen,
and in situ hybridization of TIMP-1 mRNA
The dynamic changes of type I collagen, -SMA and
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TIMP-1 mRNA were observed in liver tissues of both
CCl4 and PS fibrotic models of rats. These three parameters
could represent the active phenotype of HSCs in tissues.
In model control group, the positive cell rate of active
phenotype was very high from wk 6 to the end of model
making. In prophylaxis group, it was relatively low. In
treatment group, there was a gradual decreasing trend from
high levels (Figures 3 and 4).
Electron microscope
Normal hepatocytes were in fusiform shape and relatively
big and regular. The nucleus was in oval-round shape and
membrane was clear. Typical cytoplasm organelles were
observed around the vicinity of nuclei. Lipid droplets were
visible in HSCs. In model animals, hepatocytes became
enlarged with nuclei shrunken and membrane obscure. Lipid
droplets with different sizes were easily found in cytoplasm
and nuclei. The number of organelles decreased. More
collagen fibers and fibroblasts were observed in Dissi space.
Around the area of hepatocyte necrosis was the infiltration
of single-nucleus cells and deposition of bulky collagen
fibers. In prophylaxis group, mitochondria were normal and
endoplasmic reticulum was slightly enlarged. Degeneration
of hepatocytes was significantly improved. Only a minimum
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quantity of collagen fibers was observed in Dissi space.
There was no obvious proliferation of HSCs and apoptosis
of HSCs was easily seen with chromatin towards nucleus
margin (Figure 5).
Anti-lipoperoxidation effect of Yi-gan-kang
Radix Salviae Miltiorrhizae showed a dose- and time-dependent
effect on MDA production and SOD activity in mitochondria
reaction (Figure 6).
Dose- and time-dependent inhibitory effects of Yi-gan-kang
on cell proliferation
The inhibitory effects of Yi-gan-kang at concentrations of
144 and 72 g/L were stronger than those at concentrations
of 36, 18 and 9 g/L. No obvious inhibitory effect was found
at the concentration of 4.5 g/L. At the concentration of
18 g/L, HSCs were significantly inhibited compared to those
in control group. The effect was time-dependent, and reached
its peak at 72 h (P<0.01, Tables 1 and 2).
Apoptosis of cultured HSCs incubated with Yi-gan-kang
A dose of 18 mg/mL of Yi-gan-kang and a 48-h acting period
were selected as the experimental conditions to compare
the effect of the herb on HSC lines. The AI was significantly

A

B

C

D

E

F

G

H

I

Figure 2 Comparisons of liver pathologic features in three groups of CCl 4-
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induced model rats at wk 10 (A-C), 14 (D-F), 20 (G-I) (Masson, 100×).
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Table 1 Effects of Yi-gan-kang on HSC proliferation

Table 3 Apoptosis index of Yi-gan-kang on HSC (mean±SD)

Group

Group

Concentration (g/L)
144
72
36
18
9
4.5

Yi-gan-kang

Control
a

A

Proliferation rate

0.08±0.02b
0.15±0.04b
0.20±0.03a
0.17±0.02a
0.19±0.05a
0.31±0.04
0.37±0.08

21.62
40.54
54.06
45.95
51.35
83.78
100

Herb concentration (g/L)

Control
b

P<0.01 vs control group.

Table 4 Time-dependent effects of Yi-gan-kang on HSC apoptosis
at different time points (mean±SD)
Group

Table 2 Effects of Yi-gan-kang on HSC proliferation at different
time points (mean±SD)

Control
Yi-gan-kang

24 h

48 h

72 h

1.44±0.12
1.20±0.11

2.23±0.18
1.26±0.10

2.34±0.15
1.36±0.08

higher than that in control group (22.5±7.1% vs 4.3±1.3%,
P<0.01) (Tables 3 and 4). Apoptotic cells were characterized
by compaction of nuclear chromatin and condensation of
cytoplasm. Most chromatin-condensed cells demonstrated
evidence of DNA fragmentation and were strongly stained
by TUNEL staining (Figure 7).
Small round cells were observed on the surface of the
monolayer, which could be displaced by agitation of the tissue
culture plate, demonstrating that they were very loosely adhered
to the monolayer and some of them were detached floating
in the culture supernatant (Figure 8). These findings suggested

B

Groups

4.5±1.3
9.3±1.8b

7.1±1.9
10.7±2.7b

8.0±1.8
14.6±4.3b

P<0.01 vs control group.

that HSCs have undergone programmed cell death or
apoptosis[12]. Under transmission electron microscope, the
apoptotic HSCs were found, i.e., the dilated endoplasmic reticulum,
irregular nuclei, chromatin condensation and heterochromatin
ranked along inside of nuclear membrane. All these features
were the characteristics of apoptosis and could distinguish
programmed cell death from necrosis (Figure 9).
Flow cytometry analysis also showed that, after HSCs were
treated with Yi-gan-kang extraction at different concentrations
of 36, 18 and 9 mg/mL for 48 h, the apoptosis rate was
significantly higher than that in control group (P<0.01) and Yigan-kang could increase the apoptosis rate in a dose- and timedependent manner compared to the control group (Figure 10).

C

Groups

Groups

PS prophylaxis

PS prophylaxis

PS treatment

PS treatment

0.4
0.3
0.2
0.1
0.0
10th

14th

0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

6th

20th (wk)

10th 14th

Figure 3 Positive rates of type I collagen (A), -SMA (B) and TIMP-1 mRNA

A

B

Groups

CCl4 treatment

0.5
0.4
0.3
0.2
0.1
0.0

Mean a-SMA positive rates

CCl4 prophylaxis

0.6

20th (wk)

CCl4 prophylaxis

0.7

CCl4 treatment

0.6
0.5
0.4
0.3
0.2

10th

14th

20th (wk)

6th

10th

Figure 4 Positive rates of type I collagen (A), -SMA (B) and TIMP-1 mRNA
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C

Groups

0.8
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0.6
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(C) in pig serum-induced model rats at different time points.

CCl4 control

CCl4 control

0.7

Mean TIMP-1 mRSA positive rates

PS control

PS prophylaxis

6th

Mean collagen I positive rates

72 h

PS control

0.5

6th

48 h

b

14th

Mean TIMP-1 mRSA positive rates

0.6

Control
Yi-gan-kang

24 h

PS control

Mean a-SMA positive rates

Mean collagen I positive rates

A

13.3±0.7b
10.7±0.7b
10.1±0.7b
4.1±0.7

36
18
9

Yi-gan-kang

P<0.05, bP<0.01 vs control group.

Group

Apoptosis index (%)

20th (wk)

(C) in CCl 4 model rats.

Groups
CCl4 control

0.6
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0.5
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A

Figure 5 Electron microscopic observation of liver tissues in fibrotic model (A)
and prophylaxis model (B).

Mean MDA (nmol/mL)

A

Concentrations
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B

Figure 7 HSCs stained by TUNEL (A) and apoptotic cells characterized by
compaction of nuclear chromatin and condensation of cytoplasm (B).
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Figure 6 Dose- and time-dependent effect of Radix Salviae Miltiorrhizae on
MDA production (A) and SOD activity (B) at different time points and different
concentrations of Radix Salviae Miltiorrhizae root extraction.

Figure 8 Morphological changes of treated HSCs (A) and untreated HSCs (B)
with Yi-gan-kang under light microscope.

DISCUSSION
Chronic liver diseases are quite common in China. Elucidation
of their pathogenesis of hepatic fibrosis may provide the
basis of anti-fibrosis therapy[13]. But so far, there is no good
therapy for hepatic fibrosis. The key to treatment of chronic
liver diseases is to stop and reverse the occurrence and
development of hepatic fibrosis. Anti-fibrosis therapies
especially that with huo-xue-hua-yu (refreshing blood and
eliminating stasis) herbs including Radix Salviae Miltiorrhizae,
Radix Angelicae Sinensis, Radix Paeoniae Rubra, etc. have
achieved good effects[4,14-17]. Yi-gan-kang granule[5,6,17-21], the
main composition of which is Radix Salviae Miltiorrhizae, is
a new generation of Yi-gan infusion, widely used in China
for nearly 20 years. Recent years, evidence has shown
that traditional Chinese medicines including huo-xue-hua-yu
herbs have obvious anti-fibrotic efficacies in clinical and
experimental studies. To identify the efficacies of Yi-gan-

kang granules on hepatic fibrosis, CCl4- and pig serum-induced
animal models and HSCs were used in this experimental study.
CCl4 and pig serum have different mechanisms in generating
fibrosis of animal models[22-24]. Concurrent use of the two
kinds of fibrotic models indicates the antifibrosis efficacies
of Yi-gan-kang. Furthermore, we performed the pathologic
image studies using computed image analysis system. HSCs
are a kind of the key cells in liver fibrogenesis[25-28]. The
antifibrosis efficacies of herbs can be shown by observing the
dynamic changes of HSC phenotypes and extracellular matrix
deposition[29,30]. Chinese herbal medicines including Yi-gan-kang
granules have multiphasic mechanisms in treating fibrosis.
Proliferation, activation, secretion, decomposition, contraction,
and apoptosis of HSCs are the main targets of therapies.
Our study showed that Yi-gan-kang granules could effectively
inhibit or inverse the course of fibrogenesis. Comparisons
of the number of pseudonodule, the thickness of separating
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Figure 9 Ultrastructures of treated HSCs (A) and untreated HSCs (B) with Yigan-kang.

Figure 10 Apoptosis rate of HSCs in control group (A) and Yi-gan-kang decoction
treatment group (B).

fibers and the width of fibers in different groups and at
different time points in CCl4- and pig serum-induced model
rats demonstrated that using Yi-gan-kang granules 4 wk prior
to model making to pre-inhibit fibrogenesis was superior to
using the medicine 4 wk before the end of model making
to treat fibrosis. The effect in prophylaxis and treatment
groups was significantly different from that in model control.
These findings indicate that Yi-gan-kang granules used at
early stage or for the prophylactic purpose should be advocated
in treating hepatic fibrosis. Due to the differences in
fibrogenesis between human viral hepatitis and experimental
animal models, our study could not clearly tell the definite
time when Yi-gan-kang granules are used in patients with
chronic liver diseases. However, Yi-gan-kang granule is an
effective antifibrotic drug against chronic liver diseases.
HSCs are distributed in portal area and perisinusoid
space. In the condition of acute and chronic liver impairment,
HSCs undergo phenotype changes from quiescence to
activation[3] . The activated HSCs, expressing -smooth
muscle actin, are the key cells in hepatic fibrogenesis during
inflammatory reactions. The change of this phenotype
increases synthesis and deposition of extracellular matrix,
in which type I collagen is the main component. During the
activation, HSCs also express matrix metalloproteinases
(MMPs) and tissue inhibitors of MMPs[31-33]. In the early
stage of HSC activation, the matrix collagen can be decomposed
because of predominant activity of MMPs. In the late stage
or in pathologic conditions, the synthesis of TIMPs,
especially TIMP-1 is predominant, thus down-regulating the
decomposition of matrix collagen. Therefore, -SMA and
TIMP-1 are the two main factors modulating the synthesis
and deposition of matrix collagen. We could see from our
immunohistochemical or in situ hybridization studies that
Yi-gan-kang granules could significantly inhibit or reduce the

expression of type I collagen in rats with liver fibrosis. These
results attribute to the restraining of activation of HSCs
and the expression of TIMP-1. The dynamic observation
of -SMA, TIMP-1 and type I collagen expression in rats
with liver fibrosis showed that prophylaxis groups had better
results than control or treatment groups. This result is in
accord with the above pathologic image study. Therefore,
-SMA and TIMP-1 are two main targets of anti-fibrogenesis
by huo-xue-hua-yu herbs.
The number of HSCs is controlled by apoptosis and
proliferation during progressive fibrosis, particularly during
recovery from fibrosis[34-36]. The event in the process of
injury-fibrosis recovery is the key of activated HSCs mediated
by apoptosis[37]. Therefore, to induce apoptosis of activated
HSCs is one of the most important therapeutic strategies
for liver fibrosis. Recent evidence has demonstrated that a
mechanism to eliminate activated HSCs in culture and in
animal models is apoptosis-induction. Interestingly, activated
HSCs are more sensitive to apoptotic cells than quiescent
HSCs. Such a mechanism may serve in the future to
eliminate the undesirable activated HSCs without affecting
their normal quiescent counterparts. The present results
suggest that Yi-gan-kang granules can significantly inhibit
HSC proliferation and increase the apoptosis rate of HSCs
in a dose- and time-dependent manner. Our findings strongly
suggest that inhibiting HSC proliferation and inducing HSC
apoptosis may play an important role in the antifibrotic
actions of Yi-gan-kang granules.
It was reported that HSC proliferation, activation and
apoptosis, as well as synthesis of ECM are closely related
with lipid peroxidation[38,39]. Anti-lipid peroxidation could
possibly be the anti-fibrosis mechanism of Chinese herbs.
Radix Salviae Miltiorrhizae is a representative herb with antiperoxidation effects. It exerts its anti-peroxidation effect by
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increasing SOD activity to eliminate free oxygen radicals.
The extraction of anti-lipid peroxidation components from
Radix Salviae Miltiorrhizae and other herbs with appropriate
modification of the components could enhance the antifibrosis effect.
In conclusion, Yi-gan-kang granules effectively inhibit or
inverse the course of liver fibrogenesis in CCl4- and pig
serum-induced rat models and are expected to become one
of the effective anti-hepatic fibrosis drugs.
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Abstract
AIM: To investigate the effect of probiotics supplemented
by gut on the tight junctions of epithelial cells, barrier
function and the microflora of rats with abdominal infection.
METHODS: After the model of cecal ligation and perforation
established, SD rats were divided into two groups:
parenteral nutrition (PN) group and PN+probiotics (probiotics)
group, PN solution was supplemented by neck vein and
probiotics was delivered via the jejunostomy tube for five
days. Vena cava blood and the homogenated tissue of
liver, lung and mesenteric lymph nodes were cultured to
determine the bacterial translocation rate (BTR). The ultrastructure of epithelial tight junctions and microvilli of the gut
were observed by electron microscopy; occluding expression
was measured by indirect-immune fluorescence method;
anaerobic bacterial growth by anaerobic culture and DNA
fingerprint of bacterial colonies of the feces by PCR.
RESULTS: The quantity of lactobacteria and bifydobacteria
in probiotics group was higher than that of PN group. The
profiles of DNA fingerprint expression in probiotics group
were similar to that in the normal group, a new 16S rDNA
sequence appeared in the profile in PN group. The occludin
expression, the integrality of the gut epithelial tight junction
and microvilli in probiotics group were improved as compared
with PN group. The BTR and endotoxin in blood were
reduced more significantly in probiotics group as
compared with PN group.
CONCLUSION: The probiotics could improve the gut
microflora disturbance, increase occludin expression,
maintain the gut epithelial tight junction and decrease
the bacterial translocations rate.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Since 1980s, Schmidt and Martindale have agreed upon
the intestinal mucosa injury accomplished with bacterial
and endotoxin translocation (BT & ET), followed by the
development of endotoxemia, shock and multiple organ
dysfunction syndrome (MODS), and the markedly increased
death rate due to severe illness[1]. Despite developments in
antisepsis and antibiotic prophylaxis, septic complications
are common in surgical patients. It is known that the majority
of postoperative infections are caused by gut derived
organisms, some studies have focused their attention on
the functioning of the gut mucosal barrier and the role of
the indigenous gut microflora. There is good evidence
from animal and in vitro studies that alteration of the
gastrointestinal microflora with probiotic organisms can
reduce the rate of BT to mesenteric lymph nodes. Although
the significance of BT in humans remains to be determined,
its postulated links with sepsis and multiple organ failure
make it an obvious target for therapeutic intervention.
In recent years, scientific knowledge in the field of
microbiology was expanded and it has been suggested that
the gastrointestinal microflora has a role in maintaining
human health[2]. The gastrointestinal ecology in normal subjects
may be altered by administration of live micro-organisms,
termed probiotics. These organisms have shown to inhibit
the growth and adherence of potentially pathogenic bacteria
to enterocytes, an important step in the process of BT.
There is also an increasing evidence that probiotic organisms
can interact with the gut-associated lymphoid tissue and
influence the local mucosal and systemic immune function[3].
In addition, lactobacilli can secrete antimicrobial compounds
called bacteriocins which inhibit a broad spectrum of enteric
organisms. But, the mechanisms underlying the benefits
derived from biotherapy with probiotics have not been
sufficiently elucidated, with available data largely fragmentary
and/or anecdotal. The present study was to determine the
effect of probiotics on the micro-structure of tight junction
and transmembrane protein-occludin expression, gut
microflora and bacterial translocation by parenteral nutrition
(PN) and probiotics supplemented by gut to the rats with
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abdominal infection.

MATERIALS AND METHODS
The abdominal infection-PN rats model
Forty-nine SD rats weighing 250-320 g (FuDan University
Medical Animal Center, Shanghai) were allowed ad libitum
intake of water and standard rat food and subjected to
alternate 12-h periods of dark and night. After 16-h fasting,
all rats were anesthetized with intraperitoneal injections of
2% saline-ketamin injection liquid (30 mg/g weight). The
rats were fixed in a supine position, and the neck, interscapular
and abdominal region were shared and prepared in a sterile
manner for catheterization and operation. The middle
abdomen was opened with 4-cm incision, the abdominal
infection model was established by cecum perforation and
ligation (CPL)[4]. A silastic catheter (Ф1.2 mm) was placed
by jejunostomy far away the cecum 30-40 cm, the catheter
was tunneled abdominal subcutaneously to the back, and
the abdominal incision was closed. A silastic catheter (0.6 mm
inner diameter, 1.0 mm outer diameter) was inserted through
the external jugular vein into the superior vena cava. The
catheter was tunneled subcutaneously to the midscapular
region and guarded by the flexible spring, and then hooked
up to an infusion pump (B. Braun). The rats were maintained
in individual metabolic cages[5]. The nutrient solution was
induced at a constant infusion rate by the pump (2 mL/h)
for 5 d during the study period. The trial was approved by
our institutional animal committees.
PN solution prepared
After catheterization and the operation was over, all rats
received intravenous 0.9% saline solution at 1.0 mL/h for
24-30 h to allow enough time to recover from the anesthesia.
Rats were divided into two groups, group A (n = 7): received
PN, the solution was infused averagely, the amount of
infusion solution was about 80 mL/d during 1-5 d
experimental period; group B (n = 8): PN +probiotic during
1-5 d, the probiotic was infused by jejunostomy tube about
10 mL/d. Group A and B were isonitrogenous and isocaloric
(Table 1). The daily dose of amino acids was 2.5 g of nitrogen
per kilogram, and the amount of nonprotein calories given
was 250 kcal/(kg·d) as 50% glucose and 20% Intralipid
(Energy Index 1:1). Multivitamins and electrolytes were
also included in PN solution. The rats were killed on the 6th d
in the morning for taking samples.

Table 1 PN solution prepared (contents/100 mL)
Prescription

Dose

50% Glucose (mL)
8.5% Novamin (mL)
20% Intralipid (mL)
Soluvita (mL)
Addamel (mL)
10% KCl (mL)
10% NaCl (mL)
RI (U)
Heparin (U)
Non-protein calorie (kJ)
(kcal)
Total nitrogen (mg)

33
45
17
1
1
1
1
4
40
435
101
630
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Probiotic containing live lactobacillus acidophilus
(activity 1×10 8 cfu/mL) was supported by Shanghai Jiao
Tong University Only Limited Company, and infused about
10 mL/day by jejunostomy tube thrice per day through
1-5 d.
Fecal bacterial anaerobic culture
The fecal sample (1 g) in cecum was placed in an anaerobic
glove box within 1 h of collection and homogenized in
prereduced brain-heart infusion broth and diluted from 10to 10-8 fold. Portions (100 L) of each dilution were spread
onto the surfaces of plates which contained the following
agar media and were incubated anaerobically at 37 ℃:
supplemented brucella blood agar (2 d, total anaerobic CFU),
bacteroides bile esculin agar (2 d), egg yolk agar (after equal
volumes of 95% ethanol were added to the dilutions and
the preparations stood for 30 min to select for clostridial
spores), and Rogosa SL agar (Difco) (2 d for lactobacilli
and 4 d for bifidobacteria, after Lactobacillus colonies were
marked at 2 d). The dilutions were removed from the
anaerobic glove box and were used to inoculate (100 L
inocula) plates which contained the following media and
were incubated aerobically at 37 ℃: supplemented brucella
blood agar (2 d, total aerobic CFU), MacConkey agar (Difco)
(1 d, enterobacteria), bile esculin azide agar (Difco) (1 d,
enterococci). To analyze the total Lactobacillus population,
10 colonies were picked randomly from a dilution agar plate
containing about 100 colonies. The bacterium colonies were
counted and identified by Microscan Autoscan-4 Machine
(Dade Behringcom).
Gut bacterial DNA fingerprint profiles
The fecal samples in cecum from each subject were also
examined by PCR-denaturing gradient gel electrophoresis
(DGGE) profiles. To extract bacterial DNA, 1 mL of fecal
homogenate in pH 7.0 phosphate buffer (the buffer used
for the azoreductase assay) was centrifuged at 14 600 g
for 5 min (5 ℃). DNA was extracted from the resulting
pellet with a Fast DNA kit (BIO 101, Vista, CA) by using
CLS-TC (a cell lysis solution used for animal tissues and
bacteria). The V2-V3 region of the 16S rDNA gene (positions
from 339 to 539 in the Escherichia coli gene) of bacteria in
the fecal samples was amplified by using primers bacteria
ITS PS2 (5’-TG(C/T) ACA CACCGC CCG T-3’), PL2 (5’GGG T(G/C/T) CCC CAT TC(A/G)G-3’). PCR was
performed with 0.2-mL tubes by using a PCR Express
thermal cycler (Hybaid, Teddington, UK). Each reaction
mixture (50 L) contained reaction buffer (10 Mm [final
concentration] Tris-HCl, 2.5 mmol/L [final concentration]
MgCl2, 50 mmol/L [final concentration] KCl [pH 8.3]),
each deoxynucleoside triphosphate at a concentration of
200 mol/L, 20 pmoL of each primer, 1 L of fecal DNA,
and 2.5 U of Taq DNA polymerase (Boehringer,
Mannheim, Germany). The following amplification program
was used: 94 ℃ for 3 min, 30 cycles consisting of 94 ℃
for 30 s, 56 ℃ for 30 s, and 68 ℃ for 60 s, and then 7 min
at 68 ℃. DGGE was performed by using a DCode universal
mutation detection system (Bio-Rad, Richmond, CA) and
gels that were 16 cm×16 cm×1 mm; 6% polyacrylamide
gels were prepared and electrophoresed with 1×TAE buffer
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prepared from 50×TAE buffer (2 mol/L Tris base, 1 mol/L
glacial acetic acid, 50 mmol/L EDTA). The denaturing
gradient was formed by u sing two 6% acrylamide
(acrylamide/bisacrylamide ratio, 37.5:1) stock solutions
(Bio-Rad). The gels contained a 22-55% gradient of urea
and for mamide that increased in the direction of
electrophoresis. A 100% denaturing solution contained
400 mL/L formamide and 7.0 mol/L urea. Electrophoresis
was performed at 130 V (constant voltage) and 60 ℃ for
about 4.5 h. Electrophoresis was stopped when a xylene
cyanol dye marker reached the bottom of a gel. The gels
were stained with an ethidium bromide solution (5 g/mL)
for 20 min, washed with deionized water, and reviewed by
UV transillumination[13].
Gut mucosa occludin indirect-immune fluorescence expression
The distal ileum and colon tissue were taken to determine
the occludin expression by indirect- immune fluorescence.
Frozen tissue was cut into 10-µm sections, dried on positively
charged slides, washed with PBS, and incubated at 37 ℃
for 30 min with 10% normal goat serum. Excess serum
was blotted, and the slides were incubated with a 1/50 dilution
of primary antibody for 1 h at 37 ℃. The first antibody
was sheep- anti-rats occludin antibody (Santa Cruz). The
slides with the second antibody anti-sheep IgG (Santa Cruz)
were then incubated with FITC-conjugated goat antirabbit IgG (1/20 dilution) for 30 min at 37 ℃ and washed
again with PBS. All slides were then mounted with 0.1% pphenylenediamine in PBS-glycerol and coded before
examination. Treated sections were examined with UV light
in an incident-light fluorescent microscope, and the
fluorescence pattern (focal, diffuse; mesangial, loop) was
defined. Fluorescence intensity was graded as negative, or
1+ through 4+. Control sections lacking primary antibody
were included with each experiment. All sections were examined
by two authors (Shen TY and Zhang HZ) independently.
The data were analyzed by HPIAS1000 high definition color
image manipulation system. Under the same expanding
multiple (400), occludin density was determined per field
of vision by light-densimeter (at least five fields per slide).
Tight junction of ileum and cecum by electron microscopy
One fixation procedure was used for conventional thinsection electron microscopy. The fixation procedure
involved incubation with OsO4 alone (1% or 2% in
phosphate buffer) at 0 ℃ for 30 min. After fixation, the
ileum and cecum were washed extensively in Veronal acetate
buffer (90 mmol/L, pH 6.0), stained by incubation at 0 ℃
for 60 min in uranyl-magnesium acetate (0.5%) in the same
buffer, washed again, dehydrated, and embedded. Thin
sections were doubly stained with uranyl acetate and lead
nitrate and examined to observe the change of tight
junction and microvilli (2×104) by Philip EM 400 electron
microscopes.
Bacterial translocation rate of mesenteric lymph node and
remote organ
One milliliter blood from vena cava, 5 g tissue of mesenteric
lymphoside, liver and lung tissue, were collected, respectively,
and homogenized in a tube containing cardio-cerebral
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leachate that was incubated at 35 ℃; after 18-24 h, methylene
blue-eosin staining method was adopted, and continued to
be cultured at 35 ℃; after 18-24 h, the number of bacterium
were counted.
Statistical analysis
Analysis of data was performed using 2 and t analysis, the
experimental data were expressed as mean±SD of the
sample and comparison between treatment groups using
one-way analysis of variance. P value below 0.05 was
considered statistically significant.

RESULTS
Death rate
The CPL model was established successfully in 49 SD rats,
the total death rate during 6 d was 69.3%; the death rate in
PN group (78.7%) was higher than that in probiotics group
(50%, 2 = 4.204, P = 0.0403<0.05, Table 2).
Table 2 The death rate of celiac infectional model both of two
groups
Group

n

Death

PN

33

26

78.7

Probiotics

16

8

50 a

a

Death rate (%)

P<0.05 vs PN group.

Amount of bacterial of fecal in the cecum
There were no marked differences of the gut bacterial strains
in the probiotics group as compared with PN group, P>0.05.
But the amount of lactobacteria and bifidobacteria increased,
and the amount of enterococci decreased in probiotics group
as compared with PN group, P<0.05 (Table 3).
Table 3 Change of the kings of bacterium (1 g 10n/mL)
PN group

Probiotics group

Enterobacteria

7.061±0.191

7.231±0.171

Bifidobacteria

8.006±0.272

8.313±0.303a

Lactobacteria

5.416±0.304

5.713±0.178a

Enterococci

5.702±0.373

5.056±0.355a

a

P<0.05 vs PN group.

DNA fingerprint profiles
The electrophoresis appearance of DNA sequence of the
profiles in PN group (lane 11-17) were less than that in the
control group (lane 9-10); lane 11, 14, 15 appeared of a new
16S rDNA sequence in the profile (labeled in Figure 1). The
sequence of electrophoresis expression in probiotics group
(lane 1-8) was similar to that in the control group (lane 9-10).
Gut mucosa occludin expression
There are more occludin expressions in the probiotics group
in the surface, and intracellular and cell-internal of the
epithelial cells as compared with PN group (Figures 2A-D).
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Bacterium translocation rate (BTR) of mesentery lymph node
(MLN) and remote organ
Bacterium translocation rate (BTR) in PN group (60.7%)
was higher than that in probiotics group (34.3%, 2 = 4.1625,
P = 0.0413<0.05, Table 5).

M 1 2

3 4 5 6 7

8

M 9 10 11 12 13 14 15 16 17

Figure 1 Gut bacterium colony DNA fingerprint profiles. Lane M: Marker; lanes
1-8: Probiotics group; lanes 9 and 10: Control group; lanes 11-17: PN group.

Table 5 BTR of mesenteric lymph node and remote organ
Group

n

PN (g)

7

6

4

3

4

60.7

Probiotics

8

4

3

2

2

34.3a

a

The occludin positive expression area per measuredwindow in probiotics group was higher than that in PN
group (t = -4.436, P = 0.001<0.01, t = -2.429, P = 0.036
<0.05, Table 4).

Table 4 Occludin positive expression in two groups (A)
Group

n

Intestinal (%)

PN

7

1.207±0.587

1.254±0.203

Probiotics

8

1.981±0.513a

2.276±0.526b

a

Cecum (%)

P<0.05 vs PN group; bP<0.01 vs PN group.

Tight junction and micro-villi micro-structure
There were more integrated tight junctions, less mitochondrion
endoplasm and micro-villi brushed in probiotics group as
compared with PN group (Figures 3A-D). The readability
of the tight junction in probiotics group was clearer than
that in PN group.

Liver (g)

Lung (g)

Cava blood (g)

BTR (%)

P<0.05 vs PN group.

DISCUSSION
The role of commensal and probiotic bacterial in the
physiology of the gastrointestinal tract is not completely
understood. Probiotics are defined as “living organisms,
which upon ingestion in certain numbers exert health benefits
beyond inherent basic nutrition”. The importance of a
“health” gut microbiota has been recognized for a long time
but only recently specific attention has been focused on the
potential of probiotics as preventative and therapeutic agents
in gastrointestinal diseases. The use of probiotics in animal
models of inflammatory bowel disease and in diarrhea of
premature infants, severe burn patients, and acute and
chronic colitis has shown potential beneficial effects of
probiotic Lactobacilli, Bifydobacteria, and Saccharomyces.
It is known that stimulation by commensal bacterial antigens
is crucial for the normal development of the mucosal immune
system and maintenance of tolerance. Moreover, probiotics
have shown to attenuate or abolish tumor necrosis factor

A

B

C

D

Figure 2 Intestinal and colon epithelial occludin expression. A: Intestinal
epithelium occludin expression decreased in PN group (200×); B: Intestinal
epithelium occludin expression increased in probiotics group (200×); C: Colon

MLN (g)

epithelium occludin expression decreased in PN group (200×); D: Colon epithelium
occludin expression increased in probiotics group (200×).
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A

B

C

D
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Figure 3 The ultra-structure of the tight junction of the intestine and colon. A:
The tight junction of intestine was damaged seriously in PN group (5 000×); B:
The tight junction of intestine was damaged in probiotics group (5 000×); C: The

tight junction of colon junction was damaged seriously in PN group (5 000×); D:
The tight junction of the colon was clear in probiotics group (5 000×).

 stimulated interleukin 8 production in intestinal epithelial
cells. The studies described here show in addition that, by
diverse mechanisms, living probiotics are able to prevent
or counteract the full spectrum of epithelial dysfunction
induced by an enteroinvasive pathogen. In the recent years,
more attention has been taken in the probiotics practice,
and has gained some certain results. Eizaguirre et al[6], gave
Wistar rats with 80% intestinal resection infusion probiotics,
and decreased the gut bacterial translocation rate (BTR) to
43%. Olah et al[7], reported that probiotics were used in the
patients with acute pancreatitis, and markedly decreased
pancreatic second infection rate and hospital stay time.
Rayes et al[8], reported that patients with post-surgical severity
that use probiotics (L. plantarum 299, 10 9 cfu/d), might
decrease postoperative infection rate and shorten the time
using antibiotics. However, the data in this area are relatively
sparse, and the detailed mechanism based investigations of
efficacy are largely lacking.
Traditionally, the fecal microflora has been analyzed by
using bacteriological culture methods. It has been claimed
that approximately 88% of the total microscopic counts of
bacterial cells can be cultivated from feces when appropriate
techniques are employed[9] . Our fecal anaerobic culture
results showed that there were no marked differences of
the gut bacterial strains in the probiotics group as compared
with PN group, P>0.05. But the amount of lactobacteria
and bifydobacteria is increased, and the amount of enterococci
decreased in probiotics group as compared with PN group,
P<0.05. However, because the conditions of the anaerobic
culture was limited, only some local bacterium were
determined by quantitative analysis, and could not reflect
the whole profiles of gut preponderant bacterium colony.
Fortunately, analysis of terrestrial and aquatic ecosystems

in more recent years has benefited from the use of molecular
biological methods with which community profiles have
been established. The molecular methods involve the
amplification by polymerase chain reactions (PCR) of 16S
ribosomal RNA genes (16S rDNA) from microbial DNA
extracted from samples collected from particular habitats[10,11].
It is important to note that the PCR-based and oligonucleotide
probe methods outlined above could differentiate between
strains belonging to the same bacterial species. Summaries
of useful molecular typing (genetic DNA fingerprinting)
methods provided direct response to the gut bacterial strains
balance[11-13]. We measured the impact of consumption of
this probiotic on the fecal microflora by using PCR-DGGE,
the results showed that the electrophoresis DNA fingerprint
expression reflecting the gut bacterium variety in probiotics
group were similar to the change of DNA fingerprint of
the control group, for rats that received PN support the
new 16S rDNA sequence appeared, and suggested that gut
flora imbalance existed. Our results suggested that in rats
that received PN a serious gut flora imbalance occurred,
but the gut microflora could be improved using probiotics.
The tight junctions of intestinal epithelial cells form the
most apical component of the junctional complex and create
a selective permeability barrier along the paracellular
pathway. Some experimental evidence suggests that occludin
may be vital in a functional capacity. It is reported that this
complex tight junction allows the paracellular diffusion of
ions and small solutes but excludes potentially toxic
macromolecules and micro-organisms, the permeability
characteristics of a given barrier can be dynamically altered
by a variety of physiological, pathological, and pharmacological
stimuli. It has reached the same recognition in international
medicine that change of the occludin protein presents not
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only the injury extent of tight junction under the pathogenesis
but also indicate the extent recovered from injury[14-17]. The
present study of occludin expression by indirect-immune
fluorescence showed that there are more occludin expression
of the surface, intracellular and cell-internal of the epithelial
cells in probiotics group as compared with PN group. The
occludin positive expression area per measured-window in
probiotics group was higher than that in PN group. The
expression of occludin increased as the gut bacterium colony
improved, moreover, the impact of occluding expression
on the colon was more effective than that on the intestine
in probiotics group. This result was consistent with bacterium
fixed in the colon and physiological actions. To better
understand the ultra-structure of TJ, the primary results by
EM found that the intestinal micro-villi were slightly brushed
off, mitochondrion endoplasm vacuole and obvious tight
junction both of intestinal and colon in probiotics group as
compared with PN group; meanwhile, the BTR of MLN
and the remote organ in probiotic group were less than that
in PN group, the death rate in PN group was higher than
that in probiotics group. So, the prognostic of the rats that
received probiotics showed a marked improvement.
In summary, probiotics increased the expression of
transmembrane binding protein, maintain the structure of
tight junction, improved the gut bacterium colony disorder
in the rats with abdominal infection, decreased the BTR,
and protected the barrier function. Under PN supporting,
it is easy to induce the gut bacterium disorder and mucosa
barrier injury, however, the gut barrier function could be
improved by using probiotics.
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Abstract
AIM: Interferon 2b (IFN2b) and thymosin 1 (T1)
exhibit synergic effects in the treatment of hepatitis B
and hepatitis C when used together. For developing a fusion
protein drug, fusion proteins of IFN2b and T1 linked by
different lengths of (G4S)n (n = 1-3) were constructed
and expressed in Pichia pastoris.
METHODS: Using PCR and molecular clone techniques,
the fusion genes of IFN2b-(G4S)n-T1 (n = 1-3) were
constructed and subcloned into the eukaryotic expression
vector pPIC9. After transformation of these plasmids into
P. pastoris, the expressed fusion proteins IFN2b-(G4S)
n-T1 (n = 1-3) were obtained. These proteins were purified
through diethylaminoethyl (DEAE) affinity chromatography
and Superdex™ 75 gel filtration and analyzed by SDSPAGE and Western blot. Antiviral and E-rosette assays
were used to investigate the bioactivities of these fusion
proteins.
RESULTS: DNA sequencing confirmed that the fusion
genes of IFN2b-(G4S)n-T1 (n = 1-3) were correctly
cloned to the pPIC9 vector. The recombinant IFN2b(G4S) n -T1 ( n = 1-3) fusion proteins expressed in
P. pastoris were purified with DEAE and Superdex™ 75
gel filtration chromatography. The fusion proteins could
be observed on sodium dodecylsulfate-polyacrylamide
gel electrophoresis with molecular weight (MW) of 23.2,
22.9, and 22.6 ku, respectively, and reacted to the IFN2b
monoclonal antibody and T1 polyclonal antibody. The
purified fusion proteins exhibit antiviral activity and can
enhance the percentage of E-rosette-forming-cell in
E-rosette assay.
CONCLUSION: The recombinant IFN2b-(G4S)n-T1
(n = 1-3) fusion proteins were successfully expressed in
P. pastoris. Purified fusion proteins exhibit both antiviral
activity of IFN2b and immunomodulatory activity of T1
in vitro. These results will be the basis for further evaluation
of the fusion proteins’ function in vivo.

INTRODUCTION
The human interferon 2b (IFN2b), the most widely used
member of IFN family, exerts many biological actions
including broad-spectrum antiviral effects, inhibition of
tumor cell proliferation and enhancement of immune
functions[1-3]. The human thymosin 1 (T1) plays an
important role in the maturation, differentiation and function
of lymphocytes[4,5] . Both are widely used proteins in the
treatment of hepatitis B and C[5-8]. A series of clinical trails
show that, when compared with standard therapeutic regimens,
combination therapy of IFN and T1 could significantly
enhance virological and biochemical response rates in
patients with hepatitis B and C, and is well tolerated[9-12] .
Combination of T1 with IFN is becoming one of the
most promising options in improving the response rate of
chronic hepatitis B virus and hepatitis C virus infection and
decreasing its probability of developing into hepatocellular
carcinoma[13]. To decrease the high cost of current combination
therapy, we tried to express the IFN2b and T1 fusion
protein to use as a substitute.
The human recombinant IFN2b has been successfully
expressed and used in clinics for more than 10 years[14].
The crystal structure of IFN2b has been determined,
and many mutation researches have been reported[15,16] .
However, no recombinant T1 has been expressed or applied
into clinical use successfully. The T1 currently used in
therapy of hepatitis is chemically synthesized[5]. The structure
of T1 has been studied using circular dichroism and twodimensional NMR[17]. This information provides guidance
in designing of the IFN2b and T1 fusion proteins. To
keep the independence of protein folding and function, the
flexible G4S immunosilent amino acid sequence was adopted
to link the C terminal of IFN2b and the N terminal of
T1, a sequence widely used in domain ligation[18,19]. The
molecular design of NH3-IFN2b-(G4S)n-T1-COOH
(n = 1-3) was set down. The powerful Pichia pastoris/pPIC9
eukaryotic expression system was employed to express the
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fusion proteins, which could grow rapidly at high densities
and carries the strong alcohol oxidase (AOX1) I promoter,
the mating factor signal sequence from S. cerevisiae and the
His4 selectable marker (Invitrogen, 131020sa).
I n the present study, I FN 2b-(G4S)n-T1 (n = 1-3)
fusion genes were constructed and expressed in P. pastoris.
Their products were isolated by affinity chromatography
and gel filtration. Primary bioactivity assay of fusion proteins
is described and compared with standard samples of
IFN2b and T1, respectively.

MATERIALS AND METHODS
Construction of (G4S)n-T1 DNA fragments
The coding strand of (G4S)3-T1 was synthesized as three
successive single-strand DNA fragments: L1, T1 and T2
(Bioasia Biotechnologies, Inc., Shanghai). To ligate the three
fragments together, two complementary short non-coding
strands of H1 and H2 were synthesized, which are
complementary to the L1-T1 and T1-T2 fusion joints
separately (Figure 1). After phosphorylation of T1 and T2,
equal amounts of L1, T1, T2, H1 and H2 were mixed and
incubated at 100 ℃ for 2 min, then annealed at room
temperature. The annealed fragments were ligased overnight
at L1-T1 and T1-T2 joints using T4-DNA ligase (New
England Biolabs) at 14 ℃. This reaction mixture was then
precipitated in 100% ethanol, dried and re-suspended in
water. Using the re-suspended ligation product as template,
L1 (5’- GGTGGCGGATCCGGCGGTGGTGGTTCTGGTGGCGGCGGCTCTTCATC-3’) and TP2 (5’GGAAGCTTAATTTTCTGCCTCTTC-3’) as primers,
which introduced a BamHI site at the 5’-end and an HindIII
site at the 3’-end of the fragments, (G4S)3-T1 was
amplified in a standard PCR protocol. This reaction was
performed using a Perkin-Elmer DNA thermal cycler. The
experimental conditions included 1 cycle at 95 ℃ for 5 min,
25 cycles at 94 ℃ for 30 s, 58 ℃ for 30 s, 72 ℃ for 2 min,
followed by 72 ℃ for 10 min. The PCR product was purified
by electrophoresis on 8 g/L agarose with a gel extraction
kit (Watson Biotechnologies, Inc., Shanghai) and digested
with BamHI and HindIII. The digested fragment (G4S)3T1 was purified and ready for further ligation. Fragments
(G4S)2-T1 and G4S-T1 were constructed in the same
way and were also digested with BamHI and HindIII and
purified by means of a gel extraction kit.

Ln
IFN 2b

(G4S)n

H1
Ln

G4 S

T1

H2

T2
T 1

Annealing and ligation

PCR TP2
T 1

G4SG4S

T 1

G4SG4SG4S

T 1

Figure 1 Construction of (G4S)n-thymosin 1 (n = 1-3) DNA fragments.
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The Ln represents L1 (5’-GGTGGCGGATCCGGCGGTGGTGGTTCTGGTGGCGGCGGCTCTTCATC3’), L2 (5’-GGTGGCGGATCCGGCGGCGGTGGTTCATC-3’) and L3 (5’-GGTGGCGGATCCTCATC-3’),
introduced of a BamHI cleavage site.
Ln, H1 (5’-AACGGCTGCGTCTGATGAACCACC-3’),
H2 (5’-CTTCTTCTCCTTTAAGTCC-3’) and phosphorylated
T1 (5’-AGACGCAGCCGTTGACACTAGCTCTGAAATCACTACTAAGGACTTAAAG-3’) and T2 (5’-GAGAAGAAGGAAGTTGTGGAAGAGGCAGAAAATTAAGCTTCC3’) were annealed. While the Ln, T1 and T2 were ligased to
use as the template. In the guide of Ln and TP2 (5’GGAAGCTTAATTTTCTGCCTCTTC-3’), which has a
HindIII cleavage site, the (G4S)n-thymosin 1 (n = 1-3)
fragments were amplified.
Construction of IFN2b-(G4S)n-T1 fusion genes
The coding sequence of the IFN2b gene was amplified
by PCR using IFN2b-containing plasmid CB104 as
template with IP1 (5’-GGGAATTCTGTGATCTGCCTCAAAC-3’) and IP2 (5’-CCGGATCCGCCACCGCCTTCCTTACTTCTTAAACTTTCTTGC-3’) as primers, in which
EcoRI and BamHI were introduced to 5’ and 3’ end,
respectively. The PCR was performed by employing the
following temperature cycle: 1 cycle at 95 ℃ for 5 min, 25
cycles at 94 ℃ for 30 s, 58 ℃ for 45 s, 72 ℃ for 2 min,
followed by 72 ℃ for 10 min. The amplified PCR product
was purified by electrophoresis on 8 g/L agarose with a gel
extraction kit (Watson Biotechnologies, Inc., Shanghai). The
PCR product was digested with EcoRI and BamHI and
purified for ligation reaction.
Both IFN2b and (G4S)3-T1 DNA digested fragments
were inserted together into the HindIII and EcoRI digested
pUC118 vector. The ligation products were transformed
into the TOP10 E. coli strain and selected on amplicillincontaining LB plates. The recombinant plasmid was then
extracted from transformant and confirmed by nucleotide
sequencing (377 DNA sequencer, Bioasia Biotechnologies,
Inc., Shanghai), finally obtaining the plasmid pUC118IFN2b-(G4S)3-T1 with correct reading frame. Using
the same strategy, the two recombinant plasmids, pUC118IFN2b-(G4S)2-T1 and pUC118-IFN2b-G4S-T1,
were also constructed.
The encoding sequence of IFN2b-(G4S)3-T1 was
amplified using EP1 (5’-TCTCTCGAGAAAAGATGTGATCTGCCTCAAAC-3’) and EP2 (5’-CGCGGCCGTTAATTTTCTGCCTCTTC-3’) as primers, digested by
XhoI and NotI and inserted into the P. pastoris expression
vector pPIC9. The resultant plasmid pPIC9-IFN2b-(G4S)
3-T1 was confirmed by the nucleotide sequencing. The
plasmids pPIC9-IFN2b-(G4S)2-T1 and pPIC9-IFN2bG4S-T1 were obtained in the same way.
Expression of the fusion proteins
The P. pastoris strain SMD1168 (his4, pep4) (Invitrogen,
131020sa) was employed to express the fusion proteins.
The pPIC9-IFN2b-(G4S)n-T1 (n = 1-3) plasmids were
linearized by SalI and transformed into P. pastoris (SMD1168)
via electroporation (Eppendorf, electroporator 2510). The
transformants were selected according to the manufacturer’s
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direction (Invitrogen, 131020sa). The obtained engineering
strains were named SMD1168/pPIC9-IFN2b-(G4S)
3-T1, SMD1168/pPIC9-IFN2b-(G4S)2-T1, and
SMD1168/pPIC9-IFN2b-G4S-T1, respectively. Each
engineering strain was incubated in the standard conditions
as described by the manufacturer (Invitrogen, 131020sa).
After induction of methanol, the supernatant of the culture
was collected with 5 min of 10 000 g and monitored by 15%
SDS-PAGE. Proteins were visualized by 2.5 g/L Coomassie
brilliant blue R-250 staining. The proportion of the expressed
fusion protein in all the secreted proteins was analyzed by
computer UVR ware (Shanghai Tanon Science and Technology
Co. Ltd). Another gel of SDS-PAGE was transblotted onto
a PVDF membrane (Millipore Corporation) for Western
blotting. The fusion proteins were then detected by incubating
the transblotted PVDF membrane with an anti-IFN2b
monoclonal antibody followed by a HRP-conjugated goat
anti-mouse antibody (PIERCE) and anti-T1 polyclonal
antibody (Sigma, St. Louis, MO) followed by a HRPconjugated goat anti-rabbit antibody (PIERCE), respectively.
The immunoreactive protein was visualized by DAB (Roche).
Purification of the fusion proteins
The collected supernatant liquid of 0.05-L culture was dialyzed
at 4 ℃ overnight against the dialysis buffer (0.05 mol/L
Tris-HCl, 0.01 mol/L NaCl, pH 8.0), and then applied to a
DEAE column (2.5 cm×12 cm) equilibrated with the
equilibration buffer (0.05 mol/L Tris-HCl, 0.01 mol/L
NaCl, pH 9.0). The fusion protein was eluted sequentially
with the elution buffer A (0.05 mol/L Tris-HCl, 0.10 mol/L
NaCl, pH 8.0), and elution buffer B (0.05 mol/L Tris-HCl,
0.20 mol/L NaCl, pH 8.0). The elution fractions containing
expressed fusion protein were pooled and applied to
Superdex™ 75 (Amersham Pharmacia Biotech, Uppsala,
Sweden) columns (2.5 cm×15 cm) for the further purification.
The chromatography was performed at 0.5×10-3 L/fraction
at room temperature. The protein was monitored by
measuring the UV absorbency at 280 nm (Amersham
Pharmacia Biotech, Uppsala, Sweden). And the pooled elution
fractions containing the fusion protein from Superdex™
75 column were analyzed by SDS-PAGE. Density
quantification analysis was used to quantify the proportion
of purified proteins among the eluates. Finally, the purified
fusion protein was collected and stored at -20 ℃ for detection
of bioactivities.
Analysis of antiviral activity
The human amnion cells (WISH) were seeded into 96-well
plates (3×104 cells/well) and incubated overnight at 37 ℃,
50 mL/L CO2 in a humidified incubator. Then dilutions of
standard samples of IFN2b (Wanxing Pharmical Tech.
Ltd, Shanghai, China) and the purified fusion proteins
IFN2b-(G4S)n-T1 (n = 1-3), all having the same
concentration, were added. The cells were then incubated
for 24 h. Following this vesicular stomatitis virus (VSV) was
added, 1.2×105 plaque forming units per well, and the cells
allowed continued incubation for another 40 h. Ten
microliters of 5 g/L MTT solution (Sigma Cat. No. M5655)
was then added into each well. After incubation for another
4 h at 37 ℃, 50 µL of MTT lysing solution (20% SDS
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50% DMF) was added to each well and incubated overnight.
The plates were read at 570 nm and the unit of each sample’s
antiviral activity was calculated.
E-rosette assay
Fresh pig thymus was cut and rubbed. Cells were then
separated by lymphocyte separation medium (Shanghai
Reagent Factory) and placed with HRPMI-1640 and fusion
proteins for 2 h at 37 ℃, 50 mL/L CO2 in a humidified
incubator, using T1 (SciClone Pharmaceuticals, Inc., CA,
USA), IFN2b and cells with no drug added as parallel
controls. Sheep red blood cells were then added and incubation
continued for another 3 h. The percentage of E-rosette
forming lymphocytes was calculated by counting the number
of E-rosette forming lymphocytes out of a total of 200
lymphocytes. The experiment was repeated five times with
a sample concentration of 2.6×10-17 mol/L.

RESULTS
Plasmids construction
As described in Materials and Methods, pPIC9-IFN2bG4S-T1, pPIC9-IFN2b-(G4S)2-T1 and pPIC9IFN2b-(G4S)3-T1 were constructed and identified by the
PCR method using EP1 and EP2 as primers, respectively.
The bands specific to IFN2b-G4S-T1, IFN2b-(G4S)
2-T1 and IFN2b-(G4S)3-T1 were 614, 629, and 644 bp
respectively (Figure 2). Nucleotide sequencing confirmed that
the three constructs were all in the correct reading frame.
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Figure 2 PCR analysis of plasmids pPIC9-IFN2b-(G4S)n-T1 (n = 1-3). The
electrophoresis was performed on an 8 g/L agarose gel. Lane M: DNA molecular
marker; lane 1: pPIC9-IFN2b-G4S-T1; lane 2: pPIC9-IFN2b-(G4S)2-T1;
lane 3: pPIC9-IFN2b-(G4S)3-T1.

Expression of IFN2b-(G4S)n-T1 fusion protein in Pichia pastoris
The linearized pPIC9-IFN2b-(G4S)n-T1 (n = 1-3)
plasmids were transformed separately into P. pastoris
(SMD1168) and the transformants of pPIC9-IFN2b(G4S)-T1, pPIC9-IFN2b-(G4S)2-T1 and pPIC9IFN2b-(G4S)3-T1 were incubated separately in the
standard fermentation medium (Invitrogen, 131020sa) and
induced by methanol. After 48 h of induction, the supernatants
of the culture were collected by centrifugation and analyzed
by SDS-PAGE. As shown in Figure 3A, the bands at 23.2,
22.9, and 22.6 ku, produced separately by the three
engineering strains, are specific compared with control
SMD1168/pPIC9. Density quantification analysis shows
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that the fusion proteins comprise 37.24% of the total secreted
protein (Figure 3B), approximately 0.22 g/L per 0.03 L of
shake culture. Using a monoclonal antibody directly towards
IFN2b and a polyclonal antibody towards T1, Western
blot analysis confirms the expression of the IFN2b-(G4S)
n-T1 fusion proteins (Figure 4). Both SDS-PAGE and
Western blot analysis show two expressed protein bands on
each lane which are not found on control: a main protein
band and an additional protein band. The main protein bands
just show approximately the calculated MW: 23.2 ku for
IFN2b-(G4S)3-T1, 22.9 ku for IFN2b-(G4S)2-T1
and 22.6 ku for IFN2b-G4S-T1, and the additional
protein bands, with a lower MW, migrate at a slightly faster
rate than the major protein bands. When the supernatant
was left at room temperature for a long time, the supernatant’s
low-molecular-weight proteins increase. So we believe,
preliminarily, that the low-molecular-weight band is a
degradation fragment of the fusion protein. Although the P.
pastoris strain SMD 1168 is pep4 protease deficient, there may
be other mechanisms involved in this process. Subsequent
research will be done to find the protein degradation mechanism
and methods to stabilize their fusions. No visible higher MW
fusion proteins are observed. This sometimes happens in yeast
expression, suggesting glycosylation modification.
The purification of IFN2b-(G4S)n-T1 fusion protein
DEAE affinity chromatography was employed to purify
fusion proteins of IFN2b-(G4S)n-T1 (n = 1-3). After
dialysis against the dialysis buffer, the supernatant of the
culture was applied to the DEAE column, which was then
eluted by the elution buffer A followed by the elution buffer
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B. Nearly all of the degraded fragment of fusion protein
and part of the integrated fusion protein were eluted from
DEAE column by elution buffer A (0.05 mol/L Tris-HCl,
0.10 mol/L NaCl, pH 8.0). When the concentration of
NaCl was enhanced in elution buffer B (0.05 mol/L TrisHCl, 0.20 mol/L NaCl, pH 8.0), most of the integrated fusion
protein was eluted (Figure 5); this indicates that at pH 8.0
the integrated protein binds the DEAE column tighter than
the degradation fragment. The eluted fractions containing
the integrated fusion protein were then pooled together and
applied to Superdex™ 75 gel filtration for further purification.
The purified IFN2b-(G4S)n-T1 (n = 1-3) fusion proteins
were found to migrate as single bands in Coomassie bluestained SDS-PAGE (Figure 6A). Density quantification
analysis showed that the purified fusion protein is a single
peak with purity of more than 98% (Figure 6B).
Fusion proteins exhibit antiviral activity
The antiviral activity of the purified IFN2b-(G4S)n-T1
(n = 1-3) proteins was measured using the standard cytopathic
protection assay. IFN2b could be used to protect the
cultured WISH cells from VSV destruction. In this experiment,
IFN2b-G4S-T1, IFN2b-(G4S)2-T1, and IFN2b(G4S)3-T1 exhibit antiviral activities of about 3.17×107,
1.75×107, and 3.22×107 U/mg, respectively. The antiviral
activity of IFN2b-(G4S)3-T1 is the highest.
E-rosette assay
T1 is active in enhancing the production of receptors for
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Figure 4 Identification of expressed fusion proteins IFN2b-(G4S) n-T1 (n = 1-3)
by the Western blot. A: IFN2b monoclonal antibody as the primary antibody;
B: Thymosin 1 polyclonal antibody as the primary antibody. Lane 1: IFN2b(G4S)3-T1; lane 2: IFN2b-(G4S)2-T1; lane 3: IFN2b-G4S-T1.
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Figure 3 Expression of the fusion proteins IFN2b-(G4S)n-T1 (n = 1-3) in P.
pastoris. A: SDS-PAGE analysis of the fusion proteins. SDS-PAGE was performed
on a 150 g/L polyacrylamide gel and stained with Coomassie blue R-250. Lane
M: molecular weight marker; lane 1: IFN2b-G4S-T1; lane 2: IFN2b-(G4S)2T1; lane3: IFN2b-(G4S)3-T1; lane 4, SMD1168/pPIC9 as control; B: Density
quantification analysis of lane 2 in A. Peak 4 represents the IFN2b-(G4S)2T1 fusion protein. Peak 5 represents the degradation fragment.

18
Figure 5 SDS-PAGE analysis of eluted fractions from the DEAE column by
different elution buffers. After fermentation, the supernatant of SMD1168/pPIC9IFN2b-(G4S)2-T1 was collected and loaded on the DEAE column. The
fractions eluted sequentially by elution buffer A and B were analyzed by SDSPAGE. Lane1-8: the fractions subsequently eluted by elution buffer A (0.05 mol/L
Tris-HCl, 0.10 mol/L NaCl, pH 8.0); lane 9-14: the fractions subsequently eluted
by elution buffer B (0.05 mol/L Tris-HCl, 0.10 mol/L NaCl, pH 8.0).
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Figure 6 Purified fusion proteins IFN2b-(G4S) n-T1 (n = 1-3) after gel
filtration. A: SDS-PAGE analysis of purified fusion proteins. Lane M: molecular
weight marker; Lane 1: IFN2b-(G4S)3-T1; Lane 2: IFN2b-(G4S)2-T1;
Lane 3: IFN2b-G4S-T1; B: Density quantification analysis of lane 2 in A.
Peak 1 represents the IFN2b-(G4S)2-T1 fusion protein.

sheep erythrocytes by T-cells[20,21]. So T1 standard sample
could enhance the percentage of E-rosette-forming-cell
(ERFC) in E-rosette assay. IFN2b-(G4S)n-T1 (n = 1-3)
also exhibits such activity. As shown in Figure 7, ERFC of
the fusion proteins is slightly lower than that of T1
standard sample, but is higher than that of IFN2b.
According to the references, IFN2b has negative or slightly
positive effects on the formation of ERFC[22,23]. So it reflects
that T1 could exhibit some of its function in the fusion
protein. IFN2b-(G4S)2-T1 produced ERFC near the same
rate as T1, higher than that of other fusion proteins.

DISCUSSION
Construction of fusion protein is widely used in cytokine
research. Many fusion proteins such as recombinant human
albumin-IFN2b, interferon -tumor necrosis factor ,
interferon--gp120, etc. have been expressed and some of
them have been used in clinical trails[24-27]. Within the same
tradition, we expressed here one set of IFN2b and T1
fusion proteins.
The biological properties of the IFN2b-(G4S)n-T1
fusion proteins were studied using a standard antiviral and
an E-rosette assay. These proteins exhibit antiviral activities
ranging from 1.75×107 to 3.22×107 U/mg, lower than that
of the standard IFN2b (1.25×108 U/mg), though near to
that of IFN (2.0×107 U/mg)[28]. The IFN2b-(G4S)2-T1
fusion protein is comparable to T1 in its ability to produce
ERFC. Presumably, IFN2b-(G4S)2-T1 might best
conserve the function of IFN2b and T1, which would
be emphasized in future experiment. Our results show that,
among the different lengths of G4S-linked fusion proteins,
their relationship is nonlinear in both antiviral activity and
E-rosette forming promotion ability. This may partly be
explained by the complication of protein folding.
In summary, fusion proteins of IFN2b-(G4S)n-T1
(n = 1-3) can be expressed in P. pastoris and purified through
DEAE column chromatography and Superdex™ 75 gel
filtration with 98% purity. They are able to keep the antiviral
activity of IFN2b and similar to T1 can enhance the
percentage of ERFC in E-rosette assay. Among these
IFN2b-(G4S)2-T1 was most effective. This work provides
an excellent basis for further research on one kind of
inexpensive hepatitis therapy drug.
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Figure 7 E-rosette analysis of the purified fusion proteins. Experimental details
are given in Materials and Methods.
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46% and 52%, respectively, than those of group FC (P<0.05).
There were no significant epithelial changes of the duodenal
mucosa in any group.
CONCLUSION: Long-term ethanol consumption significantly
can increase jejunal lipase and decrease jejunal disaccharidase
activities in both male and female rats.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Abstract
AIM: To study the effect of long-term ethanol consumption
on jejunal lipase and disaccharidase (sucrase, maltase,
and lactase) activities in rats and its gender difference.
METHODS: Age-matched male and female Wistar rats
were fed control or ethanol-containing liquid diets for 12 wk
following the Lieber-DeCarli model. According to both the
plasma aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) activities, 40 rats were divided
into four groups as follows: male control group (MC), male
ethanol group (ME), female control group (FC), and female
ethanol group (FE).
RESULTS: After ethanol feeding for 12 wk, the results
revealed that plasma AST and ALT activities of group ME
were significantly increased by 58% and 92%, respectively,
than those of group MC (P<0.05). Similarly, plasma AST
and ALT activities of group FE were also significantly increased
by 61% and 188%, respectively, than those of group FC
(P<0.05). Fat accumulation was observed in both ethanoltreated groups, while fatty changes were more severe in
group FE than those in group ME. The induction of hepatic
microsomal cytochrome P450 2E1 (CYP2E1) was obviously
seen in group ME and group FE, but was not detected in
group MC and group FC. Jejunal lipase activity of group
ME was significantly increased by 1.25-fold than that of
group MC (P<0.05). In contrast to, sucrase, maltase, and
lactase activities of group ME were significantly decreased
by 63%, 62% and 67%, respectively, than those of group
MC (P<0.05). Similarly, activities of these three enzymes
of group FE were also significantly decreased by 43%,

INTRODUCTION
Alcohol research involving animals and humans has been
dominated by investigations on males. However, recently
increased effort has been undertaken to study the problems
and mechanisms for alcohol intake in female animals. Now,
it is well known that females are more susceptible to alcoholinduced liver injury than males[1,2]. Despite alcoholic liver
disease, malnutrition sometimes occurs in alcoholics depending
on duration and severity of alcohol abuse. Chronic alcohol
consumption may result in malnutrition caused by poor
dietary intake, altered digestion and absorption of nutrients.
The reasons for impaired digestion and absorption of nutrients
have been shown to be related to affect mucosal enzymes
activities in small intestine in alcoholics[3].
It has been well known that the ethanol consumption
disturbs the gastrointestinal function, which results in the
poor digestion or absorption of nutrients. However, a limited
number of studies have investigated the effects of chronic ethanol
consumption on intestinal digestive enzyme activities such
as disaccharidase[4] and lipase activities[5]. In addition, a few studies
with the effect of gender difference on changes in the jejunal
disaccharidase and lipase activities in rats after long-term
ethanol administration. The aim of the present study was
to determine whether a gender difference exists in alcoholinduced changes of jejunal lipase and disaccharidase activities.
MATERIALS AND METHODS
Animals and diets
Male and female Wistar rats purchased from the laboratory
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animal sources of the National Taiwan University College
of Medicine were matched for age (6-wk old). Rats were
fed with a standard laboratory diet and distilled water ad
libitum, and housed in an air-conditioned room at 23±2 ℃
with 12 h of light per day. Experiments were started after
the animals were allowed to adapt to the individual stainlesssteel cages for 2 wk. According to both the plasma aspartate
aminotransferase (AST) and alanine aminotransferase (ALT)
activities, 40 rats were divided into four groups. Two groups
of male rats (10 rats/group) and two groups of female rats
(10 rats/group) were fed with ethanol or isocaloric amounts
of dextrose. Four groups were designed as follows: male
control group (MC), male ethanol group (ME), female control
group (FC), and female ethanol group (FE).
The composition of experimental diets was shown in
previous study[6]. Rats in the ethanol group were fed liquid
diets that provided 36% of total calories as ethanol, and
rats in the control group received an isocaloric amount of
the ethanol liquid diet in which the ethanol was replaced
with maltose-dextrin. In order to avoid the evaporation of
ethanol from liquid diets rapidly, rats were trained to eat at
a fixed mealtime within a 2-h period.
Preparation of tissues
After 12 wk, all rats were anesthetized by carbon dioxide
inhalation and killed. Blood was collected via the abdominal
aorta. The liver was perfused with ice-cold physiological
saline (9 g/L NaCl), and then removed for further analysis.
Subsequently, the small intestine was immediately removed,
and then washed in ice-cold physiological saline. The length
of the small intestine was measured. The duodenal loops (about
1 cm) were removed, and then they were opened longitudinally
and fixed in 40 g/L formaldehyde for histologic examination.
The mucosal cells of jejunums (about 10 cm), where sucrase
activity is most highly concentrated, were scraped off with
a piece of glass and homogenized in ice-cold distilled water.
The homogenates were centrifuged at 5 000 r/min for
15 min at 4 ℃. Supernatants were transferred into new
Eppendorf tubes and stored at -80 ℃ for further analysis.
Measurement of ethanol concentration
The ethanol concentration was estimated colorimetrically
with a commercial kit (Cat. No.: BA 106, Randox Laboratories,
Antrum, UK) by following the product guide.
Measurements of plasma AST and ALT activities
At the beginning of experiment, blood samples were collected
into heparin-containing tubes via the tail vein and centrifuged.
Plasma AST and ALT activities were measured by spectrophotometric methods with a latrozyme TA-LQ kit (Iatron
Laboratories Inc., Tokyo, Japan).
Western blot analysis of hepatic microsomal CYP2E1 protein
Liver tissues were homogenized in 10 volumes of ice-cold
buffer (0.25 mol/L sucrose, 10 mmol/L Tris–HCl, and
0.25 mmol/L phenylmethylsulfonyl fluoride, pH 7.4). The
homogenates were centrifuged at 17 000 g for 20 min at 4 ℃.
The supernatant was transferred to a new tube (Beckman
362305, Beckman Coulter Ltd, Bucks, UK) and centrifuged
in a Beckman TLA 100.4 rotor at 105 000 g for 60 min at
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4 ℃ to separate the microsomes. The microsomal pellet
was resuspended in 50 mmol/L potassium phosphate buffer
containing 1 mmol/L EDTA and 1 mmol/L DTT (pH 7.4).
Microsomal samples were aliquoted, frozen, and stored at 80 ℃ for further analysis. Thirty micrograms of microsomal
protein and mid-range prestained MW standards (Mbiotech
20030, Mbiotech Inc., Seoul, Korea) were separated by sodium
dodecyl sulfatepolyacrylamide gel electrophoresis (SDSPAGE) using Bio-Rad Minigel apparatus (Bio-Rad Laboratories,
Hercules, CA). The stacking and resolving gels were composed
of 4% and 10% polyacrylamide, respectively. After SDSPAGE, the gels were electroblotted onto polyvinylidene difluoride
membranes (Cat. No.: 10413096, Schleicher & Schuell
BioScience, Keene, NH) using a semi-dry blotter (Hofer
TE70, Semi-Dry Transfer Unit, Pharmacia, CA) at 100 mA
for 2 h. The membranes were blocked for 2 h in PBS
containing 1 mL/L Tween 20 (PBS-T) and 50 g/L non-fat
dry milk at room temperature was then washed thrice with
PBS-T. After blocking, the membranes were immunolabeled
with the primary antibody in PBS-T for 2 h at room temperature
and then washed thrice again with PBS-T. Bound antibodies
were detected using a horseradish peroxidase-conjugated
secondary antibody and visualized by chemiluminescence
reagent using Western Lightning kit (Cat. No.: NEL104,
NEL105, Perkin-Elmer Inc., Torrance, CA). To confirm
equal protein loading in Western blot, the membranes were
stripped with RestoreTM Western Blot Stripping Buffer (Cat.
No.: 21059, Pierce Biotechnology Inc., Rockford, IL) according
to the manufacturer’s directions and reprobed with actin
antibody as an internal control. The antibodies used, and
their dilutions, were as follows: mouse anti-rat CYP2E1
monoclonal antibody (Cat. No.: PM32, Oxford Biomedica
Inc., San Diego, CA) 1:1 000; mouse anti-actin monoclonal
antibody (Cat. No.: MAB1501, Chemicon International Inc.,
Temecula, CA) 1:1 000; goat anti-mouse IgG peroxidase
conjugated antibody (Cat. No.: AP124P, Chemicon, International
Inc., Temecula, CA) 1:5 000.
Measurements of lipase and disaccharidase activities
Lipase activity was also measured with a commercial kit
(Cat. No.: LI186, Randox Laboratories, Antrum, UK). Sucrase,
maltase, and lactase activities were determined according
to the method of Dahlqvist[7], as reported previously[4]. The
specific disaccharidase activities were expressed as units/g
protein. Total protein concentration was determined colorimetrically by using a Bio-Rad DC protein assay (Bio-Rad
Laboratories, Hercules, CA).
Histologic examinations
As described in the preparation of tissue, all slices of liver
and duodenal tissue were fixed in 40 g/L formaldehyde
and embedded in paraffin for histologic examination.
Sections were stained with hematoxylin-eosin, and examined
under a light microscopy.
Statistical analysis
Values are expressed as mean±SE. To evaluate differences
between the groups studied, two-way analysis of variance
(ANOVA) with Fisher’s post hoc test was used. The SAS
software (version 8.2, SAS Institute Inc., Cary, NC) was used
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to analyze all data. Differences were considered statistically
significant when P<0.05.

RESULTS
Ethanol concentrations of liquid diet and blood
In order to avoid the evaporation of ethanol from liquid
diets rapidly, rats were trained to eat at a fixed mealtime
within a 2-h period. During this feeding time, the ethanol
concentrations of liquid diets were maintained at the same
level as the beginning point (Figure 1A). At 1 h after feeding,
blood ethanol concentrations were highest (288±7 mg/dL),
and they were still maintained above 200 mg/dL for at
least 12 h (Figure 1B).
Energy intakes, body weights and liver weights
The energy intakes in the groups MC, ME, FC and FE were
155±6, 156±7, 153±7, and 155±7 kcal/(kg·d), respectively.
And, the average alcohol intake in the groups ME and FE
were 7.80±0.33 and 7.73±0.33 g/(kg·d), respectively, which
was similar to that reported in other previous reports[6].
As shown in Table 1, there were no significant differences
in initial body weight and liver weight between groups MC
and ME. Neither were there significant differences between
group FC and group FE. After ethanol feeding for 12 wk,
the final body weight of group ME was significantly lower
by 8% than that of group MC (P<0.05). However, there
was no significant difference in final body weight between
group FC and group FE. When compared to relative liver
weight (% liver weight/body weight), the group ME and
group FE was significantly increased by 12% and 16%,
respectively, than that of group MC and group FC (P<0.05).
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In addition, significant gender differences were found for
all measures. The initial and final body weight, liver weight,
and relative liver weight in female rats were all significantly
lower than those in age-matched male rats (P = 0.0113,
P = 0.0001, P = 0.0001, and P = 0.0072, respectively).
Moreover, significant ethanol differences were also found
in final body weight and relative liver weight. The final body
weight in ethanol-fed rats was significantly lower than that
in control-fed rats (P = 0.0184); whereas, relative liver weight
in ethanol-fed rats was significantly higher than that in
control-fed rats (P = 0.0024).
Liver function and pathology
At the beginning of the experiment, there was no significant
difference in plasma AST and ALT activities between male
and female ethanol-fed rats and their corresponding controls
(Table 2). However, significant gender differences were
found for plasma AST and ALT activities. The initial plasma
AST and ALT activities in female rats were all significantly
lower than those in age-matched male rats (P = 0.0286 and
P = 0.0003, respectively). After ethanol feeding for 12 wk,
plasma AST and ALT activities of group ME were significantly
increased by 58% and 92%, respectively, than those of
group MC (P<0.05). The final AST and ALT activities of
group FE were also significantly increased by 61% and 188%,
respectively, than those of group FC (P<0.05). In addition,
significant gender difference was found for final AST activity.
The final AST activity in female rats was significantly higher
than that in age-matched male rats (P = 0.0010). Moreover,
significant ethanol differences were also found in final AST
and ALT activities. The final AST and ALT activities in
ethanol-fed rats were significantly higher than those in

Table 1 Initial body weight, final body weight, liver weight, and relative liver weight in each group1-4
ANOVA
Groups

MC

ME

FC

FE
Gender

Ethanol

Gender×ethanol

Body weight(g)
Initial

205±7

201±9

190±1

184±3

0.0113

NS

NS

Final

282±6

260±12

223±6

206±4

0.0001

0.0184

NS

Liver weight (g)
Relative liver

9.26±0.53

9.81±0.77

6.12±0.27

7.05±0.30

0.0001

NS

NS

weight (%)5

3.34±0.15

3.73±0.17

2.88±0.09

3.33±0.10

0.0072

0.0024

NS

1
Four groups were designed as follows: male control group (MC), male ethanol group (ME), female control group (FC), and female ethanol group (FE). 2Data are mean±SE
(n = 10). 3Values in the same row with different superscripts are significantly different (P<0.05). 4Analyzed by two-way ANOVA; NS, no significant difference. 5Relative
liver weight = liver weight/body weight×100%.

Table 2 Plasma AST and ALT activities in each group1-4
ANOVA
Groups

MC

ME

FC

FE
Gender

Ethanol

Gender×ethanol

At the beginning of experiment
AST (U/L)

86±3

87±2

81±2

82±2

0.0286

NS

NS

ALT (U/L)

28±1

28±1

24±1

24±1

0.0003

NS

NS

AST (U/L)

95±10

150±12

126±8

203±16

0.0010

0.0001

NS

ALT (U/L)

38±03

073±05

033±1

095±13

NS

0.0001

NS

At the termination of experiment

1-4

Details as same as in Table 1.
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Hepatic microsomal CYP2E1 expression
After ethanol feeding for 12 wk, the induction of hepatic
microsomal CYP2E1 was obviously seen in groups ME and
FE, but was not detected in groups MC and FC (Figure 3).

50

0
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was seen in pericentral areas in male ethanol-fed rats (Figure 2B).

60

B
Blood ethanol concentration (mg/L)

CN 14-1219/ R

1 2 3 4 5 6 7 8 9 10 11 12 (h)

Figure 1 Changes in the ethanol concentrations of liquid diet (A) and blood
(B) after ethanol feeding. Data are expressed as mean±SE (n = 10).

control-fed rats (P = 0.0001).
Similarly, from the light micrograph of liver, histology
was normal in control-fed rats (Figures 2A and C). In contrast,
fat accumulation was observed in ethanol-treated groups
(Figures 2B and D). Furthermore, fatty changes were severe
and panlobular in ethanol-fed female rats (Figure 2D), but it

Jejunal lipase and disaccharidase activities
As shown in Table 3, after ethanol feeding for 12 wk, jejunal
lipase activity of group ME was significantly increased by
1.25-fold than that of group MC (P<0.05). However, there
was no significant difference in jejunal lipase activity between
groups FC and FE. Moreover, significant ethanol difference
was also found in jejunal lipase activities. The specific activity
of lipase in ethanol-fed rats was significantly increased than
that in control-fed rats (P = 0.0074).
In contrast lipase, sucrase, maltase, and lactase activities
of group ME were significantly decreased by 63%, 62%
and 67%, respectively, than those of group MC (P<0.05).
Similarly, sucrase, maltase, and lactase activities of group
FE were also significantly decreased by 43%, 46% and 52%,
respectively, than those of group FC (P<0.05). In addition,
significant ethanol differences were found for sucrase,
maltase, and lactase activities. The specific activities of these
three enzymes in ethanol-fed rats were all significantly
decreased than those in control-fed rats (P = 0.0001).
Morphology of duodenal mucosas
The duodenal morphology of rats was investigated by light
microscopy. However, light microscopic examination of the
duodenal mucosas revealed that there were no significant
epithelial changes in any group (Figures 4A-D).

A

B

C

D

Figure 2 Histological examinations of specimens from the liver in each group.
Livers from group MC (A), ME (B), FC (C), and FE (D) are shown. Sections of
the liver from rats fed with control diet for 12 wk show normal histology with no

evidence of pathologic change (A and C). Fat accumulation in female ethanolfed rats was panlobular (D), but it was seen in pericentral areas in male ethanolfed rats (B). (H&E stain, magnification: ×200).
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Table 3 Jejunal lipase and disaccharidase activities in each group1-4
Groups

MC

ME

Lipase

485±175

Sucrase

260±37

Maltase

781±108

Lactase

132±20

ANOVA

FC

FE

1093±264

458±123

891±137

NS

0.0074

NS

95±16

225±37

129±15

NS

0.0001

NS

295±49

671±111

363±30

NS

0.0001

NS

43±6

106±17

51±4

NS

0.0001

NS

Gender

Ethanol

Gender×ethanol

Specific activities (U/g protein)

1-4

Details as same as in Table 1.

ku
54→
43→
(Groups)

MC

ME

FC

FE

Figure 3 Representative Western blot of hepatic microsomal protein showing
the induction of CYP2E1 due to chronic ethanol administration both in male and
in female rats. Each lane represents an individual rat liver. The indicated
apparent molecular masses of CYP2E1 and actin (internal control) were 54 and
43 ku, respectively.

DISCUSSION
This study investigated the effect of long-term ethanol
consumption on jejunal lipase and disaccharidase (sucrase,
maltase, and lactase) activities in rat and its gender difference.
A previous study has been reported that isocaloric
substitution of carbohydrates by ethanol resulted in lower
weight gain in spite of similar energy intakes[8]. This lower
body weight gain has been attributed to induction of the
microsomal ethanol-oxidizing system, increased sympathetic
tone, and associated thermogenesis and/or enhanced ATP
breakdown secondary to acetate production from ethanol[9].
In this study, the same effect of long-term ethanol intakes
on body weight gain has been observed.
Both plasma AST and ALT are markers of liver damage
as opposed to alcohol misuse. In this study, relative to gendermatched, paired-fed controls, chronic ethanol administration
led to a significantly greater increase in both plasma AST
and ALT activities in females than in males (Table 1).
Furthermore, the female livers developed more severe alcohol-

A

B

induced damage (Figure 2). It is well known that females
are more susceptible to alcohol-induced liver damage than
males. In an experimental study with adult male and female
rats after 8 wk of ethanol administration according to the
Lieber–DeCarli model as previously studied[6] , ethanolinduced injury was more evident in female than in male
livers[2]. The same effect has been seen in epidemiologic
study[1], and also in one human study with alcoholics[10].
CYP2E1, a specific ethanol-inducible isoenzyme of
P-450 has been isolated from hepatic microsomes of ethanoltreated rats and rabbits[11,12] and has also been confirmed in
humans[13]. The induction of CYP2E1 contributes to the
metabolic tolerance to ethanol that develops in chronic and
heavy drinkers[14]. In the present study, we also confirm that
long-term ethanol-fed male and female rat livers showed positive
staining for CYP2E1, regardless of gender (Figure 3).
It has been reported that lipase activity was significantly
greater in the intestinal lumen of the alcohol group than in
the isocaloric glucose controls[5]. In another in vitro study,
the author reported that chronic ethanol (50-300 mmol/L)
administration to rat pancreatic cell line AR4-2J directly
induced the expression and secretion of bile salt-dependent
lipase. They also demonstrated that the increase of lipase activity
was due to an enhanced biosynthesis of the enzyme consecutive
to a major steady-state level of mRNA by ethanol[15]. In our
study, the jejunal lipase activities were also significantly increased
in ethanol-fed rats (Table 3).
In an experimental study with adult rats after 3 mo of
ethanol consumption (300 mL/L in drinking water), the
ileal maltase, lactase, and sucrase activities were decreased
compared to control rats[4]. The same effect has been seen in
previous in vivo[16] and in vitro studies[17], and also in one human
study with alcoholic men[18]. However, there are still conflicting

C

D

Figure 4 Histological examinations of specimens from the duodenum in each group (A: group MC; B: group ME; C: group FC; D: group FE. H&E stain, ×100).
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results in other experiments where no differences in disaccharidase activities were found[4,19]. Furthermore, an in vitro study
showed that low concentrations of ethanol (1-3%) increased
disaccharidase activities in the intestinal epithelial cell line[20].
The discrepancies in the disaccharidase activities might have
been from differences in the ethanol dosage, duration (short term
or long term), route of ethanol administration and individual
nutritional status among the different studies[21]. In the present
study, the jejunal disaccharidase activities were significantly
decreased induced by long-term ethanol intakes not only in
the male rats, but also in the female rats. We speculated that
except for the direct reaction of ethanol intakes on the mucosal
cell, the low carbohydrate (maltose-dextrin) contents might be
one of the reasons which results in low disaccharidase activities.
It has been shown that chronic ethanol decreased jejunal
cells, enterocyte height, and crypt cell population in rats after
proximal jejunum resection[22]. But some other studies demonstrated normal histology by light microscopy in ethanolfed rats[23] and in human study with chronic alcoholics. In
the present study, there were no significant epithelial changes
in any group. The low concentration of ethanol (5%) in
Lieber-DeCarli model did not induce the histologic changes
such as erosion and epithelial cell loss, although the digestive
enzyme activities were influenced.
In conclusion, our results suggest that long-term ethanol
consumption significantly increased jejunal lipase and decreased
jejunal disaccharidase (sucrase, maltase, and lactase) activities
in both male and female rats. Our results also show that
chronic ethanol administration induced a greater susceptibility
to liver damage in female rats than in male rats.
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Abstract
AIM: To explore the possibility of the replacement of the

gag gene between human immunodeficiency virus and
bovine immunodeficiency virus, to achieve chimeric virions,
and thereby gain a new kind of AIDS vaccine based on
BHIV chimeric viruses.
METHODS: A series of chimeric BHIV proviral DNAs
differing in the replacement regions in gag gene were
constructed, and then were transfected into 293T cells.
The expression of chimeric viral genes was detected at
the RNA and protein level. The supernatant of 293T cell
was ultra centrifuged to detect the probable chimeric
virion. Once the chimeric virion was detected, its biological
activities were also assayed by infecting HIV-sensitive MT4
cells.
RESULTS: Four chimeric BHIV proviral DNAs were
constructed. Genes in chimeric viruses expressed correctly
in transfected 293T cells. All four constructs assembled
chimeric virions with different degrees of efficiency. These
virions had complete structures common to retroviruses
and packaged genomic RNAs, but the cleavages of the
precursor Gag proteins were abnormal to some extent.
Three of these virions tested could attach and enter into
MT4 cells, and one of them could complete the course of
reverse transcription. Yet none of them could replicate in
MT4 cells.
CONCLUSION: The replacement of partial gag gene of
HIV with BIV gag gene is feasible. Genes in chimeric BHIVs
are accurately expressed, and virions are assembled.
These chimeric BHIVs (proviral DNA together with virus
particles) have the potential to become a new kind of
HIV/AIDS vaccine.
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INTRODUCTION
The HIV epidemic continues to expand at an alarming rate
and is predicted to be the worst infectious disease ever to affect
human beings, and the situation in Asia is also alarming[1].
Historical experience indicates that vaccines continue to be
the most cost efficient and effective intervention available
for preventing infectious diseases.
Up to now, there have been 80 candidate HIV/AIDS
vaccines. Forty-seven of them have completed trials, but
found to be either unsafe or ineffective, while 33 of them
are in ongoing trials: one in phase III, three in phase II, two
in phase I/II, and the rest in phase I. These vaccines include
virus-like particles, peptides, recombinant protein subunits,
recombinant bacterial vectors, recombinant viral vectors,
and DNA vaccines[2]. However, the chances of getting an
effective HIV/AIDS vaccine with current approaches are
still very negligible. We still need new vaccine strategies
against HIV/AIDS[3].
The chimeric HIV might just be such a new kind of
HIV/AIDS vaccine, because it can mimic the natural infection
of HIV[4-6], but out of concern about safety, current chimeric
SHIVs are unfit for vaccines[5-7]. Actually, they are used as
challenge viruses in AIDS/rhesus models to evaluate the
efficacy of HIV/AIDS vaccines. HIV-1 and SIV are so closely
related phylogenetically that the chimeric virus of SIV/HIV
is too dangerous to be a vaccine[5,6]. Then how about a chimeric
virus between HIV and non-primates lentivirus, such as the
bovine immunodeficiency virus?
Bovine immunodeficiency virus (BIV) is a lentivirus,
which resembles HIV in its structural, genomic, antigenic,
and biological properties[8]. Unlike HIV, BIV is a relatively
mild lentivirus, and never causes severe acquired immune
deficiency syndrome in its host, the cow[9,10]. BIV seropositivity
has been correlated with decreased milk production in dairy
cattle, but has not been directly linked with clinical disease
in naturally infected cattle[11]. Considering the similarity of
genome to HIV and its low pathogenicity, BIV may be an
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appropriate candidate to combine with HIV to create a new
kind of HIV chimeric virus - BHIV.
Primary work showed the expression of BIV gag-pol gene
in HIV backbone in human original MT4 cells[12]. This time
we focus on the gag gene. We tried to explore the possibility
of the replacement of the gag gene between human
immunodeficiency virus and BIV. In doing so, a series of
chimeric BHIV (BIV/HIV-1) proviruses carrying the BIV
gag gene have been constructed. In order to improve the
expression of chimeric genes in human cells, the CMV
promoter is introduced.

MATERIALS AND METHODS
Materials
Infectious cDNA of BIV127 and HIV-1 HXBc2 were kept
in our laboratory, and pcDNA3.1(-) vector was from
Invitrogen.
Methods
Construction of chimeric BHIV proviral DNA Modification
of pcDNA3.1(-) vector: The pcDNA3.1(-) plasmid was
double digested with EcoRI and BamHI, then the ends were
blunted with T4 DNA polymerase and self-ligated by T4
DNA ligase, so that only one SacI site remained. Then the
BssHII site was removed by cutting, blunting and re-ligating.
Replacement of 5’ HIV LTR U3 region by CMV
promoter: The fragment 1 of 5’ HIV LTR R U5 and partial
gag was amplified by PCR, using sense primer from HIV-1
HXBc2 positions 441-459 nt (5’TCG AC-T TTT GCC TGT
ACT GGG TCT3’), and anti-sense primer from HIV-1
HXBc2 positions 2 045-2 026nt (5’TCC TTT CCA CAT
TTC CAA CA3’). The fragment 2 of 3’ HIV LTR and
partial env was amplified by PCR, using sense primer from
HIV-1 HXBc2 positions 8 824-8 842nt (5’GTG ATT GGA
TGG CCT ACT G3’) and anti-sense primer from HIV-1
HXBc2 positions 9 719-9 700nt (5’TGC TAG AGA TTT
TCC ACA CT3’).
Modified pcDNA3.1(-) vector was excised with SacI,
blunted, excised with ApaI, then was ligated with the PCR
product of fragment 1, which was already digested with
ApaI. Thus, the 5’ HIV LTR U3 region was replaced by the
CMV promoter of the modified pcDNA3.1(-) vector. We
got the first intermediate plasmid pCMV1.
Plasmid pCMV1 was double excised with XhoI and
EcoRV, which was ligated with the PCR product of fragment
2, which was already digested with XhoI. Thus, the 3’ HIV
LTR was transferred into the vector. We got the second
intermediate plasmid pCMV2.
Plasmid pCMV2 was double digested with ApaI and
XhoI, and was ligated with the 7-kb HIV ApaI-XhoI fragment,
then the complete genome of HIV was transferred to the
modified pcDNA3.1(-) vector, along with the transfer of
CMV promoter to the 5’ HIV LTR U3 region. It was named
pCHIV.
Construction of pCG1 and pCG2: Chimeric gag genes
of pCG1 and pCG2 were derived from C2 and C3[13]. The
chimeric gag genes from C2 and C3 were excised with BssHII/
ApaI, and ligated into the vector of pCHIV, which was
already digested with BssHII/ApaI. So we got the complete
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genome of chimeric HIV in pCG1 and pCG2.
Construction of pCG3: Two rounds of PCR produced
the chimeric BHIV gag fragments of pCG3. The first round
PCR used BIV127 as template, and the product of the first
round together with pCG1 were used as templates in the
second round PCR.
First round PCR sense primer: 5’TAA GGT TAG GGT
GAC AC3’, from BIV127 positions 741-757nt. Anti-sense
primer: 5’CC-T ACA ATT CCT CTT CAA ATG3’, from
BIC127 positions 1 963-1 945nt.
Second round PCR sense primer: 5’TCG AC-T TTT
GCC TGT ACT GGG TCT3’, from HIV-1 HXBc2
positions 441-459nt. Anti-sense primer was same as in the
first round PCR.
The complete genome of pCG3 proviral DNA was
constructed as follows: pCHIV was excised with ApaI,
blunted, excised with BssHII, then ligated with the product
of the second round PCR that was already digested with
BssHII.
Construction of pCG5: The proviral genome DNA was
constructed by blunt end ligation. Plasmid pCHIV was
double-digested with BssHII/ApaI. The ends were blunted
with T4 DNA polymerase, and then were dephosphorylated
by calf intestine alkaline phosphatase. The inserted fragment
was a PCR product that was already phosphorylated by T4
polynucleotide kinase. After ligation, the clone of corrected
insert orientation was selected by restriction enzyme mapping.
The sense primer of the PCR was 5’CAG AAG ACT
CCG GAC AG3’, from BIV127 667-683nt. Anti-sense
primer was 5’CC-T ACA ATT CCT CTT CAA ATG3’,
from BIC127 1 963-1 945nt.
Transfection of 293T cells with BHIV proviral DNA
In a level 3 biosafety (P3) laboratory, four BHIV clones
were individually transfected into 40-50% confluence 293T
cells that were grown in 10% FBS DMEM in a six-well
plate by using Polyfect (Qiagen). In order to reduce the side
effect of remnant proviral DNA and Polyfect, cells were
washed with PBS thrice and fresh culture medium was
added 24 h after transfection. The cell RNA and protein
were extracted 72 h post-transfection by Tri reagent (Sigma).
Electron microscopy (EM)
To perform electron microscopy (EM), supernatants were
fixed with 2.5% glutaraldehyde, followed by treatment with
4% osmium tetroxide, and then routinely processed. Samples
were stained with lead citrate and uranyl acetate and then
visualized by using a JEOL JEM-2000 FX transmission
electron microscope.
Collection of chimeric BHIV virions
The culture supernatant was collected 72 h post-transfection
and filtered with 0.45-m filter to remove cell fractions.
The cell-free supernatant was ultra centrifuged at 30 000 g
for 3 h. The pellet was stored at -80 ℃.
Component assays of chimeric BHIV virion pellets
In Western blot, anti-BIV capsid (CA) polyclone antibody
was used to detect the chimeric Gag precursor and mature
CA protein in these virions. Reverse transcriptase activities
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Figure 1 The genomic structure of four chimeric BHIV DNAs. Yellow: CMV

promoter; white: HIV-1 gene; blue: BIV gene.

in these virions were assayed by Reverse Transcriptase Assay
colorimetric kit (Roche). The genomic RNA in these virions
were also extracted as follows: virion pellets were resuspended, DNase added to digest the remnant proviral
DNA at 37 ℃ for 30 min, then the mixture was extracted
with phenol/chloroform and RNA precipitated with ethanol.

RESULTS
Four chimeric BHIV proviral DNAs were constructed
Four chimeric BHIV proviral DNAs were constructed. Both
restriction enzyme mapping and DNA sequencing confirmed
the sequences of these proviruses. The genomic structure
of each provirus is illustrated in Figure 1.

Infection of MT4 with chimeric BHIV viral stock
The culture supernatant was collected 72 h post-transfection
and filtered with 0.45-m filter to remove cell fractions.
The cell-free supernatant was added into 5×10 6 in 5 mL
10% FBS RPMI-1640 medium. After incubation at 37 ℃
for 18 h, MT4 cells were washed thrice with PBS, then
fresh medium was added and returned to incubator. After
8 h, cells were again washed thrice with PBS, and then their
RNA, DNA and protein were extracted by Tri reagent (Sigma).

Early and late genes were transcribed in 293T cells
After transfection, RNA from 293T cells was extracted.
The detection of early transcript of tat gene and late
transcript of gag gene was performed by RT-PCR. Both
early and late gene transcripts of RNA were detected in all
four chimeric viruses. The results of RT-PCR are shown in
Figure 2.

Primers in PCR or RT-PCR for detecting DNA or RNA
RT-PCR was performed to detect the early (tat gene) and
late (gag gene) RNA transcripts in transfected 293T cells.
RT-PCR was also performed to detect the genomic RNA
(env gene) as a representative (Table 1).

All four chimeric Gag precursors were expressed and partially
cleaved in 293T cells
Western blot analysis (Figure 3) showed that in 293T cells
all four chimeric Gag precursors were expressed. There
was no significant difference in the amount of Gag expression.
All fours Gag precursors were partially cleaved. There were

Table 1 Primers in detecting PCR or RT-PCR
Primer name

Sequence

Location

tat RT-PCR up

5’-GACTCGGCTTGCTGAAG-3’

HIV 695-711

250 bp

tat RT-PCR low
gag RT-PCR up

5’-GCTGTCTCCGCTTCTTC-3’
5’-GGAGGCCAGAGCTGATAAG-3’

HIV 5993-5977
BIV 1044-1062

560 bp

gag RT-PCR low

5’-GTCTGTGTACGGCTCCTTG-3’

BIV1608-1590

env PCR up

5’-AATGACGCTGACGGTACAGG-3’

HIV 7826-7845

env PCR low

5’-GTGCCAAGGATCCGTTCAC-3’

HIV 8487-8469

Product length

660 bp
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two cleavage profiles among these four Gag precursors:
pCG1 belonged to one cleavage profile; pCG2, pCG3, pCG5
belonged to another. The spectrum of the latter profile
was depicted on the right side of Figure 3.
All four chimeric proviruses assembled virions in 293T cells
The cell-free supernatant was visualized by electron
microscopy. Figure 4 shows the results observed by EM.
All four chimeric proviruses assembled virions in 293T cells.
These virions have a diameter of about 100 nm, the typical
scale of lentivirus. Unlike mature HIV virions, these particles
do not have spindle cores, indicating that they are in the
immature status.
Cleavage profiles of Gag in chimeric virions were abnormal
The cell-free supernatant was ultra centrifuged. The pellet
of viral particles was analyzed by Western blot analysis, as
shown in Figure 5. As it shows, very few Gag precursors in
virions were left, but the cleavage was still not complete. A
large proportion of BIV CA existed in intermediate cleavage
products, especially in CA+p3. A small part of BIV CA
was still cut by HIV-1 protease and the products of p15
and p10 of CA were generated.
All four chimeric virions involved reverse transcriptase
activities, while the RT activity of pCG1 virion was lower than
the other three
The relative RT activities of four chimeric virions are shown
in Figure 6. Each measure was taken with virions centrifuged

A
1
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from 1 mL supernatant of 293T cells. The transfection
efficiency and cell confluence will also affect the release of
chimeric virions, and the data of virion RT activities were
semi-quantitative. We can conclude that the RT activity of
pCG1 virion was lower than that of HIV positive control
(P<0.01 vs HIV), the other three do not have any significant
difference from that of HIV control.
Genomic RNAs were packed in all four chimeric virions
Although the package signals and the package signal
recognizers (mainly the nucleic capsid, NC, in Gag) were
different in these four chimeric virions, they all included
genomic RNAs as the results of RT-PCR shown in Figure 7.
Virions of pCG2, pCG3 and pCG5 can attach and enter MT4
cells
Virions of pCG2, pCG3 and pCG5 in supernatant were
incubated with human lymphocyte primary MT4 cells for
24 h, then the remnant virions and culture medium were
carefully eliminated. The protein of chimeric Gag from
virions can be detected in MT4 cells using the Western blot
analysis shown in Figure 8.
Virions of pCG3 can complete reverse transcription in MT4
cells
After incubation of chimeric virions with MT4 cells, we
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Figure 2 RT-PCR results in 293T cells. A: HIV-1 tat: 1.DL2000, 2. Negative
control 3. pCG1, 4. pcG2, 5. pcG3, 6. pcG5; B: BIV gag: 1. Negative control,
2. pCG1, 3. pCG2, 4. pCG3, 5. pCG5.
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Figure 4 Chimeric virus particles observed by EM.
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Figure 3 Western blot of 293T cells transfected by chimeric proviral DNAs. Western
blot with rabbit anti-BIV CA serum. Lane 1: Marker; lane 2: 293T cell protein as
negative control; lane 3: pCG1; lane 4: pCG2; lane 5: pCG3; lane 6: pCG5.

Figure 5 Western blot of chimeric virions assembled from 293T cells after transfection.
First antibody was anti-BIV CA. Lane 1: Marker; lane 2: 293T cell protein as
negative control; lane 3: pCG1; lane 4: pCG2; lane 5: pCG3; lane 6: pCG5.
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Figure 7 HIV-1 env gene RT-PCR results of chimeric virions. 1. pCG1; 2.
pCG2; 3. pCG3, 4. pCG5; 5. DL2000 marker; 6-9: Sample of pCG1, pCG2,
pCG3, pCG5 RNAs without adding reverse transcriptase as negative control.

carefully eliminated the remnant virions and traced proviral
DNA in the culture medium, then extracted the genomic
DNA of MT4 cells. Detection of genomic DNA of chimeric
virions was performed by PCR. Only in pCG3 virioninfected MT4 cells we can find positive result as illustrated
in Figure 9. That means virions of pCG3 can complete
reverse transcription in MT4 cells.

DISCUSSION
The constitutionally strong promoter of CMV can replace
the HIV-1 LTR U3 region and promote the RNA
transcription of HIV-1. Generally speaking, the transcription
efficiency of the CMV promoter is higher than that of
HIV-1 LTR in human cells [14]. So, the replacement of
promoter will enhance the expression of chimeric viral genes.
Incidentally, the replacement took place only on the 5’ LTR
U3 region, not on the 3’ LTR U3 region, nor any of LTR.
That means the replacement only promotes the quantity of
transcription, and does not change the quality of transcripts.
The expression of early genes in HIV relies on the correct
post-transcriptional splicing of RNA in the nucleus of host
cells[15]. In the genome of pCG4, the splicing donor comes
from BIV, while the splicing receptor belongs to HIV-1.
From the result of tat gene RT-PCR (Figure 2A), we can
see that the heterogeneous donor and receptor matched
each other and generated correct splicing.
The chimeric gag gene as a late gene can be transcribed

Figure 9 HIV-1 env gene PCR results of MT4 genomic DNA after infecting
chimeric virions. 1. pCG2; 2. pCG3; 3. pCG5; 4. DL2000 marker; 5-7: Culture
medium of pCG2, pCG3, pCG5 infecting MT4 (in last 8 h) as negative control.

and translated in 293T cells. That means the early gene can
work and trigger the expression of late genes [16]. The
expression of Gag precursor in four chimeric BHIVs was
of the same magnitude, and all four chimeric BHIVs
assembled virions. However, the virions assembled in pCG1
were much less than the other three. Some research pointed
out that the p2 plays an important role in HIV-1 virion
assembly[17-19]. The results here suggest that p3 - the counterpart
of p2 - in BIV Gag is also important in efficient assembly
of BIV Gag. Virions of chimeric Gag (BIV Gag as a major
part) can still be assembled if BIV p3 is replaced by HIV-1
p2, but the assembly efficiency will be very low. This is not
congruent with the result of Guo et al[13]. We deduce that
this is because of the high transcription efficiency of CMV
promoter counteracting the low assembly efficiency of
pCG1 Gag.
The primate lentivirus proteases have been intensively
investigated[20], and it was found that the specificity is
conserved among HIV-1, HIV-2, and SIV. For instance,
synthetic HIV-2 protease cleaves the Gag precursor of HIV-1
with the same specificity as HIV-1 protease[21,22], and the
proteolytic processing of the HIV-2 Gag precursor is very
similar to the processing of the SIVMne Gag precursor[23].
However, the substrate specificity of protease between HIV-1
and the non-primate lentivirus BIV has not been studied
previously. In these experiments, the chimeric Gag
precursors not only in cells but also in virions were cleaved
by HIV-1 protease. Among these cleaving sites in chimeric
Gags, some have come from HIV-1 Gag, some from BIV
Gag, and some are even mosaics from both HIV-1 and
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Figure 10 Sketch map of deduced sequential cleavage of chimeric Gag precursor
by HIV-1 protease (p1 between NC and p6 is not concerned); numbers show
the sequence of the cleavage. Blue: from BIV; white: from HIV.

BIV. Our results indicate that all these cleavage sites can be
recognized and cleaved by HIV-1 protease although in
different efficiency (Figures 3 and 5). The relatively low
cleaving efficiency may lead to the immature morphology
of virions (Figure 4).
Previous study indicated that a small percentage of the
CA protein undergoes secondary proteolysis to generate
additional peptides during the natural cleavage of BIV Gag
precursor. A 10-kDa C-terminal peptide of CA, has been
immunologically identified; another putative 16-ku Nterminal peptide of CA has not been immunologically
identified yet [24,25]. From Figure 4 we can see that HIV-1
protease also can recognize and cleave this secondary
alternate site inside BIV CA. Besides the alternate CA
cleavage product of p10, the other putative product of a
16-ku peptide is also immunologically identified as p15. This
adds to the conservative character of protease substrate
specificity among lentivirus.
There are four cleavage sites within the HIV-1 Gag
precursor (six within chimeric Gag, including the secondary
alternate cleavage site inside CA), which on cleavage gives
rise to the mature core proteins MA, CA, NA, and p6.
(For simplicity and in the absence of specific data in our
experiments, we exclude the HIV-1 Gag spacer peptide of
p1 between NC and p6 from the discussion.) The cleaving
efficiency among the four sites is different. The site of p2NC was cleaved first, NC-p6 second, MA-CA third, and
CA-p2 last [26]. Sequential cleavage of Gag precursor
generates certain kinds of intermediates, and from the
profile of intermediates, we can deduce the cleavage
sequence. In the precursor of pCG1 Gag, junctions of p2NC and NC-p6 have come from HIV-1; they can surely be
cleaved by HIV-1 protease efficiently. So they are the first
and second cleavage sites. The junction of CA-p2 is a
chimeric junction; the segment to the left of scissible bond
comes from BIV, to the right of the scissible bond comes
from HIV-1. It is the last site cleaved, and is responsible for
the accumulation of CA+p2 intermediate (Figure 5). In
the precursor of pCG2 or pCG3 or pCG5, the p3-NC
junction no longer comes from HIV-1. So, the cleavage
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efficiency is reduced, and a new intermediate of MA+CA
+NC emerged (Figure 3). The deduced cleavage sequence
of chimeric Gag precursor is illustrated in Figure 10.
The structure of these chimeric virions is complete. They
have genomic RNA, reverse transcriptase, core proteins,
and envelope together with glycoprotein of gp120 and gp41
(this is deduced from the fact that they can attach and enter
into MT4 cells). One of them even can complete reverse
transcription in MT4 cells. But none of them can replicate
in MT4 cells. Because of these characteristics, they have
the potential of being a new kind of HIV AIDS vaccine.
They are relatively safe. They can express HIV antigen
efficiently. They can assemble virions, and these virions
can enter human lymphocytes. We anticipate that they can
mimic the natural infection of HIV and stimulate the human
immune system to elicit both cellular and humoral immune
responses against HIVs.
In summary, the replacement of partial gag gene of
HIV with BIV gag gene is feasible. Genes in chimeric BHIVs
are accurately expressed, and virions are assembled.
Chimeric BHIVs (proviral DNA together with virus particles)
are expected to be a new kind of HIV/AIDS vaccine candidate.
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RT-PCR-amplified VHL mRNAs revealed no deletions/
mutations, suggesting that they were VHL-competent. We
did not observe any correlation between pVHL and
CA IX/CA XII proteins as well as between VEGF and CA9
mRNAs, but the tumor-associated changes in mRNA levels
of VEGF and CA12 showed a significant inverse relationship.
CONCLUSION: Our results indicate that CA9 and CA12
are regulated by different intratumoral factors and that
lack of apparent relationship between the levels of CA
IX/CA XII and pVHL cannot be fully assigned to uncoupling
of negative regulatory function of pVHL by tumor hypoxia
signified by induced VEGF transcription. The interplay
between the functional pVHL and CA IX/CA XII in colorectal
tumors seems rather complex and is not evident merely
at the expression levels.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Abstract
AIM: To analyze possible relationships between CA IX/
CA XII and pVHL expression in normal and neoplastic
colorectal mucosa.
METHODS: Immunohistochemical staining of 42 tissue
specimens obtained from 17 cancer patients was performed
to evaluate the distribution and semi-quantitatively assess
the levels of CA IX, CA XII and pVHL. VHL mRNAs from 14
fresh-frozen tumors was amplified by RT-PCR and
subjected to sequencing. CA9 and CA12 mRNA levels were
analyzed by semi-quantitative RT-PCR in comparison with
VEGF as an indicator of hypoxia that uncouples the pVHL
control.
RESULTS: Tumor tissues were associated with a borderline
increase of CA IX staining signal and slight but significant
decrease of CA XII immunoreactivity, whereas no
association was found for pVHL. Sequence analysis of

INTRODUCTION
The carbonic anhydrases (CAs) are an expanding family of
zinc-containing enzymes, which classically participate in the
maintenance of pH homeostasis in the human body, via
catalysis of the reversible reaction: CO2 + H2O  HCO3- +
H+[1]. Immunohistochemical studies have shown that the
transmembrane isoforms CA IX and XII, identified as tumorassociated proteins[2-6], are highly expressed in colorectal tissues
and seem to be functionally related to development and/or
spread of cancer[7,8]. Although the exact role of CA activity
in carcinogenesis has not yet been established, these tumorassociated transmembrane isozymes IX and XII were
proposed to acidify extracellular milieu surrounding the cancer
cells and thus create a microenvironment conducive to
tumor growth and spread[6,9]. This was recently proven for
CA IX that can contribute to acidification of extracellular
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microenvironment under hypoxia[10]. The acidification can
be reduced by CA IX-selective sulfonamides and deletion
of the CA IX catalytic domain[10] . Moreover, several CA
inhibitors may suppress the invasion capacity of some
malignant cell lines[11] . One inhibitor of this type named
Indisulam (E7070) has already been successful in phase II
clinical trials for the treatment of colorectal cancer and
non-small cell lung cancer[12]. In addition to enzyme-related
function, CA IX appears to participate in tumor progression
via disruption of E-cadherin-mediated cell-cell adhesion[13] .
Previous studies have independently demonstrated two
mechanisms, which control the expression of CA IX and
CA XII. Regulation through hypoxia established in several
recent studies clearly plays one of the major roles[14,15].
Transcription of CA9 and CA12 genes is induced by
hypoxia in vitro and both proteins respond to tumor hypoxia
in vivo, as judged from their perinecrotic intratumoral
distribution[14,16-18]. CA9 is directly upregulated via binding
of hypoxia-inducible factor (HIF) to hypoxia-response
element (HRE) within the basal promoter, while the
putative HRE of CA12 is far upstream of the promoter
region and may rather work as an enhancer[14,19]. The other
regulatory mechanism involves the protein product of the
von Hippel-Lindau tumor suppressor gene (pVHL), which
down-regulates the expression of CA IX and XII[6]. While
both - and -domains of pVHL are required for the
negative control of CA XII, the elongin-binding -domain
alone can effectively regulate CA IX (Figure 1). Recent
studies have indicated that pVHL and HIF act within the
interrelated pathways, which can regulate many proteins
in addition to CA IX and XII[20,21]. A growing list of targets
contains proteins implicated in angiogenesis, cell
proliferation and survival, metabolism and other processes[22].
Karumanchi et al [23] , reported that pVHL also regulates
Cl–/HCO3– and Na+/H+ ion exchange activities, what may
be of relevance for CA IX/CA XII, since some other CA
isoforms were shown to directly interact with these ion
exchangers in efficient transport metabolons[24,25].

2a

1a

1s

exon 1

aa
pVHL

1

53 64
Acidic domain

2s
exon 2

114
-domain

exon 3

154

189 213

-domain

HIF- binding
Elongin C binding
Negative control of CA XII
Negative control of CA IX
VHL06 and VHL40
MAbs binding

Figure 1 Schematic drawing of pVHL domain composition. Epitope region for
the monoclonal antibodies VHL06 and VHL40 used in immunohistochemistry is
shown below the scheme[30] . Positions of primers (a = antisense, s = sense)
used for the amplification of two overlapping RT-PCR products are indicated
above the exon map. Involvement of HIF--binding -domain and elongin
C-binding -domain of pVHL in the negative regulation of CA XII and CA IX is
illustrated according to data described by Ivanov et al[6] .

It is well known that loss of VHL alleles or inactivating
mutations in the VHL gene are involved in the pathogenesis
of clear cell renal carcinoma[22]. This has naturally stimulated
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research into the target genes and proteins of pVHL, which
might be expressed in renal cancer cells. It is notable, however,
that CA IX and XII show a very distinct pattern of expression
in normal versus malignant renal cells. CA IX is completely
absent in the normal kidney, while it is highly expressed in
renal tumors[26,27]. On the other hand, CA XII is produced
by the epithelial cells of normal renal tubules and its
expression remains at high level or is further increased in
renal cancer[28]. Similar observation has been made in breast
tissues, which do not belong to tissues affected by VHL
disease[16]. These facts suggest that the response of CA IX
and CA XII to pVHL/HIF pathways is modulated by
different adverse regulatory factors in both renal and nonrenal cells and may complicate the relationship between
pVHL and CA IX/CA XII.
The present study focused on the colorectal tissues where
CA IX, CA XII and pVHL are expressed in both normal
and tumor tissues, but they were never compared, and the
role of pVHL has remained unclear due to conflicting data
on its status[7,8,29-32].
We evaluated the expression of pVHL in the normal
and neoplastic colorectal mucosa and correlated its expression
levels to those of CA IX and XII in the same specimens.
Then we performed a sequence analysis of VHL mRNAs
expressed in tumor tissues and after verifying the absence
of mutations, assessed the mRNA levels of CA9 and CA12
in comparison with VEGF as an indicator of HIF activity
that overrides the negative control of pVHL. We did not
find any significant correlation between pVHL and CA
IX/CA XII as well as between VEGF and CA9 mRNA
expression. The only significant negative relationship was
observed between tumor-associated changes in mRNA levels
of VEGF and CA12. Our results indicate that the interplay
between pVHL and CA IX/CA XII is more complex and
cannot be observed merely at the expression levels.

MATERIALS AND METHODS
Antibodies
The production and characterization of the monoclonal
antibodies to human CA IX and XII have been described
earlier [33,34] . Both antibodies have been characterized by
Western blots in which they have shown high isozyme
specificity. Monoclonal antibodies against human pVHL have
been characterized previously[30]. For the control purposes,
all sections were immunostained using monoclonal mouse
anti-human p53 antibody (CM-1) purchased from Novocastra
Laboratories (Newcastle upon Tyne, UK).
Immunohistochemistry
The normal tissue samples from the large intestine and the
corresponding benign and/or malignant neoplastic samples
were obtained alongside routine histopathologic specimens
collected at Oulu University Hospital (Oulu, Finland). The
normal samples were excised separately 20 cm proximally
from the tumor resection. The study was approved by the
Ethics Committee of Oulu University Hospital and performed
according to the guidelines of the Declaration of Helsinki.
The specimens of human colon (n = 32) and rectum
(n = 9) were obtained from 17 patients. They consisted of
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solution (GIBCO, Life Technologies, Gaithersburg, MD).
RNA was precipitated by ethanol, dissolved in water
treated with diethylpyrocarbonate (DEPC; Sigma, St. Louis,
MO) and reverse-transcribed with Mo-MuLV reverse
transcriptase (Finnzymes OY, Finland) using random primers
(500 g/mL). Five microliters of RNase-free sterile water
containing 1 g of total RNA was added to a reaction mixture
composed of dNTPs, each at 0.5 mmol/L concentration
(Finnzymes), and reverse transcriptase buffer containing
6 mmol/L MgCl 2, 40 mmol/L KCl, 1 mmol/L DTT,
0.1 mg/mL BSA and 50 mmol/L Tris-HCl, pH 8.3. The
mixture in a final volume of 20 L was heated for 10 min
at 70 ℃, cooled quickly on ice, supplemented with 200 U
of reverse transcriptase, incubated for 1 h at 42 ℃, heated
for 15 min at 70 ℃ and stored at -80 ℃ until used.

18 samples of histologically normal human colon or rectum
and 23 colorectal lesions, including seven adenomas, and
16 adenocarcinomas. The adenomatous lesions included six
tubular and one tubulovillous tumors. The grade of dysplasia
was moderate in three lesions and grave in four lesions.
The group of 16 malignant colorectal tumors consisted of
6 well differentiated, 9 moderately differentiated, and 1
poorly differentiated adenocarcinomas. There were three
adenocarcinomas with a mucinous component. The primary
lesions had been isolated from colon (n = 12), and rectum
(n = 4). In addition, one metastasis of rectum carcinoma
was included among tumor specimens.
The specimens were fixed either in Carnoy’s fluid
(absolute ethanol++chloroform+glacial acetic acid 6:3:1)
(staining for CA IX, XII, and pVHL) for 6 h or in 4% neutralbuffered formaldehyde (staining for p53) for 24-48 h.
The samples were then dehydrated, embedded in paraffin
in a vacuum oven at 58 ℃, and sections of 5 m were
placed on gelatin-coated microscope slides. The CA isozymes
and pVHL were immunostained by the biotin-streptavidin
complex method, employing the following steps: (1) pretreatment of the sections with undiluted cow colostral whey
(Biotop Oy, Oulu, Finland) for 30 min and rinsing in PBS;
(2) incubation for 1 h with primary antibodies diluted 1:10
(anti-CA IX hybridoma medium), 1:100 (anti-CA XII serum),
and 50 µg/mL IgG (anti-VHL monoclonal antibody) in 1%
BSA-PBS; (3) incubation for 1 h with biotinylated swine
anti-rabbit IgG (Dakopatts, Glostrup, Denmark) or biotinylated
goat anti-mouse IgG (Dakopatts) diluted 1:300 in 1% BSAPBS; (4) incubation for 30 min with peroxidase-conjugated
streptavidin (Dakopatts); (5) incubation for 2 min in DAB
solution containing 9 mg 3,3’-diaminobenzidine
tetrahydrochloride (Fluka, Buchs, Switzerland) in 15 mL
PBS+5 L 30% H2O2. The sections were washed thrice
for 10 min in PBS after incubation steps 2 and 3, and four
times for 5 min in PBS after step 4. All the incubations and
washings were carried out at room temperature. For p53
immunostaining, formaldehyde-fixed sections were first
boiled with 10 mmol/L citrate buffer pH 6 for 10 min, and
the staining was further performed using CM-1 antibody
as described earlier by Nuorva et al[35]. The stained sections
were examined and photographed with Nikon Eclipse E600
(Tokyo, Japan) microscope.
The immunohistochemical results were semi-quantitatively
assessed based on the percentage of the positive cells and
on the intensity of the epithelial staining seen in a total field
of a single section. The extent of staining (EXT) was scored
by four of the investigators (AJK, JS, SP, and TJK) as 1, 2
and 3, when 1-10%, 11-50% or 51-100%, of the cells were
stained, respectively. A negative score (0) was given to tissue
sections that had no evidence of specific immunostaining.
The intensity of staining (INT) was scored on a scale of 0-3
as follows: 0, no reaction; 1, weak reaction; 2, moderate
reaction; 3, strong reaction. The relative protein expression
index (on the scale 0-3) was calculated using the following
formula: (EXT*INT) as described previously.

PCR amplification
PCR reaction was performed with an automatic DNA
thermal cycler using cDNA-specific primers for CA9,
CA12, VHL, VEGF as well as for 2-microglobulin (2M)
that served as an internal standard. The nucleotide sequences
of the primers, with relevant positions in parentheses, were
as follows:
CA9: 5’-CCGAGCGACGCAGCCTTTGA-3’ (1 167-11 86)
5’-TAGTCGACTAGGCTCCAGTCTCGGCTACCT-3’
(1 422-1 400)
CA12: 5’-AAGGGAGTCATTTACAAGCCAG-3’
(1 091-1 112)
5’-AGGCCTGGCATGTTTGCAGATT-3’ (1 270-1 249)
VHL1: 5’-GTCCGGCCCGGGTGGTCTGG-3’ (41-60)
5’-AGCGTTGGGTAGGGCTGCGGC-3’ (374-354)
VHL2: 5’-TGCAATCGCAGTCCGCGCGTC-3’
(301-321)
5’-GAGATGAAACAGTGTAAGTTTCA-5’ (747-722)
VEGF: 5’-GGGATCCTGAACTTTCTGCTGTCTTGGGTG-3’
5’-TGAATTCCCTCACCGCCTCGGCTTGTCACA-3’
ß2M: 5’-CATCCAGCGTACTCCAAAGA-3’ (860-879)
5’-GACAAGTCTGAATGCTCCAC-3’ (1 024-1 005)
Reaction mixture was composed of: 1/40 of cDNA
template obtained from 1 g of RNA, 15 pmoL of each
upstream and downstream primers for each analyzed gene
and 2M, 0.2 mmoL of each dNTP (Amersham Biosciences),
1 U of Taq DNA polymerase (Boehringer, Mannheim,
Germany) and PCR buffer (10 mmol/L Tris-HCl pH 8.3,
50 mmol/L KCl and 1.5 mmol/L MgCl2) in a total volume of
25 L. Following an initial denaturation at 95 ℃ for 1 min,
the amplification program was set as follows: denaturation
at 95 ℃ for 20 s, annealing at 65 ℃ for 30 s, and extension
at 72 ℃ during 40 s for a total of 30 cycles, and finally 5 min
at 72 ℃. In addition to the samples studied, negative and
positive controls were systematically processed in parallel.
VHL-specific PCR products were separated on agarose gel,
eluted, and directly sequenced on automatic DNA sequencer.
Sequence data were analyzed for the presence of mutations
using BLAST software.

RNA extraction and reverse transcription
Extraction of total RNA from the snap-frozen colorectal
specimens was done by disrupting the tissues in TRIzol

Semiquantitation of RT-PCR products
Twenty microliters of RT-PCR products were run on a
1.8% agarose gel. Quantification of PCR products was done
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Statistical analysis
Association between the levels of proteins/transcripts in
colorectal tissues was evaluated by 2 test of independence
using data obtained in parallel analyses of the same specimens.
Mann-Whitney rank test was used to compare the expression
levels of individual markers in normal vs tumor specimens.
Value of P≤0.05 was considered as significant and P≤0.01
as highly significant in both tests.
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Sequence analysis of VHL RT PCR products
Considerably diminished or lost positivity for pVHL in
several carcinomas prompted us to examine VHL gene
expression at the level of mRNA by reverse transcription
PCR using pairs of primers designed to generate two
overlapping products (Figure 1). The RNA was isolated from
the snap frozen tissues of 14 patients. Both the expected VHLspecific amplification products were obtained from all normal
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Figure 2 Associations of the proteins with colorectal tumors based on semiquantitative immunohistochemical assessment and analysis of the data using
the Mann-Whitney rank test. Each box indicates the range of staining indices

P<0.0001

P = 0.494
VHL expression index (unit)

P = 0.0516

CA XII expression index (unit)

CA IX expression index (unit)

RESULTS
Expression of CA IX, CA XII and pVHL
As a first step toward exploring a possible relationship
between CA IX/CA XII and pVHL, we performed an
immunohistochemical staining of colorectal tissue specimens
with the corresponding specific antibodies including the
antibody against p53 that was used as a positive control for
pathologic lesions. Based on both extent and intensity of
the staining signal, we derived staining indices whose values
represented semi-quantitative assessment of the protein
expression levels. The data obtained for each protein were
divided into two groups and analyzed by Mann-Whitney
test to allow for comparison of expression in the normal
versus tumor tissues (Figure 2). Expression of p53 was
significantly higher in the pathologic tissues than in the
normal counterparts (P<0.0001) and also CA IX showed
an association with tumors at the borderline significance
(P = 0.0516). On the other hand, CA XII displayed small, but
highly significant decline of expression in tumors (P = 0.0002).
Finally, no significant difference in normal vs tumor-related
levels was observed for pVHL (P = 0.494). As evident from
the graphical illustration, ranges of staining indices for all
examined proteins were broader in tumor specimens
compared to normal tissues indicating higher variability of
their expression in pathologic conditions.
Figures 3-5 show examples of pVHL, CA IX, and CA
XII immunohistochemical staining patterns in the mucosa
of the normal colon and in the colorectal lesions. Almost all

normal enterocytes exhibit cytoplasmic staining of pVHL
(Figure 3B). Similarly, most adenomas and malignant lesions
were positive for pVHL (Figures 4, 5B and F). CA IX expression
in normal mucosa was focal and confined to membranes
of cryptal epithelial cells (Figure 3C), while in tumors it
considerably varied among adjacent areas having different
histopathologic characteristics (Figures 4, 5C and G). Focal
CA IX expression with a strong staining intensity was observed
in desmoplastic areas of the three mucinous adenocarcinomas
(Figure 4C). In contrast, CA XII immunostaining was diffuse
in the normal mucosa (Figure 3D), with the strongest signal
in the most luminal part, and was slightly diminished in the
neoplastic lesions (Figures 4, 5D and H). All these findings
were in accord with the earlier observations[7,8,29,30].
To get better insight into changes in expression levels of
the studied proteins that had happened in each patient during
the development of neoplasia, we subtracted the value
obtained in normal tissue from that coming from tumor of
the same person. In those cases, where more than one
pathologic specimen was available, we used a mean value
for the calculation of the difference in order to deal with a
paired data and permit further comparisons (Figure 6). Our
analysis revealed that expression of p53 in tumors was never
lower than in corresponding normal tissues. The opposite
was true for CA XII that showed either no change in 3
cases or decrease in 14 cases. Interestingly, this decrease
could be attributed to intensity only, while the extent of
expression remained the same in all but one patient (not
shown). Level of CA IX was increased in 10 tumors,
unchanged in 2 tumors and decreased in 5 cases, whereas
the differences in pVHL were allotted more evenly with
increase in 5 cases, no change in 4 cases and decrease in 6
cases. No relationship among CA IX, CA XII and pVHL
proteins has become apparent when looking for their
simultaneous changes in individual patients.

P53 expression index (unit)

using MCID M4 image analysis software (Imaging Research
Inc., St. Catharines, Ontario, Canada). For semi-quantitative
assessment, the amount of specific PCR product was
expressed as a relative proportion of co-amplified internal
standard (ß2M).
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of significance are given above the graphs.
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D
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Figure 3 Immunohistochemical detection of pVHL (B), CA IX (C) and CA XII (D)
in serial sections from the normal colon with details shown on magnified areas
in the left corners. Arrows in panel C designate a focal membrane signal specific

B
H&E

for CA IX. A shows hematoxylin-eosin (H&E) staining of a parallel section.
Original magnification, x100.
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Figure 4 Immunohistochemical staining of pVHL, CA IX and CA XII in parallel
sections of (B-D) moderate (lower part) and grave (upper part) adenomas and
of (F-H) transitional epithelium (small arrows) located between histologically

norm al region (arrowhead) and grade I adenocarcinoma (not shown).
Corresponding H&E staining is shown in panels A and E. Original magnifications,
x100.
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and tumor specimens including those tissues that showed
decreased or lost staining of pVHL in immunohistochemistry
(not shown). The antibodies VHL06 and VHL40 used for
the pVHL detection were directed against the epitope in
amino acids 60-89 within a  domain and could recognize
the wild type as well as the C-terminally mutated protein[30].
To look into the status of the VHL mRNAs in tissues
involved in this study, all tumor-derived RT PCR amplicons
were subjected to direct sequencing. Sequence analyses
confirmed the absence of deletions as well as inactivating
mutations in this series of colorectal carcinomas indicating
that the corresponding tumors were VHL competent.
Expression of CA9, CA12 and VEGF mRNA
The wild type pVHL has been previously shown to work as
a negative regulator of transcription of the genes coding
for carbonic anhydrases IX and XII in renal carcinoma
cells[6]. This function of pVHL was abolished in other types
of tumors under hypoxic conditions when both CA9 and
CA12 mRNAs were induced at the level of transcription[14].
For CA IX, this transcriptional activation was proven to
occur through HIF transcription factor whose alpha subunit

A

B
H&E

D

escapes degradation by pVHL and binds to HRE element
in the CA9 promoter[14]. HIF co-ordinately induces a number
of targets including VEGF[21] and significant correlation was
found between the expression of HIF-1 and VEGF in
colorectal carcinoma[36]. Therefore, we decided to follow
the level of VEGF mRNA as an indicator of HIF activity
in our collection of tissues from 14 persons, for which RNA
was available. Each reverse transcribed cDNA was used as a
template for three parallel PCR reactions to semi-quantitatively
assess the levels of VEGF, CA9 and CA12 mRNAs.
Similarly as described above for immunohistochemistry,
values obtained for normal tissues were subtracted from
the tumor-related values to get an idea about changes
associated with neoplasia in individual persons (Figure 7).
In accord with IHC analysis, majority of tumor specimens
(nine cases) displayed increased levels of CA9 mRNA.
Expression of CA12 was unchanged or decreased in more
than half of tumors, but six specimens showed increased
CA12 levels (Figure 7). VEGF mRNA level was increased
in 10 cases and unchanged or somewhat decreased in 4
cases. Interestingly, majority of tumors showing increased
VEGF mRNA levels simultaneously displayed lower or
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G
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Figure 5 Examples of immunohistochemical staining of pVHL, CA IX and CA
XII in parallel sections of adenocarcinoma (grade II) with (A-D) or without (E-H)

mucinous component. One crypt remains negative for CA IX (C). Corresponding
H&E staining is shown in panels A and E. Original magnifications, x100.
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Figure 6 Graphical illustration of the tumor-associated differences in expression
of pVHL, CA IX, C A XII and p53 in individual pat ients analyzed by
immunohistochemistry (the same person is designated by the same number in
all graphs). Values of staining indices obtained in normal tissues were subtracted
from those obtained in corresponding pathological lesions from the same person

1.0

1

2

3

4

5

6

7

8

9

10 11

12

0.0

CA12
1

4
2

3

8
5

6

7

6

7

11
9

10

9

10

14
12 13

-0.5
-1.0
2.5

VEGF

2.0
1.5
1.0
0.5
0.0

2
1

Number 17

pVHL

3 4
1 2

6
5

14 15
7

17
16

8

9 10 11 12 13

8

9 10 11 12 13 14 15 16 17

P53

1

2

3

4

5

6

7

(mean value was used when more tumor specimens were available from one
patient). Resulting data were shown in histograms on compatible scales
demonstrating the range of differences related to each marker and allowing for
their visual comparisons. There were no relationships found between the studied
proteins.

13 14

-0.5
0.5

3.5
3.0
2.5
2.0
1.5
1.0
0.5
0.0
-0.5

Volume 11

of CA IX/CA XII and pVHL cannot be fully assigned to
uncoupling of pVHL negative regulatory function by tumor
hypoxia signified by induced VEGF transcription.
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Figure 7 Graphical illustration of the tumor-associated differences in mRNA
levels of CA9, CA12 and VEGF in individual patients analyzed by RT-PCR.
Values representing relative amounts of mRNAs expressed in normal tissues
were subtracted from those obtained in paired pathological lesions. Resulting
data were drawn in histograms on compatible scales allowing for their
comparisons. Highly significant inverse relationship was found between CA12
and VEGF by 2 analysis (P = 0.0063).

equal CA12 expression and vice versa. Indeed, 2 analysis
performed with the data grouped in two categories,
namely increase (+) vs no increase (0/-), revealed a highly
significant negative association between VEGF and CA12
(P = 0.0063). No association could be found between CA12
and CA9 (P = 0.3340) as well as between CA9 and VEGF
(P = 0.4805). Although obtained in a small cohort of
colorectal tumor patients, this finding may suggest that CA9
and CA12 are regulated by different intratumoral factors
and that lack of apparent relationship between the levels

DISCUSSION
Von Hippel-Lindau protein (pVHL) executes its tumor
suppressor function principally via down-regulation of
hypoxia-inducible genes whose expression is linked to cancer
progression[37]. This occurs in most tissues at normal oxygen
levels by binding, ubiquitination and degradation of prolylhydroxylated  subunit of hypoxia-inducible transcription
factor [38] . Under hypoxia, pVHL fails to recognize nonhydroxylated HIF- what results in its stabilization, dimerization
with a constitutive HIF- subunit and transcriptional
activation of the hypoxia-responsive targets[39,40]. Another
mechanism that leads to accumulation of HIF- and
continuous activation of hypoxia-inducible genes involves
biallelic deletions/mutations of VHL gene producing
either non-functional or no pVHL. However, in contrast
to ubiquitously operating hypoxic pathway, disabling
mutations of VHL are confined to only several types of tumors,
including renal cell carcinomas (RCC), hemangioblastomas,
pheochromocytomas, endolymphatic-sac tumors, and isletcell tumors of the pancreas [22]. The presence of such
inactivating VHL mutations was demonstrated also in sporadic
colorectal carcinomas[31], but the other insight into the same
tumor type argues for the absence of the mutations[32].
Therefore their significance in these tissues remains unclear.
In addition to functional aspects linking pVHL to control
of hypoxic responses, which support the importance of
pVHL status and tissue oxygenation, recent observations
suggest that down-regulation of pVHL at the protein level
may be also implicated in tumorigenesis[41]. However, this
pVHL-related parameter has been so far assessed only in
RCC and in the neoplastic lesions of the thyroid[42-44].
Carbonic anhydrases IX and XII have been first
recognized as molecules down-regulated by pVHL in RCC
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cell lines expressing either the wild type or mutated VHL
transgenes[6]. This finding explained overexpression of CA
IX/CA XII in RCC. Further studies confirmed, at least for
CA IX, that VHL mutations significantly correlate with CA9
expression in a series of RCC lines and that CA IX can
identify early lesions in VHL kidneys[45,46]. Both CA IX and
CA XII are subjected to pVHL control through HIF
degradation also in normoxic tumor cells other than RCC
and are induced in response to experimental as well as
microenvironmental hypoxia[14,17]. Indeed, CA9 transcription
is directly driven by HIF and a number of studies have
shown the usefulness of CA IX protein as a marker of
intratumoral hypoxia in a broad spectrum of tumors[14,15].
In the present work, we evaluated pVHL status and
expression levels in a small cohort of patients with colorectal
tumors in order to see whether there exists any noticeable
link with the expression of CA IX and/or CA XII. An
initial look at the immunohistochemical pattern of the three
proteins confirmed previous observations that both CA IX
and CA XII are consistently expressed in the basolateral
membranes of the normal human colorectal epithelium,
although being reciprocally distributed along the cryptluminal surface axis[8,29,47]. CA IX is expressed only focally
in the crypt enterocytes, whereas CA XII is predominantly
found in the luminal part of the mucosa, i.e., the epithelial
cuff region. In contrast, pVHL is quite evenly expressed
throughout the mucosa from the deep to the surface regions
and shows a cytoplasmic localization. Pathologic lesions
exhibit higher variability mostly in the intensity of staining
of each marker that can be explained by intratumoral
heterogeneity, a general phenomenon resulting from ongoing
tumorigenesis-related genetic and physiological alterations.
Nevertheless, certain trends in the protein expression become
apparent upon comparison of staining indices obtained in
the normal tissues vs tumor counterparts even without
discrimination between the deep and surface regions used
in the previous studies. Increased CA IX expression shows
a borderline association with the neoplastic lesions, but the
increase in the present study was not as striking as shown
before in the larger series of specimens[7]. In contrast, higher
expression of CA XII is rather linked with normal tissues
with a slight but significant decline in tumors. These
associations are clearly evident also within individual
differences found between the staining indices in tumors
and corresponding normal specimens. While more than half
of the patients display increase in CA IX, the majority shows
decrease in CA XII protein levels. The same relationship is
also true for CA9 and CA12 mRNAs. This divergent
expression pattern is reminiscent of the situation in other
tissues, particularly in kidney and breast, where CA IX
expression is linked with carcinomas, while CA XII is
frequently found both in normal tissues and tumors[16,26,28].
When considering entire groups of the pathologic
lesions in comparison to normal tissues, pVHL expression
appears essentially unchanged. However, separation of the
data belonging to individual persons shows marked
differences in the protein levels, with lowered values in
several tumors in the absence of deletions/mutations as
confirmed by the sequencing of VHL-specific RT-PCR
products. Nevertheless, there is no obvious relationship
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between the levels of pVHL and either CA IX or CA XII.
Of course, such a finding does not exclude the existence
of the functional connection of pVHL with its targets in
normal colorectal epithelium, which is uncoupled in tumors
by hypoxia as explained above. This possibility has been
explored by conducting semi-quantitative RT-PCR on
mRNAs isolated from both normal and corresponding
tumor tissue specimens. Such an approach has allowed for
parallel amplification of CA9 and CA12-specific cDNAs
using the same template. Simultaneously, VEGF mRNA
expression has been assessed as an indicator of hypoxia, what
was based on significant correlation between the accumulation
of HIF-1 and induction of VEGF transcription in many
tumor types including colorectal carcinomas[37]. In our study,
the majority of the tumors with increased CA9 mRNA
level also show higher level of VEGF mRNA supporting
an involvement of hypoxia, but elevated levels of VEGF
mRNA are equally prevalent in those pathologic lesions
that display diminished CA9 expression. This naturally
leads to lack of association between CA9 and VEGF and
indicates participation of both common and different regulatory
factors in control of these two genes. This is in accordance
with their concordant but not fully overlapping expression in
ovarian, head/neck, lung and bladder carcinomas[14,48,49] .
Both genes are activated by microenvironmental hypoxia,
but show differences upon reoxygenation, related particularly
to a higher magnitude of transcriptional activation and
prolonged persistence of CA IX protein[50]. They are also
both induced by increased cell density[51-54] . Moreover,
VEGF expression is induced by low glucose under normoxia,
while CA IX responses to adverse microenvironmental
stresses only in hypoxia[50,55].
Interestingly, a significant inverse relationship came out
between the changes in the mRNA levels of CA12 and
VEGF despite a relatively low number of examined
specimens. One possible explanation is offered by a proposal
made in breast tissues that factors related to differentiation
dominate the regulation of CA XII[16]. In contrast, VEGF
expression is preferentially linked to hypoxia and oncogenic
pathways[54,56-58]. In agreement with these proposals, expression
of CA XII is a marker of good prognosis in breast
carcinomas and VEGF just as CA IX are markers of poor
prognosis in different tumor types[16,18,59].
Altogether, neither VEGF up-regulation as the indicator
of hypoxia nor VHL inactivating mutation seem to represent
a simple missing link between pVHL and CA IX/CA XII in
colorectal tumors. It is possible that such a direct link does
not exist in tumors other than those associated with genetic
inactivation of VHL tumor suppression. The definitive
conclusion requires analysis of a considerably extended series
of specimens. In the non-VHL tumors, other factors
underlying overall tumor phenotype and intratumoral
heterogeneity including oncogenic activation, stimulation by
external growth factors and cytokines, pH and ion gradient
etc., may account for the concurrent presence of high levels
of pVHL and CA IX/CA XII in some tissues, and their
contrasting expression pattern elsewhere. Thus, the relationship
between these proteins cannot be identified merely by
assessment of their expression levels and warrants parallel
evaluation of other potential molecular players in this
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Abstract
AIM: To analyze the clinical and dosimetric predictive
factors for radiation-induced esophageal injury in patients
with non-small-cell lung cancer (NSCLC) during threedimensional conformal radiotherapy (3D-CRT).
METHODS: We retrospectively analyzed 208 consecutive
patients (146 men and 62 women) with NSCLC treated
with 3D-CRT. The median age of the patients was 64 years
(range 35-87 years). The clinical and treatment parameters
including gender, age, performance status, sequential
chemotherapy, concurrent chemotherapy, presence of
carinal or subcarinal lymph nodes, pretreatment weight
loss, mean dose to the entire esophagus, maximal point
dose to the esophagus, and percentage of volume of
esophagus receiving >55 Gy were studied. Clinical and
dosimetric factors for radiation-induced acute and late
grade 3-5 esophageal injury were analyzed according to
Radiation Therapy Oncology Group (RTOG) criteria.
RESULTS: Twenty-five (12%) of the two hundred and eight
patients developed acute or late grade 3-5 esophageal
injury. Among them, nine patients had both acute and late
grade 3-5 esophageal injury, two died of late esophageal
perforation. Concurrent chemotherapy and maximal point
dose to the esophagus ≥60 Gy were significantly associated
with the risk of grade 3-5 esophageal injury. Fifty-four
(26%) of the two hundred and eight patients received
concurrent chemotherapy. Among them, 25 (46%) developed
grade 3-5 esophageal injury (P = 0.0001<0.01). However,
no grade 3-5 esophageal injury occurred in patients who
received a maximal point dose to the esophagus <60 Gy
(P = 0.0001<0.01).
CONCLUSION: Concurrent chemotherapy and the maximal
esophageal point dose ≥60 Gy are significantly associated
with the risk of grade 3-5 esophageal injury in patients
with NSCLC treated with 3D-CRT.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Radiotherapy (RT) can achieve good results in the treatment
of non-small-cell lung cancer (NSCLC). The key is how to
monitor the dose to critical normal tissues such as the heart,
normal lung, and esophagus. Several factors can minimize
the dose of RT to the esophagus, including proximity of the
esophagus to midline tumors or mediastinal adenopathy,
proximity of the esophagus to higher priority organs such
as spinal cord and heart and relative paucity of information
on the clinical and dosimetric predictors of radiation-induced
esophageal injury.
Clinicians familiar with RT planning are often forced to
evaluate multiple plans that produce equivalent coverage
of the target with variable sparing of critical structures. By
our experience, the esophageal dose is not critically considered
because the clinical and dosimetric variables predicting
esophageal injury are not well characterized. The purpose
of this investigation was to analyze the incidence of acute
and late grade 3-5 esophageal injury in patients with NSCLC
during three-dimensional conformal radiotherapy (3D-CRT)
combined with or without chemotherapy (sequential or
concurrent).
MATERIALS AND METHODS
Patients
From October 2000 to June 2002, 208 consecutive patients
(146 men and 62 women, average 67 years of age) with
inoperable NSCLC completed the treatment of high-dose
RT. Patients were considered inoperable on the basis of
mediastinal lymph node involvement (N2 or N3), bulky
primary disease (T3 or T4), and/or advanced disease states.
All patients had biopsy-proven NSCLC. Patient characteristics
and pathologic subtypes are shown in Table 1. Patients with
metastatic disease and those treated with palliative dose
(<60 Gy) were not included in this study.
Initial evaluation
The initial evaluation was based on a complete history and
physical examination, chest X-ray, CT of the chest through
the liver and adrenal glands, and a bone scan. CT of the
brain was obtained to evaluate any suspicious neurologic
symptoms.

Qiao WB et al. Radiation-induced esophageal injury

Treatment dose
All patients were treated with 1.8-2.0 Gy daily. The median
dose to the isocenter was 70 Gy (range 60-72 Gy). Doses
were reported without heterogenous corrections.
Chemotherapy
Ninety-eight (47%) patients received chemotherapy as a
part of definitive treatment. Fifty-four patients received
sequential chemotherapy (administered before initiation of
RT). Fifty-four patients received concurrent chemotherapy
(administered during RT). The chemotherapy records were
available for 54 patients (Table 2), 43 of them were treated
with concurrent cisplatin-based chemotherapy. None of the
three patients treated with gemcitabine developed grade 3-5
esophageal injury. Two patients died (grade 5 esophageal
injury) of perforation. No grade 3-5 esophageal injury was
found in patients who received sequential chemotherapy
of cisplatin and etoposide.
Evaluation during follow-up
During RT, patients were seen once a week or more as needed
for evaluation and treatment of complaints. After completion
of RT, patients were followed up at intervals of 2-3 mo
for 2 years. Acute and late esophageal injuries were graded
according to Radiation Therapy Oncology Group (RTOG)
criteria (Table 3). The median follow-up period was 24 mo.
The follow-up evaluations consisted of a history and physical
examination.
Dosimetric analysis
Three-dimensional treatment was planned as previously
described[1]. The esophagus was contoured from the thoracic
inlet to the diaphragm. All patients had full treatment plans

Table 1 Patient characteristics
Age (yr)

Gender
(%)

Performance
(%)

Weight loss
(%)

Histologic type
status (%)

Range 35–87

Male (70)

KPS≥70 to 95

<5–75%

Median 66

Female (30) KPS<70 to 5

Squamous cell
carcinoma (60)
Adenocarcinoma
(14)
Undifferentiated
large cell (24)
NSCLC, OT (2)

≥5–25%

KPS, Karnofsky performance status; NSCLC, non-small-cell lung cancer; OT,
otherwise type.
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based on volumetric dose calculations. The doses prescribed
and reported in this study were not corrected for tissue
heterogeneity.
Statistical analysis
The following parameters were studied, including age, gender,
performance status, sequential chemotherapy, concurrent
chemotherapy, presence of subcarinal lymph nodes, mean
dose to the entire esophagus, maximal esophageal point dose,
pretreatment weight loss, and percentage of volume of
esophagus receiving >55 Gy. Patients were defined as having
acute esophageal injury according to RTOG criteria if the
symptoms developed during treatment or within the first
3 mo after RT, while those were defined as having late
esophageal injury if the symptoms persisted or occurred
after 3 mo of follow-up. The patients and treatment/dosimetric
factors were coded and correlated with acute and late grade
3-5 esophageal injury by univariate and multivariate regression
analyses. Statistical analysis was performed using SPSS
10.0 for Windows.

RESULTS
Twenty-five (12%) of the two hundred and eight patients
developed acute (14) or late (11) grade 3-5 esophageal injury.
Nine patients developed both acute and late grade 3-5
esophageal injury. Two patients died of perforation (grade
5 esophageal injury). The incidence of acute and late
esophageal injury is summarized in Table 4.
Univariate analysis showed that concurrent chemotherapy,
maximal point dose to the esophagus ≥60 Gy, subcarinal
lymph nodes and mean esophageal dose ≥40 Gy were
associated with the risk for grade 3-5 esophageal injury,
whereas mean esophageal dose ≥40 Gy and subcarinal
lymph nodes did not retain significance on multivariate
analysis (Table 5).
Among the 208 patients, 54 (26%) received concurrent
chemotherapy, 23 (92%) of the 25 patients who developed
grade 3-5 esophageal injury received concurrent chemotherapy
(P = 0.0001<0.01). Sequential chemotherapy was not
associated with the grade 3-5 esophageal injury. Grade 3-5
esophageal injury did not occur in patients who received a
maximal dose to the esophagus <60 Gy (P = 0.0001<0.01).
Only two patients who did not receive concurrent chemotherapy
developed grade 3-5 esophageal injury.

Table 3 RTOG grading for acute esophageal injury
Grade

Table 2 Concurrent chemotherapy agents used
Patients (n)

0
1

Concurrent chemotherapy
2

25
4
2
6
1
5
5
3
3

Cisplatin and etoposide
Cisplatin
Cisplatin, etoposide, and gemcitabine
Cisplatin and 5-fluorouracil
Cisplatin and Navelbine
Cisplatin, Navelbine and gemcitabine
Carboplatin and Taxol
Gemcitabine
Taxotere

3

4
5

Description
No change
Mild dysphagia or odynophagia, requiring topical anesthetic,
non-narcotic agents, or soft diet
Moderate dysphagia or odynophagia, requiring narcotic
agents or liquid diet
Severe dysphagia or odynophagia with dehydration or weight
loss (>15% of pretreatment baseline), requiring nasogastric
feeding
Complete stricture, ulceration, perforation or fistula
Death

RTOG, Radiation Therapy Oncology Group. During the follow-up period, chest
X-ray examination was performed at intervals of 2-3 mo. CT scan of the chest
was carried out every 2–3 mo after treatment, or earlier if clinically indicated.
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Table 4 Distribution of acute and late esophageal injury
Pt. no.

Late esophageal injury

Acute esophageal injury

1

3

3

2

1

3

3
4

3
3

3
3

5

1

3

6

2

4

7
8

3
3

3
1

9

3

5

10

3

1

11
12

2
3

3
3

13

3

3

14

4

5

15
16

0
3

3
3

Total

11

14

RTOC, Radiation Therapy Oncology Group; Pt. no., patient number.

Table 5 Analysis of factors predicting esophageal injury
Variable

Univariate (P)

Multivariate (P)

Concurrent chemotherapy

0.0001

0.0090

Maximal dose point ≥60 Gy
Mean esophageal dose ≥40 Gy

0.0001
0.0341

0.0010
0.1023

Carinal or subcarinal nodes

0.0145

0.2136

Sequential chemotherapy

0.3680

0.1467

Volume >55 Gy
Age (yr)

0.1699
0.3064

0.1235
0.1354

Gender

0.4947

0.1213

Weight loss

0.3608

0.1302

DISCUSSION
Damage to the esophagus is a major limiting factor in RT
of intrathoracic tumors. Radiation-induced esophagitis
presents various symptoms such as mild substernal burning
sensation, severe pain, odynophagia and dysphagia. Acute
change occurs, about 2 wk after initiation of therapy, and
is largely limited to the mucosa. Most changes that occur
later than 3 mo or more after irradiation are mortal
disturbances possibly due to damage to nerves and smooth
muscle, stricture may eventually develop[2]. It was reported
that abnormalities include abnormal mortality with or without
mucosal edema, stricture, ulceration, pseudodiverticulum
and fistula, abnormal death occurs 4-12 wk following RT
alone and as early as 1 wk after therapy when concurrent
chemotherapy is given, strictures often develop 4-8 mo
following completion of RT[3]. Radiation-induced esophageal
injury occurs more frequently when RT and chemotherapy
are combined. Frequent concurrent chemotherapy may
complicate identification of the clinical and dosimetric
predictors of esophageal injury. RT regimens that escalate
the dose or add chemotherapy lay stress on defining the
clinical and dosimetric predictors of acute and late esophageal
injury. Intensificaiton of additional regimens is not feasible
without better dosimetric methods to limit dose-induced
esophageal injury. Additional characteristics of the predictors
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of esophagitis must define the dose limits for radiation and
quantify the effect of chemotherapy.
The clinical and dosimetric predictors of acute and late
esophageal injury are not typically characterized. Severe
esophageal injury has been reported in 46% incidence of
acute grade 3-4 esophageal injuries[4]. It was reported that
concurrent chemotherapy increases nearly 12-fold risk for
esophageal injury[5] . Emami et al [6], reported that RT may
lead to late stricture and/or perforation of the esophagus.
Dillman et al[7], reported a similar incidence of esophageal
injury (<1%). It was reported that late esophageal injury
following aggressive, high-dose conformal RT is common
but rarely severe; dosimetric variables addressing the
longitudinal and circumferential characteristics of the
esophagus have biologic rationale and are predictive of late
injury[8]. Patel et al[9], found that concurrent chemotherapy
and hyperfractionated RT after surgery in patients with
NSCLC are significantly associated with acute grade 2 or
worse esophageal injury. Werner-Wasik et al[10], reported that
concurrent chemotherapy and twice-daily RT are associated
with higher grades and longer durations of acute esophagitis.
Concurrent chemotherapy combined with RT appears to
have lower esophageal radiation tolerance, resulting in
markedly higher incidence of esophagitis[11].
We found a significant association between concurrent
chemotherapy and the development of higher grades of
esophagitis. Contrary to the findings of Maguire et al[8], we
did not find any significant association between the incidence
of esophagitis and the the longitudinal and circumferential
characteristics of the esophagus. However, Kiura et al [12] ,
reported that concurrent thoracic radiation therapy and
chemotherapy are effective and tolerable in patients with
advanced NSCLC. Singh et al [13] , found that concurrent
chemotherapy is significantly associated with the risk of
grade 3-5 esophageal injury in patients with NSCLC. Advances
in the delivery of RT and target delineation along with
development of radioprotectors, intensity-modulated RT
may allow the delivery of high doses to thoracic tumors
while minimizing the dose to adjacent normal structures
such as the esophagus. The introduction of fluoro-deoxyglucose positron emission tomography scanning into
traditional CT images for 3D treatment planning may
improve target delineation, thus allowing reduced clinical
target volumes with consequent reductions in the volume
of irradiated esophagus. Marks et al[14], reported that, without
a definitive threshold dose, a differential dose-volumehistogram (DVH) may be useful in predicting the outcome
if the dose-response curve for regional organ dysfunction
is known. Since the esophagus is a hollow tube, a dosesurface-histogram (DSH) might be a better descriptor than
DVH. The relationship between the lumenal organ and
the clinical/dosimetric factors is very difficult to investigate,
thus both DVH and DSH are not ideal predictors of
biologic outcome [8]. Yoshizawa et al [15], reported that
carboplatin and 5-fluorouracil administered daily with
concurrent thoracic radiation therapy in patients with
NSCLC induce acceptable injury. Antonadou et al[16], found
that amifostine, a radioprotector, reduces the incidence of
pneumonitis and esophagitis without compromising the
antitumor efficacy of radiation treatment in patients with
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lung cancer. In our study, concurrent chemotherapy and
the maximal esophageal point dose were significantly
associated with the risk of grade 3-5 esophageal injury in
patients with NSCLC treated with high-dose 3D-CRT. In
patients, who received concurrent chemotherapy, the
maximal esophageal point dose for grade 3-5 esophageal
injury was 60 Gy.
In conclusion, concurrent chemotherapy and the
maximal esophageal point dose can predict grade 3-5
esophageal injury.
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Abstract
AIM: To provide the clinical and epidemiological data of
inflammatory bowel disease (IBD) patients of NorthEastern Poland.
METHODS: A total of 248 IBD patients diagnosed and
hospitalized in the Department of Infectious Diseases in
Bialystok between 1990 and 2003 were included in the
study. We analyzed age, sex, education, characteristics
of job, type of the environment, discontinuation of
employment due to IBD, colitis extent, need of surgical
treatment, and coexistence of other diseases.
RESULTS: Two hundred and thirty-three IBD patients
(94%) were diagnosed as ulcerative colitis (UC), and only
15 (6%) were diagnosed as Crohn’s disease (CD).
Patients with CD were significantly younger at the time of
diagnosis and male predominance was observed. The
mean age of the patients at the time UC diagnosis was
44.9±1.1 years. Histogram of the age of patients showed
the characteristic biphasic distribution with two peaks
between 20 and 40 years and between 60 and 70 years.
The predominant form of UC was left sided colitis, which
affected almost 80% of the studied population. The most
extensive form - pancolitis was present in 34 patients
(15%). Only 6% of UC patients required surgery, whereas
36% of CD patients underwent surgery (P<0.005). Among
coexisting disorders, cholelithiasis was the most prevalent
and demonstrated in 35 patients (14%), pulmonary
disorders were diagnosed in 2%, and psoriasis in 1.4%.
Since 1998, the number of admitted IBD patients has
slightly increased.
CONCLUSION: Occurrence of UC in Poland is much higher
than that of CD. The majority of UC cases are diagnosed
in young people (20-40 years) with the predominance of
male patients. The most common clinical form of UC is
left sided colitis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Inflammatory bowel diseases (IBD) including ulcerative
colitis (UC) and Crohn’s disease (CD) occur with different
frequencies around the world. The countries reporting the
highest estimates of UC are USA, UK and Sweden[1-3]. The
countries reporting the lowest estimates of UC are the
countries of southern Europe, South Africa and Australia[4].
The epidemiological data of the UC prevalence in Europe
are provided by the Western Europe countries[5]. Only few
and scattered reports come from the countries of the Eastern
and Middle Europe. No information is available regarding
the incidence and characteristics of IBD in Poland. Therefore,
the main objective of our study was to provide the clinical
and epidemiological data of IBD patients of North-Eastern
Poland treated in our hospital between 1990 and 2003.
MATERIALS AND METHODS
All patients diagnosed with IBD and hospitalized in the
Department of Infectious Diseases in Bialystok between
1990 and 2003 were included in the study. As a rule all
patients from Bialystok area with onset of diarrhea were
referred to our Department. IBD diagnosis was based on
typical clinical course of the disease and endoscopic
examination with histologic confirmation of UC or CD.
Patients with unidentified colitis and infectious enterocolitis
were excluded.
Data were retrieved from electronic database of all patients
hospitalized in Department of Infectious Diseases in
Bialystok. We analyzed age, sex, education, characteristics of
job, type of the environment, discontinuation of employment
due to IBD, colitis extent, need of surgical treatment, and
coexistence of other diseases.
The extent of colitis was defined as follows: proctitis:
involvement of rectum; left sided colitis: involvement of
colon up to splenic flexure; pancolitis: entire colon affected.
Statistical analysis
Measured values were expressed as mean±SE. Significance
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0.39

Education (grammar/secondary/high)

106/83/30

Labor (manual/intellectual)

138/72

7/ 5/3
10/5

0.93
0.94

Number or cases

The mean age of the patients at the time of UC
diagnosis was 44.9±1.1 years (range 18-83 years). There
were no significant differences between men and women
(45.9±1.4 vs 43.7±1.7 years, P = 0.31). Histogram of the
age of patients showed the characteristic biphasic
distribution with two peaks between 20 and 40 years and
between 60 and 70 years (Figure 1). Age of disease onset
was associated with the extent of colitis, the highest
proportion of pancolitis was found in patients before 30
(20% vs 14.7%, RR = 1.76, 95% CI 0.91-3.4). Younger
UC patients had a significantly higher level of education
(university degree in 22% vs 8%, P = 0.001).

22.6%
56
21.3%
52
48
18.3%
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40
14.9%
36
13.2%
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16
4.7%
12 3.8%
8
1.3%
4
0
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80
70
60
50
40
30
20
10
0

60
50
40
30
20

Female

Male

Age (yr)

13/2

2003

163/69

38.4 ±2.4
0.02
23 /11
0.28
25/9
0.80
22/12
0.35
14/20 <0.001
21/13
0.02

2001
2002

0.06

Environment (urban/rural)

1999

0.01

12/3

2000

34.3± 2.9

128/105

1997
1998

44.9± 1.1

Sex (male/female)

1996

Age of diagnosis (yr)

1994

P

P

Only 6% of UC patients required surgery, whereas 36%
of CD patients underwent surgery (2 = 8.15, P<0.005).
Patients with more extensive form of UC required more
frequent surgical treatment reaching 40% in pancolitis group
(Table 2).
Among coexisting disorders, cholelithiasis was the most
prevalent and demonstrated in 35 patients (14%), pulmonary
disorders were diagnosed in 2% and psoriasis in 1.4%.
Forty-two men (35%) and 45 women (42%) terminated
their professional activity because of UC before retirement
age. Therefore the overall proportion of patients unable to
continue their professional activity due to UC was 0.37 (95%
CI 0.31-0.43). The mean age of these patients was 43.4±1.5
years, and did not differ significantly between men (47.1±2.4)
and women (43.0±2.5). The highest number of patients
who discontinued employment was observed in pancolitis
group (62%, P = 0.02 vs other UC extension, Table 2).
Another factor affecting job discontinuation was surgical
treatment (67% vs 36% of patients with conservative treatment,
P = 0.05).
Between 1990 and 1998 the number of IBD patients
admitted to the Department of Infectious Diseases was
stable (median 61, range 54-73 per year), then slightly
increased (median 97, range 80-126 per year, Figure 2). There
was no noticeable shift in male/female ratio or patient’s age.

1995

CD
(n = 15)

Age of diagnosis (yr)
49.2 ±3.4 45.8 ±1.3
Sex (male/female)
10/6
97/88
Environment (urban/rural)
12/4
125/58
Labor (manual/intellectual)
11/6
113/56
Surgical/pharmacological treatment
0/16
1/182
Discontinuation of professional activity 5/11
61/122

1993

UC
(n = 233)

Proctitis Left sided Pancolitis
(n = 16)
colitis
(n = 34)
(n = 183)

1991
1992

Table 1 Demographic characteristics of studied patients with UC
and CD

Table 2 Characteristics of patients with UC

1990

RESULTS
A total of 248 IBD patients were included in the study
(mean age 44.3±1.1 years). Epidemiologic characteristics
of the studied population are presented in Table 1. Two
hundred and thirty three IBD patients (94%) were diagnosed
as ulcerative colitis, and only 15 (6%) were diagnosed as
CD. Therefore the UC/CD ratio was over 15:1. Patients
with CD were significantly younger at the time of diagnosis
(44.9±1.1 vs 34.3±2.9 years, P = 0.01) and male predominance
was observed (male/female ratio was 1.2 for UC, and 4.0
for CD). There were no significant differences between
UC and CD when education, type of job or environmental
background were taken into consideration (Table 1). Family
history of the disease was noticed only in 2 cases (4 patients).

The predominant form of UC was left sided colitis, which
affected almost 80% (n = 183) of the studied population.
The most extensive form - pancolitis was present in 34
patients (15%). The extent of UC was age-dependent. The
mean age of patients with pancolitis was 38.4±2.4, left
side colitis 45.8±1.3 and proctitis 49.2±3.4 years (P = 0.02).
There were no significant differences related to CU extent
in respect to sex, environment and job (Table 2).

Number or patients

of differences between studied groups was calculated by
non-parametric Mann-Whitney U test and 2 test. P <0.05
was considered statistically significant. Statistical analyses
were performed with Statistica 5.0 for Windows (Statsoft
Inc., Tulsa, USA).
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Figure 1 Age distribution at the time of UC diagnosis.

Figure 2 Number of admitted patients, male/female ratio and age of patients in
1990-2003.
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DISCUSSION
Epidemiology of IBD is known only in a few European
countries. Multi-center prospective epidemiologic studies
have been conducted mainly in the countries of Western
and Southern Europe[5]. Epidemiological data related to IBD
in Poland have been published over 20 years before[6-9].
Since then diagnostics and treatment of IBD have undergone
some significant changes, which gave us a major impulse to
investigate the problem based on the data of IBD patients
treated in the Department of Infectious Diseases in Bialystok
in 1990-2003.
In 1990-2003 we treated 248 patients. The first immediate
observation was the increase of IBD cases in Poland.
Previous data from 4 hospitals in North-Western Poland
collected between 1965 and 1972 referred to 30 patients
with UC and 3 with CD[8]. Another study analyzed 215 IBD
patients in 1955-1970[9]. Bartnik[6] treated 406 UC patients
between 1955 and 1970. However, it is important to notice
that the latest study was conducted in the referral center
for digestive diseases throughout the period of 15 years,
and their patients originated from the biggest central region
of Poland. Our patients came from a small region of Podlasie
with a population of over 1 million. In this area there are
few other units specializing in treatment of UC, but the
majority of patients are usually referred to our hospital.
Increasing of the UC prevalence in the whole world is
well documented[4,10]. The Chinese data regarding 10 218 UC
cases demonstrate a triple increase of UC occurrences. The
highest UC prevalence is demonstrated 38-229 cases per
100 000 persons in USA and 269 per 100 000 in UK[4,11]. In
Japan the prevalence rate is 22 per 100 000 [12] . In
Mediterranean countries, both the incidence and the
prevalence of ulcerative colitis are much lower: 5.87 per
100 000 in urban areas[13]. In another study from Kuwait,
UC is demonstrated as an extremely seldom disease[14].
In Polish population, UC is decisively more common
than CD (ratio 15/1). Similarly, in most European countries,
UC is more common than CD, with a few exceptions in the
United Kingdom, France, and Germany[15-17]. CD is less
frequently diagnosed than UC also in China (8/66), Greece
(42/1 300), and Hungary (60/143)[18]. In Spain, in the
analyzed population of Gijon, the frequency of CD is only
insignificantly lower than UC (46/51) [19]. Similarly, in
Hispanic population of Puerto Rico, the frequency of CD
varies only slightly from UC (332/499)[20].
The diagnosis of IBD can be made at any age, and CD
is diagnosed most frequently in younger patients than UC.
It is in accordance with our study, because the age of UC
patients is 45 years and CD being 34 years. We have noticed
an increase of male patients (1:1.3) whereas in available
previous Polish data females predominate (1.4:1) [6,8,9].
However, male predominance is also demonstrated in other
studies[10,18].
We demonstrated predominance of IBD patients in the
urban population. However, 28% of rural population in
our study are much more than 6% in a previous study[9] .
Since the majority of urban patients could complete the
high school, and the majority of rural patients could only
complete their grammar course, we should treat IBD as a
mirror of the social structure of our region.
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Family history of the disease in UC patients was relatively
low (1.6%). However it fits within the window demonstrated
by Kaighely[11]. A number of studies suggest that appendectomy
is associated with a low risk for subsequent ulcerative
colitis. Our study showed that only 2% of patients after
appendectomy developed UC. Similarly, a low percentage
is documented by Reif[21]. We demonstrated the occurrence
of gallbladder stones in 14% of UC patients and 2% of
CD patients. Lorusso[22] reported that cholelithiasis is found
in 9.6% UC patients and Reif[21] reported that 1.5% UC
patients undergo cholecystectomy.
Proctitis was predominant in our patients. Pancolitis was
observed usually in the younger population. Similar data
are available from different international studies[11,19,23]. As
reported in the majority of studies, over 90% of patients
responded to pharmacotherapy. Only 6% of our UC patients
required surgical treatment, whereas 36% of CD patients
underwent surgery.
An interesting observation of our study is that about
37% of the patients retired because of UC regardless of
the nature of their employment. Similar figures (32%) are
reported in USA and Canada [24,25].
In conclusions the occurrence of UC in Poland is much
higher than that of CD. The majority of UC cases are
diagnosed in young people (range 20-40 years) with the
predominance of male patients. The most common clinical
form of UC is left sided colitis.
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Abstract
AIM: To investigate the effect of interferon- (IFN-) on
preventing or reversing hepatic fibrosis in rat experimental
model induced by CCl4 .
METHODS: One hundred and ten Sprague-Dawley rats
were divided into five groups: group A (normal controls,
n = 18), group B (fibrotic model controls, n = 22), group
C (IFN- prevention, n = 22) initially treated with intramuscular injection of IFN- in saline daily at the doses of
1×105 U for 6 wk, group D (IFN- treatment, n = 24) treated
with intra-muscular injection of IFN- in saline daily at
the doses of 1×105 U for 6 wk after the first 6 wk, group
E (0.9% sodium chloride treatment control, n = 24) treated
with intra-muscular injection of 0.01 mL/kg daily for 6 wk
after the first 6 wk. At the end of the experiment, all rats
of each group were killed. Samples of the liver obtained by
biopsy were subjected to histological, immunohistochemical
and electron microscopic studies for the expressions of
transforming growth factor-1 (TGF- 1) and -smooth
muscle actin (-SMA).
RESULTS: The expressions of TGF-1, the number of
activated hepatic stellate cells and -SMA in hepatic tissue
of group C were significantly less than those of group B
(P<0.01). The degree of fibrosis score in group B was
also significantly less than that of group C under light
microscope (P<0.01).
CONCLUSION: IFN- can inhibit the production of TGF-1,
decrease HSC activation and stimulate its apoptosis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Interferon- (IFN-) is a multi-functional cytokine which
can prevent and treat hepatic fibrosis. Up to now, only a few
studies on its antifibrotic mechanism are available[1-3]. The
aim of this study was to investigate the antifibrotic mechanism
of IFN- by observing its effects on the expression of
TGF-1 and -SMA in hepatic tissue.
MATERIALS AND METHODS
Materials
Male Sprague-Dawley rats weighing 300±20 g were purchased
from B-K Company of Shanghai. IFN- was provided by
Roche Pharmaceutic Limited Company of Shanghai. Transforming growth factor-1 (TGF-1), -smooth muscle
actin (-SMA) were purchased from Boster Biological
Engineering Limited Company.
Methods
One hundred and ten SD rats with free access to food and
water for 1 wk before experiments were divided into five
groups. Group A (normal controls, n = 18) was injected with
0.3 mL/100 g peanut oil subcutaneously and 0.01 mL/kg
0.9% NaCl per day for about 6 wk. Group B (fibrotic model
controls, n = 22) was fed with a modified high fat diet
containing 5 g/kg cholesterol, 200 g/kg lard and 1 000 g/kg
alcohol were injected subcutaneously with 400 mL/ L CCl4
in peanut oil at a dose of 3 mL/kg twice a wk and the first
dosage was 5 mL/kg. Group C (IFN- preventing group,
n = 22) was initially treated with intra-muscular injection of
IFN- in saline daily at the dose of 1×105 U for 6 wk.
Group D (INF- treatment group, n = 24) was treated with
intra-muscular injection of interferon in saline daily at the
dose of 1×105 U for 6 wk after the first 6 wk. Group E
(0.9% sodium chloride treatment controls, n = 24) was
administered daily with 0.9% sodium chloride daily for 6 wk
after the first 6 wk. Six rats were randomly selected from
groups A, B and C at the end of the 3rd and 6th wk and from
groups D and E at the end of the 9th and 12th wk. The rats were
killed and sections of the right lobes of the livers were
fixed in 10 g/L formaldehyde solution, embedded in paraffin
and then processed for light microscopy. Other tissue slices
were fixed in 25 g/L glutaraldehyde for electron microscopy.
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Figure 1 Ultrastructure change, expression of TGF-1 and -SMA in model
group and IFN- preventing group respectively. A: Collagen fibers and activated
HSC in Disse space in model group. EM×4 000; B: The number of activated
HSCs and apoptotic HSCs in IFN- preventing group. EM×15 000; C: TGF-1

expression in portal area and fiber space in model group. SABC×100; D:
Expression of TGF-1 in hepatic tissue in IFN- preventing group. SABC×100;
E: -SMA positive cells in portal area and fiber space in model group. SABC
×400; F: -SMA positive cells in IFN- preventing group. SABC×400.

Transmission electron microscopy and immunohistochemistry
The right lobule livers were fixed with glutaraldehyde and
ultrathin sections were stained with uranyl acetate and lead
citrate. The ultrastructures of hepatocyte, hepatic stellate cell
and portal area were observed under a Hitachi H-600 electron
microscope. Five-micrometer-thick sections were prepared
from preserved paraffin blocks stained with immunohistochemistry for the expression of TGF-1 and -SMA
using the standard avidin-biotin-peroxidase complex (SABC)
indirect method. The pictures were processed by colorful
medical image analysis system.

At the end of 6 wk, hepatocyte injury was worsening,
cytoplasm was full of dilated rough endoplasmic reticulum.
A great amount of collagens proliferated, the number of
activated HSCs increased, lipid droplets decreased or even
disappeared and HSC transformed into myofibroblasts
(Figure 1A). In IFN- preventing group hepatocyte structure
was normal, mitochondria were still swollen. The activated
HSCs were few and apoptotic HSCs significantly increased
(Figure 1B).
At the end of the 12th wk, the lesion of hepatocytes
alleviated and the number of activated HSCs significantly
decreased in IFN- treatment group. Early changes of
apoptotic of HSCs such as side-accumulating chromatin in
IFN- treatment group, but the degree and the number of
apoptotic HSCs in IFN- treatment group were less than
those in IFN- preventing group. In 0.9% sodium chloride
treatment control group, collagen fiber bundles could be
seen and HSCs increased in Disse space, with little apoptosis
seen.

RESULTS
Ultrastructure change in different groups
In control livers, the size of hepatocytes was bigger and the
nuclei situated in the center of the cells were round and
large. HSCs situated in the Disse’s spaces had well-developed
lipid droplets in their endoplasm. Cytoplasmic organelles
were not developed.
At the end of the 3rd wk in model group, the cytoplasm of
hepatocytes was loose with different size vacuoles, mitochondria
were obscure and swollen with few collagen fibers proliferated in the Disse space. A few collagen fibers proliferated in
the perisinusoidal Disse space and spreadout of HSCs in which
nuclei became larger, rough endoplasmic reticula were rich
and lipid droplet disappeared in cytoplasm. A similar hepatocyte
injury was observed in IFN- preventing group as that in
model group but a mild degree of collagen proliferation and
few HSCs were observed in IFN- preventing group. Besides,
apoptosis of HSC involving endoplasmic reticulum dilatation,
irregular nucleus condens-ation of chromatin could also be
seen in IFN- preventing group.

Expression of TGF- 1 and -SMA in different groups and
relations with extent of hepatic fibrosis
TGF-1 positive signals were stained brown. At the 3rd wk,
TGF-1 positive signals were situated in the sinusoidal wall,
perisinusoidal cells, necrosis zone and portal area in model
group. At the 6th wk, TGF-1 expressed in inflammatory
necrotic zone, connective tissue collagen bundles and fiber
spatia of portal area in model group (Figure 1C). -SMA
positive cells were stained yellow-brown. In normal control
group, no -SMA positive cell was seen. At the end of the
3rd wk, -SMA positive cells situated at portal area and
fiber spatia were spindle-shaped in model group. At the end
of the 6th wk, a mass of -SMA positive cells could be seen
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in the dilated portal area and fiber spatia in model group
(Figure 1E). With the development of hepatic fibrosis, the
expression of TGF-1 and -SMA in liver was obvious.
The correlation coefficient between them was 0.91. Compared
to the model group, the expression of TGF-1 and -SMA
in liver in IFN- preventing group and IFN- therapy group
was significantly lower (P<0.01) (Figures 1D and F).
Compared to sodium chloride treatment group, the expression
of TGF-1 and -SMA in liver was significantly lower in
IFN- therapy group (P<0.01).

DISCUSSION
Hepatic fibrosis is a reversible disease, but liver cirrhosis is
irreversible. Therefore, it has practical significance to seek
a medicine that inhibits or delays the progression of hepatic
fibrosis[4]. Cytokines can modulate the genesis of hepatic
fibrosis. TGF-1 is the key cytokine that promotes hepatic
fibrosis[5]. After liver injury, TGF-1 can promote the activation
of HSCs and secrete ECM by paracrine and autocrine. Therefore, HSCs are responsible for the formation of hepatic
fibrosis. The activation of HSCs is the key event of hepatic
fibrosis and the activated HSCs can express -SMA, which
is the symbol of activated HSCs[6].
This study showed that IFN- could not only prevent
the formation of hepatic fibrosis but also degrade the fibrotic
tissues. The probable mechanisms are as follows. IFN-
inhibits the formation of TGF-1 and decreases the activation
of HSCs. The study showed that the expression of TGF-1,
the number of HSCs and -SMA positive cells decreased
simultaneously in IFN- preventing group and therapy
group. The deposition of collagen fibers in IFN- preventing
group and therapy group was significantly less than that in
model group, suggesting that IFN- inhibits hepatic fibrosis
by suppressing the expression of TGF-1 directly and
decreasing the transformation of HSCs to myofibroblasts.
Therefore, IFN- may be an inhibitor of the activation of
HSCs in early stage of hepatic fibrosis. IFN- induces
apoptosis of the activated HSCs. The study showed that
the decrease of activated HSCs in convalescent stage of
hepatic fibrosis is mainly due to apoptosis[7-9]. The study
showed the number of apoptotic of HSCs greatly increased
in IFN- preventing group compared to that in model group.
Apoptosis of HSCs in the IFN- therapy group decreased
the collagen fibers in liver simultaneously, suggesting that
IFN- can prevent the waterfall effect of hepatic fibrosis
by inducing apoptosis of activated HSCs. The mechanism
remains to be further studied. IFN- enhances the activity
of collagenase and promotes the degradation of ECM. The
deposition and degradation of hepatic fibrous tissue are a
dynamic equilibrium course. The degradation depends on
the activity of collagenase[10-12]. It was reported that IFN-
can enhance the activities of TIMPs, which promote the
degradation of ECM [13-17] , but the mechanism should be
studied further.
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Abstract
AIM: To analyze the influence factors and formation of
extrahepatic collateral arteries (ECAs) in unresectable
hepatocellular carcinoma (HCC) with or without chemoembolization.
METHODS: Detailed histories of 35 patients with 39 ECAs
of HCC and images including computerized tomography
scan, digital subtraction angiography were reviewed
carefully to identify ECAs of HCC, ECAs arising from, and
anatomic location of tumors in liver. Tumor sizes were
measured, and relations of ECAs with times of chemoembolization, tumor size, and the anatomic tumor location
were analyzed. Complications were observed after chemoembolization through ECAs of HCC with different techniques.
RESULTS: Influence factors of formation of ECAs of HCC
included the times of repeated chemoembolization, the
location of tumors in liver, the tumor size and the types
of chemoembolization. ECAs in HCC appeared after 3-4
times of chemoembolization (17.9%), but a higher
frequency of ECAs occurred after 5-6 times of chemoembolization (56.4%). ECAs presented easily in peripheral
areas (71.8%) of liver abutting to the anterior, posterior
abdominal walls, the top right of diaphragm and right kidney.
ECAs also occurred easily after complete obstruction of
the trunk arteries supplying HCCs or the branches of proper
hepatic arteries. Extrahepatic collaterals of HCC originated
from right internal thoracic (mammary) artery (RITA, 5.1%),
right intercostal artery (RICA, 7.7%), left gastric artery
(LGA, 12.8%), right inferior phrenic artery (RIPA, 38.5%),
omental artery (OTA, 2.6%), superior mesenteric artery
(SMA, 23.1%), and right adrenal and renal capsule artery
(RARCA, 10.3%), respectively. The complications after

chemoembolization attributed to no super selective catheterization.
CONCLUSION: The formation of ECAs in unresectable HCC
is obviously correlated with multiple chemoembolization,
tumor size, types of chemoembolization, anatomic location
of tumors. Extrahepatic collaterals in HCC are corresponding
to the tumor locations in liver.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Malignant liver tumors have a very poor prognosis. Primary
hepatocellular carcinoma (HCC) is usually fatal, less than 5%
of patients with HCC could survive five years after diagnosis.
Although surgical resection is the standard treatment for HCC,
disease-free survival of patients after curative resection of
HCC remains poor due to the high recurrence of interhepatic
tumor[1,2]. Most patients with HCC were at its advanced stage
and would miss the optimal chance of operation. Therefore,
the median survival time was only 4-6 mo for patients with
unresectable tumors[3,4]. Systemic chemotherapy is relatively
ineffective with a low response rate (20%), however, the
mortality rate was up to 25%[5,6].
Transcatheter selective arterial treatment of liver tumors
with chemotherapeutic and embolic agents (transarterial
chemoembolization, TACE) for patients with unresectable
HCC has been widely used as an effective therapeutic method,
or as an alternative palliative treatment[7-11]. The results were
superior to those of surgery in some series of patients with
advanced HCC[12].
TACE cannot be considered as a radical treatment of
HCC (even for diseases in the early stage), because primary
malignant liver has an invasive growth pattern and can infiltrate
into parenchyma through tumor capsules. Additionally, the
efficacy of chemoembolization may descend after repeated
TACE. One of the important factors affecting chemoembolization effect is the insufficient suppression of formation
of extrahepatic collateral arteries(ECAs) in HCC. Malignant
tumor tissues often acquire blood from ECAs, when normal
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normal saline, respectively, then the solutions were separately
perfused slowly into hepatic arteries and parenchyma of
tumors within 30 min through catheters.
Secondly, chemoembolization of HCC was followed by
the emulsion of iodized oil mixed with chemotherapeutic
agent (Epirubicin, 40-60 mg). Iodized oil:Epirubicin: contrast
medium were 5 mL:8 mg:1 mL, and a single dose of
emulsified mixture ranged from 6 to 15 mL in chemoembolization, which depended on volume, numbers and rich
stain of tumors after angiogram.
Finally, blood supply HCC were occluded in different
ways: One was a selective occlusion of right or left hepatic
arteries with absorbable gelatin sponge articles according to
tumors in left or right lobe, if arterial portography showed
no tumor thrombi blockage of main port vein; another was
an occlusion artery of HCC with gelfoam powders of
diameter 50-100 m.
Chemoembolization of HCC had been almost finished
with 5 F (French size) catheters before ECAs were found.
However, if ECAs were found after multiple TACE, chemoemolization of HCC was mainly completed with transmicrocatheter via ECAs.

supply from hepatic arteries is obstructed with TACE,
occurring after multiple chemoembolization of unresectable
HCC[15]. The influence factors and the formation of parasitic
arteries in HCC were analyzed.

MATERIALS AND METHODS
Patients
Medical histories and records of 35 patients with unresectable
HCCs, who developed extrahepatic collateral circulations
after multiple TACE, were reviewed from July 1997 to Feb
2004. Of the 35 patients 33 were males (aged from between
31 to 71 years), two were females (aged between 45 and
65 years). Most patients with HCC had a relatively good
hepatic function reserve without absolute contraindications
for chemoembolization, hepatic function reserve of Child’s
class was grade A in four cases, grade B in 29 cases, and
grade C in two cases. The sizes of HCC varied from 3.5 to
13 cm in diameter, with an average diameter of 6.5 cm.
Tumor sizes were estimated by computerized tomogram
(CT) scan or digital substraction angiography. Tumor
marker level of HCC (-fetoprotein, AFP ) was observed
periodically pro-and post-chemoembolization with double
radioimmunoele-ctrophoresis.

RESULTS
Level of AFP in seven cases persistently increased after
multiple chemoembolization before ECAs were found in
the follow-up period, which rose from 620-1 250 g/L. It
usually implied that ECAs in HCC had formed. Then the
formation of ECAs was frequently proved by additionally
super-selective angiographies, besides angiograms in celiac
arteries. Many factors could result in the formation of
ECAs, which involved times of chemoembolization, tumor
size, anatomic location of tumors in liver, and initially patterns
of chemoembolization, etc.
Of all the 35 patients, 31 had accepted repeated chemoembolization of HCC before 37 ECAs (94.9%) among
them were found by arteriogram; only three (7.7%) ECAs
initially existed in HCC, which were diagnosed by
enhanced CT scans before they u nderwent first
angiogram and chemoembolization (Table 1). The data
of Table 1 demonstrate that HCCs more easily formed
extrahepatic collaterals after repeated treatments with
TACE, especially after four-time chemoembolization than
that before first chemoembolization of HCC and after
few times of TACE.
After repeated chemoembolization, most of the ECAs
in HCC, 76.9% (30/39), formed among the tumors whose
sizes ranged from 5 to 10 cm (5<~≤10 cm) in diameter,
17.9% and 5.1% (2/39) among those sizes ≤5 cm and
>10 cm, respectively. It suggested that tumor size was one
of the crucial factors forming ECAs in HCC after multiple
chemoembolization, as well.

Means of identifying ECAs
Additional angiographies were performed besides regular
celiac arteriography and superior mesenteric arteriography
to identify ECAs, if the signals suggested formation of
extrahepatic collaterals in HCC located in peripheral regions
of liver abutting to anterior or posterior thoracic wall, right
inferior diaphragm, and falciform ligament on CT scan, or
HCCs showed defects of tumor staining on arterial angiogram.
Additional angiographies included super selective arteriography
of LGA, RITA, low RICA, RIPA, and sometimes right renal
artery.
Criteria of tumor anatomic location
The criteria of tumor anatomic location were assessed by
CT scan. Peripheral HCC means that tumors were adjacent
to bare area and subcapsules in liver, whereas, central HCC
means tumor located in the center of liver, being away from
subcapsules or bare area on CT scan.
Administration patterns of chemoembolization
Most patients had undergone repeated chemoembolization
before HCC formed extrahepatic collaterals in liver. The
chemoembolization were typically performed in three steps
as the following:
Firstly, regional chemotherapeutic perfusion to HCC was
done with a combination of anticancer agents: the chemotherapeutic drugs 5-Floxuridine (5-FU) 750-1 000 mg and
Cisplatin (DDP) 60-80 mg were dissolved in 50-100 mL

Table 1 Incidence of formation of ECAs occurred in different sizes of tumors and different times of TACE
Tumor size (cm)

Incidence of EHCA (%)

Times of chemoembolization

≤5

≤10

10＜

17.9 (7/39)

76.9 (30/39)

5.1 ( 2/39)

0
7.7 (3/39)

1-2

3-4

5-6

7-

5.13 (2/39)

17.9 (7/39)

56.4 (22/39)

12.8 (5/39)
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Table 2 Incidence of ECAs of tumors occurred in different anatomic areas in liver and from different origin
Location of tumor
Peripheral
Incidence
of EHCA (%)

Central

Origination of ECAs
RITA

RICA

LGA

71.8

28.2

5.1

7.7

12.8

(28/39)

(11/39)

(2/39)

(3/39)

(5/39)

Thirty-nine ECAs of HCC in 35 patients originated from
RITA, RICA, LGA, RIPA, OTA, SMA, and RARCA,
respectively (Table 2). Tumors that formed ECAs in peripheral
and central areas in liver was separately 71.8% (28/39)
and 28.2% (11/39). The formation of ECAs closely related
to the location of HCC in edge liver: tumors adjacent to
anterior abdominal wall usually acquired collateral supply
from RITA, 5.1% (2/39); OTA, 2.6% (1/39); partial SMA,
15.2% (6/39); RIPA, 12.8% (5/39). HCC abutting the right
lateral or posterior abdominal wall frequently obtained
extrahepatic collateral supply from RICA, 7.7% (3/39);
partial RIPA, 6.7% (2/39). RIPA were main sources of
ECAs in HCC, when tumors located in the top of right
diaphragm, 20.5% (8/39). A few tumors in liver adjacent to
right adrenal gland and kidney were more often fed by RARCA,
10.3% (4/39). All those mean that the anatomic location
of tumors in liver was also an important factor for formation
of ECAs in HCC. It was easier for HCCs to form ECAs in
the periphery than in the central part of the liver after multiple
chemoembolization.
Patterns of chemoembolization influenced the formation
of ECAs in HCC, as well. 30.8% (12/39) ECAs in HCC
appeared between the first and the fourth chemoembolization,
which occurred relatively early during the whole course of
treatment after occlusion of the proximal arteries supplying
tumors and proper hepatic arteries with gelatin sponge
articles through 5 F-catheter. Whereas, chemoembolization
was performed with emulsion of iodized oil mixed with
anticancer drugs and then followed by gelfoam powder
blocking blood feeding of tumors and distal branches of
hepatic arteries trans-microcatheter, ECAs in HCC frequently
came into being latterly (after fifth chemoembolization),
but the incidence of ECAs of HCC was relatively higher,
69.2% (27/39).
Only 11 ECAs in tumors were successfully embolized
with 5 F catheter, which were 5 SMAs, 4 RIPAs and 2 LGAs,
respectively; 28 ECAs were performed with 3 F microcatheter.
Complications appeared in four patients, two had persistent
hiccups for a week after chemoembolization of RIPA with
5 F-catheter, one with portal venous tumor thrombi had
aggressive hepatic failure and hepatic encephalopathy in 3
d after occlusion SMAs with 5 F catheter, one had erythema
of skin after embolization of RITA with microcatheter, in
which the tip of microcatheter could not reach the distal
end of extrahepatic collateral artery.

DISCUSSION
TACE has been considered as an effective treatment for
unresectable HCC or as a compensation of postoperatively
recurrent HCC nowadays[14,15], sometimes, even as an alternative
for resectable HCC[16].

RIPA
38.5
(15/39)

SMA

OTA

R ARCA

23.1

2.6

10.3

(9/39)

(1/39)

(4/39)

Volume of HCC could not be reduced, moreover, it
became larger and hepatic function reserve got worse than
ever before, and the serum level of tumor marker for HCC
(AFP) continuously increased after repeated chemoembolization
in some patients. All those suggest that HCC might have formed
the ECAs in liver after multiple chemoembolization, which
was usually neglected, and the above changes could not be
considered as signals of ECAs formation in HCC. In our
documents, persistent increase of serum AFP level in some
patients after repeated chemoem-bolization had not been
connected with the formation of ECAs in HCC until
additional angiograms were performed in the following
procedures. ECAs in HCC might have existed and could
have been neglected in past treatments, they also probably
formed in interphases of chemoembolization. Therefore, we
can regard the changes as messages of ECAs possibly
forming in HCC after TACE.
As the incidence of ECAs in HCC concerned, Li et al[7,17],
reported that extrahepatic blood supply tumors could be
found in 43.1% patients with unresectable HCC; Okazaki
et al[18,19], showed that one or more focuses of interhepatic
recurrence of HCC after hepatectomy in 38.2% patients
(26/68) were fed not only by hepatic arteries but also by
ECAs; another article reported that ECAs forming in HCCs
only reached 11.4% (19/167)[20]. Although it was very different
among reported articles that the incidence of ECAs forming
in HCC occurred after chemoembolization, it was still high
and ECAs had influenced the efficacy of chemoembolization
of unresectable HCC. So it needs us to pay more attention to
find out and process ECAs in HCC after multiple chemoembolization.
Finding out ECAs of HCC becomes the crucial factor to
consolidate and further enhance the effect of interventional
therapy of HCC after obstruction of main blood supply to
the tumors. Therefore, it is necessary for performers to fully
understand variant anatomy of normally hepatic arteries,
especially to know where ECAs in unresectable HCC potentially
originate from after multiple chemoembolization[21]. Our
data demonstrate that ECAs feeding HCC mainly come from
the right inferior phrenic arteries and the superior mesenteric
arteries, both accounted for more than half of the 39 ECAs.
The results also showed that ECAs in HCC could originate
from the left gastric arteries and the right adrenal and renal
capsular arteries, which should not be neglected. Some
extrahepatic collaterals in HCC were relatively uncommon
such as arising from the right internal thoracic arteries, right
intercostal arteries and omental arteries. All styles and the
incidence of formation of ECAs in HCC in this article were
almost consistent with the data reported by Chung[22]. ECAs
in HCC, however, could be rarely found by routine celiac
arterial angiogram[23-25], particularly, the origination of ECAs
in HCC from right renal arteries was occasionally displa-

2640

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

yed[26,27]. The ECA in one case of our data was found originating
from the right renal artery by chance, because the tip of
the catheter rebounded back to abdominal aorta from celiac
artery while injecting the contrast medium (Figure 1). Therefore,
it is necessary for us to consider superior mesenteric arterial,
right inferior phrenic arterial, left gastro arterial and right
renal arterial angiograms as regular processes in the course
of next treatment after multiple chemoembolization. Selective
right internal thoracic arteries and right intercostal arteries
angiographies may be concerned when there exist potential
factors of ECAs form in HCC, such as signs of filling defects
in tumors during capillary phase after injection of contrast
median, insufficient ethiodized oil retention, and tumor
located in the periphery of liver. Sometimes enhanced CT
scan or serum level of tumor marker (AFP) during followup may also be regarded as clues to finding those potential
extrahepatic collaterals. Enhanced CT scan often showed
that ECAs in HCC appeared around the liver under capsula
fibrosa (Figure 2).

A

B

Figure 1 A and B: the same case. A: ECA of HCC originated from right renal
artery (arrow); B: Tumor was fed by hypertrophy ECA from right renal artery
(arrow).

A

B

Figure 2 A: Pro-chemoembolization, enhanced CT scan showed ECA of HCC
under subcapsule of liver (arrow); B: Ethiodized oil stayed at tumor area via the
ECA of HCC after chemoembolization

Anatomic location of HCC in liver determines the
formation and styles of ECAs in tumors. Some advanced
or superficial tumors of liver often get arterial blood from
adjacent organs after the multiple procedures[17,23]. Our findings
demonstrate, as well, that HCCs located in the peripheral
areas (71.8%) are easier to form ECAs than that located in
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the center regions (28.2%) in liver. Each artery supplying
normal tissues or organs abutting superficial HCC in liver
might become a latent ECA of HCC, when main blood
supply to tumors from left or right hepatic arteries is
completely occluded after chemoembolization. Thus, ECAs
in HCC variedly originated from RITA, RICA, RIPA, LGA,
SMA, OTA and RARCA, which was the anatomic location
of tumors in liver that decided what kind of styles of ECAs
emerged post-chemoembolization[20,22].
Our findings showed that the incidence of ECAs in HCC
began to increase after the third or fourth chemoembolization
(17.9%), and reached the highest after the fifth or the sixth
chemoembolization. Significant differences presented at
different times of chemoembolization. This suggests that
there might be a close correlation between ECAs in HCC
and times of chemoembolization. The more the times of
chemoembolization, the higher the formation of ECAs in
HCC. However, the rate of ECAs in HCC accounting in
the whole group reversely descended (12.8%) after the seventh
chemoembolization. The reason why the formation of ECAs
in HCC decreased after too many times of chemoembolization
might be caused by the reduction of the survivals with
advanced HCC after repeated interventional therapy and
decrease of the numbers of patients who could not bear
further chemoembolization due to poor functional reserve
after the seventh TACE.
There a phenomenon appeared when we analyzed the
relationship between ECAs in HCC and tumor size. The
ECAs forming in HCC was positively proportional to tumor
size which was lesser than 10 cm in diameter, and was
negatively proportional to the size which was larger than
10 cm in diameter. The reason used to illustrate how many
times chemoembolization increased and the formation of
ECAs decreased in HCC after the seventh TACE also could
be used to explain why the negative proportion of ECAs
appeared when tumor size was larger than 10 cm in diameter.
Generally speaking, we could conclude that the rate of
ECAs forming in HCC was also closely correlated to tumor
size as well as times of multiple chemoembolization.
If complications were reduced as quickly as depended
on occlusion of ECAs in HCC without blocking the branches
supplying normal tissues and organs when we wanted to
make further treatment of ECAs after TACE[28]. After multiple
chemoembolization, most superficial tumors acquired the
extrahepatic arterial blood which supplied adjacent organs
and tissues. Micro-catheters must be used in super selective
chemoembolization if ECAs originate from right kidney,
inferior phrenic, internal thoracic, omental, and intercostal
arteries. Those branches are usual tortuous and hypertrophy
is not enough to pass common size catheters (5-6 F) to distal
of ECAs (Figures 1 and 3). So, complications often occur
after the chemoembolization without avoiding the blood
supplying normal tissues[29-33]. Obstinate hiccups, progressive
loss of hepatic function reserve, and even hepatic encephalopathy appeared in our findings, which was attributable to
chemoembolization with 5-6 F catheter resulting in occlusion
of blood feeding normal tissues. The erythema and the
necrosis of skin after chemoembolization were not uncommon
even with the tip of microcatheter placed in distal intercostal
artery[13]. Thus, it is important to recognize that not all such

Wang YL et al. Unresectable HCC

vessels can be safely treated without the risk of injury of normal
tissues, or even more important organs. Indications recommended for embolization of these extrahepatic collaterals is
the “back of the room” rule, which means that tumor blood
supply from these vessels is obvious and super selective
catheterization[13,34]. However, it is worthwhile for patients
with advanced HCC to take the risk if we carefully occlude
ECAs of tumors with a much thinner tip of microcatheter
such as neurointerventional microcatheter (Figure 4)[35-37].
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3
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Figure 3 ECA of HCC originated from right inferior phrenic artery (arrow).

8

9

10

11

Figure 4 ECA (arrowhead)of HCC originated from omental artery (arrow).

In conclusion, our observations indicate that the styles
and the formation of ECAs in HCC are closely related to
multiple chemoembolization, superficially anatomic location
of tumors, and tumor size. Extrahepatic collateral supply
HCCs is necessary to be treated, but they should be carefully
embolized by superselective catheterization with microcatheter.

ACKNOWLEDGMENTS
The authors are grateful to professors Lin-Sun Li, First
People’s Hospital Affiliated to Nan Jin Medical University,
and Neng-Shu He, General Hospital of Tianjin Affiliated
to Tianjin Medical University, for data sources.
REFERENCES
1
2

Sturm JW, Keese M. Multimodal treatment of hepatocellular
carcinoma (HCC). Onkologie 2004; 27: 294-303
Aoki T, Imamura H, Hasegawa K, Matsukura A, Sano K,
Sugawara Y, Kokudo N, Makuuchi M. Sequential preoperative arterial and portal venous embolizations in patients with

12

13

14

15

16

17

hepatocellular carcinoma. Arch Surg 2004; 139: 766-774
Chen XM, Luo PF, Lin HH, Zhou ZJ, Shao PJ, Fu L, Li WK.
Long-term result of combination of transcatheter arterial
chemoembolization and percutaneous ethanol injection for
treatment of hepatocellular carcinoma. AIzheng 2004; 23:
829-832
Jang JW, Park YM, Bae SH, Choi JY, Yoon SK, Chang UI,
Nam SW, Kim BS. Therapeutic efficacy of multimodal combination therapy using transcatheter arterial infusion of
epirubicin and cisplatin, systemic infusion of 5-fluorouracil,
and additional percutaneous ethanol injection for unresectable
hepatocellular carcinoma. Cancer Chemother Pharmacol 2004;
54: 415-420
Testa R, Testa E, Giannini E, Botta F, Malfatti F, Chiarbonello
B, Fumagalli A, Polegato S, Podesta E, Romagnoli P, Risso D,
Cittadini G, De Caro G. Trans-catheter arterial chemoembolisation
for hepatocellular carcinoma in patients with viral cirrhosis:
role of combined staging systems, Cancer Liver Italian Program (CLIP) and Model for End-stage Liver Disease (MELD),
in predicting outcome after treatment. Aliment Pharmacol Ther
2003; 17: 1563-1569
Ebied OM, Federle MP, Carr BI, Pealer KM, Li W, Amesur N,
Zajko A. Evaluation of responses to chemoembolization in
patients with unresectable hepatocellular carcinoma. Cancer
2003; 97: 1042-1050
Ahrar K, Gupta S. Hepatic artery embolization for hepatocellular carcinoma: technique, patient selection, and outcomes.
Surg Oncol Clin N Am 2003; 12: 105-126
Trinchet JC, Ganne-Carrie N, Beaugrand M. Review article:
intra-arterial treatments in patients with hepatocellular
carcinoma. Aliment Pharmacol Ther 2003; 17 Suppl 2: 111-118
Xiao E, Li D, Shen S, Zhou S, Tan L, Wang Y, Luo J, Wu Y,
Tan C, Liu H, Zhu H. Effect of preoperative transcatheter
arterial chemoembolization on apoptosis of hepatocellular
carcinoma cells. Chin Med J (Engl) 2003; 116: 203-207
O’Suilleabhain CB, Poon RT, Yong JL, Ooi GC, Tso WK, Fan
ST. Factors predictive of 5-year survival after transarterial
chemoembolization for inoperable hepatocellular carcinoma.
Br J Surg 2003; 90: 325-331
Lee HS, Kim KM, Yoon JH, Lee TR, Suh KS, Lee KU, Chung
JW, Park JH, Kim CY. Therapeutic efficacy of transcatheter
arterial chemoembolization as compared with hepatic resection in hepatocellular carcinoma patients with compensated
liver function in a hepatitis B virus-endemic area: a prospective cohort study. J Clin Oncol 2002; 20: 4459-4465
Wa ka ba ya shi H, U shiyama T, Ishimura K, Izuishi K,
Karasawa Y, Masaki T, Watanabe S, Kuriyama S, Maeta H.
Significance of reduction surgery in multidisciplinary treatment of advanced hepatocellular carcinoma with multiple
intrahepatic lesions. J Surg Oncol 2003; 82: 98-103
Park SI, Lee DY, Won JY, Lee JT. Extrahepatic collateral
supply of hepatocellular carcinoma by the intercostal arteries.
J Vasc Interv Radiol 2003; 14: 461-468
Sasaki Y, Imaoka S, Nakano H, Tamura S, Aono Y, Furukawa
H, Ishi kawa O, Kabuto T, Hiratsuka M, Kameyama M,
Ohigashi H, Nakamori S, Yasuda T, Iwanaga T, Kasugai H,
Fujita M, Hosomi N. Hepatic resection with “wrapping
therapy” for advanced hepatocellular carcinoma uncontrolled
by arterial embolization. Gan To Kagaku Ryoho 1996; 23: 1588-1591
Kang IK, Kim SW, Hahn SH, Cho SC, Gham CW, Lee DH. A
comparison of patients with hepatocellular carcinoma between a short-term (less than 6 months) survival group and a
long-term (over 24 months) survival group after treatment
with transcatheter arterial chemoembolization. Taehan Kan
Hakhoe Chi 2002; 8: 189-200
Yuen MF, Chan AO, Wong BC, Hui CK, Ooi GC, Tso WK,
Yuan HJ, Wong DK, Lai CL. Transarterial chemoembolization
for inoperable, early stage hepatocellular carcinoma in patients
with Child-Pugh grade A and B: results of a comparative study
in 96 Chinese patients. Am J Gastroenterol 2003; 98: 1181-1185
Li C, Guo Y, Tian G, Shi Z, Liu D, Zeng H, Jiang W, Li H, Zhou
C. Extrahepatic arterial blood supply of hepatocellular carci-

2642

18

19

20

21

22

23

24

25

26

27

28

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

noma and interventional treatment. Zhonghua Zhongliu Zazhi
2002; 24: 163-166
Puleo S, Mauro L, Gagliano G, Lombardo R, Li Destri G,
Petrillo G, Di Carlo I. Liver damage after transarterial
chemoembolization without embolizing agent in unresectable
hepatocellular carcinoma. Tumori 2003; 89: 285-287
Okazaki M, Yamasaki S, Ono H, Higashihara H, Koganemaru
F, Ki mur a S, K uroda Y, S a to S , Ryu K, Oh tsubo T.
Chemoembolotherapy for recurrent hepatocellular carcinoma
in the residual liver after hepatectomy. Hepatogastroenterology
1993; 40: 320-323
Charnsangavej C, Chuang VP, Wallace S, Soo CS, Bowers T.
Angiographic classification of hepatic arterial collaterals.
Radiology 1982; 144: 485-494
Shibata T, Kojima N, Tabuchi T, Itoh K, Konishi J. Transcatheter
arterial chemoembolization through collateral arteries for hepatocellular carcinoma after arterial occlusion. Radiat Med 1998;
16: 251-256
Chung JW, Park JH. Extrahepatic collaterals in hepatocellular carcinoma. Man Chung Han, Jae Hyung Park, eds. Interventional
therapy. Seoul Korea 1999: 133-145
E u r vi l a i c h i t C . O u t c o m e o f t r an s c a t h e t e r o i l y
chemoembolization in patients with hepatocellular carcinoma.
Hepatogastroenterology 2004; 51: 20-24
Miyayama S, Matsui O, Nishida H, Yamamori S, Minami T,
Shinmura R, Kozaka K, Notsumata K, Toya D, Tanaka N, Mitsui
T, Nishijima H. Transcatheter arterial chemoembolization for
unresectable hepatocellular carcinoma fed by the cystic artery.
J Vasc Interv Radiol 2003; 14: 1155-1161
Gates J, Hartnell GG, Stuart KE, Clouse ME. Chemoembolization
of hepatic neoplasms: safety, complications, and when to
worry. Radiographics 1999; 19: 399-414
Kim DE, Yoon HK, Ko GY, Kwon JS, Song HY, Sung KB.
Hepatic falciform artery: is prophylactic embolization needed
before short-term hepatic arterial chemoinfusion? AJR Am J
Roentgenol 1999; 172: 1597-1599
Okino Y, Kiyosue H, Matsumoto S, Takaji R, Yamada Y,
Mori H. Hepatocellular carcinoma: prediction of blood supply from right inferior phrenic artery by multiphasic CT. J
Comput Assist Tomogr 2003; 27: 341-346
Miyayama S, Matsui O, Taki K, Minami T, Ito C, Shinmura

29

30

31

32

33

34

35

36

37

May 7, 2005

Volume 11

Number 17

R, Takamatsu S, Kobayashi M, Notsumata K, Toya D, Tanaka
N, Kozaka K. Transcatheter arterial chemoembolization for
hepatocellular carcinoma fed by the reconstructed inferior
phrenic artery: anatomical and technical analysis. J Vasc Interv
Radiol 2004; 15: 815-823
Seki S, Kitada T, Sakaguchi H, Nakatani K, Kamino T,
Nakamura K, Yamada R. Cardiac tamponade caused by spontaneous rupture of mediastinal lymph node metastasis of hepatocellular carcinoma. J Gastroenterol Hepatol 2001; 16: 702-704
Lee JH, Chon CY, Ahn SH, Moon BS, Kim JH, Paik YH, Han
KH, Lee JT, Lee DY, Moon YM. An ischemic skin lesion after
chemoembolization of the right internal mammary artery in a
patient with hepatocellular carcinoma. Yonsei Med J 2001; 42:
137-141
Nakai M, Sato M, Kawai N, Minamiguchi H, Masuda M,
Tanihata H, Takeuchi T, Terada M, Kishi K. Hepatocellular
carcinoma: involvement of the internal mammary artery. Radiology 2001; 219: 147-152
Liu HJ, Chen TS, Lee RC, Ho DM, Lin JT, Chu LS, Chang FY.
Abdominal wall necrosis following transcatheter arterial
chemoembolization for hepatocellular carcinoma. Zhonghua
Yixue Zazhi (Taipei) 2000; 63: 838-843
Memis A, Oran I, Calli C, Yuzer Y, Mentes A. Transcatheter
arterial embolization of internal mammary artery in a hepatocellular carcinoma with abdominal wall invasion. Eur J Radiol
1998; 28: 160-163
Kanetsuki I, Hori A, Ohshiro K, Nishi H, Yasutani T, Sueyoshi
T, Tanaka H. Left lobe recurrent hepatocellular carcinoma
treated with lipiodol-TAE via the left internal mammary
artery. Cardiovasc Intervent Radiol 1997; 20: 387-389
Eurvilaichit C, Chuapetcharasopon C. Hepatic arterial
collaterals after transcatheter oily chemoembolization of hepatocellular carcinoma. J Med Assoc Thai 2001; 84: 75-84
Sasaki Y, Imaoka S, Shibata T, Ishikawa O, Iwanaga T,
Kasugai H, Fujita M. Decollateralization with silicone rubber
sheeting for advanced hepatocellular carcinoma: a preliminary report. Surgery 1990; 108: 840-846
Won JY, Lee DY, Lee JT, Park SI, Kim MJ, Yoo HS, Suh SH,
Park SJ. Supplemental transcatheter arterial chemoembolization
through a collateral omental artery: treatment for hepatocellular carcinoma. Cardiovasc Intervent Radiol 2003; 26: 136-140
Science Editor Li WZ Language Editor Elsevier HK

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

EL SEVIER

World J Gastroenterol 2005;11(17):2643-2646
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• BRIEF REPORTS •

Anti-hepatocarcinoma effects of 5-fluorouracil encapsulated by
galactosylceramide liposomes in vivo and in vitro
Yong Jin, Jun Li, Long-Fu Rong, Yuan-Hai Li, Lin Guo, Shu-Yun Xu
Yong Jin, Jun Li, Long-Fu Rong, Yuan-Hai Li, Lin Guo, ShuYun Xu, Institute of Clinical Pharmacology, School of Pharmacy,
Anhui Medical University, Hefei 230032, Anhui Province, China
Supported by the Key Teacher Foundation of Ministry of Education
of China, No. 1869; Young Teacher Foundation of Department of
Education of Anhui Province, No. 2000jp112
Correspondence to: Professor Jun Li, Institute of Clinical
Pharmacology, School of Pharmacy, Anhui Medical University, Hefei
230032, Anhui Province, China. amuicplj@mail.hf.ah.cn
Telephone: +86-551-5161001 Fax: +86-551-5161001
Received: 2004-05-07 Accepted: 2004-06-24

Abstract
AIM: To study the anti-hepatocarcinoma effects of 5fluorouracil (5-Fu) encapsulated by galactosylceramide
liposomes (5-Fu-GCL) in vivo and in vitro.
METHODS: Tumor-bearing animal model and HepA cell
line were respectively adopted to evaluate the anti-tumor
effects of 5-Fu-GCL in vivo and in vitro. Tumor cell growth
inhibition effects of 5-Fu-GCL in vitro were assessed by
cell viability assay and MTT assay. In vivo experiment,
the inhibitory effects on tumor growth were evaluated by
tumor inhibition rate and animal survival days. High
performance liquid chromatography was used to detect
the concentration-time course of 5-Fu-GCL in intracellular
fluid in vitro and the distribution of 5-Fu-GCL in liver tumor
tissues in vivo . Apoptosis and cell cycle of tumor cells
were demonstrated by flow cytometry.
RESULTS: In vitro experiment, 5-Fu-GCL (6.25-100 mol/L)
and free 5-Fu significantly inhibited HepA cell growth.
Furthermore, IC50 of 5-Fu-GCL (34.5 mol/L) was lower
than that of free 5-Fu (51.2 mol/L). In vivo experiment,
5-Fu-GCL (20, 40, 80 mg/kg) significantly suppressed the
tumor growth in HepA bearing mice model. Compared
with free 5-Fu, the area under curve of 5-Fu-GCL in
intracellular fluid increased 2.6 times. Similarly, the
distribution of 5-Fu-GCL in liver tumor tissues was
significantly higher than that of free 5-Fu. After being
treated with 5-Fu-GCL, the apoptotic rate and the proportion
of HepA cells in the S phase increased, while the proportion
in the G0/G1 and G2/M phases decreased.
CONCLUSION: 5-Fu-GCL appears to have anti-hepatocarcinoma effects and its drug action is better than free
5-Fu. Its mechanism is partly related to increased drug
concentrations in intracellular fluid and liver tumor tissues,
enhanced tumor cell apoptotic rate and arrest of cell cycle
in S phase.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
5-Fluorouracil (5-Fu) is one of the broad-spectrum antitumor drugs[1-4], which has been confirmed to be the major
therapeutic drug in liver carcinoma[5]. Despite many advantages,
its clinical application is greatly limited due to its short halflife (T1/2Ke), wide distribution, low selectivity and various side
effects[6-10]. Previous strategies were designed to overcome
the following disadvantages such as in forms of microsphere,
liposome, implants and nanoparticles[11-15]. In order to
increase its hepatic selectivity and decrease its toxicity,
galactosylceramide (GC) as a novel membrane material was
adopted to envelope 5-Fu to form 5-Fu-GCL (Figure 1). The
purpose of this study was to evaluate the anti-hepatocarcinoma
effects of 5-Fu-GCL.

Figure 1 5-Fu-GCL; TEM ×4 000.

MATERIALS AND METHODS
Materials
Cell line Mouse hepatocellular carcinoma cell line HepA,
purchased from Shanghai Institute of Cell Biology, Chinese
Academy of Sciences, was routinely maintained in
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RPMI1640 containing 10% fetal bovine serum (FBS),
100 U/mL penicillin, 100 U/mL streptomycin at 37 ℃ in
a humidified atmosphere containing 50 mL/L CO2.
Animals Balb/c mice were purchased from the Experimental
Animal Center of Anhui Medical University. The animals
were maintained in a 12-h light/12-h dark cycle from
06:00 to 18:00 h under a regulated environment (20±1 ℃).
Animals were housed in plastic cages with free access to
food and water. All experimental protocols described in this
study were approved by the Ethics Review Committee for
Animal Experimentation of Anhui Medical University.
Reagents 5-Fu galactosylceramide liposomes (batch no.
20020318, enveloped rate: 52%) were made at the Institute
of Clinical Pharmacology, Anhui Medical University. 5-Fu
(batch no. 20020318) was obtained from Jinan Pharmacy
Corporation. Other chemicals used in experiments were of
analytical grade from commercial sources.
Methods
Cell viability assay HepA cells were seeded on 24-well
plates at a density of 5×104 cells/well for 24 h. On d 0, the
medium was changed and then incubations were continued
without or with increasing 5-Fu-GCL concentrations (0,
6.25, 12.5, 25, 50, 100 mol/L) for 48 h. Dead cells were
removed by gentle washing with PBS, and the number of
living cells after treatment was counted using a hemocytometer
by an experienced technologist who was unaware of the
treatment conditions.
MTT assay Cells were seeded at a density of 5×104 cells/
well in 96-well plates into HepA containing 10% FBS. After
24 h, fresh medium containing 5-Fu-GCL or free 5-Fu at
concentrations (0, 6.25, 12.5, 25, 50, 100 mol/L) was added
for 48 h. Twenty microliters of stock MTT (5 mg/L) was
added to each well. The absorbance was measured at a
wavelength of 570 nm using an ELISA reader. The rate of
cell growth inhibition was calculated by the formula: (the
absorbance of control group-the absorbance of experimental
group)/the absorbance of control group×100%.
Preparation of TB mice On d 0 following laparotomy,
107 HepA cells of approximately 0.1 mL of cell suspension
were transplanted in the left lobe of the liver under slight
ketamine anesthesia.
5-Fu-GCL treatment On d 4 after transplantation, tumorbearing (TB) mice were randomly assigned to seven groups
(20 mice/group) for treatment with 5-Fu-GCL at doses of
0, 20, 40, 80 mg/kg or free 5-Fu (40 mg/kg).
Tumor volume and survival days On d 18, 10 mice
selected randomly from each group were killed, their solid
tumors were excised and weighed. The rate of tumor
inhibition was calculated by the formula: (the tumor volume
of control group-the tumor volume of experimental group)/
the tumor volume of control group×100%. The life span
of other mice was investigated.
HPLC assay The concentration-time course of 5-Fu-GCL
in intracellular liquor of HepA cells in vitro and the distribution
of 5-Fu-GCL in liver tumor of TB mice in vivo were
analyzed by high-performance liquid chromatography
(HPLC). The mobile phase components were water and
acetonitrile (99:1). The ultraviolet wavelength was 205 nm.
The flow rate was 1 mL/min[16,17].
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Flow cytometry Cells were treated with 5-Fu-GCL and
free 5-Fu at various concentrations for 24 h. Cells were
harvested with trypsin (2.5 g/L), washed with 0.01 mol/L
PBS, fixed by cold alcohol at 4 ℃, stained with propidium
iodide (PI), and then analyzed by flow cytometry.
Statistical analysis
Statistical analysis of the data presented as mean±SD was
performed using the Student’s t test. P<0.05 was considered
statistically significant. IC50 was calculated by NDST program.
Area under curve (AUC) was calculated by 3p97 program.

RESULTS
Effect of 5-Fu-GCL on cell growth
Cell counts The number of viable cells following incubation
with either 5-Fu-GCL or free 5-Fu control medium for 48 h
is shown in Figure 2. Cell growth was significantly inhibited
after being treated with 5-Fu-GCL (6.25-100 mol/L), and
displayed a dose-dependent reduction of viable cells.
MTT assay In order to further investigate the growth
inhibition of 5-Fu-GCL on HepA cells, cell growth was
also determined by MTT assay. The rate of cell growth
inhibition of 5-Fu-GCL is shown in Figure 3. The cell treated
with 5-Fu-GCL displayed a dose-dependent inhibition. IC50
of 5-Fu-GCL (34.5 mol/L) was lower than that of free
5-Fu (51.2 mol/L).

Number or cells (×104)
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Figure 2 Effects of various concentrations of 5-Fu-GCL on the proliferation of
HepA cells analyzed by cell counts. aP<0.05, bP<0.01 vs control. cP<0.05 vs
free 5-Fu (mean±SD, n = 5).
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Figure 3 Effects of various concentrations of 5-Fu-GCL on the rate of cell
growth inhibition of HepA cells analyzed by MTT assay (mean±SD, n = 5).
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Effect of 5-Fu-GCL on TB mice
The changes of tumor volume and survival time in TB
mice treated with 5-Fu-GCL are shown in Table 1. One
mouse in 5-Fu-GCL (80 mg/kg) group survived till the
end of the experiment (50 d) and no viable tumor was
found. Tumor volumes of TB mice treated with 5-Fu-GCL
(20-80 mg/kg) were remarkably reduced. The survival time
of TB mice treated with 5-Fu-GCL (40, 80 mg/kg) was
remarkably prolonged.

(8.2 mg·min/L).
Distribution of 5-Fu-GCL in liver tumor
Data are shown in Table 2. The concentration of 5-FuGCL was increased in a dose-dependent manner, and higher
than that of free 5-Fu at 40 mg/kg.
Apoptosis of HepA cells induced by 5-Fu-GCL
HepA cells were treated with various concentrations of
5-Fu-GCL for 48 h. DNA content of cells was measured
by PI staining and flow cytometry analysis was made to
detect apoptotic cells. The apoptotic cells could be observed
on a DNA histogram as subdiploid or pre-G1 peak, the
percentage of apoptotic cells treated with 5-Fu-GCL
increased 4.5-30.7% of the total cell population (Figure 5).

Effect of 5-Fu-GCL on drug distribution
Concentration-time course of 5-Fu-GCL in intracellular
fluid Data are shown in Figure 4. AUC of 5-Fu-GCL
(21.5 mg·min/L) in intracellular fluid of HepA cells at
50 mol/L was 2.6 times higher than that of free 5-Fu

Concentration (mg/L)

0.25

Effect of 5-Fu-GCL on cell cycle phase distribution
We assessed the effect of 5-Fu-GCL on cell cycle phase
distribution of HepA cells using flow cytometry analysis.
The HepA cells incubated for 48 h in control or 5-Fu-GCL
or free 5-Fu medium are shown in Figure 6. The results
showed that the proportion of HepA cells in the S phase
increased, while the proportion in the G0/G1 and G2/M
phases decreased.
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0
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DISCUSSION
As drug delivers[18-20], liposome could congregate drugs in
certain tissues, decrease poisonous effects and increase the
curative effects. Lecithoid material was the most primary
liposome commonly used.

100

Figure 4 Concentration-time course of 5-Fu-GCL in intracellular fluid of HepA
cells analyzed by HPLC assay (mean±SD, n = 5).
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Figure 5 Results of flow cytometry analysis of HepA cells treated with Fu-GCL
for 48 h and DNA content was determined by flow cytometry (mean±SD, n = 5).
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Table 1 Changes of tumor volume and survival time in TB mice
(mean±SD, n = 10)
Groups

Doses
(mg/kg)

Control
5-Fu-GCL

Free-5-Fu
a

–
20
40
80
40

Tumor volume
(cm3)

Tumor inhibition
rate (%)

0.45±0.17
0.30±0.10a
0.19±0.07b,c
0.12±0.05b
0.27±0.08b

–
33.3
57.7
73.3
40.0

Survival
time (d)
26.3±3.2
29.5±4.2
35.9±5.8b
42.7±6.3b
32.9±5.7a

Table 2 Distribution of 5-Fu-GCL in liver tumor (mean±SD, n = 10)
Control
5-Fu-GCL

Free 5-Fu
a

5

6

P<0.05, bP<0.01 vs control; cP<0.05 vs free 5-Fu.

Groups

4

Doses (mg/kg)

Content (g/g)

–
20
40
80
40

–
16.3±3.5
22.9±4.7a
28.3±5.9
18.3±3.2

7

8

P<0.05 vs 5-F-Fu.

9

Since GC is a cerebroside containing galactose, liposome
made of GC also possesses galactose. As a result, this kind
of liposomes have a special binding ability to salivate acid
protein receptors located on the membrane of mammals[21].
Compared with lecithoid, GC has several advantages such
as stable chemical characteristics, long retention in blood,
anti-oxide ability and unique directional trait. It may be
developed into a new kind of medicine carriers.
5-Fu is a dissoluble chemical with a small molecule and
confines it to be made into liposome with a higher enveloped
rate[12]. In a recent study, we used calcium-induced fusion
in combination with reverse evaporation to envelop Fu,
and the enveloped rate reached 52%.
In our study, 5-Fu-GCL significantly inhibited not only
the growth of HepA cells, but also tumor volume of TB
mice. IC50 of 5-Fu-GCL was lower than that of free 5-Fu.
The AUC of 5-Fu-GCL in intracellular fluid and the
distribution of 5-Fu-GCL in liver tumor were significantly
higher than those of free 5-Fu. 5-Fu-GCL induced apoptosis
of HepA cells and increased the proportion of cells in the
S phase of cell cycle and decreased the proportion of cells
in the G0/G1 and G2/M phases of cell cycle, indicating
that 5-Fu-GCL has anti-hepatocarcinoma effects, and the
action of 5-Fu-GCL is stronger than that of free 5-Fu. It
could partly increase drug concentrations in intracellular
fluid and liver tumor, and enhance induction of apoptosis
and cell cycle arrest in S phase.
In summary, the toxicity of 5-Fu-GCL is lower than
that of free 5-Fu. 5-Fu-GCL can be developed into a novel
preparation for liver cancer therapy.
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Abstract
AIM: To assess the variability of adhesin gene hpaA
between different Helicobacter pylori (H pylori) strains
with PCR-restriction fragment length polymorphism (RFLP).
METHODS: Twelve different H pylori strains were chosen
to amplify the 710-bp segments of gene hpaA. These
strains were NCTC11637, SS1; Chongqing clinical isolates
CCS9801, CCS9802, CCS9803, CCS9806, CCS9809,
CCS9810, CCS9813, which were gained from patients of
gastritis; Mongolia gerbil adapted H pylori strains
(abbreviation MG), which were gained from the following
steps: gastric mucosal specimens of Mongolia gerbils
infected by clinical isolate CCS9803 were cultured and
detected, the positive H pylori strains were named as the
first generation of Mongolia gerbil adapted H pylori strains
(abbreviation MG1) and then were subcultured with
healthy Mongolia gerbil to generate MG2, in turn to gain
the ninth generation (abbreviation MG9). All hpa A
segments, obtained from 12 different H pylori strains,
were digested by HhaI and HaeIII individually and analyzed
by agarose gel electrophoresis.
RESULTS: In all 12 strains, the 710-bp PCR products were
successfully amplified and products were cloned to pMD18T vector respectively, then the recombinant plasmids were
digested simultaneously with Nco I and XhoI to recover
the small fragments. The objective fragments from 12
different H pylori strains digested with Hae III could be seen
as 4 types of bands and 5 types with Hha I. According to
the hpaA RFLP patterns, the 12 H pylori strains could be
divided into 5 groups: group I, NCTC11637 and SS1; group
II, CCS9809, which RFLP type digested with HaeIII was
the same as strains of group I, but HhaI RFLP showed

difference compared with the other groups; group III,
CCS9810; group IV, CCS9803; group V: CCS9801,
CCS9802, CCS9806, CCS9813, MG1, MG3 and MG9. The
sequence data of 12 hpaA segments were analyzed by
DNAsis software and it was observed that: (1) The homologies
of base pair and amino acid sequence between strains
NCTC11637, SS1, CCS9809 were 99.6% and 98.9%,
respectively; (2) The homology of base pair and amino acid
sequence between CCS9803 and CCS9810 was 97.7%
and 99.1%; (3) That of the rest strains, CCS9801, CCS9802,
CCS9806, CCS9813, MG1, MG3, MG9 reached 99.4% and
98.4%; (4) The base pair homologies between all hpaA
fragments of different sources were higher than 94.6%,
therefore the correspondence of deduced amino acid
sequence was higher than 96.8% between each other.
CONCLUSION: The gene hpaA from different H pylori
strains revealed variation, and this might provide an effective
method for molecular epidemiological survey of H pylori.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Helicobacter pylori (H pylori) is a stomach-colonizing bacterium
that not only causes chronic gastritis and duodenal ulcer
disease but also is a risk factor for gastric cancer[1,2]. However,
its source of infection, mode of transmission and etiology
of recurrence have not been fully clarified. Because the
phenotype characters of H pylori showed similarity, it could
not be identified by traditional classification system. With
the development of molecular biology and the application
of new molecular biological technology, classification and
epidemiological study of bacteria rely more and more on
genetic characters[3], such as plasmid profiles, chromosomal
restriction endonuclease analysis, ribotyping, PCR-restriction
fragment length polymo-rphism (RFLP), PCR-SSCP, etc.
Using these methods, we could differentiate H pylori strains,
compare the similarity of different H pylori, track the source
of H pylori infection, investigate the route of transmission,
confirm the relapse to be recrudescence of the same strain
or reinfection of other H pylori strains, and also carry out
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molecular epidemiological survey, explore distributing status
and epidemic characteristics of H pylori[4-6].
In the present study, 710-bp gene hpaA from 12 H pylori
strains were cloned and sequenced. Restriction endonucleases
HhaI and HaeIII were chosen to do RFLP analysis.

MATERIALS AND METHODS
Bacterial strains and growth condition
Twelve different H pylori strains were NCTC11637, SS1 (kindly
presented by China Microbiology and Epidemiology Institute
of Preventive Medicine, Academy of Sciences); Chongqing
clinical isolates CCS9801, CCS9802, CCS9803, CCS9806,
CCS9809, CCS9810, CCS9813, which were identified and
preserved by the Department of Clinical Microbiology and
Immunology; Mongolia gerbil adapted H pylori strains
(abbreviated MG), which were gained from the following
steps: gastric mucosal specimens of Mongolia gerbils infected
by clinical isolate CCS9803 were inoculated onto nonselective
brain heart infusion agar containing 6% horse blood and
incubated at 37 ℃ under microaerobic conditions. After
being identified, the positive H pylori strains were named as
the first generation of Mongolia gerbil adapted H pylori
strains (abbreviation MG1) and then were subcultured with
healthy Mongolia gerbil to generate MG2, and in turn to
gain the ninth generation (abbreviation MG9). The cultures
of all strains mentioned above were preserved at -70 ℃ in
H pylori liquid medium containing 30% glycerol. E.coli DH5
was used as host for cloning DNA and grew in Luria-Bertani
(LB) medium at 37 ℃. Ampicillin 100 g/mL was chosen
as antibiotics. For blue/white selection of recombinants,
25 L of 5-bromo-4-chloro-3-indolyl--D-galactoside (x-gal)
with concentration of 40 mg/mL dissolved with dimethylformamide were spread on the LB agar plates containing the
ampicillin.
Major reagents
Ex-Taq enzyme, restriction endonucleases HhaI, HaeIII,
NcoI, XhoI, BamHI, DNA marker and pMD18-T vector
were purchased from Takara (Japan). Both plasmid Miniprep
and Gel Extraction Kit were bought from Omega (USA).
PCR template preparation
The H pylori strains’ pure cultures were suspended with 1.0 mL
distilled water. The suspension was centrifuged at 10 000 g
for 1 min. After the removal of the supernatant, the pellets
were added with 0.5 mL of distilled water and then boiled
for 10 min. The supernatants were transferred to another
clean Eppendorf and stored at -20 ℃.
Primer design
Oligonucleotide primers were designed and elevated with
Netprimer software and synthesized by Takara. The sense
primer (23 mer: 5’-ccatgggcagcccgcatattatt-3’ with NcoI site)
and antisense primer (21 mer: 5’-ctcgagtcggtttcttttgcc-3’ with
XhoI site) were used to amplify a 710-bp segment of the
H pylori adhesin subunit gene hpaA.
PCR amplification
Template DNA was added to a 100 L reaction mixture
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containing 10 L 10×Ex-Taq buffer, 0.25 mmol/L MgCl2,
0.025 mmol/L each of the deoxynucleotide phosphates, 2.5 U
Ex-Taq polymerase, and 0.25 mol/L each of the two
oligonucleotide primers. The mixtures were overlaid with
30 L of light mineral oil to prevent evaporation. PCR was
performed with an automatic thermal cycler (MiniCyclerTM).
The ampli-fication cycle consisted of a pre-denaturation
of the target DNA at 94 ℃ for 3 min, initial denaturation
at 94 ℃ for 50 s, annealing at 60 ℃ for 50 s, and DNA
chain extension at 72 ℃ for 50 s, with 35 cycles. The final
cycle included 10 additional minutes at 72 ℃ to ensure full
extension of product, followed by rapid cooling to 4 ℃.
Obtaining of the 710-bp fragment
PCR product of 710 bp was recovered and then cloned to
pMD18-T vector, then the positive clone was transformed
to E.coli DH5. Extracted plasmid was digested with Nco I
and XhoI simultaneously, and the small fragment was
recovered to RFLP analysis.
Enzymatic digestion analysis
Using NCTC11637 (GenBank accession number X92502)
as reference to search endonuclease site within 710-bp hpaA,
restriction enzymes Hha I and Hae III were selected. The 8 L
recovered products were subjected to restriction endonuclease
either HhaI or HaeIII in a 20 L reaction volume, with conditions
recommended by the manufacturer. Restriction fragments were
resolved by 4% agarose gel, then stained with ethidium bromide
for about 20 min and washed with distilled water.
Nucleotide sequence analysis
The recombinant plasmids pMD18-T-hpaA were sequenced
by Takara Corporation with auto-sequencer.

RESULTS
PCR amplification and obtaining of objective fragments
PCR was performed for each of the 12 strains. In all strains,
the 710-bp PCR products were successfully amplified. In
order to gain pure gene hpaA, 710-bp PCR product was
cloned to pMD18-T vector, and then the recombinant plasmids
were digested simultaneously with NcoI and XhoI to recover
the small fragments.
RFLP types of objective fragments digested by HaeIII and HhaI
The objective fragments from 12 different H pylori strains
digested with HaeIII could be seen as four types and five types
with HhaI. So the hpaA RFLP patterns could separate the 12
H pylori strains into five groups: group I: NCTC11637 and
SS1; group II: CCS9809, which RFLP type digested with HaeIII
was the same as strains of group I, but HhaI RFLP showed
difference compared with the other groups; group III: CCS9810;
group IV, CCS9803; group V: CCS9801, CCS9802, CCS9806,
CCS9813, MG1, MG3 and MG9 (Figure 1).
Nucleotide sequence and data analysis
Table 1 shows the sequence of gene hpaA of 12 H pylori
strains. It could be seen that change of base pair was various
in the third site of triad codon but no variation in the
conservative KRTIQK, the sixth amino acid of sialyllactose-
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Figure 1 Restriction fragments of 710-bp hpaA from 12 different H pylori strains
resolved by 4% agarose gel electrophoresis. H pylori strains NCTC11637,

SS1, CCS9803, CCS9813, MG1, MG3, MG9, CCS9809, CCS9810, CCS9801,
CCS9802, CCS9806, respectively (lanes 1-12). M: 100-bp DNA ladder marker.

Table 1 Sequencing results of gene hpaA of 12 different H pylori strains
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..........
..........
..........
........A.
..........
..........
..........
..........
..........
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GCTTTTAAGG
A.........
A.........
A.......A.
A.........
..........
A.......A.
A.........
A.........
A.........
A.........
..........
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ACCGCGCTCA
.....A....
.....A....
.....A....
.....A....
..........
..........
.....A....
.....A....
.....A....
.....A....
..........
250
AAGACGATTT
........C.
........C.
........C.
........C.
..........
........C.
........C.
........C.
........C.
........C.
..........
320
ACGCCCCGAT
..........
..........
G.........
..........
..........
..........

50
TTTGAAATTG
......G...
......G...
......G...
......G...
..........
......G...
......G...
......G...
......G...
......G...
..........
120
CCAGCTTTCC
..G.....T.
..G.....T.
..A.....T.
..G.....T.
..........
..A.....T.
..G.....T.
..G.....T.
..G.....T.
..G.....T.
..........
190
AGGTTGAACA
..........
..........
..........
..........
..........
..........
..........
..........
..........
..........
..........
260
TTCTTTTGCA
.........G
.........G
.........G
.........G
..........
.........G
.........G
.........G
.........G
.........G
..........
330
CCTAAAAGGA
..........
..........
..........
..........
..........
..........

60
AATTACCATC
..........
..........
..........
..........
..........
..........
..........
..........
..........
..........
..........
130
AATATAGCGA
....C.....
....C.....
....C.....
....C.....
..........
....C.....
....C.....
....C.....
....C.....
....C.....
..........
200
GATTTTGCAA
..........
..........
..........
..........
..........
..........
..........
..........
..........
..........
..........
270
CAAAAAAAAG
..........
..........
..........
..........
..........
..........
..........
..........
..........
..........
..........
340
CCATACAGAA
..........
..........
..........
..........
..........
..........

70
CAGCTAGCGA
T.........
T.........
..........
T.........
..........
..........
T.........
T.........
T.........
T.........
..........
140
TAATATCGCT
......T...
......T...
......T...
......T...
..........
......T...
......T...
......T...
......T...
......T...
..........
210
AATCAAGGCT
.....G....
.....G....
.....G....
.....G....
..........
.....G....
.....G....
.....G....
.....G....
.....G....
..........
280
AAGGGTATTT
..........
..........
..........
..........
..........
..........
..........
..........
..........
..........
..........
350
AAAATCAGAA
..........
..........
..........
..........
..........
..........
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360
CCCGGGTTAT
..........
..........
..........
..........
..........
..........
..........
..........
..........
..........
..........
430
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........T.
........T.
........T.
........T.
..........
........T.
........T.
........T.
........T.
........T.
..........
500
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570
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..........
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..........
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..........
..........
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ACAAAAAACT
..........
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..........
..........
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.......T..
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.......T..
..........
.......T..
.......T..
.......T..
.......T..
.......T..
..........
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CACTCAAAAG
..........
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..........
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..........
..........
..........
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..........
..........
..........
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T........T
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..........
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T........T
T........T
..........
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..........
..........
..........
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..........
..........
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..........
..........
..........
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..........
..........
..........
..........
..........
..........
..........
..........
..........
..........
..........
590
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..........
..........
..........
..........
..........
.........T
..........
..........
..........
..........
..........
660
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..........
..........
..........
..........
..........
..........
..........
..........
..........
..........
..........
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AAAATGGAAG
..........
..........
..........
..........
..........
..........
..........
..........
..........
..........
..........
460
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....A.....
....A.....
....A.....
....A.....
..........
..........
....A.....
....A.....
....A.....
....A.....
..........
530
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..........
..........
..........
..........
..........
..........
..........
..........
..........
..........
..........
600
GCTTTGAATA
..........
..........
........C.
..........
..........
..........
..........
..........
..........
..........
..........
670
CTTATCAAAA
..........
..........
..........
..........
..........
..........
..........
..........
..........
..........
..........

400
GGGTTTTAAT
..........
..........
..........
..........
..........
..........
..........
..........
..........
..........
..........
470
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..........
..........
..........
..........
..........
..........
..........
..........
..........
..........
..........
540
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..........
..........
..........
..........
..........
..........
..........
..........
..........
..........
..........
610
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..........
..........
..........
..........
..........
..........
..........
..........
..........
..........
..........
680
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......T..G
......T..G
..........
......T..G
..........
..........
......T..G
......T..G
......T..G
......T..G
..........
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......C...
......C...
..........
......C...
..........
......C...
......C...
......C...
......C...
......C...
..........
480
GATTTGAGCG
.....A....
.....A....
..........
.....A....
..........
..........
.....A....
.....A....
.....A....
.....A....
..........
550
TTAGCACTAT
..........
..........
..........
........G.
..........
..........
..........
..........
..........
..........
..........
620
AAATATCATG
..G.......
..G.......
..........
..G.......
..........
..........
..G.......
..G.......
..G.......
..G.......
..........
690
GAATTAAAAG
..........
..........
..........
..........
..........
.....G....
..........
..........
..........
..........
..........

420
TTTATTAAGG
.....C....
.....C....
.....C....
.....C....
..........
.....C....
.....C....
.....C....
.....C....
.....C....
..........
490
AGTTGGACAT
..........
..........
..........
..........
..........
..........
..........
..........
..........
..........
..........
560
GGTTAAGGGA
..........
..........
..........
..........
..........
..........
..........
..........
..........
..........
..........
630
CAAGAAATAG
..........
..........
..........
..........
..........
..........
..........
..........
..........
..........
..........
700
GCAAAAGAAA
..........
..........
..........
..........
..........
..........
..........
..........
..........
..........
..........
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Figure 2 Phylogenetic tree of the gene hpaA and deduced protein.

binding motif.
To assess the variation of 12 gene hpaA of different
H pylori strains, the sequence data were analyzed by DNAsis
software. From the phylogenetic tree (Figure 2), it could be
seen that: (1) The homologies of base pair and amino acid
sequence in strains NCTC11637, SS1, CCS9809 were 99.6%
and 98.9%, respectively; (2) The homologies of base pair
and amino acid sequence between CCS9803 and CCS9810
were 97.7% and 99.1%; (3) That of the rest strains, CCS9801,
CCS9802, CCS9806, CCS9813, MG1, MG3, MG9 could
hit 99.4% and 98.4%; (4) The base pair homologies in all
hpaA fragments of different sources were more than 94.6%,
therefore the correspondence of deduced amino acid
sequence was higher than 96.8% between each other.

DISCUSSION
Special adhesion of bacteria to host cells was conducted by
adhesins and receptors system, which relied on combination
of some amino acids with their special receptors. The
adhesion and colonization was one of the most basic factors
of H pylori infection. The colonization elements included
dynamic, urease enzyme and adhesins, etc. [7]. The reason
that H pylori could not be eliminated with foods via stomach’s
peristalsis was related to its close adherence to stomach
epithelial cells[8,9]. Histological studies revealed that H pylori
could be found only in stomach epithelial cells, and generally
existed at antrum of stomach. H pylori had strong adherence
to stomach epithelial cells, but also with host, tissue and
obvious sites specificity. Different H pylori strains revealed
transparent discrepancy while adhering to the same gastric
mucosa. All these indicated a complex system of adhesins
and receptors existing between host and H pylori[6,10,11]. Evan
et al[12], found that neuraminyl lactose binding hemagglutinin
(NLBH or hpaA) of H pylori could closely bind to special
receptors on human stomach mucosa. The special receptors,
which included MG3 ganglioside, sulfate lactosylceramide,

could help H pylori tightly adhere to stomach epithelial cells
and further injure stomach mucosa.
Evans et al[13], using restriction endonucleases Sau3A and
Hinf I to digest the gene hpaA, a 375-bp polymerase chain
reaction-amplified product, detected that seven different
polymorphic types were found in hpaA, which was obtained
from 50 different H pylori isolates. By gene sequencing,
more than 90% base substitutions were very conservative,
they either did not change the encoded amino acid or
substituted a homologous amino acid, and caused no
detectable antigenic or functional effect on hpaA.
In this study a 710-bp polymerase chain reaction amplified
sequence of hpaA, obtained from 12 different H pylori strains
was digested with HhaI and HaeIII respectively and analyzed
with agarose gel electrophoresis. The result revealed that
there were four RFLP polymorphic types with HaeIII and
five with HhaI, so we could divide 12 H pylori strains into
five groups, which were (1) NCTC11637, SS1; (2) CCS9809;
(3) CCS9810; (4) CCS9803; (5) CCS9801, CCS9802,
CCS9806, CCS9813, MG1, MG3, MG9. There was no
difference in RFLP between NCTC11637 and SS1, and both
were accordant to the predictive data of GenBank. On the
other hand, hpaA RFLP analysis of Chongqing clinical
H pylori isolates CCS9810, CCS9813 and CCS9803 were
different between each other and distinguished from standard
strains. Result of CCS9809 digested with HaeIII was the
same as with NCTC11637 and SS1, but different from other
strains by HhaI digestion. It indicated that, firstly, there
existed remarkable difference in hpaA RFLP among Chinese
and international standard strains. Secondly, it showed
difference in HhaI and HaeIII recognizing sites of gene
hpaA from Chinese clinical isolates, which were obtained from
different gastrointestinal diseases. These proved that there
was numerous polymorphism of gene hpaA at nucleic acid level.
While setting up infected animal model, in order to help
H pylori colonizing at stomach mucosa, we pretreated Mongolia
gerbil with medicine to injure its stomach mucosa and then
subcultured live H pylori. Strains MG1 to MG8 were gained
in turn with this method but strain MG9 was obtained through
directly subculturing live H pylori without pretreating Mongolia
gerbil stomach mucosa with medicine. This indicated that
the colonizing ability of H pylori had been enhanced in the
progress of continuous infection. Besides, the types of hpaA
RFLP of three MG strains were the same between one
another, but different from CCS9803. Therefore, it might
be variation of H pylori during adaptation to a different host.
Since the RFLP type of CCS9801, CCS9802, CCS9806 and
CCS9813 was the same as MG strains, it might suggest that
these clinical isolates originated from animals.
In conclusion, RFLP analysis of gene hpaA digested with
HhaI and HaeIII was a good means to differentiate H pylori
strains and to study transmission route of H pylori at molecular
level. Furthermore we could utilize the means to study
H pylori’s distribution, epidemic characteristics and molecular
epidemiology.
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Abstract
AIM: To evaluate the expression of apoptosis related gene
Fas ligand (FasL) in human hepatocellular carcinoma
(HCC) cells HepG2 and its significance in apoptosis.
METHODS: Levels of soluble Fas ligand (sFasL) in a group
of patients with hepatitis B virus (HBV)-induced chronic
hepatitis, HBV-positive liver cirrhosis and HCC were
evaluated. In a further study, the recombinant eukaryotic
expression plasmid pcDNA3.1hisB-FasL was transfected
into HCC cells HepG2 by lipofection, and then soluble FasL
was examined in the supernatant of culture cells by EIA,
FasL expression in HepG2 cells was detected by
immuohistochemistry. After being stained by annexin V
and propidium iodine, cells were passed through a flow
cytometer and examined by a fluorescence microscope and
a laser scanning microscope.
RESULTS: The sFasL levels were significantly lower in
patients with HCC when compared to the patients with
hepatitis or liver cirrhosis. In comparison with untransfected
cells, the soluble FasL could be detected in the supernatant
of transfected cells. FasL was expressed on the membranes
and cytoplasm of transfected cells. The apoptotic cell rate
was 36.30% in transfected cells, and was 11.53% in
untransfected cells. Moreover, the different stage of
apoptotic cells could be distinguished by annexin V and
propidium iodine staining.
CONCLUSION: Fas ligand is an apoptotic pathway of HCC
cells.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Apoptosis is a cellular suicide program that is a regular,
non-necrotic form of cell death. Apoptosis in epidermal
cell can be regulated by a variety of signals of which the
Fas/Fas ligand (Fas/FasL) pathway is one of the bestdescribed signals[1-3]. Fas is a transmembrane receptor in the
TNF receptor family[4,5] that transduces an apoptotic signal
into cells when cross-linked by FasL. The ligand for Fas
is expressed by intraepithelial lymphocytes and lamina
propria lymphocytes. Lymphocytes expressing FasL are
not dependent on either classical or nonclassical major
histocompatibility complex restriction but recognize cells
expressing Fas[6]. It has been shown that hepatoma cells could
express Fas and FasL. Several lines of evidence suggest that
Fas/FasL interactions are important in immune-epithelial
communication in the liver[7,8]. Recent researches have shown
epithelial cells can be apoptotic by self-secretion or side secretion
of Fas and FasL without involvement of immune cells[9-13].
Liver cancer is common in China, and its treatment is
difficult. To investigate the mechanism of carcinogenesis
of liver cancer would facilitate its treatment.
MATERIALS AND METHODS
sFasL test in patients with liver diseases
Soluble Fas ligand was tested by EIA (MBL, USA) in a
group of patients with hepatitis B virus (HBV)-induced
chronic hepatitis (12 patients), HBV-positive liver cirrhosis
(6 patients) and hepatocellular carcinoma (HCC,16 patients),
six volunteers served as normal controls.
Human FasL expression vector construction
Human FasL was amplified by PCR from pBluescript SK
(gift from S Nagata, Osaka Bioscience Institute, Japan) using
the following oligonucleotides 5’-CCTCTACAGGACTGAGAAGAAG-3’ and 5’-CAACATTCTCGGTGCCTGTAAC-3’. PCR products were excised using EcoRI and
BamHI and ligated into the mammalian expression vector
pCDNA3.1hisB (Invitrogen). The resulting pCDNA31hisBhFasL plasmid was purified using the Qtip500 system
(Qiagen). The correct insertion of hFasL was verified by
PCR and a sequence analysis system (BioSino, Shanghai, China).
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Cell culture and transfection
HepG2 cells (stored in Xiangya cell center, Changsha, China)
and HepG2.2.15 cells (gift from South Hospital, the First
Military Medical University, Guangzhou, China) were
cultured at 37 ℃ containing 50 mL/L CO2 in Dulbecco’s
modified Eagle’s medium and 10 mL/L fetal calf serum
supplemented with pencillin-streptomycin and fungizone
(GIBCO, Inc.). All transfections were performed using the
lipofection system (GIBCO, Inc.). Then the transfected
HepG2 cells were cultured with HepG2.2.15 cells.
Expression of human FasL
Twenty-four and 48 h after, the supernatant and cultured
HepG2 cells were harvested, soluble FasL was detected
using an EIA human FasL detect kit (MBL, USA). HepG2
cells were stained by S-P using a S-P human FasL detect kit
(Maixin Bio, Fuzhou, China).
Examination of apoptosis
Forty-eight hours after the HepG2 and HepG2.2.15 cells
were cocultured and stained by annexin V and propidium
iodine (purchased from Boehringer Mannheim, Germany)
and then examined under a fluorescence microscope or a
laser scanning microscope to identify the morphological
changes of apoptosis. Stained cells were washed twice with
PBS, dispersed, filtered through a 360 mesh nylon net to
make single cell suspension. 3×10 9 cells/L were detected
by a flow cytometer (FACSort, B-D Co., USA) fluorescent
intensity was detected using exciting light 488 nm and
emission light 515 nm. The scatter diagram was drawn
according to the fluorescent intensity value of one cell. The
apoptotic cell rate was calculated.

RESULTS
sFasL in patients with liver disease
After t-test (SPSS10.0), sFasL in patients with HCC
(2.8±0.4 pg/L) was different from that in patients with chronic
hepatitis (3.2±0.4 pg/L), liver cirrhosis (3.8±1.1 pg/L) and
normal control (3.5±0.7 pg/L) (P<0.05).
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FasL expression in HepG2 cells
The concentrations of soluble FasL were 2 029 and 2 014
pg/L in supernatant of transfected HepG2 cells 24 and 48 h
after they were cultured. No soluble FasL was detected in
untransfected cells. The FasL was expressed on the membranes
and cytoplasm of transfected cells. Control cells had no
FasL expression. FasL positive expression appeared brown
located on the membrane and cytoplasm, negative cells
appeared blue, and both the cell nucleus appeared blue after
being counterstained with sappan wood lignins (Figure 2).

A

B

Figure 2 Expression of FasL in HepG2 cells. A: Transfected FasL cells
(×200); B: control cells (×100).

Estimation of apoptosis
The apoptotic cell rate was 36.30% in transfected cells and
11.53% in untransfected cells.
Morphological changes of apoptosis
After being stained with annexin V and propidium iodine
(PI), apoptotic cells could be distinguished under a microscope.
The early apoptotic cells were stained by annexin V, but not
stained by PI. The middle and late apoptotic cells were
stained by both annexin V and PI. Dead cells were stained
by PI and living cells were not stained by PI and annexin V
(Figure 3).

A

B

Verification of the correct insertion of hFasL
PCR and enzyme cut pCDNA31hisB-hFasL plasmid
achieved the expected fragments (Figure 1).

1 2

3

4 5

Figure 3 Apoptotic cells at different stages. A: middle and late stage apoptotic
cells; B: early, middle and late stage apoptotic cells.

bp
15 000
10 000
7 500
5 000
2 500

1 030
90 0
80 0
70 0
60 0
50 0

Figure 1 Result of PCR and enzyme pCDNA31hisB-hFasL plasmid lines 1, 2:
Molecule marker; line 3: EcoRI and BamHI enzyme cut plasmid; lane 4: Uncut
plasmid; lane 5: PCR result The sequence of pCDNA31hisB-hFasLwas tested
in GenBank Blast.

DISCUSSION
Fas/FasL play an important role in HCC. Ito et al [14],
evaluated Fas and Fas ligand expression in HCC patients,
and found Fas and Fas ligand had a significant prognostic
value for disease-free survival, and could be regarded as a
new prognostic marker. Yoshitaka[15] found the labeling index
of Fas/FasL was lower in cancerous liver tissue than in
adjacent noncancerous region (P<0.01), and tended to
decrease in proportion to the malignancy of tumor cells.

Chen J et al. Fas ligand HCC cells

Fas/FasL expression was not found in poorly-differentiated
cancer cells. Fas(-)/FasL (+), FasL-mRNA (+) HCC cells
were seen in one specimen of moderately-differentiated
cells, suggesting that Fas/FasL expression was decreased in
proportion to the malignancy of tumor cells, and infiltrating
CD8+T lymphocytes played a role in apoptosis in HCC. Also,
the apoptosis in HCC could be regulated by the suppression
of Fas/FasL expression, or sometimes, by the enhancement
of FasL expression. Kupffer cells and LPS/Kupffer cellconditioned supernatants might induce expression of Fas
and Fas ligand in malignant glioma cells. Subsequently a
significant proportion of malignant glioma cells became
apoptotic, as evidenced by positive staining of annexin V
and propidium iodine and an increase in cellular DNA
fragmentation, suggesting a novel pathway of Kupffer cells
against liver metastases, in which tumor cells were apoptotic
via the Fas-Fas ligand system induced by TNF released
from Kupffer cells. The suppression of Fas/FasL might
have a correlation with HCC occurrence, malignancy and
metastases[15-19].
Activated lymphocytes have been shown to release soluble
forms of FasL (sFasL), which is capable of inducing apoptosis
of Fas positive cells. sFasL is also known to induce activation
of nuclear factor B (NF-B) and/or IL-8 secretion[20,21].
Thus, sFasL has biological activities, though the presence
and possible function of sFasL in the liver have not been
clarified yet. The present study, therefore, demonstrated
that the amounts of sFasL in serum of patients with
hepatocellular cancer had a significant difference compared
with chronic viral hepatitis and liver cirrhosis, suggesting
that sFasL plays an important role in HCC, and is worthy
to be further studied.
In our study, soluble FasL was found in supernatant of
transfected HepG2 cells and expressed on the membranes
and cytoplasms of transfected cells, showing that Fas ligand
was successfully transfected into HepG2 cells. The apoptotic
rate in transfected HepG2 cells was higher than that in the
control.
In conclusion, hepatoma cells become apoptotic via the
CD95-CD95 ligand system without the involvement of
immune cells. Fas L can induce apoptosis of hepatoma cells.
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Abstract
AIM: To identify the role of alpha-fetoprotein (AFP) mRNA
expression in peripheral blood one week after surgery as a
predictor for recurrence of hepatocellular carcinoma (HCC).
METHODS: Published studies fulfilling the selection criteria
were identified by searching several databases online.
After a methodology assessment using a quality scale
designed by European Lung Cancer Working Party, data
in each research were aggregated by means of metaanalysis.
RESULTS: Altogether 368 cases were included in the 9
selected studies, which fulfilled the selection criteria. The
quality scores ranged from 35% to 84% with a median
score of 55%. The ‘design’ subscore had the lowest
median value (38%). By aggregating the data, a high 2
value (77.576) was presented. The fail-safe number was
136 and 64 for P = 0.05 and 0.01, respectively.
CONCLUSION: AFP mRNA expression in peripheral blood
1 wk after surgery correlated with the recurrence of HCC
and was a good predictor for tumor recurrence.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common
malignant diseases in the world. Approximately 560 000
new cases of HCC are diagnosed each year, constituting
6% of all new human cancers[1]. The HCC mortality rate in
China is approximately 20.4/100 000 and is the second
leading cause of cancer death among Chinese males[2]. It
has been putatively accepted that surgery, including curative
resection and liver transplantation, is the only hope for curing
this malignant disease. With the advance in surgical
techniques, the surgical mortality of HCC has decreased
significantly in the past decades. The 5-year survival rate
after curative resection of HCC has risen from 16.0% up
to 48.6%. But unfortunately, even after curative resection,
approximately from 40% to 100% HCC patients will suffer
from tumor recurrence[3]. So it is of great importance to
find valuable prognostic markers, which could predict the
recurrence and metastases of HCC, and with the help of
those markers, doctors could perform proper postoperative
treatment on those who are at a high risk of cancer recurrence.
It has been suggested that a small number of HCC cells
could be detected in the peripheral blood of patients with
HCC by reverse-transcription polymerase chain reaction
(RT-PCR) targeting alpha-fetoprotein (AFP) messenger RNA
(mRNA)[4,5]. Some clinical studies reported that the presence
of AFP mRNA in peripheral blood was associated with
blood-borne spread and poor prognosis of HCC. However,
some other reports about the value of AFP mRNA as a
marker for predicting the recurrence of HCC after surgery
are quite different[6].
Recently some studies suggested that the meta-analysis
was a scientific method to evaluate the role of biomarkers,
such as p53, microvessel density, Bel-2 [7-9], in predicting
the recurrence and prognosis of cancer. In order to correctly
evaluate the value of AFP mRNA as a predictor of HCC
recurrence, we performed a systemic review of literature
on the relationship between AFP mRNA expression in
peripheral blood 1 wk after surgery and the recurrence of
HCC, and applied meta-analysis to explore the role of AFP
mRNA as a prognostic marker of HCC recurrence after
surgery.
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MATERIALS AND METHODS
Publication selection
To be eligible for this review, trials had to deal with HCC
patients who received their first curative operation (including
curative resection and liver transplantation) only. The data
of AFP mRNA expression in peripheral blood a week after
surgery should be available (the latest data was used to
evaluate its relationship with tumor recurrence if AFP
mRNA test was performed several times a week after
operation). The survival observation should last at least
1 year. Reliable data and analysis should be presented in
the article and results should be published as a full paper in
medical literature in English or Chinese. Abstracts were
excluded from this analysis because of insufficient data to
apply the scoring system and to evaluate the methodological
quality of the trial.
Articles were identified by an electronic search on
Pubmed, Embase cancerlit and cnki using the keywords:
HCC, liver cancer, liver tumor, alpha-fetoprotein mRNA,
AFP mRNA. The bibliographies reported in all the
identified studies were used for completion of the trial
search. When authors reported, in several publications,
on the same patient populations, only the most recent or
complete study was included into the analysis, in order
to avoid overlapping between cohorts. The search ended
in February 2004.
Methodological assessment
To assess the methodology, a scoring system previously
introduced by Steels et al[7], was used in this literature review.
Nine investigators, including eight clinicians and one
statistician, read each study independently and scored them
according to a quality scale designed by ELCWP (European
Lung Cancer Working Party)[7]. This quality scale evaluated
many dimensions of the methodology, grouped in four main
categories: the scientific design, the description of the
methods used to identify the expression of AFP mRNA in
peripheral blood, the generalizability of the results and the
analysis of the study data. Each category had a maximal
score of 10 points with an overall maximal theoretical score
of 40 points.
The scores were compared and a consensus value for
each item was reached in meetings at which at least twothirds of the investigators needed to be present. The final
scores were expressed as percentages, with higher values
reflecting a better methodological quality.
Statistical methods
For the quantitative aggregation of recurrence results, we
measured the impact of AFP mRNA on recurrence of
HCC from the risk ratio (RR) and P value between the two
recurrence distributions. According to the method introduced
by Riley[9] , the RR and P values were calculated by the
following steps. First, the accurate RR and P value were
calculated depending on the exact data of RR, OR, the logrank
statistic or its P value, the O-E statistic (difference between
numbers of observed and expected events) or its variance
provided in the publication. Second, if those data were not
available, we used individual patient data to look for the
total number of events, the number of patients at risk in
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each group and the number of events in each group, and
calculated the RR and P value. Lastly, if the only exploitable
data were in the form of graphical representations of
survival distributions, survival rate at some specified times
were extracted from them in order to reconstruct the RR
estimate and P value, with the assumption that the rate of
patients censored was constant during the follow-up study.
When steps 2 or 3 were used, three independent investigators
read the publication and curves to reduce the imprecision
in reading variations. The individual RRs were combined
into an overall RR by fixed effect model (Peto’s method)
assuming that the homogeneity was true. The heterogeneity
was tested by 2 test. If the homogeneity was rejected, then
a random-effects model (D & L method) was applied to
aggregate the data.
The trials were grouped according to their scientific
design. The intra-group aggregation was performed at first,
followed by the inter-group aggregation. Wilcoxon test was
used to compare the distribution of the quality scores.
The statistical analysis was performed by statistical
software SPSS11.0. P values less than 0.05 were considered
statistically significant.

RESULTS
Studies selection and characteristics analysis
Eighteen researches, including 11 English publications and
seven Chinese articles, studied the relationship between AFP
mRNA in peripheral blood after surgery and postoperative
recurrence of HCC[10-26]. Three English articles were excluded
because identical cohorts of patients were included in other
selected publications or the AFP mRNA expression was
detected within a week after surgery instead of 1 wk later
or because of insufficient data for meta-analysis[10,11,19]. Six
Chinese articles were excluded because the survival observation
lasted less than a year or because we could not determine
the time when AFP mRNA was detected or because of
insufficient data for performing meta-analysis[22-26]. In nine
of the remaining articles published between 1997 and 2004,
seven researches were cohort studies and two were casecontrol studies. The total number of patients was 368 ranging
from 14 to 87. The main characteristics of the nine studies
are shown in Table 1.
Quality assessment
Assessed according to the scoring system, the overall quality
score for the remaining nine studies ranged from 35% to
84%, with a median score of 55%. The ‘design’ subscore
had the lowest value (median: 38%). There was no statistical
quality difference between trials with significant results and
non-significant results (median scores: 57% vs 51%, P>0.05).
Meta-analysis
As shown in Table 2, the nine studies enrolled in this study
could be grouped into seven cohort studies and two casecontrol studies. Six of the seven cohort studies provided
detailed individual patient data, and RR and P value were
calculated according to the total number of events, the
number of patients at risk in each group and the number
of events in each group. As only exact P value was available
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Table 1 Main characteristics of selected publications
Author
Wong et al

Yr

Cut-off

Study design

Data used for
meta-analysis

n

Method

2001

The upper limit of

Cohort

Case (D/n/D’/n’)

15

Semi-quantitative

(6/10, 1/5) 1

normal value
Minata et al

2001

Dichotomized by the

Cohort

presence of AFP mRNA
Witzigmann et al

2001

Dichotomized by the

1997

Cohort

Dichotomized by the

2001

Cohort

Dichotomized by the

2002

Cohort

Dichotomized by the

Case (D/n/D’/n’)

31

RT-PCR

Case (D/n/D’/n’)

17

RT-PCR

25

RT-PCR

(2/10, 2/7)

presence of AFP mRNA
Ijichi et al

RT-PCR

(5/15, 4/16)

presence of AFP mRNA
Okuda et al

RT-PCR
26

(11/11, 1/15)

presence of AFP mRNA
Lemoine et al

Case (D/n/D’/n’)

Case (D/n/D’/n’)
(6/12, 2/13)

Cohort

P value (0.014)

87

RT-PCR

Cohort

Case (D/n/D’/n’)

81

RT-PCR

14

RT-PCR

72

RT-PCR

presence of AFP mRNA
I-Shyan et al

2004

Dichotomized by the
presence of AFP mRNA

Funaki et al

1997

Dichotomized by the

(17/19, 19/62)
Case-control

Liu et al

1999

Dichotomized by the

Case-control

presence of recurrence
1

Case (D/n/D’/n’ )
(11/11, 2/3) 2

presence of recurrence

Case (D/n/D’/n’ )
(7/19, 2/53)

The patients who received operation only were enrolled in the study. 2 Prospective survival observation was also performed on eight cases of HCC who were

operated on during this study, but as AFP mRNA was tested 2–3 d after operation, these eight cases were excluded.

Table 2 Aggregation of six cohort studies by Pote’s fix-effect model
Author
Wong

O

E

O–E

V(O–E)

(O–E)/V

Z

P

6

4.67

1.33

1.60

1.11

1.05

0.146

11

5.10

5.90

1.66

21.10

4.58

0.000

Witzigmann

5

4.35

0.65

2.68

0.16

0.39

0.347

Lemoine

2

2.35

-0.35

1.69

0.07

-0.27

0.607

Okuda

6

3.84

2.16

2.07

2.26

1.50

0.067

I-Shyan

17

8.44

8.56

3.75

19.50

4.42

0.000

18.24

13.44

43.95

11.68

Minata

Aggregation

in Ijichi’s study[16], we combined the six studies initially and
then Ijichi’s data was added into the aggregation by statistical
index combination.
The six cohort studies were analyzed with a fix-effect
model, RR was 3.884 (95%CI: 2.276-6.629). However, the
test of heterogeneity was significant (P = 0.002). Thus we
calculated the RR using a random-effects model, the adjusted
RR was 9.102 (95%CI: 1.677-49.405) and P value was 0.011.
The fail-safe number was 44 and 19, for P = 0.05 and P = 0.01,
respectively. After this, Ijichi’s P value was combined to the
former six cohort studies by statistical indexer aggregation.
The result showed that 2 was 48.773 and P<0.001 after
combination. The fail-safe number was 64 and 29 for P = 0.05
and P = 0.01, respectively (Table 3).
Two case-control studies were enrolled in the metaanalysis. One was Funaki’s study in which AFP mRNA
tests were positive in all the patients suffering from HCC
recurrence[15]. As this was an extreme case, we combined
the two case-control studies into one case-control study. When
it was aggregated with the other seven cohort studies by
statistic index aggregation as shown in Table 4, the result

was significant (P<0.001). The AFP mRNA positive group
had a higher incidence rate of recurrence (2 =77.576,
P<0.001), and the fail-safe number was 136 and 64 for
P = 0.05 and P = 0.01, respectively.

DISCUSSION
HCC ranks fifth in frequency worldwide among all malignancies.
Most patients with HCC die quickly because of the rapid
progression of cancer, and the mortality rate of HCC is
almost equal to the morbidity rate[1]. Hepatic resection or
transplantation is the only potential curative treatment for
HCC patients. With the development of surgical technique,
the surgical mortality of HCC has decreased significantly[27],
but even after curative resection, about 60-100% patients
suffered from cancer recurrence ultimately[3]. The recurrence
has become the most important factor that limits the longterm survival of patients with HCC. So there is an urgent
need for proper markers to predict the postoperative
recurrence, and guide us to take adequate treatment for
those who are at a high risk of HCC recurrence.

Ding X et al. AFP mRNA expression in predicting recurrence of hepatocellular carcinoma
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Table 3 Aggregation of six cohort studies by D & L random-effects model
Author

RRi
P1’/P0’

Wong

Yi
Ln (RRi)

Wi
1/Vi

Ywi
Wi × yi/V

Wi’
1/(D+1/Wi)

Ywi’
Wi’ × yi/W’
0.369

6.000

1.792

3.650

0.455

0.207

1 694.000

7.435

1.162

0.278

0.284

0.902

Witzigmann

1.500

0.406

3.667

0.048

0.341

0.059

Lemoine

0.625

–0.470

2.300

–0.035

0.323

–0.065

Okuda

5.500

1.705

3.591

0.197

0.340

0.248

I-Shyan

19.237

2.957

1.865

0.340

0.219

0.481

13.8236

16.2345

1.677

1.343

2.208

Minata

Aggregation

Table 4 Conversion of statistical index of the nine selected studies
Authors

P

Z

t

D

r

2

F

Ijichi

0.014

2.197

2.236

0.485

0.236

4.828

5.000

Wong

0.146

1.054

1.098

0.609

0.291

1.110

1.215

Minata

0.000

4.580

5.357

2.143

0.731

20.976

29.248

Witzigmann

0.347

0.394

0.398

0.148

0.074

0.155

0.159

Lemoine

0.393

–0.272

–0.277

–0.143

–0.071

0.074

0.077

Okudal

0.067

1.499

1.554

0.648

0.308

2.248

2.423

I-Shyan

0.000

4.420

4.460

1.004

0.449

19.536

19.927

Liu and Funki1

0.000

5.354

5.338

1.165

0.503

28.665

28.546

1

Liu and Funki’s study were combined into a single study.

By now, many clinical, tumor biological, and molecular
biological markers have been used to predict HCC recurrence,
but it is a frequently encountered situation that different
conclusions were drawn from different researches concerning
the value of the same predictor. Meta-analysis offers us a
method to solve this problem. By performing a systemic
review on relevant studies and quantitative analysis of the
results, we could take advantage of different opinions and
draw an objective conclusion to the value of those biomarkers
as predictors for HCC recurrence. This method has been
successfully applied to evaluate the prognostic value of some
biomarkers such as p53, microvessel density in several
cancers[7,8]. To our knowledge, this is the first time that metaanalysis was used to evaluate the value of biomarkers for
predicting HCC recurrence.
As the cancer cells in the circulation are an important
source for HCC metastasis and recurrence, the biomarkers
that indicate the existence of malignant cells in the circulation
may be a useful predictor for HCC recurrence. In 1994,
Matsumura reported that single HCC cell in circulation could
be detected by means of RT-PCR, targeting AFP mRNA[4].
From then on, many researchers studied the value of AFP
mRNA as a predictor for HCC recurrence, but the results
are rather controversial. This may be due to the bloodborne dispersion of both tumor cells and normal liver cells
during surgical manipulation and the mis-transcription of
AFP mRNA by peripheral mononuclear cells[28,29], which
may damage the specialty and prognostic value of AFP
mRNA. In this study, we performed a systemic review and
meta-analysis on the researches concerning the relation
between serum AFP mRNA a week after operation and
recurrence of HCC. We focused on patients treated for
the first time by relative curative operation only, we could

not thus extrapolate our results to re-resection patients. It
demonstrated that AFP mRNA is a valuable predictor for
HCC recurrence. This observation is potentially important
for both prognostic reasons and HCC treatment guidance.
In order to ensure the generalizability and credibility of
the result of meta-analysis, we excluded researches that could
not fulfill the selection criteria. To have sufficient time to
exhibit the impact of AFP mRNA on HCC recurrence, the
survival observation is required to be more than 1 year.
We used a methodology score system that adapted to the
field of biological prognostic factors to perform the metaanalysis. The absence of statistically significant difference
in quality score between researches with statically significant
results and non-significant results allowed us to perform a
quantitative aggregation of the individual trial results.
This study does not however prevent all potential biases.
The review was restricted to English and Chinese articles
because other language publications could not be accessed
by the investigators. This selection may favor the positive
studies that are more often published in English while the
negative ones tend to be published in native languages[31] .
Another source of bias is that the authors may report in
several publications on the same patient populations. We
have excluded articles where that seemed to be the case,
and sent emails to some of the authors in order to have
more information on patients’ cohort, but unfortunately
had no response. In several studies, the data used for metaanalysis was based on the detailed information of individual
patients, this approach might cause errors due to imprecision
in the reading, although three independent investigators read
the article to reduce the reading variation.
Only fully published studies were selected for review
and meta-analysis. This selection neglected the unpublished

2660

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

data and abstracts and thus might be less accurate[30]. However,
as the meta-analysis based on all performed studies on the
topic, published or not, requires individual data to be updated
by the investigators is much more time-consuming, even
sometimes impossible; on the other hand, Meert and Auperin’s
studies showed that the same results of meta-analysis on
the role of prophylactic cerebral irradiation in small-cell
lung cancer were obtained respectively either based on
published or individual data[31,32], we considered this approach
might not have much effect on the accuracy of the result
of meta-analysis in this study.
The variations in recurrence among the studies could
be explained by the heterogeneity in the time AFP mRNA
was tested, in addition to variations in patients’ population
and science design. It has been reported that the surgical
manipulation would cause the blood-borne dispersion of
both tumor cells and normal liver cells[13,28]. However,
normal liver cells will diminish from the circulation due to
the mechanical destruction or filtering out of the circulation
when passing through the capillary network. At least 1-2 wk
are needed for these normal liver cells in the circulation to
become undetectable after surgery by RT-PCR targeting
AFP mRNA[19]. As a result, although only trials that studied
the AFP mRNA expression in peripheral blood a week after
operation were selected, the impact of remaining normal
liver cells in the circulation on the AFP mRNA detection
could still be quite different as the difference in the time
interval for testing AFP mRNA ranged from a week to
several months.
In conclusion, the presence of AFP mRNA in peripheral
blood a week after curative surgery is a valuable predictor
for HCC recurrence.
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Abstract
AIM: To investigate the changing patterns of glycogen
and enzyme histochemical activities in rat liver graft under
a different warm ischemia time (WIT) and to predict
the tolerant time limitation of the liver graft to warm
ischemia injury.
METHODS: The rats were randomized into five groups,
WIT was 0, 15, 30, 45, 60 min, respectively, and histochemical
staining of liver graft specimens was observed. The
recovery changes of glycogen and enzyme histochemistry
activities were measured respectively 6 and 24 h following
liver graft implantation.
RESULTS: The activities of succinic dehydrogenase,
cytochrome oxidase, apyrase (Mg++-ATPase) and content
of glycogen were decreased gradually after different WIT
in a time-dependent manner. The changes were significant
when WIT was over 30 min.
CONCLUSION: Hepatic injury is reversible within 30 min of
warm ischemia injury. Glycogen and enzyme histochemistry
activities of liver grafts and their recovery potency after
reperfusion may serve as criteria to evaluate the quality
of liver grafts.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The shortage of donor livers is a critical limiting factor for
liver transplantation in treatment of end-stage liver diseases.
Organs from non-heart-beating donors (NHBD) seem to
be an option to alleviate this problem effectively. However,
the main obstacle to the use of livers from NHBD is warm
ischemia to the liver-related cardiac arrest[1,2]. Moreover, in
liver transplantation, the allograft sustains inevitable cold
ischemia in addition to rewarming injury during liver
reperfusion [3,4]. Therefore, warm ischemia-reperfusion
injury of liver grafts has become a hot topic with theoretical
and clinical significance, and it has drawn more and more
attention[3,4]. In this study, we performed a continuous
observation of the chemical activities of hepatic glycogens
and enzymes in rats under a different warm ischemia time
(WIT) by histochemical and cytochemical techniques to
provide basic data for further research in similar clinical
situations.
MATERIALS AND METHODS
Establishment of animal model
Adult healthy male Sprague-Dawley rats, weighing 250-300 g,
supplied by Experimental Animal Center in Sun Yat-Sen
University, were used for the models. Breeding conditions
were in coincidence with specific pathogen-free animal
standards. Mean weight of recipient rats was a little heavier
than that of donor rats.
Animal model of warm ischemia
A midline laparotomy was performed in supine position
after an ether aspiration anesthesia, 0.2 mL of heparin sodium
solution (1 250 u heparin sodium) was injected via dorsum
of penis vein to heparinize the donor liver. Thereafter, we
sheared diaphragm, clamped the basilar part of the heart
and blocked the thoracic aorta. Thus, a donor liver warm
ischemia model was established.
Animal model of liver transplantation
After the predicted warm ischemia duration in each group,
20 mL of 0-4 ℃ lactic acid Ringer’s solution (50 u/mL heparin
sodium) was infused into the abdominal aorta via a catheter.
The liver graft turned fulvous when filling solution flowed
out via the sheared right atria. All of the liver ligaments
were dissected. The pyloric vein was ligated proximal to the
portal vein after the hepatic proper artery and portal vein
were freed. The infra-hepatic inferior vena cava was isolated
and the right suprarenal vein and right renal vein were cut.
The supra-hepatic inferior vena cava was cut in the position
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close to the diaphragm annulus, the hepatic artery was ligated
and cut, the portal vein was cut in the confluence of portal
vein and splenic vein, and the infra-hepatic inferior vena
cava was cut over the left renal vein. Specimens of donor
livers were preserved in the 4 ℃ lactic acid Ringer’s solution.
Anesthesia, position and incision were all the same in donor
and recipient operations. We modified the angioanastomotic
technique[6] on the basis of biculf technique suggested by
Kamada and Calne[7] and Sun et al [8]. Cold ischemia time
was 50±3.5 min, and hepatic period was 20±2.5 min.
Grouping
One hundred and fifty rats were randomly divided into
five groups, WIT was 0, 15, 30, 45, 60 min respectively. Six
of thirty rats in each group were killed for observation of
hepatic glycogen and enzyme chemical activities in the warm
ischemia stage. OLT was performed for the rest 24 rats in
each group, 12 as donors and 12 as recipients. Six of twelve
recipient rats were killed for observation in the reperfusion
stage 6 and 24 h after transplantation respectively.
Histochemical study
Hepatic glycogens were stained by PAS reaction after fresh
specimens were fixed in Gendre’s solution for 6 h. Techniques
of tetrazolium blue, PPDA, magnesium activation were
adopted to observe the activities of succinic dehydrogenase
(SDH), cytochrome oxidase (CO) and ATPase respectively
on 5-6 m cryo-sections. The spectrum and distribution
for dying were observed under a microscope in a semiquantitative way and the results were analyzed via 30
random fields with a higher amplification. Sections from
the same specimen should be placed on the same sheet
glass for auto-comparison and avoidance of interference
in the staining process.
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RESULTS
Hepatic glycogen and enzyme histochemical activities in warm
ischemia period
Glycogen staining (PAS reaction) PAS reaction was strongly
positive (++++) in normal hepatic cells with abundance of
productive glycogen storage. Purplish red particles were
distributed in the cytoplasm with “polarity” (Figure 1A).
These particles began to decrease once WIT was over 30 min,
especially in the lobule center area. Forty-five minutes later,
the change was obvious, which had a tendency related with
WIT in a time-dependent manner (Figure 1B). Some particles
even vanished in 60-min group.
Succinic dehydrogenase (SDH) Deep-blue particles
representing the SDH activity located mainly in hepatic
parenchymal cytoplasm, hepatocytes around the portal vein
had more abundant and deeper particles than those around
the center vein (Figure 2A). SDH activities began to show a
plaque-like decrease 45 min after warm ischemia, while this
change was slight in groups, with their WIT was less than
30 min (Figure 2B).
Cytochrome oxidase (CO) Brown particles deposited in
areas with CO activity, which only presented in mitochondria,
were especially abundant in those of the lobule center area
(Figure 3A). CO activity changed slightly in groups with
their WIT less than 30 min, but significantly in groups with
their WIT over 30 min (Figure 3B).
ATPase Brown-dark staining was seen in positions with
normal ATPase activity, which only presented in hepatocytic
membranes and cholangioles (Figure 4A). Enzyme activity
decreased slightly 45 min after warm ischemia, while in
60-min group, this change could involve a sheet or foci-like
area ranging from several hepatic lobules to several cells
limited in one lobule. Cells with normal enzyme activities
could be seen in the area around the portal vein and the

A

A

B

B

Figure 1 Hepatic glycogen distribution in WIT 0 min (A) and 45 min (B) (40×10).

Figure 2 SDH distribution in WIT 0 min (A) and 45 min (B) (10×10).
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Table 1 Post-reperfusion histochemical changes in different WIT
0-min group
Observation
indexes

Contrast

Reperfusion
6h

WIT 15-, 30-min groups
Reperfusion
24 h

After ischemia

Reperfusion
6h

WIT 45-, 60-min groups
Reperfusion
24 h

After ischemia

Reperfusion
6h

Reperfusion
24 h

PAS

++++

++–+++

+++–++++

++–+++

+–++

+++

+–±

±––

+

SDH

++++

++

+++

+++–++++

+–++

++–+++

+

±

+–±

CO

++++

++

+++

++++

+–++

++–+++

+–++

+–±

+–±

ATPase

++++

+++

+++

+++

++

++–+++

+–±

±

+

Note: –, negative; ±, suspected positive; +, weak positive; ++, middle positive; +++, fairly positive; ++++, strong positive.

center vein; therefore, the observation was often characterized
by the interlock of cells with different enzyme activities
(Figure 4B).
Hepatic glycogen and enzyme histochemical activities after
reperfusion
Changes of hepatic glycogen and enzyme histochemical
activities were related to WIT significantly in a time-dependent
manner, as shown in Table 1.
In groups with WIT less than 30 min, PAS reaction and
enzyme histochemical activities showed a further decrease
6 h after transplantation. Twenty-four hours after reperfusion,
hepatic glycogen resumed to normal level and SDH, CO
and ATPase activities also recovered gradually to normal
level. While in groups with WIT over 30 min, glycogen and
enzyme histochemical activities decreased gradually 6 h after
implantation. In addition, the recovery potency was slight
24 h after implantation.

DISCUSSION
The disparity between the increasing demand for liver
donors and the limited supply of donor organs has led to a

reconsideration of the use of marginal pools such as
NHBD[1,2,10]. NHBD programs have been used successfully
in kidney transplantation, and are able to increase donor
pool of kidneys by 40%. In the field of liver transplantation,
the use of livers from NHBD showed a less favorable clinical
result, because of the limited hepatic tolerance against warm
ischemic damage compared with kidneys[11,12]. Although
several clinical and experimental studies have shown that
liver can compensate for 60 min of WIT during liver
resection, in transplantation settings there were few studies
about the limit of the period of warm ischemia before
transplantation[13].
In the present study, a dynamic observation of rat liver
graft specimens in a different WIT was made by histochemical
and cytochemical methods. We found that hepatic SDH,
CO and ATPase activities and glycogen decreased gradually
with the elongation of WIT in a time-dependent manner.
The study showed that changes of SDH, CO and ATPase
activities were slight when WIT was within 30 min, while in
45- and 60-min groups, a remarkable decrease of enzymes
was noted. We also found progressive cytoplasm rarefaction,
hepatocyte edema and vacuolation without obvious cell
necrosis under a microscope with routine HE staining in

A

A

B

B

Figure 3 CO distribution in WIT 0 min (A) and 45 min (B) (10×10).

Figure 4 ATPase distribution in WIT 0 min (A) and 45 min (B) (10×10).
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a different WIT[14,15] . Dynamic observation also enabled
us to combine the morphology and metabolic changes to
reflect the degree of hepatic cell injury more sensitively
and accurately.
SDH located in the inner mitochondrial membrane is
an important enzyme in cellular oxidation and oxidative
phosphorylation of tricarboxylic acid cycle (TAC), as a
marker enzyme of mitochondria. Its activity reflects the
function of TAC. CO as the last enzyme link in mitochondrion
oxidative phosphorylation chain also is regarded as the key
enzyme in mitochondria. ATPase is a hydrolase, it could
hydrolyze ATP into ADP with release of energy[16]. We can
conclude from our study that, after the blockage of hepatic
blood supply, hepatocyte mitochondria undergo dysfunction
secondary to ischemia and anoxia, mitochondrial oxidative
phosphorylation is inherited with gradual decrease of SDH,
CO and ATPase activities. In the initial stage of hepatic
ischemia, hepatocytes underwent a rapid glycogenolysis and
anoxic glycolysis to compensate for the energy insufficiency,
thus cellular and subcellular structure and function could
be maintained[17]. With the elongation of WIT, glycogen and
ATP decreased gradually even exhausted, which could lead
to irreversible injury in ischemia cells.
From our study, we can conclude that donor livers from
NHBD undergo ischemia injury both in the warm ischemia
period and in the reperfusion period. Hepatic glycogen and
enzyme activities are positively related to WIT in a timedependent manner during the reperfusion period. In 15- and
30-min WIT groups, PAS reaction and enzyme histochemical
activities showed a recovering potency. While in 45- and
60-min groups, the liver graft underwent an irreversible
injury; therefore, no evident recovery potency was seen 24 h
after implantation[18]. Our results also show that the activities
of glycogen and enzyme histochemistry of liver graft and
its recovery potency after reperfusion can serve as the
important criteria to evaluate the quality of liver donors.

REFERENCES
1
2

3

Busuttil RW, Tanaka K. The utility of marginal donors in
liver transplantation. Liver Transpl 2003; 9: 651-663
Fondevila C, Busuttil RW, Kupiec-Weglinski JW. Hepatic
ischemia/reperfusion injury-a fresh look. Exp Mol Pathol 2003;
74: 86-93
Hines IN, Harada H, Wolf R, Grisham MB. Superoxide and
post-ischemic liver injury: potential therapeutic target for liver

4

5

6

7
8
9

10

11

12

13

14

15
16

17

18

2665

transplantation. Curr Med Chem 2003; 10: 2661-2667
Selzner N, Rudiger H, Graf R, Clavien PA. Protective strategies against ischemic injury of the liver. Gastroenterology 2003;
125: 917-936
He XS, Ma Y, Chen GH, Zhang JX, Wu JL, Liang YJ, Lin GY,
Zhu ZY, Hu RD, Huang JF. The influence of warm ischemia
injury on viability and posttransplantative outcome of liver
graft from non-heart-beating donor in rats. Zhonghua Yixue
Zazhi 2003; 83: 1236-1240
Ma Y, He XS, Chen GH. Surgical technique of the model of
orthotopic liver transplantation and prevention of operational
complication in rats. Zhonghua Xianwei Waike Zazhi 2003; 26:
45-47
Kamada N, Calne RY. A surgical experience with five hundred thirty liver transplants in the rat. Surgery 1993; 93: 64-68
Sun JH, Zeng QH, Wu MC. Experience with orthotopic rat
liver transplantation. Chin Med J (Engl) 1990; 103: 142-145
Moench C, Moench K, Lohse AW, Thies JC, Otto G. Arterial
back table pressure perfusion prevents ischemic biliary lesions after orthotopic liver transplantation. Chirurg 2003; 74:
570-574
Nowak G, Ungerstedt J, Wernerson A, Ungerstedt U, Ericzon
BG. Hepatic cell membrane damage during cold preservation
sensitizes liver grafts to rewarming injury. J Hepatobiliary
Pancreat Surg 2003; 10: 200-205
Koti RS, Seifalian AM, Davidson BR. Protection of the liver
by ischemic preconditioning: a review of mechanisms and
clinical applications. Dig Surg 2003; 20: 383-396
Regueira FM, Espi A, Nwose P, Diez-Caballero A, Baixauli
J, Rotel la r F, Ol ea J, Pardo F, Hernandez -Liz oai n JL,
Cienfuegos JA. Comparison between two warm ischemic
models in experimental liver transplantation in pigs. Transplant Proc 2003; 35: 1591-1593
Belous A, Knox C, Nicoud IB, Pierce J, Anderson C, Pinson
CW, Chari RS. Reversed activity of mitochondrial adenine
nucleotide translocator in ischemia-reperfusion. Transplantation 2003; 75: 1717-1723
Abt P, Crawford M, Desai N, Markmann J, Olthoff K, Shaked
A. Liver transplantation from controlled non-heart-beating
donors: an increased incidence of biliary complications. Transplantation 2003; 75: 1659-1663
Rudiger HA, Graf R, Clavien PA. Liver ischemia: apoptosis as
a central mechanism of injury. J Invest Surg 2003; 16: 149-159
He X, Ma Y, Chen G, Lin G, Wu J, Zhu Z, Huang J. Influence
of warm ischemia injury on energy metabolism and survival
of liver graft in rats. Zhonghua Waike Zazhi 2002; 40: 936-939
Sato M, Ohkohchi N, Tsukamoto S, Koyamada N, Asakura
T, Enomoto Y, Usuda M, Miyagi S, Okada A, Satomi S. Successful liver transplantation from agonal non-heart-beating
donors in pigs. Transpl Int 2003; 16: 100-107
He XS, Ma Y, Wu LW, Ju WQ, Chen GH, Hu RD, Huang JF.
Influence of warm ischemia injury on hepatic functional status and survival of liver graft in rats. Hepatobiliary Pancreat
Dis Int 2003; 2: 504-508

Science Editor Wang XL and Li WZ Language Editor Elsevier HK

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

EL SEVIER

World J Gastroenterol 2005;11(17):2666-2669
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• BRIEF REPORTS •

Capability of multidetector CT to diagnose hepatocellular
carcinoma-associated arterioportal shunt
Ming-Yue Luo, Hong Shan, Zai-Bo Jiang, Wen-Wei Liang, Jian-Sheng Zhang, Lu-Fang Li
Ming-Yue Luo, Hong Shan, Zai-Bo Jiang, Wen-Wei Liang,
Jian-Sheng Zhang, Lu-Fang Li, Department of Radiology, The
Third Affiliated Hospital, Sun Yat-Sen University, Guangzhou
510630, Guangdong Province, China
Correspondence to: Ming-Yue Luo, Department of Radiology,
The Third Affiliated Hospital, Sun Yat-Sen University, Guangzhou
510630, Guangdong Province, China. myluo@yahoo.com.cn
Telephone: +86-20-85260875 Fax: +86-20-87536401
Received: 2004-05-27 Accepted: 2004-06-17

Abstract
AIM: To investigate the capability of multidetector CT
(MDCT) to diagnose HCC-associated arterioportal shunt
(APS).
METHODS: Two hundred and eighty-two patients with
HCC received both thin-slice and enhancement MDCT
scanning at early hepatic arterial phase, late hepatic
arterial phase and portal venous phase, and digital subtract
angiography (DSA) examination. Images were analyzed
jointly by two experienced radiologists blinded to the
opposite examination results, including the existence or
not of APS, shunt locations, types and degrees of APS,
with or without thrombosis.
RESULTS: There were 56 APS associated with HCC,
including 48 central, seven peripheral and one mixed,
or 42 severe, seven moderate, seven mild APS. Fortyone severe, seven moderate and central APS were all
revealed with MDCT and DSA. Seven mild and peripheral
APS were all displayed with MDCT; only five of them
displayed DSA, two faint shunt APS associated with massive
HCC were missed. One mixed APS was demonstrated
as severe combined with mild shunt with both MDCT
and DSA.
CONCLUSION: MDCT could diagnose not only DSA
revealed APS, but also missed mild and peripheral APS
with DSA due to faint shunt associated with massive HCC,
is a simple, effective and noninvasive new technique for
diagnosis of HCC-associated APS.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatocelluar carcinoma (HCC) can easily invade portal
vein to form the direct communication between hepatic
artery or its branches and portal vein, resulting in arterioportal
shunt (APS). APS may cause and/or aggravate portal
hypertension and consequently, splenomegaly, stubborn
ascites and diarrhea, esophagogastric varices and bleeding,
and hepatic encephalopathy, accelerating intrahepatic
dissemination and extrahepatic metastasis of carcinoma
cells. Transcatheter hepatic angiography (including digital
subtract angiography, DSA) is always the gold standard
for diagnosis of HCC-associated APS, but has many
disadvantages. Multidetector CT (MDCT) could contribute
to the diagnosis of HCC-associated APS due to its fast
scanning, improved image resolution and quality[1,2]. The
purpose of this study was to investigate the capability of MDCT
to diagnose HCC-associated APS in contrast with DSA.
MATERIALS AND METHODS
Clinical data
Two hundred and eighty-two patients (247 men and 35
women, range 26-76 years, mean age 48.8 years) with HCC
were included in the present study. The diagnosis of HCC
was based on the results of percutaneous needle biopsy
(n = 26) or laboratory testings, including elevated serum
alpha-fetoprotein level, in combination with imaging
appearance and follow-up images (n = 256) according to
the diagnostic criteria for HCC formulated by Chinese
National Association of Anticancer Committee.
MDCT protocol
MDCT scanning was performed with a LightSpeed QX/i
MDCT scanner (General Electronic Medical System,
Milwaukee, USA). Multidetector row helical technique was
applied to the scanning in the cranial to caudal direction.
Plain scanning of the liver was carried out, followed by
enhancement scanning of 2.5 mm axial section performed
at 15, 25 and 65 s after injection of contrast medium for
early hepatic arterial phase, late hepatic arterial phase and
portal venous phase image acquisition respectively. Contrast
medium (1.5 mL/kg; Ultravist 300 mg I/mL, Schering
Pharmacy, Guangzhou, China; or Iopamiro 300 mg I/mL,
Bracco SPA, Milano, Italy ) was administered to each patient,
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with a power injector at a rate of 3.5 mL/s through a catheter
placed in the peripheral vein of the antecubital fossa.
DSA protocol
DSA was performed using a TOSHIBA 1000 MAX (Toshiba
Corporation, Tokyo, Japan) within 2 wk of MDCT examination.
A catheter was introduced via the right femoral artery by
the Seldinger technique. The celiac (34 patients) or selective
hepatic (248 patients) DSA was carried out with a catheter
placed in the celiac trunk or in the proper hepatic artery
and 40 mL contrast medium (Ultravist 300 mg I/mL,
Schering Pharmacy, Guangzhou, China; or Iopamiro 300 mg
I/mL, Bracco SPA, Milano, Italy ) was injected with a power
injector at a rate of 5.0 mL/s. Serial anterior-posterior images
were obtained at 1 of every 2 s for the first 8 s and a slower
rate thereafter.
Diagnostic criteria for APS
Diagnostic criteria for APS were the earlier enhancement
of main portal trunk and/or its first-order branches than
that of superior mesenteric or splenic vein, or stronger
opacification of main portal trunk and/or its first-order
branches than that of superior mesenteric vein or splenic
vein; or earlier enhancement of the second-order and smaller
branches of portal veins than that of the main portal trunk,
or stronger opacification of the second-order and smaller
branches of portal veins than that of main portal trunk[3].
Determination of shunt types of APS
According to the location of shunt, APS was divided into
three types. The central APS was the shunt located in porta
hepatis with earlier enhancement and/or stronger opacification
of main portal trunk and/or the first-order branches at
early hepatic arterial phase. The peripheral APS was the
shunt located in peripheral liver parenchyma with earlier
enhancement and/or stronger opacification of the secondorder and smaller branches of portal vein, and transient
patchy or wedge-shaped enhancement peripheral to HCC
foci at late hepatic arterial phase. The mixed APS showed
both central and peripheral findings.
Determination of shunt degrees of APS
According to the time of appearance of APS on images,
APS was divided into three degrees. The severe APS showed

A

B

Figure 1 Diffuse pattern of HCC complicated with severe and central APS.
Earlier enhancement and stronger opacification of main portal trunk, left and right
first-order branches, with thromboses in them; decreased enhancement degrees
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Table 1 Results of APS examined with MDCT and DSA
Shunt pattern
Examination
modality

Shunt degree

Central

Peripheral

Mixed

Severe

Moderate

Mild

MDCT

48

7

1

42

7

7

DSA

48

5

1

42

7

5

opacification of main portal trunk and/or the first-order
branches with enhancement of hepatic arterial and its
branches at the early hepatic arterial phase, without enhancement
or with early enhancement of HCC foci. The moderate
APS demonstrated opacification of main portal trunk and/or
the first-order branches, with middle or late enhancement of
HCC foci at late hepatic arterial phase. The mild APS revealed
opacification of the second-order and smaller branches of
portal veins at late hepatic arterial phase, with transient patchy
or wedge-shaped enhancement peripheral to HCC foci.
Image analysis
Images were analyzed jointly by two experienced radiologists
blinded to the opposite examination results, and inconsistency
in the image analysis was resolved by consensus, including
the existence or non-existence of APS, shunt locations, types
and degrees of APS, with or without thrombosis.

RESULTS
There were 56 APS in 282 patients with HCC, including 48
central, 7 peripheral and 1 mixed, or 42 severe, 7 moderate
and 7 mild APS.
Forty-one severe, seven moderate and central APS were
all revealed with MDCT and DSA (Figure 1). Seven mild
and peripheral APS were all displayed with MDCT; only
five of them were showed with DSA, two faint shunt APS
associated with massive HCC were missed (Figure 2). One
mixed APS was demonstrated as severe combined with mild
shunt with both MDCT and DSA (Figure 3). The results of
APS examined with MDCT and DSA are shown in Table 1.
Thirty-two patients with central APS had thromboses in
portal veins, including 18 patients with thromboses in main
portal trunks and the first-order branches, 11 patients with
thromboses in the right first-order branches and 3 patients
with thromboses in the left first-order branches.

C

of HCC foci and spleen, and ascites were also displayed (A, B). DSA finding of
the same patient (C).
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Figure 2 Massive pattern of HCC associated with mild and peripheral APS.
Transient wedge-shaped enhancement anterior to HCC foci at late hepatic
arterial phase (A), becoming isoattenuation at portal vein phase (B); decreased

enhancement degree of HCC focus was disclosed too. The APS was missed
with DSA (not shown).

DISCUSSION
Transcatheter hepatic angiography (including DSA) is
always the gold standard for diagnosis of APS in the past,
can reveal the shunt locations, types and degrees of APS.
However, it has many disadvantages. Firstly, introduced via
femoral artery by the Seldinger technique, a catheter is
placed in the celiac trunk or proper hepatic artery to perform
celiac or selective hepatic angiography, it is an invasive
examination and may result in some pain and complications;
secondly, it may fail due to anatomic variation of hepatic
artery; thirdly, APS in segment 2 or 3 may be missed because
of the unsatisfied opacification of hepatic artery; fourthly,
mild and peripheral APS may be missed due to faint shunt,
specially for mild and peripheral APS associated with massive
HCC; finally, it may be restricted by equipment conditions,
examination technology and cost. A proportion of patients
that could not undergo transcatheter hepatic angiography,
could have missed diagnosis by APS and lost the treatment
opportunity in clinical practice[4,5]. In our series, only five of
seven mild and peripheral APS were displayed with DSA, two
were missed due to faint shunt associated with massive HCC.
Study result of Itai et al[6], indicated that in contrast with
transcatheter hepatic angiography, conventional CT could
reveal 82.35% central APS diagnosed with transcatheter
hepatic angiography; 32% peripheral APS, which displayed
as transient wedge-shaped enhancement peripheral to HCC
foci. Chen et al [3] , reported that biphasic enhancement
scanning of single detector CT could completely display
central APS and its shunt degrees confirmed with transcatheter
hepatic angiography.

MDCT is a new breakthrough in medical imaging
examination technology. It can perform multislice image
data acquisition simultaneously, greatly reduces the time of
volume scanning. In addition, image quality is improved
due to increased image resolution and clarity. MDCT could
therefore offer thin-slice and dynamic enhancement scanning
of liver at early hepatic arterial phase, late hepatic arterial
phase and portal venous phase, with comprehensive revealing
of the characteristics of blood supply of liver and other
viscus in upper abdomen and hemodynamic changes of
APS, providing a convenient, fast and noninvasive new
technology for examination of HCC-associated APS[1,2]. In
our study, MDCT diagnosed not only 41 moderate, seven
severe and central, five mild and peripheral, one severe
combined with mild and mixed APS revealed with DSA,
but also two mild and peripheral APS missed with DSA due
to faint shunt associated with massive HCC.
There seemed to be not much difficulty in the diagnosis
of severe or moderate HCC-associated APS, if there is a correct
understanding of the MDCT appearance. Mild APS should
be differentiated from hepatic perfusion abnormalities of
physiological conditions and other pathologic causes[7-11] .
Hepatic perfusion abnormalities caused by physiological
conditions such as origin of a variety of segment or subsegment
of hepatic artery, aberrant biliary bladder vein or gastric
vein are only shown as local transient hepatic parenchyma
hyperattenuation at hepatic arterial phase with no abnormality
at portal vein phase and no HCC foci[12]. Abnormal perfusion
in cirrhotic liver had the typical wedge-shaped and
homogeneous appearance with or without internal linear

A

B

Figure 3 Massive pattern of HCC accompanied with severe, central and slight,
peripheral APS. Earlier enhancement and stronger opacification of main portal
trunk, left and right first-order branches, with thromboses in them and transient

C

patchy enhancement at late hepatic arterial phase (A), becoming isoattenuation at
portal vein phase (B); decreased enhancement degrees of HCC focus and spleen,
cirrhotic liver and ascites were also shown. DSA finding of the same patient (C).
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branching structures at hepatic arterial phase, returning to
isoattenuation or slight hyperattenuation at portal vein phase.
APS in hepatic hemangioma manifested as a wedge-shaped
or irregular homogenous hyperattenuation in the liver
parenchyma adjacent to the tumor at hepatic arterial phase,
becoming isoattenuation or slight hyperattenuation at portal
vein phase, and hemangioma itself tending to show rapid
enhancement at portal vein phase, specially for hemangioma
of 2-3 cm in diameter or less[13-15]. Hepatic adenoma and
focal nodular hyperplasia appeared as rapid and homogenous
enhancement at hepatic arterial phase, being hypoattenuation
at delayed time phase. The site of abnormal perfusion
associated with thrombosis in portal vein was conformed
to respective portal vein distribution. Hepatic metastasis
with abundant blood supply, liver infection, Budd-Chiari
syndrome, changes after transjugular intrahepatic portosystemic
shunt, APS following liver biopsy, abnormal perfusion
resulted from acute biliary bladder inflammation or acute
pancreatitis all had their own MDCT features, could be
differentiated from HCC-associated mild APS combined
with clinical materials[16-21].
The formation of HCC-associated APS may bring about
some difficulty and danger to treatment, such as cause
chemotherapy drug and embolism agent run-off through
shunt path, and result in aberrant embolism included
pulmonary embolism. However, if hepatic function and
general physical condition is good, the embolism therapy is
safe and effective after comprehensive being aware of the
location and degree of APS, thrombosis in vein and collateral
circulation, having active significance for prolonging of life
span and elevation of life quality of patients[22] . Our 56
APS were all completely embolized by absolute ethanol
combined with spring steel coil (41 moderate, 7 severe and
central, 1 severe combined with mild and mixed APS) or
absolute ethanol (seven mild and peripheral APS) via 4.0
F catheter or 3.0 F microcatheter superselective embolism
under the guidance of MDCT information, without
recanalization and recurrence of APS by follow-up MDCT
examinations, and their esophagogastric varices and bleeding,
stubborn ascites and diarrhea were all brought under timely
control, having elevated safety and effect of embolism.
In conclusion, triphasic thin-slice and enhancement
scanning of MDCT could diagnose not only DSA revealed
APS, but also missed mild and peripheral APS with DSA
due to faint shunt associated with massive HCC, is a simple,
effective and noninvasive new technique for diagnosis of
HCC-associated APS.
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Abstract

highest concentration (100%) decreased the mean
contractile amplitude of gastric body CM. Atropine, isoptin
and hexamethonium did not affect the mean contractile
amplitude of gastric body CM compared to rhubarb at the
same concentration.
CONCLUSION: Rhubarb has exciting actions on isolated
gastric smooth muscle strips of guinea pig. The exciting
action of rhubarb is partly mediated via cholinergic M
receptor, cholinergic N receptor and L-type calcium
channel.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Rhubarb; Stomach; Smooth muscle; Muscle
contraction; Cholinergic receptor; Calcium channel;
Guinea pigs

AIM: To study the effects of rhubarb (dried root of

Rheum officinale Baill.) on contractile activity of isolated
gastric muscle strips of guinea pigs and its possible
mechanism.
METHODS: A total of 48 guinea pigs were killed to remove
the whole stomach. Then, the stomach was opened and
the mucosal layer was removed. Parallel to the circular
fibers, muscle strips were cut from the body. Each isolated
gastric muscle strip was suspended in a tissue chamber
containing 5 mL Krebs solution, constantly warmed by
water jacket at 37 ℃ and bubbled continuously with a
mixed gas of 950 mL/L O2 and 50 mL/L CO2. After being
incubated for 1 h with 1 g tension, rhubarb of varied
concentrations (1%, 2%, 7%, 20% and 70%) was added
cumulatively into the tissue chamber at intervals of 2 min.
Atropine (10 -6 mol/L) or isoptin (5×10 -8 mol/L) or
hexamethonium (10–5 mol/L) was given 2 min before the
administration of rhubarb. The isometrical response was
measured with an ink-writing recorder.
RESULTS: Rhubarb dose dependently increased the resting
tension of gastric body circular muscle (CM) (r = 0.726,
P<0.05). Atropine (r = 0.829, P<0.05), isoptin (r = 0.764,
P<0.05) and hexamethonium (r = 0.797, P<0.05) did not
affect its action in a dose-related manner. Atropine apparently
reduced the increasing action of 1%, 3%, 10%, 30% and
100% rhubarb on the resting tension of gastric body CM.
Isoptin inhibited the effect of 10%, 30% and 100% rhubarb
on the resting tension of gastric body CM. Hexamethonium
reduced the increasing action of 1%, 10%, 30% and 100%
rhubarb on the resting tension of gastric body CM. Rhubarb
increased the contractile frequency of CM of body. While
atropine, isoptin and hexamethonium did not inhibit the
contractile frequency of gastric body CM in comparison
with rhubarb at the same concentration, rhubarb at the
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INTRODUCTION
Recently, close attention has been paid to the Chinese drugs
that affect the alimentary tract and are used to treat
gastrointestinal motility disorder. Rhubarb is the root of
Rheum palmatum L. or Rheum officinale Baill. or Rheum
tanguticum Maxim. et Regel. of polygonaceae. The roots of
Rheum palmatum L. and Rheum officinale Baill. have a long
tradition as laxative and it is well known that they can
increase the emptying movement of large intestine. So it
is used to treat constipation, intestinal tympanies,
intestinal obstruction, etc. Recently, the effects of rhubarb
decoction on co-ordinating and promoting the gastrointestinal
motility in vivo have been reported[1]. But the effects of
rhubarb on isolated gastric muscle strips of guinea pigs
have not been reported, so we studied the action of
rhubarb on gastric smooth muscle of guinea pigs and
the possible mechanism involved. Rheum officinale Baill.
was used in this study.
MATERIALS AND METHODS
Materials
Rhubarb was ground into coarse powder, boiled in distilled
water, filtered and made into 100% (1 000 g/L) extract
solution (the drug was made and identified by Gansu Institute
for Drug Control). The 100% rhubarb extract solution was
dispensed at the concentration of 1%, 2%, 7%, 20% and

Yu M et al. Rhubarb on activity of gastric strips
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Table 1 Effect of rhubarb and antagonists plus rhubarb on the resting tension of gastric body CM of guinea pigs (mean±SE, n = 12)
Group
Rhubarb
–6

0

1%

3%

1.00

1.04±0.02 a
c

10%

1.15±0.05a

1.42±0.08b
1.08±0.02

100%

1.75±0.08b

b,d

1.19±0.03

b,d

1.88±0.08b
1.43±0.06b,d

Atropine (10 mol/L)+rhubarb

1.00

1.00

Isoptin (5×10–8 mol/L)+rhubarb

1.00

1.01±0.01

1.03±0.02

1.09±0.04a,d

1.23±0.05b,d

1.42±0.06b,d

Hexamethonium (10 –5mol/L)+rhubarb

1.00

1.00c

1.05±0.02a

1.10±0.02b,d

1.24±0.05b,d

1.39±0.04b,d

a

1.02±0.01

c

30%

P<0.05, bP<0.01 vs control; cP<0.05, dP<0.01 vs rhubarb in the same concentration.

70% respectively. Atropine was purchased from Shanghai
Harvest Pharmaceutical Co., Ltd. Isoptin and hexamethonium
were from Sigma (St. Louis, MO, USA). Krebs buffer
solution contained (mmol/ L) NaCl 120.6, KCl 5.9, NaH2PO4
1.2, MgCl2 1.2, NaHCO3 15.4, CaCl2 2.5 and C6H12O6 11.5.
JZ-BK external isometric force transducer was from
BK Company. LMS-ZB two channels recorder was purchased
from Chengdu Equipment Factory.
Guinea pigs, weighing 350-450 g, were provided by the
Animal Center of Lanzhou Medical College.
Methods
Guinea pigs, weighing 350-450 g, were fasted with free access
to water for 24 h. Then they were hit to lose consciousness
and the whole stomach was removed. The stomach was
opened along the greater curvature, and rinsed with Krebs
solution. The stomach was pinned on a wax block with the
mucosa side up, and the mucosal layer was gently removed
with a pair of scissors. Parallel to circular fibers of the
body, muscle strips (8 mm×2 mm) were cut and named as
circular muscle (CM) of the body[2,3].
Each strip with mucosa removed was suspended in a
tissue chamber containing 5 mL Krebs solution, constantly
warmed by circulating water jacket at 37 ℃ and supplied
with a mixed gas of 950 mL/L O2 and 50 mL/L CO2. One
end of the strip was fixed to a hook on the bottom of the
chamber, while a thread was used to connect JZ-BK at the
top and the other end. Preparation was subjected to 1 g
load tension and washed with 5 mL Krebs solution every
20 min. The contractions of the gastric body CM in tissue
chambers were simultaneously recorded on LMS-ZB. After
being incubated for 1 h, rhubarb (1%, 2%, 7%, 20% and
70%) was added into the 5 mL tissue chamber continuously at
intervals of 2 min, so that its cumulative concentration reached
1%, 3%, 10%, 30% and 100%. Atropine (10 -6 mol/L) or
isoptin (5×10-8 mol/L) or hexamethonium (10-5 mol/L) was
given 2 min before administration of rhubarb[2-6].

Statistical analysis
We measured the resting tension and the mean contractile
amplitude of gastric body CM. Frequency of contractions
was calculated by counting the contraction waves per minute.
Values of the results were presented as mean±SE. The data
were analyzed with Student’s t test, and the correlation
coefficients were calculated, P<0.05 was considered statistically
significant.

RESULTS
Effect of rhubarb on the resting tension of gastric body CM
Rhubarb dose dependently increased the resting tension of
gastric body CM (r = 0.726, P<0.05). Atropine (r = 0.829,
P<0.05), isoptin (r = 0.764, P<0.05) and hexamethonium
(r = 0.797, P<0.05) did not affect its action in a dose-related
manner. Atropine apparently reduced the increasing action
of 1% (P<0.05), 3% (P<0.05), 10% (P<0.01), 30% (P<0.01)
and 100% (P<0.01) rhubarb on the resting tension of gastric
body CM. Isoptin inhibited the effect of 10% (P<0.01),
30% (P<0.01) and 100% (P<0.01) rhubarb on the resting
tension of gastric body CM. Hexamethonium reduced the
increasing action of 1% (P<0.05), 10% (P<0.01), 30%
(P<0.01) and 100% (P<0.01) rhubarb on the resting tension
of gastric body CM (Table 1 and Figure 1).
Effect of rhubarb on the contractile frequency of gastric body
CM
Rhubarb increased the contractile frequency of gastric body
CM (P<0.05), while atropine, isoptin and hexamethonium
did not inhibit the contractile frequency of gastric body
CM in comparison with rhubarb at the same concentration
(Table 2).
Effect of rhubarb on the mean contractile amplitude of gastric
body CM
Rhubarb at the highest concentration (100%) decreased the
mean contractile amplitude of gastric body CM (P<0.05).

Table 2 Effect of rhubarb and antagonists plus rhubarb on the contractile frequency of gastric body CM of guinea pigs (mean±SE,
n = 12)
Group

0

Rhubarb

1%

3%

10%

30%
a

5.40±0.08

5.48±0.10

5.45±0.09

5.61±0.11

Atropine (10 mol/L)+rhubarb

5.40±0.10

5.43±0.12

5.42±0.12

5.46±0.15

5.53±0.16

Isoptin (5×10–8 mol/L)+rhubarb

5.35±0.11

5.32±0.10

5.38±0.09

5.36±0.10

5.47±0.09

–6

–5

Hexamethonium (10 mol/L)+rhubarb
a

P<0.05, bP<0.01 vs control.

5.43±0.05

5.48±0.04

5.48±0.05

5.48±0.04

5.60±0.09

5.53±0.04

100%
a

5.73±0.10b
5.59±0.12
5.63±0.17a

a

5.61±0.06a
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Table 3 Effect of rhubarb and antagonists plus rhubarb on the mean contractile amplitude of gastric body CM of guinea pigs (mean±SE,
n = 12)
Group

0

1%

3%

10%

30%

100%
0.36±0.07b

Rhubarb

0.59±0.10

0.59±0.11

0.64±0.11

0.51±0.09

0.47±0.10

Atropine (10–6 mol/L)+rhubarb

0.57±0.10

0.55±0.10

0.51±0.09 a

0.48±0.10a

0.44±0.10a

0.33±0.07a

Isoptin (5×10–8 mol/L)+rhubarb

0.59±0.09

0.53±0.08

0.49±0.07 b

0.44±0.07a

0.56±0.12

0.53±0.10

Hexamethonium (10 –5 mol/L)+rhubarb

0.59±0.12

0.55±0.12a

0.54±0.11 a

0.52±0.11a

0.48±0.10a

0.42±0.09a

P<0.05, bP<0.01 vs control.

b
b

a

Rhubarb

bd
bd
c c

bd

bd
bd

bd
ad
c
1%
3%
10%
30%
100%

a

bd

bd
a

1%
3%
10%
30%
100%

b

1%
3%
10%
30%
100%

2.0
1.9
1.8
1.7
1.6
1.5
1.4
1.3
1.2
1.1
1.0

1%
3%
10%
30%
100%

Resting tension/g

a

Atropine
Isoptin
Hexamethon
(10-6 mol/L) (5×10-8 mol/L) ium(10-5mol/L)
+rhubarb
+rhubarb
+rhubarb

Figure 1 Effect of rhubarb and antagonists plus rhubarb on the resting tension
of gastric body CM of guinea pigs. aP<0.05, bP<0.01 vs control; cP<0.05, dP<0.01
vs rhubarb at the same concentration.

Atropine, isoptin and hexamethonium did not affect the
mean contractile amplitude of gastric body CM compared
to rhubarb at the same concentration (Table 3).

DISCUSSION
Many diseases are caused by gastrointestinal motility or
accompany gastrointestinal motility abnormality, such as
gastroparesis, gastroesophageal reflux, gastric dysrhythmias,
gastric ulcer [7-9] . There are some reports on the study of
normal gastrointestinal motility and gastric diseases that are
connected with gastric motility[8,9]. The studies on how to
treat the diseases that are caused by gastric motility disorder
have also been reported[7,10]. But it still needs a long time
for us to recognize gastric motility completely.
Recently, the effects of Chinese herbs on the gastrointestinal
motility have been reported[11-13]. Rhubarb has been used to
treat constipation, intestinal tympanies, intestinal obstruction,
etc. The present study revealed that rhubarb increased the
resting tension and the contractile frequency of gastric body
CM. Rhubarb at low and middle concentrations did not
affect the mean contractile amplitude of gastric body CM.
Rhubarb at the highest concentration (100%) decreased the
mean contractile amplitude of gastric body CM, suggesting
that rhubarb has a promoting action on the isolated strips
of gastric body of guinea pigs.
All smooth muscles are involuntary and the nerves in
the gastrointestinal tract are controlled both by extrinsic
autonomic nerves and by intrinsic neural plexus. These plexus
extensively interact with each other and are out of extrinsic
neural control. Many local neurogenic reflexes in the gut
occur in these plexus, and play an important role in regulating

the gastrointestinal motility. Cholinergic N-receptor exists
on the membrane of nerve ganglion cells of cholinergic M
receptor on the membrane of gastric smooth muscles. Our
experiment showed that atropine (muscarinic cholinergic
antagonist) could partly block the increased action of
rhubarb on the isolated strips of gastric body of guinea pigs.
Isoptin (L-type calcium channel blocker) and hexamethonium
(nicotinic cholinergic antagonist) had the same effect on
gastric body, suggesting that effect of rhubarb can be partly
mediated via cholinergic M receptor, cholinergic N receptor
and L-type calcium channel.
There are many studies on gastrointestinal motility in
recent years[10,14]. The effects of some Western medicines
on modulating gastric motility have already been accepted,
for example the medicines of promoting gastric motility have
already been accepted, such as cisapride, erythromycin[15-17].
Because of their high price and side effects, they are limited
in clinical application. Chinese herbs that can modulate
gastrointestinal motility have been studied. We should further
study single Chinese herbs, and search for safe, valid and
cheap Chinese herbs that can modulate gastrointestinal motility.
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and differentiation. Decreased expression of TFF1 in
carcinoma and its relativity to the differentiation suggests
that TFF1 is related to gland and cell destruction of
carcinoma.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Abstract
AIM: To determine whether trefoil factor 1 (TFF1) is
associated with mucosa healing and carcinoma suppression,
we assess the expression of trefoil factor 1 in normal and
pathologic gastric mucosa.
METHODS: TFF1 in normal and pathologic gastric mucosa
was assessed by immunohistochemical method, and the
average positive A was estimated by Motic Images
Advanced 3.0 software.
RESULTS: Increased TFF1 was detected in gastritis,
gastric ulcer and duodenal ulcer compared with normal
mucosa. The same result could be seen in multiple and
compound ulcer compared with simple ulcer. There was
no significant difference between gastric ulcer and
duodenal ulcer, gastritis and simple ulcer respectively.
Increased TFF1 was detected in the peripheral mucosa
of the gastric adenocarcinoma compared with normal
mucosa. The expression of TFF1 in gastric adenocarcinoma
was related to the differentiation of adenocarcinoma. The
lower the differentiation of adenocarcinoma, the weaker
the expression of TFF1. There was no TFF1 expressed in
low-differentiated adenocarcinoma. The expression of
TFF1 in middle and highly differentiated adenocarcinoma
was a little lower than that in normal mucosa. But there
was no significant difference. No TFF1 was assessed in
esophageal squamous carcinoma and peripheral tissue.
There was no significant difference between male and
female.
CONCLUSION: The expression of TFF1 was higher in
gastritis and peptic ulcer than that in normal mucosa,
and was also higher in multiple and compound ulcer than
in simple ulcer. It seems that TFF1 plays a role in gastric
mucosa protection and epithelial restitution. Increased
expression of TFF1 in peripheral tissue suggests that TFF1
is associated with mechanism of carcinoma suppression

http://www.wjgnet.com/1007-9327/11/2674.asp

INTRODUCTION
TFF1 is one of the trefoil factor family (TFF). TFF is a
group of small molecule polypeptide mainly secreted by
gastrointestinal mucous cell. In normal tissue, TFF1 is
expressed mainly in mucosal epithelial cell of body and
antrum of stomach. If the gastrointestinal mucosa is injured,
the specificity of expression disappears. TFF1 can express
in the whole injured mucosal position and is much higher
than normal. There is great clinical importance to explore
the effect of TFF1 in gastric mucosa injury repair and
carcinoma suppression. We use immunohistochemical
method to assess TFF1 in physiologic and pathologic gastric
mucosa to explore the effect of TFF1 in maintenance of
integrity and continuity of gastric mucosa and carcinoma
suppression.
MATERIALS AND METHODS
Materials
Two hundred and two specimens of paraffin obtained by
gastroscopic biopsy and radical gastric carcinomectomy
during 2002.1-2002.12 in the First Clinical Hospital of
Medical College of Xiamen University were studied. The
age of the cases range 40-70 years (50.3±7.8 years). Thirtyfive specimens were normal gastric antrum mucosa, which
showed normal gastric mucosa in gastroscopy and chronic
and light superficial gastritis in pathologic examination.
Eighteen specimens were gastric antrum mucosa obtained
from patients with gastritis, which showed congestion and
erosion of gastric mucosa in gastroscopy and chronic and
middle-severe superficial gastritis in pathologic examination.
Thirty-five specimens were peripheral mucosa obtained from
patients with gastric ulcer. Thirty-seven specimens were
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gastric antrum mucosa obtained from patients with duodenal
ulcer. Nineteen specimens were peripheral mucosa obtained
from patients with multiple and compound ulcer. Thirtyeight specimens were carcinoma and peripheral tissue
obtained from patients with gastric adenocarcinoma. Twenty
specimens were carcinoma and peripheral tissue obtained
from patients with esophageal squamous carcinoma.
Reagents
Mice anti-human TFF1 monoclonal antibody, S-P super
sensitive kit and DAB display kit were all purchased from
Fuzhou Mai Xin Biotechnology Development Company.
Methods
All the specimens were fixed in 40 g/L formaldehyde,
routinely dehydrated, cleaned, infiltrated with wax, embedded
and made into serial sections whose thickness was 4 m.
Then the sections were dewaxed, dyed by SP method,
displayed by DAB, dyed again with hematoxylin and blown
dry at last. All the operations were carried out as on the
direction of S-P Test Kit. PBS was negative contrast instead
of the first antibody.
Evaluation of the result
Every section was photographed in 100× high-power
microscope. Cytoplasm of positive cell was buffy. Motic
Imaged Advanced 3.0 software was used to estimate the
average positive A of 20 glands, which were selected
randomly to reflect the intensity of expression of TFF1.
The higher the A was, the stronger was the expression of
TFF1. The results were analyzed with SPSS10.0. All data
were expressed as mean±SD and statistical analysis was
performed using the Student’s t test.

RESULTS
TFF1 expressed mainly in gastric mucosal gland cytoplasm,
especially around the nucleus. Positive cytoplasm was buffy
and the dyeing was deeper, close to the side of the lumen
than apart from it. There was no significant difference of
intensity of dyeing in different position of peripheral ulcer
mucosa of the same stomach in patient with multiple ulcer,
which illustrated that the expression of TFF1 in gastric
mucosal gland did not alter among different positions in
the same stomach. The average positive A of TFF1 expression
in normal gastric antrum mucosa was 0.44±0.06, while the
average positive A in gastric antrum mucosa of gastritis
was 0.51±0.05 and was much higher than the former. The
difference was significant (P<0.001). The average positive
A in gastric antrum mucosa of duodenal ulcer was much
higher than that in normal gastric antrum mucosa. There
was significant difference (0.50±0.06 vs 0.44±0.06, P<0.001).
The average positive A in peripheral mucosa of multiple
and compound ulcer was higher than that of single gastric
ulcer or duodenal ulcer. The difference was significant
(0.54±0.05 vs 0.50±0.06, P<0.05). There was no significant
difference between the expression of TFF1 in peripheral
mucosa of gastric ulcer and in gastric antrum mucosa of
duodenal ulcer, patients with gastritis and patients with single
peptic ulcer respectively (P>0.05). The average positive A
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in peripheral mucosa of gastric adenocarcinoma was much
higher than that in normal mucosa. The difference was
significant (0.51±0.07 vs 0.44±0.06, P<0.001). But the
expression of TFF1 in gastric carcinoma decreased or was
negative, the intensity of which was related to the differentiation
of adenocarcinoma. The lower the differentiation of
adenocarcinoma, the weaker the expression of TFF1. Twentyseven specimens were low-differentiated adenocarcinoma,
in which there was no expression of TFF1. Eleven specimens
were middle and highly differentiated adenocarcinoma, in
which the average positive A was a little lower than that in
normal mucosa. But there was no significant difference
(0.41±0.07 vs 0.44±0.06, P>0.05). There was no significant
difference between the expression of TFF1 in peripheral
mucosa of gastric carcinoma and single peptic ulcer, multiple
and compound ulcer and gastritis respectively (P>0.05).
There was no expression of TFF1 in 20 specimens (including
peripheral tissue) obtained from patients with esophageal
squamous carcinoma. There was no significant difference
between male and female in all groups (Table 1).

Table 1 Expression of TFF1 in physiologic and pathologic gastric
mucosa
Classification

n

Average positive A

Normal

35

0.44±0.06

Gastritis

18

0.51±0.05

Gastric ulcer

35

0.51±0.06

Duodenal ulcer

37

0.50±0.06

Single peptic ulcer

72

0.50±0.06

Multiple and compound ulcer

19

0.54±0.05

Low-differentiated carcinoma

27

None

Middle and highly differentiated carcinoma

11

0.41±0.07

Peripheral tissue of the gastric carcinoma

38

0.51±0.07

Esophageal squamous carcinoma

20

None

Peripheral tissue of the esophageal carcinoma

20

None

DISCUSSION
TFF is a group of small molecule polypeptide and mainly
secreted by gastrointestinal mucous cell. At present there
are three kinds of trefoil peptide found in mammal, which
are breast cancer-associated peptide (pS2 or TFF1),
spasmolytic polypeptide (SP or TFF2) and intestinal trefoil
factor (ITF or TFF3). The common characteristic of them
is that all have a special structure-P structure domain. This
structure is composed of 38-39 amino acid sequence by six
highly conservative cysteine residues by way of link of three
intramolecular disulfide bonds (Cys1-Cys5, Cys2-Cys4,
Cys3-Cys6), which makes the whole peptide chain twisted
and folded. Thus, the trefoil structure takes shape and the
name is formed. The stability of this trefoil structure makes
the TFF be capable of resisting hydrolysis of protease and
digestion of acid and have a characteristic of heat proof.
So TFF could keep its biologic activity in complicated
environment of digestive tract. In mammal, trefoil peptide
has the function of mucosa protection, epithelial restitution,
carcinoma suppression, signal conduction and apoptosis
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adjustment, etc. TFF1 was obtained from cell line MCF-7
of human mammary carcinoma induced by estrogen by
Masiakowski[1]. Every TFF1 molecule is composed of 60
amino acids and its molecular weight is 6 674 ku. Every
TFF1 molecule includes seven cysteine residues, six of which
take part in the constitution of P structure domain and the
seventh lies in the third base to the end of carboxyl, i.e.,
Cys58. Mark et al [2], replaced Cys58 of recombinant TFF1
protein with Ser58 and analyzed TFF1 and TFF1 analog
including Ser58. They found that homologous dimer could
come into being in TFF1 but could not in TFF1 analog,
which suggested that Cys58 was the very one which formed
intermolecular disulfide bond by which dimer came into
being. It has been reported that the biologic activity of TFF1
is relevant to the formation of homologous dimer or the
formation of oligomer by binding with other proteins. The
expression of TFF1 in mammal begins from embryonic
period. Several studies revealed that the expression of TFF1
could be seen in stomach in mice embryo from 8 d after
copulation to being prenatal[3] . In normal tissue, TFF1
expresses mainly in mucosal epithelial cell of body and
antrum of stomach. But in pathologic tissue, the specificity
of expression disappears[4].
Many internal and overseas studies have proved that
trefoil peptide plays a great role in gastric mucosa protection.
There are two hypotheses about its mechanism: (1) trefoil
peptide could bind with mucous glycoprotein to form stable
gel compound. This compound could reinforce the mucous
gel layer and decrease injury of harmful substance in gastric
surface and mechanical stress to mucosa. Polshakov et al,
found that there was a fissure of 6&A ring between the
second and third link of trefoil peptide. Amino acids
around the fissure were highly conservative and formed a
hydrophobic region, which was likely to offer a binding site
for oligosaccharide chain in mucous glycoprotein or
hydrophobic side chain of some proteins to accomplish its
biologic function[5]. Otherwise the common secretion of
TFF1 and mucin also proved this viewpoint[6]. (2) Trefoil
peptide is likely to accomplish its biologic function by binding
with its recipient or transport protein. Newton et al, found
that there were three patterns of TFF1 in normal gastric
mucosa: monomer, dimer and TFF1 compound whose
molecular weight was about 25 ku, among which the
concentration of TFF1 compound was the highest while
the presence of dimer was little. Many experiments have
proved that TFF1 dimer has more significant biologic
activity than monomer in cell migration and mucosa
protection. They also found that the amount of dimer was
meager, so they assumed that TFF1 compound was made
up of TFF1 and some protein and they played a great
biologic role. This protein may be was TFF1 recipient or
transport protein[7]. It has been illustrated by a series of
studies that trefoil peptide also takes part in epithelial
restitution of injured tissue. Trefoil peptide could reinforce
the migration of peripheral intact epithelial cells to the surface
of injured mucosa and cover it, which promotes the repair
of injured mucosa. Many studies revealed that there was
an ulcer-associated cell lineage around the chronic ulcer in
gastrointestinal tract (for example, Crohn’s disease, ulcerative
colitis, peptic ulcer, etc.). The expression of TFF1 in this
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UACL obviously increased and was related to expression
of mucin[8]. In our experiment, obvious increase of TFF1
expression in gastritis and peptic ulcer also validated this
viewpoint. The expression of TFF1 in multiple and
compound ulcer was higher than that in single peptic ulcer,
which suggested that the more seriously gastric mucosa
injured, the higher the expression of TFF1. Increased
expression of trefoil peptide in many malignant tumors
could be seen. Thus, it once was a hot spot to research
whether neoplasia led to excessive expression of trefoil
peptide or excessive expression of trefoil peptide led to
neoplasia. In mice model from which TFF1 gene was
removed, all the gastric epithelial cells showed severe
hyperplasia, high dysplasia and adenoma formation in gastric
antrum. Some could develop into gastric infiltrative
adenocarcinoma[9]. Other researches revealed that TFF1
could restrain proliferation of gastric adenocarcinoma cell
line AGS and its inhibition was dose-dependent. TFF1 dimer
had more significant biologic activity than monomer[10], which
suggested that TFF1 was a kind of tumor suppression factor.
In our experiment, the expression of TFF1 in peripheral
tissue of gastric adenocarcinoma was much higher than
normal, which illustrated that TFF1 was relevant to tumor
suppression. Neoplasia could promote secretion of TFF1
to restrain growth of tumor, while the expression of TFF1
in carcinoma decreased or was negative. The lower the
differentiation of carcinoma, the weaker the expression of
TFF1. The probable reasons are as follows: (1) some reason
causes decreased expression of TFF1 and leads to formation
of carcinoma; (2) necrosis of glands and cells of carcinoma
leads to decreased secretion of TFF1. The lower the
differentiation of carcinoma, more obvious was the
destruction of glands and cells; the less the secretion of
TFF1, the weaker the expression of TFF1. The expression
of TFF1 in middle and highly differentiated adenocarcinoma
was a little lower than that in normal mucosa, but there was
no significant difference, which may be due to less sample
size. Our experiment also assayed the expression of TFF1
in 20 esophageal squamous carcinoma and peripheral tissue.
The results were negative. That is, there was no trefoil
factor expressed in esophageal mucosa. The episode and
suppression mechanism of esophageal squamous carcinoma
was irrelevant to trefoil factor. The relation between trefoil
peptide and tumor and its mechanism remain unclear at
present. Further research is necessary to make it clear.
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Abstract
AIM: To investigate the therapeutic effect of endoscopic
sphincterotomy (EST) in the treatment of choledocholithiasis
and stenosing papillitis.
METHODS: A total of 1 026 patients undergoing EST during
July 1983 to May 2003 at the institute were retrospectively
analyzed. Chronic pancreatitis was diagnosed in 63 (6.1%),
cholecystolithiasis and choledocholithiasis in 549 (53.5%),
stones in residual biliary duct in 249 (24.3%), stenosing
papillitis in 228 (22.2%). In patients with simple stenosing
papillitis, most incisions were within 0.5-1 cm in length.
As for patients with chronic pancreatitis simultaneously,
selective pancreatic sphincterotomy was performed, and
incision was within 0.5-0.8 cm in length. For stones less
than 1 cm, incision was from 1 to 1.5 cm, and for those
larger than 1 cm, incision ranged from 1.5 to 3 cm. For
stones more than 2 cm in diameter, detritus basket rather
than simple incision was chosen.
RESULTS: Of the 798 patients with choledocholithiasis, 764
(93.5%) had successful stone clearance, 215 (94.3%)
out of 228 cases of stenosing papillitis were cured totally,
while 63 had chronic pancreatitis developed from stenosing
papillitis, 57 (90.1%) had sound remission of symptoms,
though membranous stenosis emerged in 13 of 57 which
was treated with balloon dilatation. After the operation, only
21 cases (2.1%) had complications such as severe pancreatitis
and incision bleeding. None of the patients died.
CONCLUSION: EST is an ideal surgical management with
mini-invasion in the treatment of choledocholithiasis and
stenosing papillitis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Endoscopic sphincterotomy (EST) has a good efficacy and
mini-invasion when used to treat cholangiopancreatic diseases.
During January 1983 to May 2003, 6 247 cases underwent
endoscopic retrograde cholangiopancreatography (ERCP)
in our hospital, and satisfactory outcomes were obtained in
1 026. Our experience is reported in this study.
MATERIALS AND METHODS
Materials
A total of 1 026 cholangiopancreatic patients were enrolled
in this study, including 417 males and 609 females with a
mean age of 49 years ranging from 13 to 87. Among
them, 725 patients had cholangiopancreatic surgeries, 121
were complicated by heart diseases and 96 by diabetes
mellitus.
Sixty-three patients had chronic pancreatitis (6.1%),
549 had cholecystolithiasis and choledocholithiasis (53.5%)
and 249 had stones in residual biliary duct including stones
in common bile duct in 88 cases after gallbladder excision
and 14 cases after cholangioduodenal anastomasis, 228
had stenosing papillitis (22.2%). Because the sphincter
of Oddi was impaired when the stones were discharged
from the biliary tract, cholangiolithiasis, stenosing papillitis
and pancreatitis were the most common diseases found
in our study.
Methods
The size of incision was decided by the shape of papilla,
the size of stones, and absence or presence of stones in the
common bile duct. In patients with simple stenosing papillitis,
most incisions were within 0.5 to 1 cm in length. As for
patients with chronic pancreatitis simultaneously, selective
pancreatic sphincterotomy was performed, and incision was
within 0.5 to 0.8 cm in length. For the stones less than 1
cm, incision from 1 to 1.5 cm, and for those larger than 1
cm, incision ranged from 1.5 to 3 cm. For the stones more
than 2 cm in diameter, detritus basket rather than simple
incision was chosen. In our study, 18 patients (1.8%) had
an incision more than 2.5 cm, 39 (3.8%) from 2.5 to 1.5 cm,
476 (46.4%) from 1 to 1.5 cm, 377 (36.7%) from 0.6 to
1.0 cm, and 116 (11.3%) within 0.4 to 0.6 cm.

RESULTS
After EST, all the 1 026 cases underwent cholangiography
to evaluate the biliary tract. For the 63 cases of chronic
pancreatitis, 55 (87.3%) of them had a sound remission of
symptoms. Of the 798 patients with choledocholithiasis,
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435 (54.5%) had their stones removed during operation,
the stones were disposed from 186 cases (23.3%) and 125
cases (16.8%) in 1 week. So the total rate of stone disposal
was 94.1%. There were 52 patients that remained with stones
after surgery. Of them, 21 were due to the size of stones
being larger than 2.5 cm, 13 due to the stricture length of
the distal common bile duct which was greater than 3 cm,
and 18 due to the incision limited by the flat-shaped papilla.
Stricture was released in 215 (94.3%) out of 228 cases of
stenosing papillitis, including 13 appearing membranous
stenosis after operation and being treated with balloon
dilatation. In the 13 patients without stricture release,
stricture segment was beyond the wall of the duodenum
in nine cases and duodenal diverticulum papilla was
observed in four cases.
After the operation, only 21 cases (2.1%) had complications including one case of severe pancreatitis and one case
of duodenal perforation, both of which were cured with
draining. Eight cases of massive bleeding and 11 of acute
pancreatitis were recovered with conservative methods.
None of the patients died.
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with diverticulum beside papilla get affected after surgery.
When papilla is edematous and swollen and the sphincterotome or the probe is hard to be introduced into the bile
duct because of acute cholangitis due to stone embedment
in the distal bile duct, a needle-like scalpel should be used to
make an opening on the projected part of the papilla to
remove the stones[3]. In our subjects, 18 cases (1.8%) had
an incision more than 2.5 cm, and the length of incision in
476 (46.4%) of 1 026 cases, was from 1 cm to 1.5 cm, and
from 0.6 to 1.0 cm in 377 cases (36.7%). The average
length of incision was about 1.0 cm. A larger incision was
commonly used in lithiasis cases, and no retrograde bile
duct inflammation was observed during our follow-up,
which is consistent with other reports[4]. A short incision
was mainly used in cases of stenosing papillitis, sphincter
dysfunction, and total invasion of ascarid into bile duct. An
incision of less than 0.5 cm in length was sufficient for a
Dormia basket to snare ascarid.

DISCUSSION
Great progresses have been made since EST was used in
surgical treatment in the 1970s, especially in treating
cholangiopancreatic diseases. The diseases that once had to
be treated with standardized open surgery procedures, can
now be treated with the aid of EST. It simplifies the complex
surgery procedures, and has little interference with the
gastrointestinal system and total body function and ensures
better recovery after surgery. So it is an ideal method for
cholangiopancreatic patients who are senile or have high risks
during operation. Gallbladder stone is commonly associated
with secondary choledocholithiasis with a probability as high
as 10-20%. Nowadays, most gallb-ladder stone patients
receive laparoscopic cholecystectomy (LC) for stone
clearance. The approaches for secondary common bile duct
stones are as follows: Cholangiotomy or choledochotomy is
performed during LC to take out the stones under the
guidance of duodenoscope. EST is carried out before LC.
Introperative EST is performed to remove common bile
duct stones during routine LC[1] . EST is performed for
jaundice because of the discharge of stones due to
malconduction during LC. Therefore, the optimal treatment
for secondary choledocholithiasis is EPRS.
However, in the case of stones larger than 2.5 cm in
the common bile duct, EST is not recommended because
of predisposing embedment of stones and incisional bleeding.
When secondary choledocholithiasis is complicated by distal
strictures of common bile duct, the stricture segment less
than 3 cm is required to perform EST since the length of
incision is limited by the stricture segment. If not, duodenal
perforation might occur[2].

Diagnosis and treatment for stenosing papillitis
Abdominal pain after cholecystectomy is mostly caused by
postoperative syndrome, that is, sphincter dysfunction, which
is characterized by the absence of cold, fever, jaundice, and
only episodic upper abdominal pain. In this circumstance it is
helpless in almost all cholangiopancreatic examinations, such
as ultrasound, intravenous cholangiography, CT and MRI.
The following features could be identified with ERCP.
Common bile duct is dilated to 0.9-1.2 cm, no negative
shadow is seen in biliary tract, contrast medium empting is
delayed to 40-60 min, the distal biliary tract looks like a
pressured balloon, and under an endoscope, the papilla is
red, mildly swollen, hard to cannulate and easy to bleed.
Only a probe can be introduced into the duct, or a needlelike scalpel should be used to cut the project part of papilla
(but not the opening). We think the above-mentioned signs
and symptoms are caused by stenosing papillitis. If the
condition is not controlled in time, the bile duct and
pancreatic duct would be blocked. Thus some patients would
have regular abdominal pain, and laboratory examination
indicates a slight increase of serum and urine amylase during
acute elapse, and a mild increase in lactate dehydrogenase
and alkaline phosphatase. Thus pancreatitis occurs
repeatedly. Only if the stricture papilla is cut to release the
pressure in bile and pancreatic ducts, all these symptoms
can be remitted. All of these are the indications of EST[5] .
In addition, very few stenosing papillitis patients recurr
membranous stenosis in the distal bile duct half or one
year after the first incision. Balloon dilatation can release
the conditions. In our study, 13 patients experienced bile
duct dilatation (stenosis of distal bile duct), constriction
(after incision), expansion again (membranous stenosis in
the distal bile duct), and constriction again (balloon dilatation).
Satisfactory outcomes were obtained in all the 13 patients.

Relationship between papillary shape incision and efficacy
Based on the shape of papilla, a longer incision can be
done for mastoid papilla, and a shorter one for flat-shaped
papilla. When EST is being performed, the length of the
incision should be determined by the size of papilla to guarantee
the therapeutic effect and to reduce the complications. Those

Prevention for complications
Besides lower rates of cholangitis and pancreatitis because
of the release of obstruction, EST has similar common
complications with ERCP. The most severe complications
were duodenal perforation and incision bleeding, with a
mortality of 1.2-9% as reported[6-8]. In our study only 21
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cases (2.1%) had complications, including one case of severe
necrotic pancreatitis and one case of duodenal perforation
for emergent operation. Eight cases of massive bleeding
and 11 cases of simple severe pancreatitis were recovered
with conservative methods. None of the patients died. In
order to prevent duodenal perforation, the following points
are recommended. Gentle movement and no force are
needed when the endoscope is driven across the pylorus.
Incision should not pass coronary ligament or a larger incision
should not be done in the diverticulum, especially for flatshaped papilla. Close co-operation and gentle movement
are required when the operator and assistant make the
incision. The length of incision should be carefully decided.
Bleeding is another common complication after EST, with
<50 mL as mild, <200 mL as moderate and >300 mL as
massive. One hundred and eighty-six cases (18.1%) had
mild bleeding in our study. Since bleeding within 8 h after
operation was correlated to food intake, it is essential for
24-h fasting after the surgery.
Preventive countermeasures
Severe jaundice and coagulation disorders should be corrected
before carrying out EST. Thrombin can be insufflated or
adrenaline can be locally injected for mild active bleeding
from the incision. For the patients having bleeding after
postoperative 24-h fasting, it is suggested that hemostatic
drugs, intravenous infusion, decompression for the stomach
and intestine be applied, and gastric lavage with adrenaline-
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supplemented cool saline be performed.
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Abstract
Pseudomembranous colitis (PMC) usually manifests as
fever and diarrhea in hospitalized patients treated with
systemic antibiotics. We described a case of PMC with
intestinal obstruction but without diarrhea. A 60-yearold man was hospitalized for chemotherapy for the
treatment of Burkitt lymphoma of the stomach. The
patient became febrile and complained of crampy
abdominal pain during the post-chemotherapy nadir.
Plain abdominal radiography showed some intestinal gas
and niveau. Because stool cytotoxin assay for clostridium
difficile was positive and colon fiberscopic examination
showed a pseudomembrane at the left side of the colon,
and a diagnosis of PMC was made. Treatment with
intracolonic vancomycin administration by colonoscopy
and nasoileus tube was successful. Physicians should
take into account the possibility of bowel obstruction due
to PMC occurring in patients undergoing chemotherapy
and perform emergency colonoscopy examination of
suspected cases.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Pseudomembranous colitis (PMC) typically manifests as
fever, crampy abdominal pain and diarrhea in hospitalized
patients being treated with systemic antibiotics[1] . Some
patients complain of a sensation of incomplete evacuation,
nausea, and occasional vomiting[2-6]. The treatment of PMC
requires discontinuation of therapy with the offending
antibiotics and administration of oral vancomycin (VCM)
or metronidazole.
This report concerns a patient with non-Hodgkin’s
lymphoma (NHL) who complained of crampy pain during
chemotherapy. He was diagnosed as having acute bowel
obstruction provoked by PMC. To the best of our knowledge,
this is a very rare case of PMC presen-ting as ileus without
diarrhea during treatment for NHL. Intracolonic VCM
administration by colonoscopy and nasoileus tube proved
effective.
CASE REPORT
A 60-year-old man was admitted to our hospital in May
2004 for consolidation chemotherapy for the treatment
of gastric Burkitt lymphoma, having t(8;14) confirmed by
tissue-FISH method[7]. He was first treated with three courses
of CHOP (cyclophosphamide, adriamycin, vincristine, and
predonisolone) therapy, but since he proved to be refractory
for this regimen, ESHAP (etoposide, methylprednisolone,
high-dose cytarabine, and cisplatin) was introduced as
salvage therapy and complete remission was obtained[8] .
Hyper-CVAD (fractionated cyclophosphamide, vincristine,
doxor-ubicin, and dexamethasone)/methotrexate (MTX)
therapy was used for consolidation therapy[9]. After the first
adminis-tration of hyper-CVAD chemotherapy, however,
the patient became febrile. Sulbactam/cefoperazone and
clindamycin hydrochloride were then administered and the
symptoms improved, but this was followed by diarrhea. A
diagnosis of PMC based on positivity for Clostridium difficile
led to the discontinuation of antibiotics and subsequent
administration of metronidazole was effective for diarrhea.
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Figure 1 CT showing swelling of the wall of the left side of the transverse colon.

Figure 2 Plain radiography showing air-fluid levels and marked distention of
bowel loops.

During the second course of high-dose MTX therapy,
the patient became febrile again and experienced diarrhea
on d 9. Administration of cefozopran hydrochloride,
meropenem trihydrate, and amikacin sulfate resulted in
rapid improvement of the diarrhea.
Crampy pain without diarrhea started on d 18 after
the second hyper-CVAD therapy. On the same day,
leukocytes started to recover from the nadir. Computed
tomography showed swelling of the wall of the left side
of the transverse colon (Figure 1) while plain abdominal
radiography indicated the presence of some intestinal gas
and niveau (Figure 2).
Emergency colonoscopic examination showed patchy,
yellow-gray plaques at the left half of the transverse colon, which strongly suggested PMC (Figure 3).
Intracolonic VCM administration (1g) was started at
that time[10,11] . An enzyme immunoassay performed on
the same day detected C. difficile toxin A in the patient’s
stool. Introduction of both metronidazole and VCM through a nasoileus tube resulted in improvement of these
symptoms.
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Figure 3 Pseudomembrane in the transverse colon.

obstruction of the lumen was caused by swelling of the
wall of the intestine. Colonoscopy led to the detection of
pseudomembranes. PMC without diarrhea is rare, being
reported in patients with acute abdominal pain due to
fulminant pancolitis, toxic megacolon, and perforation[12,13].
However, in our case, colitis was limited at the left half of
the transverse colon. There are neither signs of toxic
megacolon nor perforation. In our case, the increase in WBCs
possibly provoked severe and rapid inflam-mation of the
colon wall, resulting in bowel obstruction, because ileus
occurred at the time WBCs started to increase rapidly after
the nadir.
Successful treatment of our patient was achieved with
decompression and intracolonic VCM administration by
means of colonoscopy. However, since continuous drug
delivery to the colon is difficult, we inserted a nasoileus
tube for the administration of metronidazole and VCM,
proving to be effective for our patient.
In conclusion, physicians should take into account the
possibility of bowel obstruction due to PMC occurring in
patients undergoing chemotherapy for NHL, especially
during recovery period from the nadir.
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Abstract
AIM: To assess the effectiveness of and complications
associated with polyvinyl alcohol (PVA) and gelatin sponge
particles embolization of splenic artery pseudoaneurysm
complicating chronic alcoholic pancreatitis.
METHODS: A 42-year-old man with splenic artery pseudoaneurysm formation secondary to chronic alcoholic pancreatitis
was admitted. We used PVA and gelatin sponge particles embolization of splenic artery pseudoaneurysm by superselective
embolization techniques.
RESULTS: The splenic artery pseudoaneurysm was
successfully controlled with splenic embolization. The patient
was discharged in 9 d with complete recovery.
CONCLUSION: This case confirms that superselective
transcatheter embolization by PVA and gelatin sponge particles
may represent an effective treatment for pseudoaneurysm
caused by chronic alcoholic pancreatitis in the absence of
other therapeutic alternatives.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Chronic pancreatitis is known to cause vascular complications
including pseudoaneurysm of peripancreatic arteries. Splenic
artery pseudoaneurysms are the most common of visceral
artery pseudoaneurysms[1]. Splenic pseudoaneurysms appear
to develop as a consequence of inflammatory processes adjacent

to splenic artery, particularly acute and chronic pancreatitis
with associated pseudocysts. They are often asymptomatic
and picked up on abdominal examination during ultrasound
or CT scan for other conditions. Complications include rupture
with retroperitoneal or intraperitoneal hemorrhage[2,3]. The
initial imaging work-up included sonography, angiography
and helical computed tomography with multiplanar and 3D
reformations. This enabled comprehensive evaluation of
the pseudo-aneurysm and associated pathology in the
majority of cases. Bleeding splanchnic artery pseudo-aneurysm
is a rare but frequently fatal complication that can be successfully
managed by angiographic embolization. However, certain
patients because of hemodynamic instability, non-availability
of technique or angiographic failure may require primary
surgical intervention[4,5]. We report a 42-year-old man with
splenic artery pseudo-aneurysm formation secondary to
chronic alcoholic pancreatitis. The splenic artery pseudoaneurysm was successfully controlled by superselective polyvinyl
alcohol (PVA) and gelatin sponge particle embolization
without splenic preservation.

CASE REPORT
A 42-year-old male was admitted with a 2-year history of
chronic alcoholic pancreatitis, unusual type diabetes mellitus,
vitiligo, and weight loss. Abdominal MRI scans 5-mo ago
showed chronic pancreatitis and varicosis of the hilum of
spleen vein (Figure 1A). Abdominal CT scan suggested a
pseudoaneurysm at the body of pancreas (Figure 1B). A
celiac trunk arteriogram revealed a pseudo-aneurysmal sac
originating from the splenic artery (Figure 1C). The patient
refused to receive splenectomy and distal pancreatectomy,
and he was also a surgically high-risk patient because of unusual
type diabetes mellitus.
To obliterate the pseudoaneurysm, the first transcatheter
embolization with steel coils was attempted, but failed. Splenic
artery was twisted severely and the tunica intima of vessel
was uneven. The second transcatheter embolization was
performed by more experienced interventional radiologists
14 d later. We chose 5-F RH and 3-F SP catheters (Cook) to
realize superselective intubation. PVA (250-355 m, 2 Rami)
and microgelatin (d = 1 mm, 150 Granulation) were used
to embolize splenic artery pseudoaneurysm and distal splenic
artery through the 3-F SP catheter (Figure 1D). After
embolization procedures were completed, angiography of
splenic artery showed the pseudoaneurysm has disappeared
(Figures 1E-F). The patient recovered and was discharged
from the hospital 9 d later. He had no subsequent bleeding
episodes and was doing well 2 mo following discharge.
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Figure 1 A: Unenhanced abdominal MRI scan 5-mo ago shows varicosis of
the hilum of spleen vein and there is no sign of pseudoaneurysm of the splenic
artery; B: contrast-enhanced abdominal CT scan shows enhancement of
pseudoaneurysm; C: anterior-posterior view of the celiac artery angiogram

shows a pseudoaneurysmal sac originating from the splenic artery; D: angiogram
shows 3-F SP catheter extending into more distal splenic artery through the 5-F
RH catheter; E-F: splenic artery arteriograms after immediatel embolization and
5-d later show the pseudoaneurysmal sac and distal splenic artery stop growing.

DISCUSSION
Peripancreatic pseudoaneurysm is a rare but life-threatening
complication of chronic pancreatitis[6] . Pseudoaneurysms
have been found to result from a variety of mechanisms,
including infection, trauma, and surgical procedures[6]. All have
in common disruption of arterial continuity with extravasation
of blood into the surrounding tissues. This ultimately results
in the formation of a fibrous tissue capsule that progressively
would enlarge due to the unrelenting arterial pressure[7] .
Pancreatitis causing splanchnic arterial aneurysm is more
likely to affect the splenic artery than the gastroduodenal artery.
The incidence of pseudoaneurysm in patients who undergo
angiography for pancreatitis is about 10%. Hemorrhage occurs
in 50% of cases[8]. Clinically, pseudoaneurysm is hard to
discover until rupture occurs. Pseudoaneurysm can be diagnosed
approximately by using various imaging modalities including
computer tomography, ultrasound, and angiography and
should be entertained in any patient with a history of
pancreatitis[9].
Because of the high mortality of a pseudoaneurysm, surgical
resection or interventional radiology should be done as early
as possible. When an intra-abdominal pseudoaneurysm is
suspected, angiography is the best useful means for determining
the exact location of the pseudoaneurysm. In addition, it could
save time and prevent the danger of an emergency lapar-otomy
to locate the source of bleeding without angiography[10]. In our
case, emergent angiography demonstrated a pseudoan-eurysm
arising from the splenic artery. Many authors have recommended
transcatheter occlusion or selective embolization as a useful
method in high-risk patients. Pilleul et al[11], Matsumoto et al
[12]
, and Rokke et al [13], reported successful transcatheter
arterial embolization in patients who developed splenic artery
pseudoaneurysm secondary to chronic alcoholic pancreatitis.
Metallic coils and gelatin sponge are the most commonly

employed agents in embolotherapy for splenic artery
pseudoaneurysm. Stent-grafting and detachable balloon are
also used[14,15]. At the first operation, we tried transcatheter
arterial embolization by microcoils, but failed to make the
microcatheter tip through the aneurysm neck. At last, the
pseudoaneurysm and distal splenic artery were occluded
by PVA and gelatin sponge through the 3F-SP microcatheter.
The procedure was performed safely. Five days later, celiac artery
angiogram showed that the splenic artery pseudoaneurysm
disappeared, and no acute pancreatitis occurred.
Our review of the literature revealed no reported cases
of embolization of splenic artery pseudoaneurysm and distal
splenic artery by PVA and gelatin sponge. Usually, embolization
of distal splenic artery may deduce splenic embolization
and acute pancreatitis. In this case, continuous observation
did not show rapid increase of serum amylase and urine
amylase after the treatment.
This report describes the successful management of a
pseudoaneurysm of the splenic artery following chronic
al coho lic panc rea titi s, b y em bol izat ion of t he
pseudoaneurysm and distal splenic artery.
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Abstract
The gastrointestinal tract (GIT) is a common site of
metastases for malignant melanoma. These metastatic
tumors are often asymptomatic. We describe a case of a
58-year-old male who presented with a sudden onset of
generalized abdominal pain. The patient’s past medical
history was significant for lentigo melanoma of the right
cheek. Laparotomy was performed and two segments of
small bowel, one with a perforated tumor, the other with a
non-perforated tumor, were removed. Histology and
immunohistochemical staining revealed the perforated
tumor to be a metastatic malignant melanoma and the
non-perforated tumor was found to be a gastrointestinal
stromal tumor (GIST). The patient was discharged 7 d
postoperatively. To the best of our knowledge, this is the
first reported case in the literature of a simultaneous
metastatic malignant melanoma and a GIST. Surgical
intervention is warranted in patients with symptomatic GIT
metastases to improve the quality of life or in those patients
with surgical emergencies.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The gastrointestinal tract (GIT) is a common site of
metastases for malignant melanoma[1-4]. These metastatic
tumors are often asymptomatic. Occasionally, however, they

may cause symptoms. With small bowel metastases, small
bowel obstruction from intussusception due to submucosal
lesions is the most common clinical presentation [2].
Perforation, however, is rare[2]. We herein present a case of
metastatic melanoma to the small bowel presenting with
acute abdominal pain due to perforation.

CASE REPORT
A 58-year-old white male presented with a 1-d history of
sudden onset generalized abdominal pain. He denied any
previous history of abdominal pain or other GI complaints.
A plain film of the abdomen revealed dilated loops of small
bowel, CT of the abdomen and pelvis showed a partially
enhancing mass in the small bowel as well as free air under
the diaphragm.
The patient’s past medical history was significant for
lentigo melanoma of the right cheek 12 years ago. Two and
a half years ago he underwent a right lower lobectomy for
a 5.5-cm lesion of the right lung. Histology revealed a nodule
of metastatic malignant melanoma adjacent to the hilum
of the right lower lung lobe. One month after the lobectomy,
a CT of the head showed a focal enhancing lesion in the
posterior temporal region and a small enhancing lesion in
the left hemisphere adjacent to the falx, consistent with
metastases to the brain. Thoracic and abdominal CT
revealed a soft tissue density in the midportion of the lower
abdomen that resembled a soft tissue nodule adjacent to a
small bowel loop, likely in the mesentery. However, it could
not be determined if the lesion was merely an unopacified
bowel loop or a metastatic nodule.
The patient underwent an emergent exploratory
laparotomy which showed perforation of a small bowel
tumor approximately 2 feet distal to the ligament of Treitz
(Figure 1A). In addition, a similar, but nonperforated lesion
was seen approximately 2-feet distal to the first lesion (Figure
1B). Both tumors were resected and the bowel continuity
was restored using stapled anastamoses. The patient’s
recovery was uncomplicated, and the patient was discharged
7 d postoperatively.
Microscopic examination of the two masses showed two
morphologically different tumors. The proximal tumor
showed a malignant neoplasm forming nests and sheets
extending from the mucosal to the serosal bowel layers.
Individual cells showed highly pleomorphic nuclei with
prominent, sometimes multiple, nucleoli and abundant pale
eosinophilic cytoplasm (Figure 1C). Immunohistologic
staining of this tumor was positive for S100, HMB 45 and
vimentin, indicating malignant metastatic melanoma. The
second lesion also involved the full thickness of the bowel
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Figure 1 A: Gross photograph of proximal, ruptured tumor located approximately
2 feet distal to the ligament of Treitz. B: Gross photograph of distal, non-ruptured
tumor approximately 2 feet distal to the first lesion. C: Light microscopy (×40) of
proximal tumor, revealing malignant neoplasm forming nests and sheets. The
tumor extended from the mucosal to the serosal bowel layers. Individual cells

wall. Tumor cells were spindled and arranged in fascicles.
Individual cells showed mildly pleomorphic nuclei and
eosinophilic cytoplasm (Figure 1D). The distal tumor stained
positive for S100, vimentin, actin, CD 34 and CD 117, and
notably was negative for HMB 45, indicating that the second
tumor was a gastrointestinal stromal tumor (GIST).

DISCUSSION
Metastatic melanoma is the most common metastatic tumor
found in the GIT[1,3]. In one case series, melanoma commonly
metastasized to the liver (68%), small intestine (58%), the
colon (22%), and the stomach (20%)[5]. These metastases are
discovered before death in only between 0.9% and 4.4%
of patients with a diagnosis of primary melanoma[4,5].
GIT metastases are difficult to detect with imaging
studies. Bender et al[6], examined abdominal CT scans and
small bowel follow through studies of patients with
surgically excised GIT metastases. They found that these
imaging studies were unreliable methods of detecting GIT
metastases (CT scan: 66% sensitivity; small bowel follow
through: 58% sensitivity).
A limited number of GIT metastases causing bowel
perforation have been described in the literature. Klausner
et al[5], described a case of small bowel perforation secondary
to GIT metastases in a 49-year-old male who survived for
6 mo after bowel and tumor resection. Three additional cases
were described by Goodman et al[6]; however, only one case of
small bowel perforation was discovered intraoperatively. The
other two cases occurred in patients not considered good
surgical candidates due to the advanced nature of their disease.
These patients subsequently died from bowel perforation
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showed highly pleomorphic nuclei with prominent, sometimes multiple, nucleoli

andabundant paleeosinophilic cytoplasm. D: Light microscopy (×40) of distal
tumor showing tumor cells arranged in spindles and arranged in fascicles.
There was involvement of the full thickness of the bowel wall. Individual cells
showed mildly pleomorphic nuclei and eosinophilic cytoplasm.

and resulting infection[6]. Geboes et al[4], describes one patient
with symptomatic GIT metastases, who died from perforation. However, the location of the bowel perforation was
not reported.
Relief of symptoms can be achieved with surgical
resection of the GIT metastases. Goodman and Karakousis
reported 22 cases of symptomatic metastatic melanoma to
the GIT[7]. Sixteen of their patients underwent surgery to
relieve symptoms or for improvement in quality of life.
These patients survived an average of 4½ mo after resection
of their GI metastases. They recommended resection of
GIT metastases for uncontrolled or repeated GI hemorrhage,
recurrent severe abdominal pain suggestive of recurrent
intussusception, and in cases of clinically evident intestinal
obstruction.
The association between mutation of the c-kit gene and
cutaneous hyperpigmentation is well known[8,9]; however, the
simultaneous presence of a metastatic melanoma and GIST
in the same patient, to the best of our knowledge, has not
been reported. One case of an omental GIST in a patient
with a history of melanoma was described[10]. The authors
hypothesize that the occurrence of both omental GIST and
melanoma could suggest an association or just a mere
coincidence. In our case report, the fact that the patient has
both a metastatic melanoma and GIST could suggest a
pathogenic role of mutation in the c-kit gene.
In conclusion, GIT metastases are common in patients
with malignant melanoma. They are often asymptomatic or
may present with non-specific symptoms. Surgical intervention
is warranted in patients with symptomatic GIT metastases to
improve quality of life or in those patients who present with

Brummel N et al. Small bowel perforation of metastatic melanoma

surgical emergencies. Routine resection of asymptomatic
GIT metastases, however, cannot be recommended.
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structured into the following sections: AIM: Only the purpose should be
included. METHODS: The materials, techniques, instruments and
equipments, and the experimental procedures should be included. RESULTS:
The observatory and experimental results, including data, effects,
outcome, etc. should be included. Authors should present P value where
necessary, and the significant data should accompany. CONCLUSION:
Accurate view and the value of the results should be included.
The format of structured abstracts is at: http://www.wjgnet.com/
wjg/help/11.doc
Key words
Please list 3-10 key words that could reflect content of the study.
Text
For most article types, the main text should be structured into the
following section s: IN TRO DUCTION , M ATE RIALS AND
METHODS, RESULTS and DISCUSSION, and should include
appropriate Figures and Tables. Data should be presented in the body
text or Figures and Tables, not both.
Illustrations
Figures should be numbered as 1, 2, 3 and so on, and mentioned clearly
in the main text. Provide a brief title for each figure on a separate page.
No detailed legend should be involved under the figures. This part
should add into the text where the figures are applicable. Digital images:
black and white photographs should be scanned and saved in TIFF
format at a resolution of 300 dpi; color images should be saved as
CMYK (print files) and not RGB (screen-viewing files). Place each
photograph in a separate file. Print images: supply images of size no
smaller than 126×76 mm printed on smooth surface paper; label the
image by writing the Figure number and orientation using an arrow.
Photomicrographs: indicate the original magnification and stain in the
legend. Digital Drawings: supply files in EPS if created by Freehand
and Illustrator, or TIFF from P hotoshop. EPS files must be
accompanied by a version in native file format for editing purposes.
Scans of existing line drawings should be scanned at a resolution of
1200 dpi and as close as possible to the size at which they will appear
when printed, not smaller. Please use uniform legends for the same
subjects. For example: Figure 1 Pathological changes of atrophic
gastritis after treatment. A: ...; B: ...;C: ...; D: ...; E: ...; F: ...; G: ...
Tables
Three-line tables should be numbered as 1, 2, 3 and so on, and mentioned
clearly in the main text. Provide a brief title for each table. No detailed
legend should be involved under the tables. This part should add into the
text where the tables are applicable. The information should complement
but not duplicate that contained in the text. Use one horizontal line
under the title, a second under the column heads, and a third below the
Table, above any footnotes. Vertical and italic lines should be omitted.
Notes in tables and illustrations
Data which is not statistically significant should not be noted. aP<0.05,
b
P<0.01 (P>0.05 should not be noted). If there are other series of
P values, cP<0.05 and dP<0.01 are used; Third series of P values can be
expressed as eP<0.05 and fP<0.01. Other notes in tables or under
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illustrations should be expressed as 1 F, 2 F, 3F; or some other symbols
with a superscript (Arabic numerals) in the upper left corner. In a
multi-curve illustration, each curve should be labeled with ●, ○, ■,
□, ▲, △, etc. in a certain sequence.

Statistical expression
Express t test as t(in italics), F test as F(in italics), chi square test as 2
(in Greek), related coefficient as r(in italics), degree of freedom as  (in
Greek), sample number as n(in italics), and probability as P(in italics).
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(B)=16.2/12.3 kPa; incubation time, t(incubation)=96 h, blood glucose
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and mass fraction, 8 ng/g, etc. Arabic numerals such as 23,243,641
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The format about how to accurately write common units and
quantum is at: http://www.wjgnet.com/wjg/help/15.doc
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World Journal of Gastroenterology standard of quantities and units
Number

Nonstandard

Standard

Notice

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

4 days
4 days
day
Four d
2 hours
2 hs
hr, hrs,
10 seconds
10 year
Ten yr
0,1,2 years
0,1,2 year
4 weeks
Four wk
2 months
Two mo
10 minutes
Ten min
50% (V/V)
50% (m/V)
1M
10 M
1N HCl
1N H2SO4
4rd edition
15 year experience
18.5 kDa
25 g.kg-1/d-1
6900
1000 rpm
sec
1 pg·L-1
10 kilograms
13 000 rpm
1000 g
Gene bank
Ten L
Ten mL
umol
30 sec
1 g/dl
OD260
One g/L
A260 nm
b
P<0.05

4d
four days
d
Four days
2h
2h
h
10 s
10 years
Ten years
0,1,2 yr
0,1,2 yr
4 wk
Four weeks
2 mo
Two months
10 min
Ten minutes
500 mL/L
500 g/L
1 mol/L
10 mol/L
1 mol/L HCl
0.5 mol/L H2SO4
4th edition
15- year experience
18.5 ku,18 500u or Mr18 500
25 g/(kg·d) or 25 g/kg per day
6 900
1 000 r/min
s
1 pg/L
10 kg
13 000 g
1 000 r/min
GenBank
Ten liters
Ten milliliters
mol
30 s
10 g/L
A260
One microgram per liter
A260 nm
a
P<0.05

In figures, tables and numerical narration
In text narration
After Arabic numerals
At the beginning of a sentence
After Arabic numerals
After Arabic numerals
After Arabic numerals
After Arabic numerals
In text narration
At the beginning of a sentence
In figures and tables
In figures and tables

45

*F=9.87, §F=25.9,
#
F=67.4
KM
CM
MM
Kg, KG
Gm, gr
nt
l
db
rpm
bq
amp
coul
HZ
w
KPa
p
ev
Jonle
J/mmol
10×10×10cm3
N·km
x±s
Mean±SEM
im
iv
Wang et al
EcoRI
Ecoli
Hp
Iga
igA
-70 kDa

1

46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

F=9.87,2F=25.9,
F=67.4
km
cm
mm
kg
g
N
L
dB
r/min
Bq
A
C
Hz
W
kPa
Pa
EV
J
kJ/mol
10 cm×10 cm×10 cm
KN·m
mean±SD
mean±SE
im
iv
Wang et al.
EcoRI
E.coli
H pylori
Iga
IgA
~70 ku

At the beginning of a sentence
In figures and tables
At the beginning of a sentence
At the beginning of a sentence

After Arabic numerals
High speed; g should be in italic and suitable conversion.
Low speed. g cannot be used.
International classified genetic materials collection bank
At the beginning of a sentence
At the beginning of a sentence
10-fold conversion
“OD” has been abandoned.
At the beginning of a sentence
A should be in italic.
In Table, no note is needed if there is no significance in statistics: aP<0.05, bP<0.01
(no note if P>0.05). If there is a second set of P value in the same table, cP<0.05 and
d
P<0.01 are used for a third set: eP<0.05, fP<0.01.
Notices in or under a table

3

kilometer
centimeter
millimeter
kilogram
gram
newton
liter
decibel
rotation per minute
becquerel, a unit symbol
ampere
coulomb
watt
kilo-pascal
pascal
volt (electronic unit)
joule
kilojoule per mole
moment
In figures, tables or text narration
In figures, tables or text narration
intramuscular injection
intravenous injection
Eco in italic and RI in positive. Restriction endonuclease has its prescript form of writing.
Bacteria and other biologic terms have their specific expression.
writing form of genes
writing form of proteins
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Abstract
Human colonic motility is a relatively difficult topic to
investigate. However, the refinement of manometric
techniques in recent years enabled us to study both the
proximal and distal segments of the viscus. The present
paper reviews our knowledge about normal aspects of
colorectal motility in man and the abnormalities found in
slow transit constipation (STC), one of the most frequent
and difficult to treat subtypes of constipation. An internetbased search strategy of the Medline and Science Citation
Index was performed using the keywords colon, colonic,
colorectal, constipation, slow transit, motility, rectal, rectum
in various combinations with the Boolean operators AND,
OR and NOT. Only articles related to human studies were
used, and manual cross-referencing was also performed.
Most of colonic motor activity is represented by single
nonpropagated contractions, rarely organized in bursts;
this activity is maximal during the day, especially after
waking and following meals. In addition, a specialized
propagated activity with propulsive features is detectable,
represented by high- and low-amplitude propagated
contractions. In the severe form of constipation represented
by the slow transit type, the above motor activity is
completely deranged. In fact, both basal segmental activity
(especially in response to meals) and propagated activity
(especially that of high amplitude) are usually decreased,
and this may represent a physiologic marker of this disorder.
Human colonic motor activity is quite a complex issue, still
only partly understood and investigated, due to anatomic
and physiological difficulties. In recent years, however,
some more data have been obtained, even in proximal
segments. These data have helped in elucidating, although
only in part, some pathophysiological mechanisms of
chronic constipation, and especially of the STC subtype.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The main physiological properties of the human colon
(absorption, propulsion of contents, storage and expulsion
of feces) require unique motor activities, different from
those of the upper gut[1], apt to propel distally intraluminal
contents, to mix them in a continuous manner, and to store
and eventually expel the residuals[2]. Since colonic contents,
unlike those in the upper gut, employ hours or days to pass
through the viscus, prolonged observations (24 h or more) are
needed to assess the various aspects of colonic motility[3].
Several techniques have been proposed to evaluate the
motor behavior of the large bowel for prolonged periods
of time[4-6], the more diffuse being colonic manometry as
both a research and (especially in the pediatric area) diagnostic
tool[7,8]. The more frequently employed technique consists
of positioning a manometric catheter within the colon by
the aid of a colonoscope; the catheter is then connected to a
recording apparatus to detect intraluminal pressures
throughout the day, and to evaluate the effects of meals,
sleep, awakening, etc.[9]. More recently, the classic water-perfused
catheters were compared to solid state ones[10] that allow
prolonged ambulatory recordings of colonic motility[11,12]
and even an automated computer analysis of recordings[13].
SEARCH STRATEGY
An internet-based search strategy of the Medline and Science
Citation Index was performed using the keywords colon,
colonic, colorectal, constipation, slow transit, motility, rectal,
rectum in various combinations with the Boolean operators
AND, OR and NOT. Only articles related to human studies
were used, and manual cross-referencing was also performed.
Articles published in English between January 1965 and
March 2004 were selected; however, a search in non-English
languages and in journals published before 1965 was also
performed in our library. Letters and abstracts were quoted
only when the full papers were not available.
BASIC ASPECTS OF NORMAL COLONIC MOTILITY
IN HUMANS
Manometric investigations have shown that colonic motility
may be grossly classified into two main types, and that these
mostly agree with previous radiological observations[14]. We
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have recently proposed a simple classification of colonic
contractile patterns, based on our experience with 24-h recordings in healthy humans[9,15]. Colonic motility may therefore
be divided into segmental activity (single contractions; bursts
of contractions: rhythmic, arrhythmic) and propagated activity
(low-amplitude propagated contractions (LAPC); highamplitude propagated contractions (HAPC)).
Segmental activity
This kind of contractile activity constitutes mostly of the
overall colonic motility, and it is usually represented by waves
with amplitude ranging from 5 to 50 mmHg; occasionally,
contractions of higher amplitude may be observed (Figure 1).
Segmental contractions may appear singly or grouped
(bursts); although the bursts appear usually as an arrhythmic
array of waves, in a small percentage of time (<6% of the
overall contractile daily activity) they may assume a rhythmic
frequency. This rhythmic frequency is mostly comprised in
the 3 cycle/min range, and it is preferentially observed in
the distal (descending and sigmoid colon)[16]. The purpose
of the segmental contractile activity is to propel distally the
fecal matter by means of an aborally directed pressure gradient
that moves slowly the contents toward the rectum[17,18]. This
activity also allows an optimal absorption of water, electrolytes,
short-chain fatty acids, and bacterial metabolites.
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“mass movements”, able to shift large quantities of contents
for a long tract within the colon[25,26]. More recently, HAPC
have been better characterized by manometric means[27,28],
and their important role in the defec-atory mechanisms
established. These powerful contractions, in fact, are strongly
associated with the defecation itself, and precede the expulsion
of stools, so that they are considered one of the driving events
of this important physiologic act[29,30].

T
T
LAPC
D
D
S

0-40
mmHg
1 min

S

Figure 2 Representative manometric tracing showing a LAPC (arrow). Note
also, in the last tracing, the presence of a burst of segmental sigmoid activity
(asterisk). Recording points are 12 cm apart, and span from the transverse (T)
to the sigmoid colon (S).

T
T

T
D

D

D
S
0-70
mmHg

D
0-200
mmHg
S

R
1 min

1 min

Figure 1 Representative manometric tracing of normal colonic segmental
activity. Note that most contractions feature low amplitude, with sporadic ones
(arrow) exceeding 50 mmHg. Recording points are 12 cm apart, and span from
the transverse colon (T) to the rectum (R).

Figure 3 Representative manometric tracing of a HAPC. Note that the amplitude
of the propagated sequence is well distinct with respect to the background
segmental activity. Recording points are 12 cm apart, and span from the distal
transverse (T) to the proximal sigmoid colon (S).

Propagated activity
To date, objective criteria (also employing automated analysis)
to distinguish the various types of propagated contractions
do not exist[19]. We have classified the propagated events,
on the basis of their amplitude, as LAPC and HAPC. The
former (Figure 2) that feature an amplitude of less than 50
mmHg and are relatively frequent (on average, more than
100 events/d) have a probable main function of transporting
fluid contents within the colon[20,21]; LAPC have also been
associated with distension of the viscus[22] and passage of
flatus[23]. The other kind of propagated activity, represented
by contractions averaging more than 100 mmHg amplitude
(Figure 3) and occurring infrequently (on average, about 6
events/d), was firstly described in man by radiologists at
the beginning of the last century[24], and was subsequently
demonstrated to correspond to the radiological concept of

Daily organization of colonic motility and relationships with
physiologic events
Unlike the upper gut, the human colon seems not to be
organized in accordance to regular motor patterns that follow
a cyclic timing. However, in recent years periodic motor
phenomena have been documented in the rectum (“rectal
motor complex”, RMC)[31] and in the more distal colonic
segments (“periodic colonic motor activity”) (Figure 4)[32].
The physiological significance of these phenomena is still
under investigation, although for the RMC a continencepreserving mechanism (especially when sleeping) has been
hypothesized[33]. No cyclic or periodic motor activity has
been documented in the anal canal[34].
More information is available concerning the fluctuations
of colonic motor activity around-the-clock: in fact, prolonged
manometric and electromyographic recordings have convincingly
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shown that a circadian trend is recognizable, with a maximum
of activity during the daylight hours, after awakening in the
morning, and after meals[4,5]. Conversely, sleep causes a
profound inhibition of colonic motility, and seems to represent
a major determinant of its diurnal variations[35,36]. These
variations in colonic motility are paralleled by a similar trend
that may be observed in the tonic activity of the viscus’ wall
when measured by means of a barostat[37].

T
D
D
S
RSJ
0-50
mmHg

R
1 min

Figure 4 Representative manometric tracing showing two episodes of periodic
colonic motor activity (asterisks) occurring independently at different colonic
levels (proximal descending colon and rectosigmoid junction, respectively).
Recording points are 12 cm apart, and span from the transverse colon (T) to the
rectum (R).

The ingestion of food is a major physiological stimulus
for colonic motor activity[38], and it is represented by an increase
(of at least 2-h duration) in the overall motility following
the first mouthful of food (Figure 5)[39]; this response, mostly
represented by segmental contractions, is also accompanied
by an increased smooth muscle tone[40]. The colonic motor
response to eating is driven by a dual component, cerebral
and gastric, in that it may be evoked by both sham feeding
and gastric distension[41]. Meal composition influences colonic
motor response: in fact, although carbohydrate meals are
able to elicit motor activity, the effects are short lived when
compared with fat meals[42].
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diagnostic criteria have been recently revised in the Rome
II classification[43] as the presence in the last year, for at
least 12 wk (which need not to be consecutive) and in more
than ¼ of defecations, of two or more of the following:
straining, lumpy or hard stools, sensation of incomplete
evacuation, sensation of anorectal obstruction/blockade,
manual maneuvers (digital evacuation, support of the pelvic
floor, etc.) to facilitate defecation, and/or less than three
defecations per week. Loose stool are not present and there
are insufficient criteria for irritable bowel syndrome.
Two major pathophysiologic subtypes of constipation
may be identified, with a third being the coexistence of
both in the same patient[44]. The most frequent subtype is
represented by the pelvic floor dysfunction (also known as
“outlet obstruction”, “obstructed defecation”, “dyschezia”,
“anismus”, “pelvic floor dyssynergia”), which features normal
or slightly slowed colonic transit with residual storage in the
rectum or rectosigmoid area[45]. The main pathophysiologic
mechanism is due to an inability to evacuate adequately
contents from the rectum, and it will not be discussed further,
since it has been recently reviewed extensively elsewhere[46].
The other subtype of constipation is the so-called slow transit
constipation (STC), a clinical syndrome usually affecting
women and characterized by often intractable constipation
and heavily delayed colonic transit[47]; this condition is usually
attributed to disordered colonic motor function[48]. In the
last years, STC had been the subject of several investigations,
aimed at evaluating the motility abnormalities of the large
bowel as responsible for the patients’ complaints. These
pathophysiological aspects of STC will be discussed below.
We feel that many of the available data are quite significant
because (and differently than those available for other
subtypes of constipation or other functional diseases of
the large bowel) they have often been obtained in relatively
homogenous cohorts of patients.

COLONIC MOTOR ABNORMALITIES IN STC
Although the etiology of STC remains elusive, there is ample
evidence that motility of the large bowel is profoundly
deranged in this condition, and this derangement may be
observed for almost all the physiologic variables described
above.
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Figure 5 Colonic motor response to eating in normal subjects. All post-meal
values (asterisk) are significantly (aP<0.05) different with respect to basal values
in both proximal (A/T) and distal (D/S) segments. MI, motility index.

SLOW TRANSIT CONSTIPATION: DEFINITION
Constipation is a frequent clinical symptom, and its

Segmental activity
Most of the few studies available were limited to the
anorectal-sigmoid area (thereby justifying in part the
heterogeneity of findings). These studies showed either
overall reduced rectosigmoid motility [49] and impaired
response to intrarectal bisacodyl[50], or normal or increased
rectosigmoid motor activity[51]. More recently, investigations
on more proximal segments of the colon have demonstrated
that in these patients the segmental contractile response to
cholinergic stimulation is heavily impaired[52] and that the
regular contractile frequency activity is reduced to about
half (i.e., <3%) of that recorded in normal subjects[53].
Propagated activity
Data on LAPC in STC are still scarce; we have recently
shown that this activity may be preserved in such patients,
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thereby acting as a sort of alternative mechanism able to
vicariate, at least in part, the severely impaired main
propulsive force (see below)[54]. Conversely, there are several
observations showing that HAPC activity is usually
deranged, up to complete absence of such events, in severely
constipated patients, and especially in those with STC[55-59];
this impairment consists of both a decreased average daily
number of HAPC (Figure 6) and decreased amplitude and
duration. The latter finding is consistent with the report
that HAPC amplitude is a major factor for the propulsion
of colonic contents to the rectum[18]. In extreme cases, such
an activity is completely absent, and it is also accompanied
by almost complete disappearance of the segmental
contractile activity: these are the patients with true “colonic
inertia”, in whom no medical therapy is successful, and surgical
intervention is often the only choice[60,61].

HAPC (%)

Controls
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only partly understood and investigated, due to anatomic
and physiological difficulties. In recent years, however, some
more data have been obtained, even in proximal segments.
These data have helped in elucidating, although only in part,
some pathophysiological mechanisms of chronic constipation, and especially of the STC subtype. Unfortunately,
the heterogeneity of the populations under study (that
however are probably best selected with respect to other
subtypes of constipation) accounts for certain discrepancies
in the interpretation of the pathophysiological results. In
addition, we are still lacking the “why”, i.e. we need more
knowledge about the basic abnormalities of this disorder
(nerve and/or smooth muscle involvement), which are still
elusive and controversial[72-75], in order to gain a more oriented
therapeutic approach to this disease process.
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severely constipated patients. M, meal, A, awakening. Adapted from Ref. [65] .

Daily organization of colonic motility and relationships with
physiologic events
Concerning RMC and periodic colonic motor activity, there is
evidence that this kind of activity may be abnormal in STC,
with a decreased periodicity and reduced frequency[59,62,63]. A
recent investigation, however, reported that these patients
may display excessive and un-coordinated RMC activity that,
added to the reduced propulsive activity discussed above,
may further delay the flow of colonic contents into the
rectum[64]. Looking at the daily motor activity, a study showed
an overall decrease of colonic contractile activity [65],
although the day-night cycle seemed to be maintained,
suggesting that normal circadian trend may be preserved,
as also shown by a normal contractile response following
sudden awakening from sleep[66].
Some of the main physiological reflexes appear to be
deranged in STC. In fact, an abnormal motor response to
eating seems to be a constant feature in these patients, as
shown by both electromyographic and manometric studies
consistently demonstrating an overall scarce response to
meal ingestion[67-69]. This response is also characterized by a
significant impairment of both segmental and propagated
activity that follows the meals with respect to that observed
in healthy controls[70,71].

CONCLUSIONS
Human colonic motor activity is quite a complex issue, still
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Abstract
AIM: Experimental studies suggest that free radicals are
involved in acid and pepsin-induced damage of esophageal
mucosa. The profile and balance between free radicals
and antioxidant systems in human esophagitis are unknown.
METHODS: Superoxide anion and its powerful oxidant
reaction with nitric oxide (peroxynitrite) generation were
determined in esophageal mucosal biopsies from 101
patients with different gastro-esophageal reflux diseases
and 28 controls. Activity of both superoxide dismutase
(SOD) and catalase, and reduced glutathione (GSH) levels,
were also assessed. Expression of Cu,ZnSOD, MnSOD and
tyrosine-nitrated MnSOD were analyzed by Western blot
and/or immunohistochemistry.
RESULTS: The highest levels of superoxide anion generation
were found in patients with severe lesions of esophagitis.
Peroxynitrite generation was intense in Barrett’s biopsies,
weaker in esophagitis and absent/weak in normal mucosa.
Expression of Cu,ZnSOD and MnSOD isoforms were present
in normal mucosa and increased according to the severity
of the lesion, reaching the highest level in Barrett’s esophagus.
However, SOD mucosal activity significantly decreased in
patients with esophagitis and Barrett’s esophagus, which
was, at least in part, due to nitration of its tyrosine residues.
Catalase activity and GSH levels were significantly increased
in mucosal specimens from patients with esophagitis
and/or Barrett’s esophagus.
CONCLUSION: A decrease in SOD antioxidant activity
leading to increased mucosal levels of superoxide anion
and peroxynitrite radicals may contribute to the development
of esophageal damage and Barrett’s esophagus in patients
with gastroesophageal reflux. Administration of SOD may

be a therapeutic target in the treatment of patients with
esophagitis and Barrett’s esophagus.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Gastroesophageal reflux disease (GERD) is one of the most
important and frequent gastrointestinal disorders of the
Western world, and may lead to esophageal cancer[1]. Although
reflux of gastric acid into the esophagus is an important
pathogenic factor in the development of esophagitis and
Barrett’s esophagus, the severity of reflux esophagitis cannot
be predicted only on the basis of acid exposure, which suggests
that other factors are involved. Recent studies have shown
that oxygen free radicals are involved in esophageal mucosal
damage from reflux esophagitis in both experimental animal
models and humans[2-9].
Reactive oxygen species (ROS) are highly reactive molecules
produced during many normal biological processes. However,
their synthesis is markedly increased as part of the inflammatory
response, and can cause oxidative injury to cells by damaging
DNA, proteins and cell membranes. Under normal conditions
cells are protected by antioxidant defense systems from the
toxic effects of ROS during cellular metabolism. Thus, when
oxidative stress arises as a consequence of a pathological event,
a defense system promotes the regulation and expression of
enzyme antioxidants[10] such as superoxide dismutase (SOD),
catalase and glutathione peroxidase, which constitute the
principal cellular defense mechanisms against ROS.
In the esophagus, the generation of the superoxide anion
as the main free radical implicated in the mucosal damage
has been well established in different experimental models
of acute and chronic esophagitis[2,4]. In human studies, a
positive association between mucosal free radicals levels
and the grade of esophagitis has been described[7,8]. However,
it must be noted that the efficiency of endogenous antioxidant
defense mechanism may be of critical importance in protecting
against the development of esophageal mucosal injury, and
although administration of various free radical scavengers
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has been found to prevent esophageal mucosal damage in
animals[2,6], studies on the expression, activity and relevance of
endogenous enzymatic antioxidant systems in the human
esophageal mucosal defense are very limited[8,9]. Therefore,
the aim of this study was to evaluate the profile and balance
between free radicals and antioxidant systems in the spectrum
of lesions associated with gastroesophageal reflux diseases,
including esophagitis and Barrett’s esophagus, which we regard
as the first step in order to identify future therapeutic targets.

MATERIALS AND METHODS
Materials
All reagents used were purchased from Sigma Chemical
Co. (St. Louis, MO) except liquid scintillation counting
medium, which was purchased from Packard (Groningen,
The Netherlands).
Patients
Three to five distal esophageal biopsies were taken from 3 cm
above the gastroesophageal junction from consecutive patients
attending the Endoscopy Unit of the Service of Digestive
Diseases of the University Hospital of Zaragoza (Video
Endoscope Olympus Exera). The study protocol was approved
by the Institutional Review Board Committee of the University
Hospital of Zaragoza and written informed consent was
obtained from all patients. Patients were stratified in four
groups. Group 1 (control patients): subjects with no evidence
of clinical symptoms of GERD or endoscopic esophagitis
who underwent upper gastrointestinal endoscopy as part
of clinical evaluation for different conditions such as abdominal
pain, anemia, etc. Group 2 (GERD symptoms): patients with
clinical symptoms of GERD, and/or erythema but no ulcerative
lesions were included in this group. Symptoms were either
heartburn or regurgitation. Group 3 (esophagitis): patients
with esophagitis II-IV according to the Savary-Miller
classification[11]. Symptoms were either heartburn or regurgitation
or chest pain. Group 4 (Barrett’s esophagus): patients with
Barrett’s esophagus (mucosal length ≥3 cm). The presence
of both endoscopic and histological examination of the
esophageal mucosa was required to establish the diagnosis
of Barrett’s esophagus[12]. In order to evaluate whether oxidative
stress levels in Barrett’s epithelium was specific and associated
with gastroesophageal reflux or they were intrinsic to the
columnar epithelium, additional duodenal biopsies were taken
in patients with/without Barrett’s esophagus.
Samples were immediately stored in Krebs-Ringer
solution at 4 ℃ for determination of free radicals, in 10%
formaldehyde for histological studies and in liquid nitrogen
for Western blot analysis.
Measurement of superoxide anion
The presence of superoxide anion was evaluated by
chemiluminescence according to a method described by
Olyaee[7] with modifications. Biopsies were suspended in
3 mL of oxygenated Krebs-Ringer and then lucigenin (Nmethylacridinium nitrate) was added at a final concentration
of 0.25 mmol/L and placed in the chemiluminescence
spectrophotometer where light production was measured
for 2 min (1900 TR, Packard Instruments Company, Meriden,
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CT). At this point, SOD (200 U/mL) was added to the
incubation medium and chemiluminescence levels were
measured again for 2 min. Data were expressed as counts
per minute (cpm) per milligram of protein. Proteins were
determined by a colorimetric assay similar to Lowry assay
(Bio-Rad, Hercules, CA)[13].
Measurement of SOD
Total SOD activity was measured according to a method
previously described by Thomas et al[14]. The assay is based
on the inhibition of nitro blue tetrazolium (NBT) mediated
by superoxide anion. Thus, esophageal biopsies were sonicated
in Tris buffer (0.1 mol/L pH 8.1 at 4 ℃) and centrifuged at
12 000 g for 10 min at 4 ℃. Afterwards, 200 L of supernatant
were incubated with 1.8 mL of buffer containing Na2CO3
(0.05 mol/L), xanthine (10-4 mol/L), EDTA (10-4 mol/L),
and NBT (2.5×10-5 mol/L). Superoxide radical was generated
by adding xanthine oxidase (200 U/L) to the reaction cuvettes
and measurements were recorded at 560 nm (Shimadzu
spectrophotometer, Tokyo, Japan). Results are expressed
as units per milligram of protein.
Measurement of reduced glutathione
Reduced glutathione (GSH) concentration was determined
according to the method described by Toth et al [15] , with
modifications. Samples were sonicated in 1 mL of phosphate
buffered saline (PBS) and centrifuged at 12 000 g for 10 min
at 4 ℃. Ten percent metaphosphoric acid was added to
300 µL of supernatant and centrifuged. Afterwards, the
supernatant was incubated with 75 µL of DNTB (5,5’dithiobis-(2-nitrobenzoic acid)) and 0.3 mol/L Na2HPO4
(600 L). The change of absorbance was monitored at a
wavelength of 412 nm. Results are expressed as micromole
per milligram of protein.
Measurement of catalase
Catalase was determined according to the method described
by Aebi[16]. Esophageal mucosal biopsies were sonicated in
phosphate buffer (KH2PO4, 25 mmol/L) and centrifuged
at 12 000 g for 10 min at 4 ℃. One milliliter of hydrogen
peroxide (10 mmol/L) was added to 300 L of supernatant.
Absorbance decrease was read at 240 nm for 1 min. Results
are expressed as units per milligram of protein.
Immunohistochemistry
Formalin-fixed, paraffin-embedded tissue samples were
sectioned and applied to slides. Slides were subsequently
deparaffinized with xylene for 15 min, hydrated gradually
in a graded series of ethanol (100%, 96%, 70%, twice for
3 min in each) and washed in deionized water. Then, slides
were treated with a 0.3% H2O2-methanol solution for 30 min
to quench endogenous peroxidase activity and incubated
for 30 min in 1.5% normal blocking serum in PBS. Immunohistochemistry was performed using the ABC staining system.
The sections were incubated with the primary antibody for
30 min at room temperature. The rabbit anti-nitrotyrosine
polyclonal antibody (Chemicon International, Temecula, CA)
was diluted 1:2 000 and the rabbit Cu,ZnSOD polyclonal
antibody (Santa Cruz Biotechnology, Inc., Santa Cruz, CA)
was diluted 1:1 000. Slides were incubated with the secondary
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antibody for 30 min and then, washed with three changes
of PBS for 5 min each. The chromogen used was 3,3’diaminobenzidine tetrahydrochloride. Finally, the sections
were washed in deionized H2O, counterstained with Harri’s
hematoxylin solution and dehydrated through ethanol (65%
and 100%, twice each) and xylene (thrice). The intensity of
immunohistochemistry staining was determined by semiquantitative analysis and was graded blinded according to the
follo-wing scale: 0: absent, 1: weak, 2: moderate, and 3: intense.
Nitrotyrosine immunoprecipitation
Esophageal biopsies were sonicated in PBS containing
0.1 mmol/L phenylmethyl sulfonyl fluoride, 5 g/mL
aprotinin and 1 mmol/L sodium orthovanadate. Supernatants
were collected and protein concentrations were determined
using a protein assay based on the Bradford method (Protein
Assay Dye Reagent, Bio Rad Laboratories, München,
Germany). Solubilized proteins were precleared (3 h at room
temperature) with 5 L of protein Gagarose (Roche Applied
Science, Mannheim, Germany). After a brief centrifugation,
the supernatants were collected in order to determine Cu,
ZnSOD and MnSOD expression and the presence of tyrosinenitrated MnSOD (22 g/lane). In order to purify those proteins
containing tyrosine-nitrated residues, we performed
immunoprecipitation using a monoclonal anti-nitrotyrosine
antibody. For this purpose, the supernatants were incubated
(1 h at room temperature) with 10 L of monoclonal antinitrotyrosine antibody conjugated to protein A agarose (Alexis
Biochemicals, Lausen, Switzerland). After incubation, beads
were collected by brief centrifugation, and the supernatant
was carefully pipetted off. Then the beads were washed thrice
with PBS. After the last wash, the beads were resuspended in
25 L of 1× Laemmli sample buffer and boiled for 5 min.
The sample was briefly centrifuged to pellet the beads, and
the supernatants were immediately subjected to electrophoresis
in 12% SDS polyacrylamide gel[17,18].
Western blot analysis
Western blot analysis of Cu,ZnSOD and MnSOD was
performed. MnSOD was performed in both immunoprecipitated and non-immunoprecipitated tyrosine-nitrated
protein fractions. After separation by SDS/PAGE, proteins
were transferred electrophoretically (100 V, 1.5 h) to PDVF
membranes (Bio Rad Laboratories, München, Germany),
which were blocked (4 ℃, overnight) with 5% blocking agent
in 50 mmol/L Tris-HCl, pH 7.4/150 mmol/L NaCl/0.05%
Tween 20 (TBST). For detection of MnSOD, blots were
incubated (1 h, room temperature) with a rabbit polyclonal
anti-MnSOD antibody (1: 1 000 dilution) (Upstate,
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Charlottesville, VA, USA). For detection of Cu,ZnSOD,
blots were incubated (1 h, room temperature) with a rabbit
polyclonal anti-Cu,ZnSOD antibody (Santa Cruz Biotechnology
Inc., Santa Cruz, CA, USA). After incubation with primary
antibodies, membranes were washed in TBS/T, then the
immunocomplexed membranes were probed (1 h, room
temperature) with 1:3 000 dilution of peroxidase-conjugated
secondary antibody (Amersham Biosciences, Buckinghamshire,
UK) in TBS with 0.1% of blocking agent. Probed membranes
were washed in TBS/T and immunoreactive proteins were
detected using enhanced chemiluminescence (ECL Western
blotting analysis system, Amersham Biosciences).
Statistical analysis
Results from biochemical assays were expressed as the
mean±SE. Values obtained from biopsies were compared
between the groups by nonparametric methods using
Kruskal-Wallis and Mann-Whitney tests. Descriptive statistics
were used for immunohistochemical data, analyzing median,
minimum, maximum and percentage. Significance between
the intensity of immunohistochemistry staining and grade
of esophagitis was analyzed using the Kruskal-Wallis test. A
value of P<0.05 was considered statistically significant.

RESULTS
Patient characteristics are shown in Table 1. Age and sex of
patients and controls were homogenous across the different
groups. Table 1 also includes the type of treatment received
by patients 30 d before the endoscopic procedure.
Determination of reactive oxygen species
ROS were significantly increased in mucosal biopsy
specimens obtained from patients with erosive esophagitis
(grade II-IV) and Barrett’s esophagus. Duodenal biopsies
showed similar ROS levels than esophageal biopsies of
control patients (Figure 1). The addition of exogenous SOD
inhibited chemiluminescence in all groups, indicating that
the increase in mucosal reactive species was due to the
presence of superoxide anion (data not shown).
Determination of reactive nitrogen species
Peroxynitrite generation in the esophageal mucosa was
investigated by measuring nitrotyrosine formation in
esophageal biopsies by immunohistochemistry. Nitrotyrosine
was detected in both the squamous and Barrett’s epithelium.
Nitrotyrosine staining was intense in Barrett’s biopsies,
weaker in esophagitis and absent/weak in normal esophageal
mucosa (Figure 2 and Table 2).

Table 1 Characteristics of patients with different gastroesophageal reflux diseases that were included in the study
Treatment1
H2-RA

Other2

No Rx

3

3

2

19

10

10

3

17

12
5

1
1

4
4

n

Sex (M/F)

Control (non- GERD)

28

20/8

59 (20-81)

1

GERD symptoms

50

32/18

52 (18-80)

10

Erosive esophagitis
Barrett’s esophagus

23
28

18/5
20/8

59 (25-90)
58 (21-88)

4
7

2
11

1

Mean age (yr) (Range)

Antacids

Group

PPI

Treatment taken by patients within 30 d before endoscopy. 2Other includes prokinetic agents (cisapride, clebopride, cinitapride, domperidone).
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Figure 1 Anion superoxide generation measured by chemiluminescence in human
esophageal biopsies with different grades of damage and in normal esophageal
and duodenal epithelium. Chemiluminescence was significantly higher in patients
with erosive esophagitis (grade II-IV) and Barrett’s esophagus compared to control
patients. (n = 10-28 aP<0.05, bP<0.01 vs normal esophageal mucosa).

Figure 2 Microphotograph showing nitrotyrosine immunohistochemical staining
in a patient with Barrett’s esophagus. Nitrotyrosine presence was visualized
using a specific antibody.

erosive esophagitis and Barrett’s esophagus compared to
normal squamous epithelium. Duodenal mucosa also had
higher values of catalase activity than the squamous epithelium
(Figure 3C).

Table 2 Quantification of nitrotyrosine expression in Barrett’s
esophagus, esophagitis and control patients
Group

mean±SE

Median (range)

Control

0.70 ± 0.15

1.00 (0.00-1.00)

Esophagitis

1.27±0.14

Barrett’s esophagus 2.41±0.14a

Intensity1/Percent (%)2
0

30

1

70

1.00 (1.00-2.00)

1
2

72.7
27.3

2.00 (2.00-3.00)

2

58.3

3

41.7

SOD expression
To investigate the mechanisms leading to a decrease of
total SOD activity in damaged esophageal mucosa, MnSOD
and Cu,ZnSOD protein expression were evaluated by
immunohistochemistry and/or Western blot analysis. Furthermore, nitration of MnSOD was evaluated by Western blot.
By immunohistochemistry, semiquantitative evaluation
revealed that Cu,ZnSOD was present in control subjects
and patients with esophagitis and Barrett’s esophagus, but
its expression increased according to the severity of lesion,
reaching the highest level in mucosal specimens from
patients with Barrett’s esophagus (Table 3 and Figure 4). In
addition, Western blot analysis of Cu,ZnSOD expression in
esophageal biopsies (Figure 5A) demonstrated an increase
of Cu,ZnSOD expression in Barrett’s esophagus biopsies
(lanes 3-5) compared to control subjects (lanes 1 and 2)
and patients with esophagitis (lanes 6 and 7).
The expression of MnSOD protein was examined by
Western blot. Protein extracts from biopsies were immunoblotted
with a polyclonal antibody anti-MnSOD. A band at 24 ku
corresponding to monomeric MnSOD was observed in all
groups evaluated. Increased staining for MnSOD was observed
in Barrett’s esophagus and esophagitis compared to control

a
P<0.05 vs control (n = 10-12 cases per group). 1The intensity of immunohistochemistry
was graded blinded according to the following scale: 0: absent, 1: weak, 2: moderate
and 3: intense. 2Percentage of samples according to degree of staining.

Determination of antioxidant status
SOD activity showed a significant decrease in both biopsies
taken from patients with erosive esophagitis and Barrett’s
esophagus when compared to normal esophageal epithelium.
The lowest SOD activity was found in biopsies with erosive
esophagitis. SOD activity was significantly lower in duodenal
mucosa than in normal esophagus samples (Figure 3A).
GSH levels increased with esophageal mucosal damage.
Significant differences were found between patients with
gastroesophageal reflux as compared to normal esophagus.
In duodenal mucosal specimens, values were comparable
to those of Barrett’s epithelium, which were significantly
higher than in normal esophageal mucosa (Figure 3B).
Catalase activity was significantly higher in patients with
B
3
2
a
1

b

a

0
CTL

GER Esophag. Barrett’s duodenum
Symptoms
Esophagus

GSH (mol/mg protein)

SOD (U/mg protein)

A

C
25

b

20

a
a

15
10
5
0
CTL

GER Esophag. Barrett’s duodenum
Symptoms
Esophagus

Figure 3 A: SOD activity decreased with damage. Significant differences were
found between patients with esophagitis (grade II-IV) or Barrett’s esophagus and
the control group (normal esophageal mucosa) (n = 12-27); B: GSH levels were
significantly increased in biopsies from patients with GERD symptoms, esophagitis
and duodenal mucosa compared to biopsy samples of normal esophageal mucosa

Catalase (U/mg protein)

CTL

a

125
100
75
a

50

a

25
0
CTL

GER Esophag.Barrett’s duodenum
Symptoms
Esophagus

(n = 10-12); C: catalase activity was significantly increased in biopsies from
both esophagitis and Barrett’s esophagus patients when compared to normal
esophageal mucosa. Duodenal catalase activity was also high (n = 10-12,
a
P<0.05, bP<0.01 vs normal esophageal mucosa).
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patients (Figure 5B). Because MnSOD is a sensitive target
of tyrosine nitration, anti-MnSOD Western analysis of
nitrotyrosine immunoprecipitates was performed. Immunoblotting of nitrated protein and subsequent incubation with
anti-MnSOD is present in all groups evaluated; however,
the amount of nitrated protein increases in patients with
esophagitis and Barrett’s esophagus compared to normal
subjects (Figure 5C).

Table 3 Quantification of Cu,ZnSOD expression in Barrett’s
esophagus, esophagitis and control patients
Intensity1/ Percent (%)2

Group

mean±SE

Median (range)

Control

1.30±0.15

1.00 (1.00-2.00)

1

70

2.00 (1.00-3.00)

2
1

30
36.4

2

27.3

Esophagitis

2.00±0.27

Barrett’s esophagus 2.5 ±0.15a

2.50 (2.00-3.00)

3

36.4

2
3

50
50

a
P<0.05 vs control. (n = 10-12 casesper group). 1The intensity of immunohistochemistry
was graded blinded according to the following scale: 0 : absent, 1: weak, 2: moderate
and 3: intense. 2Percentage of samples according to degree of staining.

DISCUSSION
Oxidative stress is defined as an imbalance between oxidant
production and the antioxidant capacity of the cell to prevent
oxidative damage[19]. In the present study we have shown
that esophageal mucosal damage in patients with GERD is
associated with increased oxidative stress characterized by
enhanced superoxide anion and peroxynitrite generation,
which is accompanied by a clear pattern of antioxidant activity
characterized by a profound decrease in SOD activity and
an increase in GSH content and catalase activity.
In our work, we found that the main oxidant product in
reflux esophagitis was superoxide anion. There was also a
positive correlation between the degree of mucosal damage
and levels of superoxide anion, reaching the highest values
in patients with erosive esophagitis and Barrett’s esophagus.
Generation of the superoxide anion as the main free radical
involved in mucosal damage had been established in different
experimental models of acute and chronic esophagitis[2,3,5].
The involvement of free radicals in human esophagitis has
been less explored. Olyaee[7] and Westcher[8], who measured

A

B

Figure 4 Microphotograph of immunohistochemical Cu,ZnSOD staining. Cu,
ZnSOD was present both in control subjects (normal esophageal mucosa) (A) and in

2701

mucosal ROS concentrations by LCEL (luminol enhanced
concentrations), found increased mucosal production of
chemiluminescence levels in patients with esophagitis and
Barrett’s esophagus.
Superoxide anion, although directly promoting inflammation, also has other interactions that might perpetuate
the inflammatory process. The superoxide anion can be
scavenged by nitric oxide (NO) and to form the powerful
oxidant peroxynitrite anion (ONOO¯), which would amplify
the inflammatory process. Then, under pathological
conditions, NO competes with endogenous SOD for
superoxide anion[20]. Therefore, the next logical step in this
study was to determine the presence of peroxynitrite in
esophageal mucosa. This study has shown that peroxynitrite
anion is formed in esophageal mucosa and that this radical
seems to be particularly involved in the pathogenesis of
Barrett’s esophagus. Although this aspect had not been
examined in humans, these findings agree with those reported
in an experimental model of esophagitis where peroxynitrite
formation is a common event in the presence of excess of
superoxide anion radicals[3]. Furthermore, in a rat model
for esophageal adenocarcinoma associated with Barrett’s
esophagus, positive nitrotyrosine staining was found,
suggesting that peroxynitrite generation may contribute to
the progression of esophageal cancer[21]. In conclusion, both
ROS and reactive nitrogen species play a significant role in
reflux esophagitis and Barrett’s esophagus.
When oxidative stress occurs, a defense system promotes
the regulation and expression of several antioxidant enzymes
such as SOD, catalase and glutathione peroxidase. In humans,
there are three forms of SOD: cytosolic Cu,ZnSOD, mitochondrial MnSOD, and extracellular SOD (ECSOD). It is
well known that oxidative stress increases SOD expression[22].
In our study, Cu,ZnSOD and MnSOD were present in
both control patients and patients with esophagitis or Barrett’s
esophagus and its expression increased according to the
severity of lesion, reaching the highest level in Barrett’s
esophagus.
However, although an increase in SOD expression was
observed, the activity of the total SOD was found to be
dramatically decreased in esophagitis and Barrett’s esophagus
compared to normal esophageal epithelium. In experimental
esophagitis, superoxide anion was involved in the induction
of esophagitis and SOD activity levels were negligible where
mucosal damage was severe[3]. On the other hand, in the low-

C

patients with esophagitis (B) or Barrett’s esophagus (C), but its expression increased
according to the severity of lesion, reaching the highest level in Barrett esophagus.
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Figure 5 Representative Western analysis of tissue lysates (22 g/lane) from
control subjects (normal esophageal mucosa) and patients with esophagitis and
Barrett’s esophagus. A: Western blot analysis of Cu,ZnSOD expression in
esophageal biopsies demonstrated an increase of Cu,ZnSOD expression in
Barrett’s esophagus biopsies (lanes 3-5) compared to control subjects (lanes 1,
2) and patients with esophagitis (lanes 6,7); B: A band at 24 ku corresponding

to monomeric MnSOD was observed in all groups evaluated. Increased staining
for MnSOD was observed in Barrett’s esophagus (lanes 3-5) and esophagitis
(lanes 6,7) compared to control patients (lanes 1,2); C: Immunoprecipitated
tyrosine-nitrated proteins and subsequent incubation with anti-MnSOD demonstrated
that MnSOD nitrated is increased in patients with esophagitis (lanes 6,7) and
Barrett’s esophagus (lanes 3-5) compared to normal subjects (lanes 1,2).

grade model, where superoxide anion was not a key factor,
no differences in endogenous SOD activity were observed[4].
In human esophagitis, Wetscher et al [8], showed that SOD
decreased with the severity of esophagitis, although in patients
with Barrett’s esophagus and mild associated esophagitis
high levels of esophageal mucosal SOD were found. In
clear contrast with those findings, Sihvo et al[9], found no
differences in SOD activity in patients with esophagitis and
Barrett’s esophagus when compared to control patients
(normal esophagus).
In our study, we found discrepancy between the increased
expression for Cu,ZnSOD or MnSOD and the reduced
activity levels (total SOD), which could be attributable to
endogenous inhibitors of the SOD enzymes. It is known
that peroxynitrites are potent oxidants and nitrating agents
that cause depletion of cellular antioxidant defenses and
inactivation of enzymes (by nitration of tyrosine residues)
that may adversely affect their function[23]. Human MnSOD
contains nine tyrosine residues[24]. Tyr34, which is present
in the active site, appeared to be the most susceptible aminoacid
to peroxynitrite-mediated nitration[24,25]. In this study, incubation
of nitrotyrosine immunoprecipitates with a polyclonal antibody
against MnSOD revealed that nitrated MnSOD was present
and that its expression increased in patients with esophagitis
compared to control patients. The nitration of MnSOD
can partially contribute to a loss of enzymatic activity, since
it has been described that both nitration and oxidation of
critical tyrosine residues of MnSOD are required for
complete inactivation of the enzyme[26]. Although human
Cu,ZnSOD has no tyrosine residues in its amino acid sequence,
it is probable that other amino acids (such as cysteine,
tryptophan) in these enzymes are subject to modification
by peroxynitrites[24,27]. The reaction of human Cu,ZnSOD
with peroxynitrite may cause partial inactivation of the
enzyme activity by nitration and/or oxidation of the single
tryptophan 32[28]. Other sources of enzymatic inactivation
may also not be excluded since SOD inactivation by hydrogen
peroxide[29] and by peroxyl radicals[30] has been described.
Therefore, the net effect of reduced activity of SOD is
the increase of superoxide anion concentration in the cytosol
and the toxic potential of superoxide-derived oxygen radicals
such as peroxynitrite, aggravating esophageal damage. In
addition, we have found that this process is accompanied
by additional changes in the antioxidant system which may
be regarded as an adaptive response to mucosal damage in

an effort to neutralize the oxidative load and it is characterized
by an increase of GSH levels and catalase activity. In this
study, mucosal GSH levels increased in patients with esophagitis,
but they were not in the mucosa of Barrett’s esophagus.
Studies regarding the role of endogenous GSH in reflux
esophagitis are contradictory. Wetscher [6] and Katada[31]
found an increase of esophageal tissue GSH levels in a model
of acute damage in rats, whereas inhibition of esophageal
damage decreased the production of GSH. These authors
suggest that the increase of GSH production is a marker
of prolonged oxidative stress. However, Lee et al[32], observed
depletions of reduced glutathione in experimentally induced
reflux esophagitis. In contrast to our findings in humans, it
has been reported that GSH content was lower both in
Barrett’s esophagus and esophagitis when compared to patients
without symptoms or endoscopic evidence of esophageal
damage[9] and when compared to normal adjacent squamous
epithelium[33,34].
The GSH-dependent system is a scavenger of great
importance, since it acts at different levels of the antioxidant
defense system: it is a scavenger for hydrogen peroxide,
peroxides and superoxide anion and it also helps to maintain
the sulfhydryl groups of proteins in the reduced form for
their normal function[35]. Furthermore, GSH is a substrate
for the antioxidant enzyme glutathione peroxidase, which
has activity as peroxynitrite reductase and therefore GSH
can scavenge peroxynitrite with the formation of oxidized
glutathione which is converted back to GSH. The increase
of GSH content in esophageal inflammation, which was
found in our study, may represent an adaptive response both
to the oxidant stress in order to neutralize the oxidative load
(superoxide anion and peroxynitrites), and to protect against
peroxynitrite-mediated protein oxidation. The absence of
increase of GSH levels in the mucosa of Barrett’s esophagus
may be a consequence of the presence of the metaplastic
epithelium which shows higher SOD activity and/or loss
of that particular adaptive response over time.
Although other free radicals such as hydrogen peroxide
have not been investigated in the present study, we cannot
exclude a potential role in the pathogenesis of esophageal
oxidative damage[2]. Experimental studies carried out in a
model of acute esophagitis in rabbits showed that hydrogen
peroxide generation was not detected in mucosal cells isolated
after mucosal damage. In addition, the exogenous administration
of catalase, a hydrogen peroxide scavenger, showed a trend
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to improvement, but it was much less effective than SOD
in preventing or reducing the mucosal damage. In this work,
the highest values of catalase activity were found in duodenal
mucosa. However, as compared to normal esophagus, catalase
activity is increased in esophagitis and Barrett’s esophagus
and might play a role in the acquisition of tolerance to oxidative
stress in an adaptive response of cells[10].
In conclusion, a decrease in SOD antioxidant activity
may contribute to the development of esophageal damage
and Barrett’s esophagus in GERD patients, leading to an
increase of mucosal generation of superoxide anion and
peroxynitrite radicals and the subsequent cell damage.
Glutathione levels and catalase activity increase in response
to this oxidative overload. We propose that administration
of SOD may be a therapeutic target in the treatment of
reflux esophagitis and complications as Barrett’s esophagus.

2703

15

16
17

18

19

20

21

REFERENCES
1

2

3

4

5

6

7

8

9

10

11
12

13
14

Farhadi A, Fields J, Banan A, Keshavarzian A. Reactive oxygen species: are they involved in the pathogenesis of GERD,
Barrett’s esophagus, and the latter’s progression toward
esophageal cancer? Am J Gastroenterol 2002; 97: 22-26
Naya MJ, Pereboom D, Ortego J, Alda JO, Lanas A. Superoxide anions produced by inflammatory cells play an important part in the pathogenesis of acid and pepsin induced
oesophagitis in rabbits. Gut 1997; 40: 175-181
Lanas A, Soteras F, Jimenez P, Fiteni I, Piazuelo E, Royo Y,
Ortego J, Iñarrea P, Esteva F. Superoxide anion and nitric
oxide in high-grade esophagitis induced by acid and pepsin
in rabbits. Dig Dis Sci 2001; 46: 2733-2743
Soteras F, Lanas A, Fiteni I, Royo Y, Jimenez P, Iñarrea P,
Ortego J, Esteva F. Nitric oxide and superoxide anion in lowgrade esophagitis induced by acid and pepsin in rabbits. Dig
Dis Sci 2000; 45: 1802-1809
Wetscher GJ, Perdikis G, Kretchmar DH, Stinson RG, Bagchi D,
Redmond EJ, Adrian TE, Hinder RA. Esophagitis in SpragueDawley rats is mediated by free radicals. Dig Dis Sci 1995; 40:
1297-1305
Wetscher GJ, Hinder PR, Bagchi D, Perdikis G, Redmond EJ,
Glaser K, Adrian TE, Hinder RA. Free radical scavengers prevent reflux esophagitis in rats. Dig Dis Sci 1995; 40: 1292-1296
Olyaee M, Sontag S, Salman W, Schnell T, Mobarhan S,
Eiznhamer D, Keshavarzian A. Mucosal reactive oxygen species production in oesophagitis and Barrett’s oesophagus.
Gut 1995; 37: 168-173
Wetscher GJ, Hinder RA, Bagchi D, Hinder PR, Bagchi M,
Perdikis G, McGinn T. Reflux esophagitis in humans is mediated by oxygen-derived free radicals. Am J Surg 1995; 170: 552556; discussion 556-557
Sihvo EI, Salminen JT, Rantanen TK, Ramo OJ, Ahotupa M,
Farkkila M, Auvinen MI, Salo JA. Oxidative stress has a role
in malignant transformation in Barrett’s oesophagus. Int J
Cancer 2002; 102: 551-555
Matés JM, Pérez-Gómez C, Nuñez de Castro I. Antioxidant
enzymes and human diseases. Clin Biochem 1999; 32: 59560 3
Savary M, Miller G. The Esophagus. Handbook and Atlas of
Endoscopy. Solothurn, Switzerland: Gassmann AG 1978: 135-139
Smyrk TC. Histology in the diagnosis of foregut disease. In:
Hinder RA, Nyus LM, eds. Problems in General Surgery. Test of
foregut function, Vol 9. Philadelphia PA JB Lippincott 1992: 14-38
Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein measurement with the Folin phenol reagent. J Biol Chem 1951; 193: 265-275
Thomas RM, Fang S, Leichus LS, Oberley LW, Christensen J,
Murray JA, Ledlow A, Conklin JL. Antioxidant enzymes in
intramural nerves of the opossum esophagus. Am J Physiol

22

23

24

25

26

27

28
29

30

31

32

33

34

35

1996; 270: G136-G142
Toth KM, Berger EM, Beehler CJ, Repine JE. Erythrocytes
from cigarette smokers contain more glutathione and catalase and protect endothelial cells from hydrogen peroxide
better than do erythrocytes from nonsmokers. Am Rev Respir
Dis 1986; 134: 281-284
Aebi H. Catalase in vitro. Methods Enzymol 1984; 105: 121-126
Pittman KM, MacMillan-Crow LA, Peters BP, Allen JB. Nitration of manganese superoxide dismutase during ocular
inflammation. Exp Eye Res 2002; 74: 463-471
MacMillan-Crow LA, Crow JP, Kerby JD, Beckman JS, Thompson JA. Nitration and inactivation of manganese superoxide dismutase in chronic rejection of human renal allografts.
Proc Natl Acad Sci USA 1996; 93: 11853-11858
Thannickal VJ, Fanburg BL. Reactive oxygen species in cell
signaling. Am J Physiol Lung Cell Mol Physiol 2000; 27 9:
L1 005 -L1028
Beckman JS, Koppenol WH. Nitric oxide, superoxide, and
peroxynitrite: the good, the bad, and ugly. Am J Physiol 1996;
271: C1424-C1437
Goldstein SR, Yang GY, Chen X, Curtis SK, Yang CS. Studies
of iron deposi ts, i nduci bl e nitri c oxi de synthase and
nitrotyrosine in a rat model for esophageal adenocarcinoma.
Carcinogenesis 1998; 19: 1445-1449
Matés JM. Effects of antioxidant enzymes in the molecular
control of reactive oxygen species toxicology. Toxicology 2000;
153: 83-104
Gow AJ, Duran D, Malcolm S, Ischiropoulos H. Effects of
peroxynitrite-induced protein modifications on tyrosine
phosphorylation and degradation. FEBS Lett 1996; 385: 6366
Macmillan-Crow LA, Cruthirds DL. Invited review: manganese superoxide dismutase in disease. Free Radic Res 2001; 34:
325-336
Yamakura F, Taka H, Fujimura T, Murayama K. Inactivation of human manganese-superoxide dismutase by peroxynitrite
is caused by exclusive nitration of tyrosine 34 to 3-nitrotyrosine.
J Biol Chem 1998; 273: 14085-14089
MacMillan-Crow LA, Crow JP, Thompson JA. Peroxynitritemediated inactivation of manganese superoxide dismutase
involves nitration and oxidation of critical tyrosine residues.
Biochemistry 1998; 37: 1613-1622
Yamakura F, Matsumoto T, Fujimura T, Taka H, Murayama
K, Imai T, Uchida K. Modification of a single tryptophan residue in human Cu, Zn-superoxide dismutase by peroxynitrite
in the presence of bicarbonate. Biochim Biophys Acta 2001;
1548: 38-46
Ischiropoulos H, al-Mehdi AB. Peroxynitrite-mediated oxidative protein modifications. FEBS Lett 1995; 364: 279-282
Hodgson EK, Fridovich I. The interaction of bovine erythrocyte
superoxide dismutase with hydrogen peroxide: chemiluminescence and peroxidation. Biochemistry 1975; 14: 5299-5303
Escobar JA, Rubio MA, Lissi EA. Sod and catalase inactivation by singlet oxygen and peroxyl radicals. Free Radic Biol
Med 1996; 20: 285-290
K ata da N, Hi nder RA , Smyrk TC, Hi ki Y, Ka ki ta A .
Duodenoesophageal reflux induces apoptosis in rat esophageal epithelium. Dig Dis Sci 1999; 44: 301-310
Oh TY, Lee JS, Ahn BO, Cho H, Kim WB, Kim YB, Surh YJ,
Cho SW, Hahm KB. Oxidative damages are critical in pathogenesis of reflux esophagitis: implication of antioxidants in
its treatment. Free Radic Biol Med 2001; 30: 905-915
Peters WH, Roelofs HM, Hectors MP, Nagengast FM, Jansen
JB. Glutathione and glutathione S-transferases in Barrett’s
epithelium. Br J Cancer 1993; 67: 1413-1417
van Lieshout EM, Tiemessen DM, Witteman BJ, Jansen JB,
Peters WH. Low glutathione and glutathione S-transferase
levels in Barrett’s esophagus as compared to normal esophageal epithelium. Jpn J Cancer Res 1999; 90: 81-85
Pastore A, Federici G, Bertini E, Piemonte F. Analysis of
glutathione: implication in redox and detoxification. Clin Chim
Acta 2003; 333: 19-39
Science Editor Guo SY Language Editor Elsevier HK

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

EL SEVIER

World J Gastroenterol 2005;11(18):2704-2708
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• LIVER CANCER •

Expression of lysosome-associated protein transmembrane 4B-35
in cancer and its correlation with the differentiation status of
hepatocellular carcinoma
Cong Peng, Rou-Li Zhou , Gen-Ze Shao, Jing-An Rui, Shao-Bin Wang, Ming Lin, Sha Zhang, Zi-Feng Gao
Cong Peng, Rou-Li Zhou, Gen-Ze Shao, Ming Lin, Sha Zhang,
Department of Cell Biology, School of Basic Medical Sciences, Peking
University, Beijing 100083, China
Jing-An Rui, Shao-Bin Wang, Department of General Surgery/
Pathology, Peking Union Medical Hospital, Beijing 100032, China
Zi-Feng Gao, Department of Pathology, School of Basic Medical
Sciences, Peking University, Beijing 100083, China
Supported by the 248 Major R&D Program of Beijing, No.
H020220020310, and Special Fund for Promotion of Education,
Ministry of Education, China
Correspondence to: Rou-Li Zhou, Department of Cell Biology,
School of Basic Medical Sciences, Peking University, Beijing 100083,
China. rlzhou@bjmu.edu.cn
Telephone: +86-10-82801034 Fax: +86-10-62358270
Received: 2004-04-04 Accepted: 2004-05-24

Abstract
AIM: To produce high-quality polyclonal antibody to lysosomeassociated protein transmembrane 4B-35 and to identify
LAPTM4B-35 expression in cancer tissues and its correlation
with differentiation status of hepatocellular carcinoma
(HCC).
METHODS: The 297 bp 5’ end of LAPTM4B cDNA was obtained
by PCR and inserted into prokaryotic expression vector pGEXKG. Then the recombinant pGEX-KG-N1-99 was transformed
into E.coli JM109 to express GST-fusion protein. The fusion
protein was purified by glutathione sepharoseTM 4B agarose.
The purified GST-LAPTM4B-N1-99 was characterized by SDSPAGE, and used to immunize rabbits. The titer and specificity
of antisera were detected by ELISA and Western blot,
respectively. The correlation between the expression levels
of LAPTM4B-35 and the differentiation status of HCC was
analyzed via Western blot. The expression of LAPTM4B35 in HCC and other six cancer tissues was investigated
via tissue chip and immunohistochemical analysis.
RESULTS: About 6.2 mg of pure GST-LAPTM4B-N1-99 was
isolated from 1 L of bacteria. The GST-LAPTM4B-N 1-99
produced high titer antisera in rabbits and showed good
immunity. Western blot showed specific reactions for the
antibody to the LAPTM4B-35 in the total proteins from HCC
tissues and BEL-7402 cells, also to the fusion protein
purified or in the transformed bacteria. LAPTM4B-35 was
remarkably expressed in several cancers, such as HCC,
breast cancer, gastric carcinoma, lung cancer, and colon
carcinoma, but not commonly expressed in esophageal cancer
and rectum carcinoma. Notably, the expression levels of
LAPTM4B-35 were significantly and inversely correlated

to the differentiation of HCCs in a 20 case analysis.
CONCLUSION: Specific polyclonal antibody (LAPTM4BN1-99 -pAb) to LAPTM4B-35 was produced. It identified
the expression of LAPTM4B-35 in some cancer tissues
originated from single layer cuboidal and columnar
epithelial cells and firmly demonstrated that the expression
of LAPTM4B-35 in HCC was inversely correlated with the
differentiation of HCC.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) remains one of the
commonest internal malignancies of mankind. It ranks fifth
in frequency in the world with an estimated number of 0.5-1
million cases per year, most of which occur in sub-Saharan
Africaand south-east Asiaincluding China[1-3]. The vast majority
can be attributed to chronic hepatitis B virus (HBV) infection
and there has been almost no change in incidence. It has
also become evident that the number of HCC is increasing in
low to middle-incidence countries such as USA[4-6], France[7,8],
UK[9,10] and Japan[11,12]. The rising number of cases in these
countries is most likely to be due to chronic hepatitis C
virus (HCV) infection[4,6,12].
LAPTM4B, which was first cloned by our research group
as a novel oncogene candidate, is highly expressed in vast
majority of HCCs[13,14]. BLAST program analysis showed
that the LAPTM4B was mapped to chromosome 8q22.1,
the gain region in HCC shown by CGH analysis. The ORF
of LAPTM4B contains two ATGs, indicating that this gene
may encode two putative proteins with 35 kDa (317 aa) and
24 kDa (226 aa)[14,15], respectively. The former study confirmed
that the LAPTM4B-35 was translated from the whole ORF
and initiated from the first ATG, whereas the LAPTM4B24 was translated from the second ATG[14]. The integral
membrane protein characteristics were indicated by computer
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analysis and demonstrated by experiments. The LAPTM4B
gene was widely expressed in normal human tissues shown
by Northern blot[14]. Its expression was high in heart, skeletal
muscle and testis; moderate in ovary, kidney; and pancreas;
low in liver, spleen, and thymus; but lowest in lung and peripheral
leukocytes. It was remarkably overexpressed (48 over 55
cases) in HCC when compared with PNL. Furthermore, the
expression levels of LAPTM4B mRNA were significantly
related to the differentiation status of HCCs: the highest in
poorly-differentiated HCCs, higher in moderately-differentiated
HCCs, and low in well-differentiated HCCs[14].
The biological effects of LAPTM4B were studied by
transient and stable transfection. The result showed that
cell proliferation was promoted via LAPTM4B stable
transfection of both mouse NIH3T3 cells[16] and human
HLE cells (manuscripts in preparation). Also, the LAPTM4B
transfected NIH3T3 cells were tumorigenic when the
transfectants were inoculated into NIH mice. Coimmunoprecipitation assay indicated that LAPTM4B interacted with
integrin-61 in BEL-7402 cells, which were enhanced by
LN-1[15], and might play an important role in the integrin-6
mediating signal transduction pathways. It was also found
that the sequences of 91 amino acids at the N-terminus of
LAPTM4B-35 were essential for its functions on cell survival
and growth, which was revealed via transient transfection
of plasmids containing full length and truncated sequences
(273 bp) at the 5’ end of LAPTM4B ORF into HLE cells[14].
After 2-3 wk of G418 selection, colonies in pCDNA3-BE
(containing truncated ORF) transfected cells were almost
completely disappeared, whereas the pCDNA3-AE (containing
full ORF) transfected cells formed lots of colonies[14]. These
results indicate that LAPTM4B-35 plays an important role
in the regulation of cell survival, proliferation, and may involve
in carcinogenesis.
It was evidenced that the overexpression of LAPTM4B35 promoted malignant transformation of some cell lines,
including accelerated proliferation, migration and invasion
of cells, and activated some protooncogenes, including immediate
early genes, such as c-myc, c-fos and c-jun (manuscripts
preparation).
To investigate the function and expression of LAPTM4B35 in HCC and HCC cell lines, specific antibody to LAPTM4B35, but not LAPTM4B-24, the 297 bp at 5’end of LAPTM4B
cDNA encoding LAPTM4B-N1-99 was cloned into donor
vector pGEX-KG[17-19] and the recombinant plasmid was
transformed into competent E. coli cells JM109. The GSTLAPTM4B-N1-99 fusion protein was produced in JM109 cells
after induced with IPTG, and purified using glutathione
sepharoseTM 4B agarose[20,21]. After rabbits were immunized,
specific polyclonal antibodies, LAPTM4B-N1-99-pAb, against
the N-terminus of LAPTM4B-35 were obtained. With this
antibody, the expressions of LAPTM4B-35 in HCC and several
cancer tissues were performed via Western blot and TMA[21-24],
respectively. The correlation between expression levels of
LAPTM4B-35 and HCC differentiation status were analyzed.

MATERIALS AND METHODS
Subjects
A total of 20 pairs of specimens were obtained from
patients with HCC (aged from 35 to 70 years) who underwent
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hepatectomy at the Peking Union Medical College Hospital
(the West Hospital) in Beijing. Histopathological analyses
were independently performed by pathologists. Tumor
differentiation was graded as I-III, according to the Edmondson Grading System[25,26]. Specimens were frozen immediately
after surgical resection and stored in liquid nitrogen.
Chemicals
Molecular biological enzymes were purchased from Sangon
Biotechnology Ltd. Peroxidase-conjugated goat anti-rabbit
IgG (H+L) was purchased from Zhongshan Biotechnology
Ltd. Glutathione-sepharose 4B agarose was purchased from
Pharmacia Biotech Ltd.
Tissue microarray (TMA)
A TMA slide was purchased from Chengdu Phargentech
Ltd. It contained 60 species of tissues, including two normal
esophageal epithelial and eight esophageal cancer tissues,
two normal mammary gland and eight breast cancer tissues,
two normal lung and eight lung cancer tissues, two normal
gastric epithelial and eight gastric carcinoma tissues, two
normal colonic epithelial and eight colon carcinoma tissues,
two normal rectal epithelial and eight rectum carcinoma
tissues. All specimens were embedded in paraffin.
Cloning of LAPTM4B cDNA encoding LAPTM4B-N1-98
To clone the 5’ end of LAPTM4B ORF, PCR method was
used. Based on the published LAPTM4B gene sequence[14],
two oligonucleotide primers (P1: 5’ GGGATCCGCCACCATGACGTCACGGACTCGG 3’; P2: 5’ GCGAAGCTTCGTCCAGGGCGCGACCATC 3’) were synthesized
(Sangon Biotechnology Ltd). P1 was extended to the 5’end
containing recognition sequences for endonuclease BamHI
(underlined). P2 was extended to the 5’end containing
recognition sequences for endonuclease Hind III(underlined).
PCR amplification was performed for 30 cycles at 94 ℃
for 30 s, at 55 ℃ for 30 s and at 72 ℃ for 50 s.
Expression vector construction
The pGEX-KG vector was digested with BamHI and Hind
III. cDNA fragment at the 5’ end of LAPTM4B ORF was
subcloned into the corresponding site of pGEX-KG to
obtain a plasmid pGEX-KG-N1-99. Then the recombinant
plasmid was transformed into the E.coli strain JM109. The
transformed colonies containing the cloned cDNA were
screened by restriction enzyme analysis and DNA sequencing.
Expression and purification of GST-LAPTM4B-N1-99 in E.coli
An overnight LB culture of E.coli containing pGEX-KGN1-99 was inoculated at a dilution of 1:100, and incubated
at 37 ℃ with shaking. When the absorbance at 600 nm
reached 0.6, GST-LAPTM4B-N1-99 expression was induced
by the addition of 0.5 mmol/L IPTG. Further 4 h for
growing, the E.coli strains were harvested by spinning at
4 000 r/min for 15 min at 4 ℃. The pellet was resuspended
in PBS containing 0.05% Tween-20 of the original volume
and lysed by sonication on ice, and then centrifuged at
10 000 g for 20 min at 4 ℃. The supernatant was passed
through glutathione-sepharose 4 B beads according to the
manufacturer’s instructions. SDS-PAGE was performed to
analyze the purified protein from the infected cells.
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Immunogenicity assay on recombinant protein
Two rabbits were used to generate polyclonal antibodies
against the fusion protein. Each rabbit was injected with 1
mg purified fusion protein in complete adjuvant in the initial
injection and with uncompleted adjuvant for the following
injection. Before injection, the rabbit blood was collected
for producing pre-immune serum. The titer of antisera was
measured by ELISA.
Western blot
Proteins in cell lysates and tissues were fractionated by 10%
SDS-PAGE and followed by electrotransferring onto
nitrocellulose filters (Bio-Rad). The filters were blocked at
4 ℃ overnight with a blocking buffer (pH 7.6) containing
5% non-fat dry milk. Then the filters were incubated with
indicated antibody (1:300) for 2 h at room temperature.
After being washed with TBST (pH 6.0), the filters were
incubated at room temperature for 1 h with horseradish
peroxidase conjugated goat anti-rabbit IgG at 1:2 000 dilution
in TBS-0.5% non-fat dry milk. Immunoreactive bands were
visualized using ECL detection reagents (Santa Cruz).
Immunohistochemistry
HCC tissue and TMA slide were fixed in 4% PFA in PBS
for 10 min, washed twice with PBS, and incubated in 3%
H2O2 to eliminate the endogenous peroxidase activities. The
tissues were then incubated either at room temperature for
1 h or at 4 ℃ overnight with 1% goat serum in PBS to block
the nonspecific binding of antibodies. The slides were further
incubated sequentially with polyclonal antibody and goat
anti-mouse IgG conjugated to horseradish peroxidase. The
pre-immune serum was used as a control. Color developments
were performed by incubation with 3,3’-diaminobenzidine
tetrahydrochloride in 0.03% H2O2 and 50 mmol/L TrisHCl, pH 7.4. Hematoxylin was used for counterstaining.

RESULTS
Expression of fusion protein and protein purification
Confirmed by restriction endonuclease digestion and DNA
sequencing, pGEX-KG-N1-99 plasmid was successfully
constructed and GST-LAPTM4B-N1-99 was expressed in
E.coli JM109 by IPTG induction. A 36 kDa fusion protein
was stained in high intensity by 10% SDS-PAGE (Figure 1).
This fusion protein was majored as a soluble pattern.
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Figure 1 Purification of GST-LAPTM4B-N 1-99 . 1: Uninduced pGEX-KG-N 1-99 /
JM109; 2: induced pGEX-KG-N1-99/JM109; 3: supernatant of induced pGEX-KGN1-99 /JM109; 4: unbinding fragement of glutathione sepharose TM 4B column; 5:
eluated by PBS; 6: purified fusion protein GST-LAPTM4B-N 1-99 .
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Titer and specification of LAPTM4B-N1-99-pAb
After being immunized thrice with purified GST-LAPTM4BN1-99, two rabbits both generated antisera at a titer of 5×104,
measured by ELISA. Western blot analysis showed that there
was a specific Ag-Ab binding band at 36 kDa in the unpurified
and purified GST-LAPTM4B-N1-99 (Figure 2A, lanes 1 and
2). The BEL-7402 cell lysate was also identified by
LAPTM4B-N1-99-pAb (Figure 2B, lane 4).
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Figure 2 Western blot analysis of the specificity of LAPTM4B-N 1-99 -pAb.
1: pGEX-KG-N1-99/JM109 induced with IPTG (36 ku); 2: Purified infused protein
(36 ku); 3: pGEX-KG-N1-99/JM109 induced without IPTG; 4: BEL-7402 cell lysis,
Western blot by LAPTM4B-N 1-99 -pAb; 5: BEL-7402 cell lysis, Western blot by
preimmunized antisera.

Expression analysis of LAPTM4B-35 in HCC
The expression levels of LAPTM4B-35 were significantly
related to the differentiation status of HCCs: highest in
poorly-differentiated HCCs (grade III, 12/20), high in
moderately-differentiated HCCs (grade II, 4/20), and low
in well-differentiated HCCs (grade I, 4/20) (Figure 3).
N1 T1 N2 T2 N3 T3 N4 T4 N5 T5 N6 T6
LAPTM4B-35
LAPTM4B-35 ration of T/N
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Figure 3 Analysis of the expression of LAPTM4B-35 with the differentiation
status of HCCs. (a) Western blot analysis of LAPTM4B-35 in HCC tumor tissues
(T), paired noncancerous liver tissues (N). (Tumor grade I: T3,T5; grade II: T1,
T6; grade III: T2,T4 ) (b) Correlation between LAPTM4B-35 protein level and
tumor grade. Paired tumor (T) vs adjacent noncancerous liver tissues (N) from
20 HCC patients were compared for their LAPTM4B expression by Western blot.
Each spot in the figure represents the ration (T/N) of the LAPTM4B-35 expression
(tumor vs adjacent noncancerous liver tissue) from one patient (P<0.05).

Immunohistochemical analysis of LAPTM4B-35 on HCC tissue
and TMA
Immunohistochemical analysis was undertaken to characterize
the expression of LAPTM4B-35 in HCC and TMA. In
HCC (Figure 4A), positive brown signals were seen only in
HCC cells and negative signals in the interstitial tissue of
liver. The result was well coincident with the mRNA detection
via in situ hybridization (Figure 4C)[14]. Moreover, the expression
of LAPTM4B-35 was also analyzed via TMA in six types
of cancer tissues: esophageal carcinoma, breast cancer,
pulmonary carcinoma, gastric carcinoma, colon carcinoma,
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Figure 4 Analysis of LAPTM4B-35 and LAPTM4B mRNA expression by
ISH in HCCs. A: immunized antisera (20×); B: preimmunized antisera (20×);

C: LAPTM4B mRNA expression in HCCs (20×); D: paired noncancerous
tissue (20×).

and rectum carcinoma. There were no significant LAPTM4B35 expressions in six counterparts of normal tissues but
obvious high and weak expression accounted for the
majority of breast cancers and gastric carcinomas. Positive

staining could only be observed in minority of pulmonary
carcinomas and colon carcinomas and almost negative
staining in all of esophageal carcinomas and rectum
carcinomas tested (Figure 5).
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Figure 5 Analysis of LAPTM4B-35 via TMA. A: Scores assigned to each
tissue spot according to three different staining coverages. Negative represents
the complete negative staining. Weak represents scores assigned to tissue
disks with borderline and partial positive staining. The complete positive staining
was designated as strong; B: Representative elements of a TMA stained with
LAPTM4B-N1-99-pAb. Magnification ×200. Normal tissue stained with LAPTM4B-
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N 1-99 -pAb (A1: esophageal mucous; B1: mammary gland tissue; C1: normal
lung tissue; D1: gastric mucous; E1: colonic mucous; F1: rectal mucous).
Tumor tissue stained with LAPTM4B- N 1-99 -pAb (A2: esophageal carcinoma;
B2: breast cancer; C2: pulmonary carcinoma; D2: gastric carcinoma; E2: colon
carcinoma; F2: rectal carcinoma.); C: Histogram of LAPTM4B expression
assessed using 6 TMAs.
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DISCUSSION
In our previous work, we have produced a polyclonal antibody:
LAPTM4B-EC2-pAb, which was prepared by immunization
with KLH-conjugated 10-peptides whose sequences are
localized at the second extracellular loop between the third
and fourth transmembrane regions. By Western blot, expressions
of LAPTM4B-35 and LAPTM4B-24 were identified in
HCC, PNL and NL tissues with LAPTM4B-EC2-pAb,
indicating that LAPTM4B-35 may initiate from the first
ATG, whereas LAPTM4B-24 is translated from the second
ATG. Notably, the expression levels of LAPTM4B-35 were
primarily shown by Western blot with LAPTM4B-EC2-pAb
to correlate with the differentiation status of 12 cases of HCC
tissues, but the expression levels of LAPTM4B-24 did not
relate to the differentiation status of HCC tissues.
To further clarify the correlation between upregulation
of LAPTM4B-35 and differentiation of HCC and the
function of LAPTM4B-35, we generated a specific antibody:
LAPTM4B-N1-99-pAb, against LAPTM4B-35 but not against
LAPTM4B-24. Applying this antibody, it was firmly
demonstrated that the expression of LAPTM4B-35 protein
was inversely related with the status of differentiation status
of HCC, suggesting its importance in carcinogenesis and
progress of HCC as well as a possibility of being a criterion
of HCC differentiation and pathological grading. The expression
levels of LAPTM4B-35 were not found to correlate with
the AFP levels of sera.
Using LAPTM4B-N1-99-pAb, the expression of LAPTM4B35 in some cancers originated from single layer cuboidal
and columnar epithelia, such as HCC, breast cancer, gastric
cancer and pulmonary cancer. We have previously reported
that the high metastatic cell lines, such as the giant cell
pulmonary carcinoma and prostate carcinoma cell lines highly
expressed LAPTM4B-35. However, cancers originated from
stratified epithelia, such as esophageal carcinoma and rectum
carcinoma, did not practically express LAPTM4B-35. Malignant
tumors from mesenchymal cells did not express LAPTM4B35 either. The result of TMA gave us a clue that LAPTM4B35 might also play an important role in breast cancer, gastric
cancer or pulmonary carcinoma.
In conclusion, specific polyclonal antibody to the cytoplasmic
N-terminal tail of LAPTM4B-35 was obtained and used
for Western blot and immunohistochemistry. The expression
of LAPTM4B-35 is associated with the differentiation status
of HCC. In addition, the expression of LAPTM4B-35 in other
cancer tissues may pave the way for further study on the
function of N-terminal of LAPTM4B-35 for the development
of tumors and their clinical diagnosis.
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0.014, 0.007, respectively). Multivariant Cox regression
analysis showed that TAp73, AFP, TNM stage, portal
vein invasion, liver membrane invasion and age were
independent factors of prognosis.
CONCLUSION: These results suggest that TAp73 can
be used as a prognostic indicator of patients with HCC
undergoing surgical tumor ablation. AFP, TNM, portal vein
invasion, liver membrane invasion and age also have a
potency of predicting the prognosis of HCC.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Abstract
AIM: To study the prognostic role of TAp73, p53,
proliferating cell nuclear antigen (PCNA) and apoptosis in
patients with hepatocellular carcinoma (HCC) after surgical
tumor ablation.
METHODS: Forty-seven human resected HCC tissues and
42 adjacent non-cancerous tissues were studied with 10
normal liver tissues as control group. TAp73, p53, and
PCNA were detected with Elivision immunohistochemistry.
Terminal deoxynucleotidyl transferase (TdT)-mediated
d-UTP-biotin nick-end labeling (TUNEL) method was
used to detect the apoptosis cells. All clinical and
pathological materials were analyzed by SPSS10.0
statistical package.
RESULTS: TAp73 overexpressed in HCC tissues (36.2%)
when compared with adjacent non-cancerous tissues
(2.38%, P<0.005) and normal liver tissues (0, P<0.01).
Mutant type p53 (mt-p53) overexpressed in HCC tissues
(38.3%) when contracted with adjacent non-cancerous
tissues (16.7%, P< 0.05) and normal liver tissues (0,
P<0.01). Proliferation index (PI) level in HCC tissues was
significantly higher than that in adjacent non-cancerous
tissues (30.34%±4.46% vs 27.88%±5.89%, t, P = 0.028).
Apoptosis index (AI) level in HCC tissues was higher than
that in adjacent non-cancerous tissues (8.62%±2.28%
vs 7.38%±2.61%, t, P = 0.019). Expression of TAp73
was associated with lymph node metastasis and mt-p53,
with r = 0.407 and 0.265, respectively. Expression of mtp53 was associated with Edmondson’s stage and AFP,
with r = 0.295 and -0.357, respectively. In Kaplan-Meier
univariant analysis, TAp73, AFP, TNM stage, portal vein
invasion, liver membrane invasion and HBsAg correlated
with prognosis (log rank, P = 0.039, 0.012, 0.002, 0.000,
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INTRODUCTION
Primary liver cancer (PLC) is one of the most malignant
tumors in China. It is often in the late stage when diagnosed,
with a poor prognosis even through positive treatments[1,2].
Hepatocellular carcinoma (HCC) is the main pathological
type of PLC, accounting for about 90% of all PLCs. Recently,
the incidence of HCC has been found to be increasing
particularly in males in countries such as Japan, Italy, France,
Switzerland, UK and the USA[3,4]. It is urgent to find some
biomarkers to predict the biological character of HCC.
Although many biomarkers have been tried, such as AFP
mRNA, circulating VEGF and PD-ECGF, human
macrophage metalloelastase gene[5], p27[6], p53 mutation[7],
expression of p73[8], telomerase activity[9], etc., a routine
biomarker for prediction of metastasis and recurrence is
not yet available.
As it is a multi-step progress of the occurrence and
development of HCC involving with multi-genes, it is
impossible to predict the prognosis of HCC patients accurately
by detecting only one biomarker. TAp73 and p53 play
their roles in the development and invasion of HCC[10-13].
Cell proliferation and apoptosis are two different but associated
processes in HCC[14]. Moreover, proliferation index (PI) and
apoptosis index (AI) can reflect the biological characters of
tumor cells[15]. So we try to predict the prognosis of HCC

2710

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

patients more accurately by detecting TAp73, p53, PI
and AI together.

MATERIALS AND METHODS
Materials
Forty-seven human resected HCC tissues and 42 adjacent
non-cancerous tissues were collected and studied in the First
Hospital of Xi’an Jiaotong University from January 2001
to 2002 (clinicopathologic characteristics of HCC tissues
are listed in Table 1). Ten normal liver tissues were used as
control group acquired by autopsy from healthy adult male,
who died from accidental death simultaneously.
Table 1 Kaplan-Meier for survival
Factor

n

Sex
Female
9
Male
38
Age (yr)
>45
29
≤45
18
HBsAg
Positive
44
Negative 3
AFP
<400 g/L 23
>400 g/L 24
Size
≤5 cm
19
>5 cm
28
TNM stage
II
13
III+IV
34
Differentiation
Well
39
Poor
8
a

%

P
0.910

19.15
80.85
0.258
61.70
38.30
0.007b
93.62
6.38
0.012a
48.94
51.06
0.281
40.43
59.57
0.002b
27.66
72.34
0.566
82.98
17.02

Factor

n

Node metastasis
Positive
8
Negative
39
PV invasion
Positive
7
Negative
40
AI
<Mean
25
>Mean
22
PI
<Mean
25
>Mean
22
p53
Negative
29
Positive
18
TAp73
Negative
30
Positive
17
Liver membrane invasion
Negative
28
Positive
19

%

P
0.197

17.02
82.98
0.000b
14.89
85.11
0.938
53.19
46.81
0.052
53.19
46.81
0.402
61.70
38.30
0.039a
63.83
36.17
0.014a
59.57
40.43

P<0.05; bP<0.01 vs control group.

Elivision IHC study of p53 , PCNA and TAp73
Resected specimens were routinely fixed in 40 g/L formaldehyde
solution immediately after the resection. Paraffin blocks
were prepared as follows. The tumor tissues were sliced
vertically at a length of 4 m through the central site of
the tissues. After paraffin was removed from the slice with
alcohol and xylol, endogenous peroxidase activity was
blocked with 30 mL/L hydrogen peroxide at room
temperature for 5-10 min. The preparation was subsequently
treated in a 600-W microwave oven for 5 min in 0.01 mol/L
citric acid buffer (pH 6.0), repeated thrice. After blocking
with goat serum, every section was added according Ab1
[p53 (ZM-0407) and proliferating cell nuclear antigen (PCNA)
(ZM-0213), Zymed Biotechnology, Zymed, CA] 50 L
(dilution rate 1:50), done at 37 ℃ for 1-2 h. Then staining
was performed by ElivisionTM plus two-step System (kit-9902,
Dako, Carpinteria, CA). After treated with 3,3-diaminobenzidene
(DAB) at room temperature for 7 min, every section was
submitted to chromatin staining, dehydrated and mounted.
In this study, we used a-specific polyclonal p73 raised
against a C-terminal peptide [poly-TAp73 (BA-1327),
Wuhan Boster Biological Technology Co., Ltd, PRC] to
detect TAp73 protein. After the hot plerosis of antigen,
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the preparation was added, antigen-plerosis, done at room
temperature for 20 min and rinsed with PBS thrice for
3 min. Fifty microliters of X-Triton solution was subsequently
applied, done at room temperature for 20 min. Following
this, the preparation was rinsed with PBS thrice for 3 min;
other steps were the same to detect p53 and PCNA.
The positive specimen of TAp73 and p53 protein was
defined as nuclear was stained over 5%, while the plasma
was not. Further, 5-25% was defined as (+), 25-50% as
(++) and over 50% as (+++). As to PCNA, positive cell
was defined as the nuclear was stained while the plasma
not. We counted up to 500 cells to calculate PI.
TUNEL staining
Apoptosis cell was detected as followed. TUNEL kit was
purchased from Roche Applied Science. After being dewaxed
with alcohol and xylol, the preparation was reacted with
30 mL/L hydrogen peroxide to block endogenous peroxidase
activity for 30 min, and rinsed with PBS. The preparation
was subsequently reacted with proteolytic enzyme (0.5 g/mL
potassium cacodylate), and rinsed with deionized distilled
water (DDW). Then the preparation was reacted with 50 L
TdT mixture at 37 ℃ for 1 h, which was combined with
reagents 1 and 2, containing: 200 mmol/L potassium
cacodylate; 25 mmol/L Tris-HCl (pH 6.5); 0.25 g/L bovine
serum albumin; 1 mmol/L COCl2; 5 mol/L biotin-dUTP;
and 100 U/mL TdT. After being rinsed with PBS, to the
preparation 350 L of reagent was added at 37 ℃ for
40 min and stained with BCIP/NBT. Every section was
subsequently treated with DAB coloration substrate solution,
rinsed with running water and added to a nuclear staining
solution, after which it was dehydrated, cleared, and mounted.
Apoptosis cells were stained as blue, while others were stained
pink. We counted up to 500 cells to calculate AI.
Negative control of p53, TAp73 and PCNA were
prepared by replacing Ab1 with PBS, while using the known
positive specimens as the positive control. As to the detecting
of apoptosis cell, negative control was prepared by omitting
the TdT-labeled reagent solution and the positive control
was prepared by pre-treating the specimens with DNAase I.
Follow-up method
All patients were followed up every 3 mo after the surgical
tumor ablation. Survival length was defined as the time
from the surgical ablation to death or the last day of our
follow-up, 1st March 2004.
Statistical analysis
All the clinical and pathological data were put on computer
and analyzed by SPSS 10.0 statistical packet. Results were
examined using 2 test, exact probabilities in 2×2 table,
Spearman rank correlation, log-rank and t-test. Statistical
significance was defined by a P-value of less than 0.05 in
two-sides.

RESULTS
Expression of protein TAp73
In the cancer tissues, 17 specimens were positive (17/47,
36.2%), including 12+ and 5++ (Figure 1). In the adjacent
non-cancerous tissues, only one of 42 was positive (2.38%);

Qin HX et al. TAp73 can be used as a prognostic indicator of HCC

while in the normal liver tissues none was positive. TAp73
in the cancer tissues was higher than that in the adjacent
non-cancerous tissues (P<0.005) and normal liver tissues
(P<0.01). Furthermore, TAp73 was associated with
node metastasis (r = 0.265; P = 0.032) and p53 (r = 0.407;
P = 0.005), but it showed no correlation with other
clinicopathological characteristics.
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Expression of PCNA and apoptosis
Positive cells of PCNA and apoptosis are seen in Figures 3
and 4, respectively. The mean value of PI in the cancer
tissues was higher than that in the adjacent non-cancerous
tissues (30.34%±4.46% vs 27.88%±5.89%; t, P = 0.028). PI
in portal vein invasion subgroup was higher than that without
portal vein invasion (33.43%±3.21% vs 29.82%±4.48%; t,
P = 0.048). But PI showed no correlation with other
clinicopathological characteristics.
AI in the HCC tissues was higher than that in the adjacent
non-cancerous tissues (8.62%±2.28% vs 7.38%±2.61%; t,
P = 0.019). AI in the late stage was higher than that in the
early stage (7.46%±2.30% vs 9.06%±2.15%, t, P = 0.030),
but it showed no correlation with other clinicopathological
characters.

Figure 1 TAp73 protein in HCC, nuclei of tumor cells were stained with
yellow or brown (×400).

Expression of protein p53
In the cancer tissues, 18 specimens were positive (18/47,
38.3%), including 8+, 5++ and 5+++ (Figure 2), while only
7 of 42 were positive (16.7%) in the adjacent non-cancerous
tissues and none in the normal liver tissues. Expression of
protein p53 in the cancer tissues was significantly higher than
that in the adjacent non-cancerous tissues (P = 0.023) and
normal liver tissues (P<0.01). p53 was associated with AFP
(r = -0.357; P = 0.014) and the differentiation of tumor
cells (r = 0.295; P = 0.044), but it showed no correlation
with PI and AI.

Figure 3 PCNA protein in HCC, nuclei of tumor cells were stained with brown
(×400).

Figure 4 Apoptosis cells were stained in blue, while non-apoptosis cells were
stained in pink (×400).

Figure 2 p53 protein in HCC, nuclei of tumor cells were stained with yellow or
brown (×400).

Survival analysis
We further classified the staining results of PI and AI
into two subgroups, over or under the mean values in
survival analysis. Until 1st March 2004, 35 patients died
of HCC, 1 died of brain accident and 11 lived well.
Survival time ranged from less than 1 mo to more than
34 mo (15.00±1.21 mo). In Kaplan-Meier univariant
analysis, survival between different TAp73, AFP, TNM
stage, portal vein invasion, liver membrane invasion and
HBsAg groups had statistically significant difference by
log-rank test (Table 1).
As most patients in this study had positive HBsAg and
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the degree of variation was almost 0, HBsAg was excluded
in Cox regression analysis. It showed that TAp73, AFP,
TNM stage, portal vein invasion and liver membrane
invasion were independent dangerous factors influencing
the survival of HCC patients (P<0.05, Table 2).

Table 2 Variables in the equation method = backward stepwise
(conditional LR)
SE

Wald

AFP (>400 g/L, <400 g/L)

0.417

8.475

PV invasion (positive, negative)

0.519

5.684

AI (high, low)

0.380

3.495

TAp73(positive, negative)

0.367

4.323

Liver membrane invasion (y, n)

0.367

8.434

Age (>45, ≤45)

0.392

4.360

TNM stage (II, III+IV)

0.477

6.180

DISCUSSION
p53, a transcription factor, connects to a specific base sequence,
inhibits the expression of various genes, and plays a major
role in regulating the cell cycle and preventing the malignant
transformation of cells. In HCC, there is always p53 gene
mutant or inactive[16], which leads to the abnormal growth
of cells and ultimately the occurrence of cell conversion and
carcinoma changes[17]. In spite of these important roles, the
relationship between the pathological significance of p53
mutation and prognosis in HCC has not been fully established.
Because of the short T1/2 of wide-type p53 (wt-p53)
protein, p53 protein detected by immunohistochemistry
(IHC) is almost mutant-type p53 (mt-p53) protein. In this
study, 38.3% HCC tissues expressed mt-p53 protein, higher
than that in the adjacent non-cancerous tissues and normal
liver tissues, indicating that p53 mutation is frequent in HCC.
Furthermore, the different level of mt-p53 in HCC
correlated with the differentiation of tumor cells[18-20], that
is, with the increasing of p53 level, the differentiation of
tumor cells becomes poorer. It can be regarded that p53
level can reflect the differentiation of tumor cells. In this
study mt-p53 did not show its correlation with the prognosis.
So, we think, though mt-p53 is frequent in HCC, correlating
with the occurrence and development of HCC, and can be
used as an index of tumor cell differentiation, it is not an
ideal index of prognosis.
p73 gene is a new family member of p53, it shares 63%
identity with the DNA-binding region of p53 including the
conservation of all DNA contact residues, 38% identity
with the tetramerization domain, and 29% identity with the
transactivation domain[21]. It plays an important role in several
cancers, such as lung cancer, colorectal cancer and bladder
cancer[22-25].
In this study, TAp73 overexpressed in HCC tissues,
indicating that TAp73may play its role in regulating
occurrence and development of HCC. Similarly, Zemel and
Pan found that p73 protein highly expressed and accumulated
in HCC tissues, and overexpression of p73 may in some
way be associated with the pathogenesis of HCC[26,27].
In 1999, Tannapfel found that p73 expression status
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was statistically significantly related to prognosis (P<0.0001).
Patients with p73-positive tumors had a poorer prognosis
than those with p73-negative carcinomas. Multivariate
Cox survival analysis identified the age of the patient, p73
expression status, co-existing cirrhosis, and Edmondson grade
as independent prognostic factors. The protein p73 is
overexpressed by a subset of HCCs and could serve as a
useful indicator of prognosis in patients with this disease[8].
In this study, the expression of p73 also influences the
prognosis of HCC patients. Patients who overexpressed
p73 had a poorer prognosis than that did not. In the Cox
regression, p73 protein expression was still an independent
factor of prognosis of HCC patients. Besides, the expression
of p73 correlated with node metastasis, which indicated a
late stage and poor prognosis[8,28]. In some reports, p73 can
induce apoptosis by p53-dependent and p53-independent
way[29,30], but in this study p73 does not show any relationship
with AI.
There is not only overproliferation of tumor cells, but
also over apoptosis of tumor cells[14]. But as PI overcomes
AI, cancer develops in some degree. PCNA can be used
as the index of proliferation and be detected by IHC[15] .
Nakano et al[18], find that the poorer the differentiation of
the tumor cells, the higher the PI is (P<0.001). In this study,
thou gh there was no correlation between PI and
differentiation, PI in the cancer tissues was higher than that
in the adjacent non-cancerous tissues, indicating a tendency
of higher proliferating potency in tumor cells (P = 0.028).
Moreover, PI correlated with portal vein invasion, indicating
that patients with portal vein invasion had a worse biological
character than that did not. Soini[31] finds that patients with
a higher AI have a better survival than patients with a
lower one after HCC tissue resection. In this study, AI in
the HCC tissues was higher than that in the adjacent noncancerous tissues (P = 0.019). And AI in late stage was
higher than that in early stage. But as there are more
proliferating cells than apoptosis ones, cancer has a
tendency of being advanced. So we suggest that AI may
be an index of late stage.
In this study, Kaplan-Meier univariant analysis showed
that patients in stage II had a better prognosis than patients
in III and IV, indicating that TNM stage is one of the
useful independent indices of prognosis[32]. The status of
liver membrane and portal vein invasion also influences
the survival of HCC patients[10,33].
Besides pathological characters, AFP is a most useful
index of prognosis of HCC patients. In Kaplan-Meier
univariant analysis, AFP correlated with prognosis
significantly (P<0.05), and in the Cox regression analysis,
AFP was also an independent index of prognosis.
Together, these data suggest that TAp73 can be used
as a prognostic indicator for patients with HCC undergoing
surgical tumor ablation; AFP, TNM stage, portal vein
invasion and liver membrane invasion also have a potency
of predicting the prognosis of HCC.
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Abstract
AIM: To look for a rapid low-cost technique for the detection
of HBV variants.
METHODS: Two patients who underwent orthotopic liver
transplantation (OLT) for HBV infection were treated with
lamivudine (100 mg daily) and HBV infection recurred in
the grafted livers. The patients were monitored intensively
for liver enzymes, hepatitis B surface antigen (HBsAg)
and HBV DNA in serum. Liver biopsy was performed
regularly. HBV DNA in a conserved polymerase domain
(the YMDD locus) was amplified from serum of each
patient by PCR and sequenced. HBV genotypes were
analyzed by restriction fragment length polymorphism
(RFLP) of the PCR products generated from a fragment of
the polymerase gene.
RESULTS: YMDD wild-type HBV was detected in one
patient by PCR-RFLP and DNA sequencing 19 mo after
OLT, and YIDD mutant-type HBV in the other patient, 16 mo
after OLT.
CONCLUSION: PCR-RFLP assay is an accurate and simple
method for genotyping lamivudine-resistant HBV variants.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Chronic hepatitis B is a common disease with about 350
million HBV carriers according to the figures of World
Health Organization[1]. The persistence of viremia in patients
often leads to progressive liver diseases including cirrhosis
and hepatocellular carcinoma. For HBV-infected patients
with end-stage liver disease, antiviral treatment cannot
significantly alter their clinical course; orthotopic liver
transplantation (OLT) is the only option. Because of the
very high HBV reinfection rate of hepatic allografts and
the rapid progression of HBV-induced disease in allografts
[2]
, it is essential to prevent HBV reinfection of hepatic
allografts after OLT. Interferon has been shown to be
beneficial to some patients with chronic HBV infection;
however, the overall response rate to interferon alpha is
less than 40%[3]. Lamivudine, an enantiomer of -L-2’,
3’-dideoxy-3’-thiacytidine (3TC), is a potent inhibitor of
RNA-dependent DNA polymerase of HBV and HIV
reverse transcriptase [4,5]. Treatment of HBV with oral
lamivudine can suppress virus replication and reduce hepatic
necro-inflammatory activity[6].
Although lamivudine can prevent HBV reinfection of
hepatic allografts, long-term therapy can lead to lamivudineresistance of HBV[7-9]. Furthermore, lamivudine-resistant
HBV strains, with amino acid substitution in the YMDD
(tyrosine, methionine, aspartate) motif of DNA polymerase,
have been found in patients after OLT and immunosuppressive
therapy[5]. The amino acid substitution from methionine to
valine or isoleucine at amino acid 552 of the YMDD motif
of the HBV polymerase gene is the main mutation responsible
for resistance to lamivudine treatment. The reported rate
of lamivudine resistance is 14% in patients with chronic
HBV infection and 27% in patients with recurrent HBV
infection after OLT [10-13]. The low incidence and late
occurrence of YMDD mutant viruses suggest that such
mutant strains originate from wild-type by point mutation
during the course of therapy. Once lamivudine resistance
occurs, a combination antiviral therapy (such as interferon
and hepatitis B immunoglobulin) may be necessary to prevent
exacerbation of hepatitis[14-17].
Occurrence of lamivudine-resistant HBV variants is
commonly detected by direct sequencing of HBV DNA.
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However, this assay is excessively time-consuming for a
large number of clinical samples. In this study, the frequency
and characteristics of variants at codon position 552 of
the HBV polymerase gene were examined by restriction
fragment length polymorphism (RFLP) of the products
generated from the HBV genome after amplification
by PCR. The results of this analysis were compared with
those obtained by direct HBV DNA sequencing, alanine
aminotransferase levels and liver biopsy.

MATERIALS AND METHODS
Patients
Between 2000 and 2004, 72 patients underwent OLT for
the end-stage liver disease secondary to HBV infection in
our institute. Seven of these patients developed recurrent
HBV infection in the grafted liver confirmed by serological
examination and liver biopsy. All patients received standard
immunosuppression treatment with cyclosporine,
azathioprine, corticosteroids, anti-HBsAg immunoglobulin
injection and oral lamivudine (100 mg daily). The patients
were closely monitored for serum liver enzymes, hepatitis
B surface antigen (HBsAg), HBeAg, and HBV DNA. Liver
biopsies were performed before and after OLT. YMDD
variants of HBV DNA polymerase gene were detected by
direct sequencing in the YMDD motif of HBV and PCRRFLP. YIDD mutant was found in one and wild-type
YMDD in six of the seven patients. The following two
patients served as their example.
Patient 1 was a 34-year-old man, his liver function was
abnormal 15 years ago without any treatment. Two years
ago, he developed oliguria, abdominal distension, anorexia,
profound fatigue and edema and was diagnosed as cirrhosis
secondary to chronic HBV infection, liver dysfunction and
portal vein hypertension. He received liver protective and
urinative therapy. He developed headache, furor and
unconscious behavior after oral losec and was diagnosed as
stage II hepatic encephalopathy 6 mo ago. His condition
improved and was discharged after 20 d. Fifteen days ago,
he was found to have a 1.8 cm×1.7 cm solid mass in the
anterior lobe of right liver by B ultrasound, and MRI of
portal vein showed occlusion and tumor thrombosis of the
right liver branch of portal vein, and he was admitted on
September 11, 2000. Blood test showed HBsAg (+), antiHBs (-), HBeAg (+), anti-HBe (-), anti-HBc (+), HBV DNA
(+). He underwent OLT on November 3, 2000. The
resected liver showed poorly differentiated hepatocellular
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carcinoma with cirrhosis. Liver biopsy showed mild to
moderate acute hepatic allograft rejection 1 wk and 9 mo
after OLT, and acute viral hepatitis 19 mo after OLT, the
immunohistological staining of HBsAg was positive.
Metastatic hepatocellular carcinoma of the right adrenal
gland was found 20 mo after OLT, which was confirmed
by pathology. The patient stopped lamivudine therapy
himself because of bad financial condition.
Patient 2 was a 56-year-old man. He suffered from
viral hepatitis 22 years ago and improved after treatment.
He developed cirrhosis 6 years ago. CT and B ultrasound
examination showed a 10.3 cm×10.3 cm solid mass in liver
and tumor thrombosis in portal vein. He was admitted on
December 26, 2000. Blood test showed HBsAg (+), antiHBs (-) HBeAg (-), anti-HBe (+), anti-HBc (+), HBV DNA
(+). He underwent OLT on January 16, 2001. The resected
liver showed cirrhosis secondary to viral hepatitis with
massive coagulative necrosis. Liver biopsy showed no acute
cellular rejection and other lesions 3 wk after OLT, and
acute viral hepatitis 16 mo after OLT, the immunohistological
staining of HBsAg was positive. He died of upper
gastrointestinal hemorrhage and hepatic encephalopathy
25 mo after OLT.
Amplification and sequencing of HBV DNA polymerase gene
fragment including YMDD motif
HBV DNA was extracted from 200 L of serum samples
after digestion with proteinase K (0.8 g/L) at 56 ℃ for 4 h
in 20 mmol/L Tris-HCl (pH 8.0), 10 mmol/L EDTA, and
1 g/L sodium dodecyl sulfate. After a final extraction by
chloroform, DNA was precipitated by absolute ethanol
and dissolved in 50 µL of H2O. For amplification of the
DNA polymerase gene including YMDD motif, PCR
was performed using primers BF105 and BR112 (Table
1 and Figure 1)[18] . The PCR reaction mixture contained
1 µL DNA template, 0.5 µL primers, 1.5 mmol/L MgCl2,
200 µmol/L dNTP, 0.5 u pfu polymerase, 12.5 mmol/L
KCl in a total volume of 25 µL. The amplification
conditions included an initial denaturation for 4 min at
94 ℃, 35 cycles of amplification with denaturation at 94 ℃
for 1 min, annealing at 58 ℃ for 1 min, extension at 72 ℃
for 3 min, followed by a final extension at 72 ℃ for 7 min.
PCR-negative samples were further amplified by nested
PCR using 1 µL of the above PCR products by primers BF111
and BR109 under the same PCR conditions. PCR-amplified
DNA was purified after agarose gel electrophoresis and
sequenced directly.

Table 1 Primers used in the present study
Primer

Nucleotide Sequence

BF105
BF107

5’-TCCTGCTGCTATGCCTCATC-3’
5’-CCAGGAACATCAACCACCAG-3’

411-430
485-504

Sense
Sense

BR112

5’-TTCCGTCGACATATCCCATGAAGTTAAGGGA-3’

895-865

Antisense

BF111

5’-TCGGACGGAAACTGCACTTG-3’

581-600

Sense

BF108
BR109

5’-ATGCCGTTTCTCCTGGCTCA-3’
5’-AAGGGAGTAGCCCCAACGTT-3’

655-674
870-851

Sense
Antisense

YNSspI

Nucleotide

Direction

5’-TTTCCCCCACTGTTTGGCTTTCAGTAATAT-3’

711-740

Sense

TMPpu10I

5’-CAGACTTGGCCCCCAATACCACATCATGCA-3’

769-740

Antisense

TMApaLI

5’-CAGACTTGGCCCCCAATACCACATCGTGCA-3’

769-740

Antisense
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BR109
BR112

Y I D D FokI

YI DD
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TMApaL1 (YVDD 2nd PCR)

Figure 1 Schematic representation of analyzed partial DNA polymerase gene
and primers used to detect two YMDD mutants (A) and nucleotide sequences of
DNA polymerase gene including YMDD motif and primers for specific detection
of both YIDD and YVDD mutants (B).

Sensitive and specific detection of YMDD mutant by PCRRFLP-based assay
To detect two YMDD mutants, YIDD and YVDD, we
designed PCR primers that could introduce a restriction
enzyme recognition site into only PCR products amplified
from mutant viruses. To detect YIDD mutant, 1 µL of the
extracted HBV DNA solution was initially amplified using
primers BF108 and BR112. Twenty-five cycles of PCR (at
94 ℃ for 1 min, at 58 ℃ for 1 min, at 72 ℃ for 1.5 min)
were performed after initial denaturation at 94 ℃ for 4 min,
followed by a final extension at 72 ℃ for 7 min. The second
PCR was performed with primer YNSspI, which introduced
SspI site into only mutant PCR products (Figure 1), and
BR109 using 1 µL of the first PCR product and similar
time–temperature conditions. Five microliters of the second
PCR product was digested with 5 units of restriction enzyme
Ssp I (Takara, Shuzo Co., Kusatsu, Japan) and was subjected
to electrophoresis on 40 g/L agarose gel.
To detect YVDD mutant, similar amplification was

A
350

ALT (U/L)

T-Bil (mol/L)

T-Bil (mol/L)

150
100
50
0
+
+
+
+

RESULTS
Clinicopathological data
The clinicopathological data of patient 1 before and after
OLT are summarized in Figure 2A. The patient developed
HBV reinfection 19 mo after OLT. Liver biopsy showed
that the portal tracts were slightly enlarged because of mild
to moderate chronic inflammatory cell infiltration with focal
piecemeal necrosis. Disarray of single necrotic hepatocytes
and chronic inflammation were found in the parenchyma
(Figure 3A). Cholestasis was evident in both hepatocytes
and canaliculi. Knodell score was 3 (1 score for periportal/
bridging necrosis, portal inflammation, and lobular necrosis
respectively; 0 score for fibrosis; the total score was 3).
Immunohistochemical staining was positive for HBsAg in
most hepatocytes (Figure 3B).
The clinicopathological data of patient 2 before and
after OLT are summarized in Figure 2B. The patient
developed HBV reinfection 16 mo after OLT. Liver biopsy
showed that the portal tracts were enlarged because of
moderate chronic inflammatory cell infiltration and mild
fibrosis with obvious piecemeal necrosis. Disarray of many
necrotic hepatocytes and chronic inflammation were found
in the parenchyma (Figure 3C). Knodell score was 7 (2 scores
for periportal/bridging necrosis, portal inflammation, and
lobular necrosis respectively; 1 score for fibrosis; the total
score was 7). Immunohistochemical staining was positive
for HBsAg in hepatocytes (Figure 3D).

180
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100
80
60
40
20
0

200

0

-

18

19 (mo)
+
+
+
+

Number 18

performed using primers BF107 and TMPpu 10I in the
first PCR, and TMApaL I and BF111 in the second PCR.
Digestion by the restriction enzyme ApaLI, which digested
only DNA fragment from YVDD mutant, was performed
before agarose gel electrophoresis.
To enhance the detection of both YMDD mutants, we
used the restriction enzyme FokI that could digest amplified
DNA from wild type but not YIDD mutant, and Ppu10 I
that could also digest DNA fragment amplified from the
wild type using primer TMPpu 10I but not YVDD mutant.
The first PCR products (1 µL) were digested by either of
the two enzymes, and used in the second amplification as
described above.

B

250

-2

Volume 11

ALT (U/L)

300

HBsAg
HBsAb
HBeAg
HBeAb
HBcAb
HBV DNA

May 14, 2005

HBsAg
HBeAg
HBeAb
HBcAb
HBV DNA

Figure 2 Clinicopathological data of patient 1 (A) and patient 2 (B) before and after OLT.
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A

B

C

D

Figure 3 Liver biopsy of patients 1 (A and B) and 2 (C and D) 19 and 16 mo
after OLT. A and C: HE, ×20; B and D: positive immunohistochemical staining

for HBsAg in hepatocytes (IHC, ×20).

In short, patient 2 had more obvious hepatic lesions
than patient 1, showing more evident degeneration and
necrosis of hepatocytes, piecemeal necrosis and fibrosis of
portal tracts. However, the immunohistochemical staining
for HBsAg in patient 2 was weaker than that in patient 1.

Detection of YVDD mutant A strong 188-bp product
was amplified by nested PCR with and without FokI
restriction enzyme digestion after first PCR. The nested
PCR product was digested with ApaLI restriction enzyme,
which did not cut the sequence compared with IIC, suggesting
that HBV of patient 1 was YMDD wild, without YVDD
mutant (Figure 5A). The DNA sequence of patient 1 was
TAT ATG GAT GAT from positions 132 to 142 of nested
PCR product, its corresponding amino acid sequence was
YMDD (Figure 6A).

Result of PCR-amplified HBV DNA sequencing and PCR-RFLP
The PCR-amplified products of a 289-bp fragment of the
DNA polymerase gene of HBV including YMDD motif
were seen in patients 1 and 2, but not in control (Figure 4).
They were purified and analyzed by direct sequencing.
Detection of YIDD mutant A weak 159-bp and a strong
159-bp products were amplified by nested PCR with and
without FokI restriction enzyme digestion after first PCR.
The nested PCR product was digested with SspI restriction
enzyme, which did not cut the sequence, suggesting that
HBV of patient 1 was YMDD wild without YIDD mutant
(Figure 5A).

289 bp
↓

A

188 bp (nested PCR product of YVDD mutant)
↓

IID→
IIC→
IIB→
IIA→
ID→
IC→
IB→
IA→
M→

B

↑
159 bp (nested PCR product of YIDD mutant)

2→

1→
M→
N→

Figure 4 PCR-amplified products of a 289-bp fragment of DNA polymerase
gene of HBV including YMDD motif in patients 1 and 2. N: normal; M: DNA
marker; 1: patient 1; 2: patient 2.

↑
134 bp (digested product)

Figure 5 PCR-RFLP analysis pattern of patient 1 (A) and patient 2 (B).
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Detection of YIDD mutant A strong 159-bp product
was amplified by nested PCR with and without FokI
restriction enzyme digestion after first PCR. The nested
PCR product was digested with Ssp I restriction enzyme,
which cut the sequence as a 134-bp fragment and a 25-bp
fragment, suggesting that HBV of patient 2 was YIDD
mutant (Figure 5B).
Detection of YVDD mutant A strong 188-bp product
was amplified by nested PCR with and without FokI
restriction enzyme digestion after first PCR. The nested
PCR product was digested with ApaLI restriction enzyme,
which did not cut the sequence compared with IIC,
suggesting that HBV of patient 2 was not YVDD mutant
(Figure 5B). The DNA sequence of patient 2 was TAT
ATT GAT GAT from positions 132 to 142 of nested PCR
product, its corresponding amino acid sequence was YIDD
(Figure 6B).

A

130
140
C A G T T A T A T G G A T G A T G T

NA sequence of patient 1 (289 bp)
TTTCCCTCCATNTCCTGGGCTTTCGCAAGATT CCTATGGGAGTGGGCCTCAGTCCGTTTCTCCTGGCTCAGTTTACTAGTGCCATTTGTTCAGTGGTTCGTAGGGCTTTCCCCCACTGTTTGGCT TT CA G TTA TAT G G AT G AT G T G G TATT G G G G G CC A A G T CT G TACA ACA T CTT G AGTCCCTTTTTACCTCTATTACCAATTTTCTTTTGTCTCTGGGTATACATTTAAACCCTAATAAAACCAAACGTTGGGGCTACTCCCCTTAANANNNC.
Amino acid sequenc of patient 1
SLHLGFRKIPMGVGLSPFLLAQFTSAICSVVRRAFPHCLAFSYMDDVVLGAKSVQHLESLFTSITNFLLSLGIHLNPNKTKRWGYSP#

B

130
140
C A G T T A T A T T G A T G A T G T

NA sequence of patient 2 (289 bp):
NTTCCATCCATNTCCTGGGCTTTCGCAAAATTCCTATGGGAGTGGGCCTCAGTCCGTTTCTCCTGGCTCAGTTTACTAGTGCCATTTGTTCAGTGGTTCGTAGGGCTTTCCCCCACTGT TT G G CT TT C A G T T AT A TT G AT G AT G T G G TA T T G G G G G C CA A G T CT G T AC A ACAT CTT G AG T CCCTTTTTACCT CTATTACCA ATTTT CTTTT G T CTTT G G G TATACATTTGAACCCTAATAAAACCAAACGTTGGGGCTACTCCCCTTAACAACTTNATGGNATATGNCNACNNNANNNNNNNNNNNN
Amino acid sequenc of patient 2:
SIHGFRKIPMGVGLSPFLLAQFTSAICSVVRRAFPHCLAFSYIDDVVLGAKSVQHLESLFTSITNFLLSLGIHLNPNKTKRWGYSP#QLGIXXXX

Figure 6 DNA sequence of patient 1 (A) and patient 2 (B).

DISCUSSION
Both patients developed HBV reinfection 19 and 16 mo after
OLT, respectively. HBV was wild-type YMDD in patient 1,
and YIDD mutant in patient 2. The clinicopathological data
of patient 2 showed a sudden rise in HBV DNA titer during
administration of lamivudine, suggesting the occurrence of
YMDD mutant of HBV DNA polymerase gene and
lamivudine resistance. Synthesis of HBV DNA genome occurs
within the viral nucleocapsid in a mechanically ordered fashion.
The nucleocapsid contains small pores that permit influx of
nucleotide triphosphates and metabolites of nucleoside
analogs such as lamivudine for DNA synthesis [19-22].
Lamivudine is a cytidine analog that has been shown to be
effective in inhibiting HIV and HBV replication [23-26].
Lamivudine inhibits HIV and HBV replication by suppressing
the activity of viral reverse transcriptase and acts as a chain
terminator. HBV DNA polymerase activity in the wild-
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type YMDD motif is inhibited by lamivudine[27-30] . The
mutation of methionine to isoleucine or valine in the YMDD
motif of HBV reverse transcriptases confers resistance to
lamivudine[19] because the side groups of isoleucine and
valine of the YMDD mutants sterically prevent lamivudine
from appropriately configuring into the nucleotide binding
site of the reverse transcriptase. Moreover, in our cases,
the immunohistochemical staining for HBsAg of patient 2
was weaker than that of patient 1, indicating that the
replication rate of YIDD mutant HBV is lower than that
of wild-type YMDD HBV, being consistent with the study
of Seta et al [31]. In addition, patient 2 had more obvious
hepatic lesions than patient 1, suggesting that the pathogenic
mechanism of mutants may be different from that of wildtype YMDD.
Furthermore, the prevalence and characteristics of
mutations identified by sequencing and PCR-RFLP are
completely identical to those of Chayama et al[18]. However,
our study found that the detectability of YMDD mutants
was good by direct nested PCR without Fok I/Ppu10 I
digestion of the first PCR product, showing that the test
steps are markedly simplified.
Occurrence of lamivudine-resistant HBV variants is
commonly detected by direct sequencing of HBV DNA.
Although sequence analysis is considered as the gold standard
for characterizing HBV DNA isolates, most laboratories
do not have the necessary experience or equipments to carry
this test. However, this assay is excessively time-consuming
for a large number of clinical samples. Several simpler
techniques have been developed to study the viral
polymorphism, including type-specific PCR, PCR and singlestrand conformation polymorphism (PCR-SSCP), PCR and
hybridization with specific probes, but not all are suitable
for identifying mutations in some fragments of the HBV
sequence. PCR-SSCP assay is one of the easiest and fastest
methods available for studying specific mutations and largescale screening of polymorphisms in the general population.
The advantage of PCR-SSCP over PCR-RFLP resides in
the fact that it is a single-step process and does not require
enzyme digestion of the PCR products. However, in a recent
study, to investigate the occurrence of lamivudine-resistant
HBV variants, a small fragment (only 58 bp) of a conserved
sequence including position 552 of the polymerase gene is
amplified and 86 mutations are found in 4 638 nucleotides,
with no changes in the YMDD motif[32]. Since these mutations
occur in wild-type HBV, PCR-SSCP is not suitable for the
study of YMDD variants.
In summary, PCR-RFLP is a simple, rapid, accurate method
for genotyping lamivudine-resistant HBV variants without
requiring special equipments.
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Abstract
AIM: To determine whether local antibiotic resistance
involves P-glycoprotein (Pgp)-mediated active drug outpumping during Helicobacter pylori (H pylori) infection
treatment with classic antibiotic therapy.
METHODS: Pgp activity was determined in gastric mucosa
biopsy specimens obtained from 53 patients with
pathohistologically verified gastritis and microbiologically
confirmed H pylori infection, and compared with the Pgp
activity in 12 control subjects with normal endoscopic
findings. The H pylori positive patients were treated with
short-term 7-d therapy consisting of two antibiotics
(amoxicillin and azithromycin/metronidazole and
clarithromycin) and a proton pump inhibitor. Pgp activity
was determined by flow cytometry in the test of
rhodamine dye efflux and quantified as mean fluorescence
ratio (RMF).
RESULTS: Upon the first cycle, H pylori was successfully
eradicated in 20 patients, whereas therapy was continued
in 33 patients. In the course of antibiotic therapy, RMF
increased ( P <0.05) and gastric cells showed higher
rhodamine dye efflux. The mean pre-treatment RMF values
were also higher (P<0.0001) in patients with multiple
therapeutic failure than in those with successful H pylori
eradication and control subjects.
CONCLUSION: Pgp might be one of the causes of therapy
failure in patients with H pylori and antibiotic therapy
could be chosen and followed up on the basis of the Pgp
transporter local activity.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: H pylori ; RMF; Pgp

Babic Z, Svoboda-Beusan I, Kucisec-Tepes N, Dekaris D,
Troskot R. Increased activity of Pgp multidrug transporter
in patients with Helicobacter pylori infection. World J
Gastroenterol 2005; 11(18): 2720-2725

http://www.wjgnet.com/1007-9327/11/2720.asp

INTRODUCTION
Protocols that include a small number of antibiotics
(metronidazole, tetracycline, amoxicillin, clarithromycin and
azithromycin) and other drugs with antimicrobial effect
(bismuth and proton pump inhibitors, PPI) are used in the
management of Helicobacter pylori (H pylori) infection.
According to the Maastricht Consensus, successful treatment
of H pylori infection implies a combination of two antibiotics
and one antisecretory drug[1,2]. At present, H pylori infection
is successfully treated in about 90% of cases; however,
10% of patients remain H pylori positive. Successful H pylori
eradication depends on numerous factors. Better success is
achieved if there is coexistence of antral gastritis or gastritis
of the gastric body[3] , and in patients with peptic ulcer
infected with H pylori cagA and vacAs1 positive strains than
in those with functional dyspepsia[4-6]. The efficacy of H pylori
eradication has been shown to be influenced by gastric
pH[7], geographic location, and patient compliance during
treatment [8]. It should be noted that the development of
primary and secondary bacterial resistance depends on the
length of treatment, combination of antibiotics, and drug
concentration[9,10]. H pylori has developed resistance to many
drugs, e.g., metronidazole, clarithromycin, etc.[5,8,11]. Treatment
failure has been ascribed to metabolic changes in H pylori
itself[5,12]. Repeat drug administration at a higher concentration
has been demonstrated to produce better result[7,10,12], suggesting
that local conditions are responsible for therapeutic success[8,12].
It is known that a high concentration of P-glycoprotein
(Pgp), a multidrug transporter that actively pumps out all
potentially cytotoxic substances, is found on the gastrointestinal
tract epithelium. Multidrug transporters are transmembranously
located, their mechanism of action being based on binding
a broad spectrum of drugs to the membrane polypeptide
chain and extruding them to the surroundings by use of
ATP energy. All ATP dependent efflux proteins belong to
the large ABC superfamily[13-15] and are homologous in many
animal species[16]. Although the efflux as a mechanism of
antibiotic resistance was demonstrated for gram-negative
bacteria in the early 1980s [17], the antimicrobial efflux
transporter for H pylori, LmrA, homologous to human
multidrug transporter has only recently been described[18-20].
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MATERIALS AND METHODS
Materials
Gastric biopsy specimens (GBS) were collected from 65
subjects upon their informed consent in writing, according
to the Helsinki Declaration and approved by the Hospital
Ethics Committee. Fifty-three patients (24 male and 29
female), mean age 47.4 years (range 18-75 years), with
endoscopically and pathohistologically verified antral gastritis
had H pylori infection and were treated as outpatients at the
University Department of Medicine, Sveti Duh General
Hospital in Zagreb.
Methods
H pylori was verified by two parallel tests, i.e. microbiology
and pathohistology. Microbiologic diagnosis included
isolation and typing, whereas antibiotic sensitivity was
determined by E test (B-biodisk) and Chaves’ method[21-23].
Histologic diagnosis included material staining according to
Giemsa[24]. Control group had 12 patients with dyspepsia as
an indication for upper gastrointestinal endoscopy, in whom
H pylori infection was neither microbiologically nor
histologically demonstrated[21-24].
Treatment of H pylori infection As the study was not aimed
at comparison of different therapeutic protocols, it included
a higher proportion of patients with multiple therapeutic
failure than would otherwise be expected according to the
efficacy of H pylori eradication. All patients underwent standard
short-term triple therapy consisting of pantoprazole (P), a
PPI, at a dose of 40 mg b.i.d., and two antibiotics, according
to Maastricht recommendations[1,2,9]. The following antibiotics
were used: metronidazole (M), 500 mg; amoxicillin (A),
1 000 mg; and clarithromycin (C), 500 mg b.i.d. for 7 d, in
randomized combinations. The patients were randomly
allocated to the PAM (n = 39) or PAC (n = 14) protocol.
Following initial therapeutic failure in eradication of H pylori
infection, the patients were administered a new combination
of the listed antibiotics for 10 d, or azithromycin (AZ) at a
dose of 500 mg s.i.d. for 5 d in addition to one of the listed
antibiotics for 10 d[1,2,25]. So, in the second course after initial
failure with the PAM protocol, there were 15 patients in
the PAC protocol and PAAZ protocol each. Also, in the
second course after initial failure with the PAC protocol,
there were three patients on the PAAZ protocol[1,2,9,25].
Following second failure of H pylori eradication, a third
combination was introduced, consisting of P 40 mg b.i.d.,
in combination with bismuth citrate (B) t.i.d., M 500 mg s.i.d.,
and tetracycline (T) 500 mg q.i.d. for 14 d[1,2,25]. This final
protocol included 22 patients. The treatment with
pantoprazole, 40 g/d, was continued for another 6 wk after
each of these protocols[1,2,9,25]. H pylori eradication was
simultaneously assessed by microbiology and pathohistology
7 wk of the completion of each protocol[1,2,9]. Patients who
had been receiving anti-inflammatory or MDR-dependent
drugs (that may have influenced the efflux) within one year
preceding the study were not included[13-20].
Collection of biopsy specimens GBS for microbiology
and histology as well as for the assessment of Pgp activity
were obtained from the oxyntic area during gastrointestinal
endoscopy using an Olympus Q20 and Pentax endoscopy
video system, in line with recommendations of the Sydney
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classification [24]. Two specimens from the antrum and
body of the stomach each, and one from the angulus
were obtained for microbiologic and histologic analysis,
whereas two specimens from the anterior and posterior
wall of the antrum each were obtained for the study of
Pgp activity.
Microbiologic and histologic analysis Density of
intraepithelial neutrophils (DIEn) and H pylori density (DHP)
were determined in biopsy specimens as sensitive parameters
of mucosal lesion and H pylori presence[24] . H pylori and
neutrophil density was scored 1-4 according to Sydney
classification.
Determination of Pgp activity. Reagents Rhodamine123 (Rh123, 2-6-amino 3 imino 3H xanthene 9 y benzoic
acid methyl ester, Sigma, St. Louis, MO, USA) is a cationic
lipophilic fluorescent dye frequently used to study Pgp
activity. The cells were labeled with 1:100 of stock solution
in PBS, a final concentration 20 g/mL. Non-toxic substrates
for Pgp, a fungal metabolite Cyclosporine A (CsA, from
Tolypocladium inflantum, Sandoz Pharmaceuticals, Switzerland)
and homoharringtonine (HHT, an alkaloid from Cephalotaxus
hainanensis, Sigma) were used in a final concentration of 2.5
and 150 ng/mL, respectively.
Cell lines For determination of Pgp activity, exponentially
growing human erythroleukemic K562 cell line with an
optimal density of 5×105/mL were prepared as control cells.
The cell lines were grown in an RPMI 1640 nutrient mixture
supplemented with 2 mol/L L-glutamine, 1 mol/L
sodium pyruvate, 1 000 units/mL penicillin, 100 mg/mL
streptomycin, and 10% fetal calf serum at 37 ℃ in a
humidified atmosphere of 50 mL/L CO2, in air[26]. Negative
control: drug-sensitive K562 line was purchased from the
ATCC (American Type Culture Collection, Rockville, MD,
USA). Positive control: the resistant HHT/K562 cell line
obtained by continuous exposure to HHT was a kind gift
from Professor J.P. Marie (Hotel Dieu, France) and was
cultured in the presence of 150 ng/mL of HHT.
Preparation of GBS Upon endoscopy, the GBS were
immediately placed in transport media and then into
transport containers with ice at a constant temperature of
4 ℃. GBS was dissociated mechanically by mincing the
sample with little scissors, then washed with cold buffer
and centrifuged at 3 000 r/min for 5 min at 4 ℃. The
viability and yield were assessed by trypan blue exclusion.
Rhodamine efflux measurement A direct functional assay
for Pgp activity was performed by the Rh123 uptake/
retention method[27] adapted for stomach tissue analysis.
Briefly, aliquoted GBS (5-8×105 cells/tube) were stained
for 60 min with 5 L of Rh123 in the presence or absence
of MDR-reversing agent CsA (5 L). After Rh123 uptake,
cells were washed and fed with Rh123-free culture medium,
cultured for 60 min at 37 ℃, again in the presence or absence
of CsA to evaluate its effect on Rh123 efflux (retention).
Afterwards, GBS was centrifuged in culture medium,
resuspended and kept in ice and darkness for 10 min until
flow cytometry analysis. As a reference, K562 and HHT
150/K562 cells were processed in parallel with the patient
samples. The analysis was performed on an FACS Calibur
flow cytometer (Becton Dickinson, San Jose, CA) equipped
with an ultraviolet argon laser (excitation at 488 nm, emission
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at 530/30 and 570/30 nm band-pass filters). Analysis of
104 cells per sample was carried out in log histogram and is
illustrated in Figure 1. When Rh123 was being diffused into
the cell, Pgp actively pumped out the fluorochrome, and
cellular fluorescence was determined by the rates of influx
and efflux. If another compound, a substrate and/or
inhibitor, was presented in the same manner together with
Rh123, the efflux was blocked and the fluorescent dye
accumulated in the cell, producing higher mean fluorescence
intensity. The result can be quantitatively analyzed and
expressed as the ratio of the two mean fluorescences. RMF
represents the ratio of MF of Rh123 with CsA modulator
divided by MF of Rh123 without modulator after subtraction
of the fluorescence of the blanks (autofluorescence of cells
<1%). As the amount of intracellular Rh123 dye content
upon the addition of modulator correlated with Pgp activity,
RMF ≥1 was considered positive.
Variation due to test conditions Upon endoscopy, GBS
was transported at a constant temperature of 4 ℃ and analyzed
within 1 h. Gastric cells were mechanically dissociated by
use of small scissors or by enzymatic digestion (trypsin),
whereby the viability and gain were controlled by trypan
blue exclusion. The cells obtained by mechanical dissociation
(mincing with scissors) were more numerous and showed
higher viability than those obtained by trypsin enzymatic
dispersion. In order to assess the impact of storage on test
reproducibility, 12 randomly chosen GBS were divided into
two groups. One group was analyzed on the day of sampling,
and the other was stored overnight at room temperature in
10 mL of cold buffer. The minimal concentration of GBS
was 0.5×105 cells/mL.
Statistical analysis
We used STATISTICA software for the analysis of variance,
multiple regression analysis and ROC analysis in the
interpretation of results. The level of significance was set
at P<0.001. The mean value of the scores obtained on
antrum biopsy (anterior and posterior wall/2) was used for
statistical analysis of DIEn and DHP.
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RESULTS
Variation due to test conditions
The activity of Pgp was measured in GBS of 53 patients
with H pylori infection and 12 dyspeptic patients without
H pylori infection (control group). The two patient groups
were matched according to mean age (47.39 vs 48.33 years)
and sex (M/F = 5/7 vs 24/29).
In order to assess the impact of storage on test reproducibility,
as shown in Table 1, the mean RMF was 1.427±1.034 and
2.521±2.067 on d 1 and 2, respectively. RMF was elevated
in most of the samples (10/12; t test for dependent samples:
t = 1.932;  = 11; P<0.0795; SIGN test: z = 1.443; P<0.148).
In the samples with the addition of modulator, fluorescence
varied on d 2 and it seemed that there was no overexpression
of Pgp function, although the cells were viable. As storage
results in changed drug transport functions, for reasons of
cellular metabolic and membrane integrity it is better to use
fresh cells, within a few hours of sampling.
Measurement of Pgp activity in patients with H pylori
infection Pgp activity was determined in 53 patients with
H pylori infection and 12 dyspeptic patients without H pylori
infection (control group). The intensity of rhodamine dye
extrusion by GBS with H pylori infection was higher as
compared with H pylori negative control GBS (0.8±0.30 vs
1.38±0.66; = 1; F = 8.6, P<0.0046). H pylori infection
stimulated Pgp activity. In patients with H pylori infection,
RMF values were statistically increased significantly (P<0.005)
as compared with control patients (Figure 2). Based on ROC
analysis, RMF ≥1 was considered positive.
Therapy stimulating Pgp activity Pre- and post-therapeutic
Pgp activity was assessed in 10 randomly chosen H pylori
positive patients irrespective of therapeutic success. After
7-wk treatment, stronger GBS extrusion of rhodamine dye
was recorded in 6/10 patients, with a statistically significant
increase in RMF values (Figure 3). Wilcoxon pair test yielded
a significant difference between the pre- and post-therapeutic
values (t = 9.0; z = 1.885; P<0.05).
Neither is repeat therapy efficacious in enhanced Pgp
activity As shown in Table 2, the course of therapy was

Table 1 Effect of sample storage
D1
H pylori positive
patients

D2

Rh123 MF

Rh123+CsA MF

RMF

Rh123 MF

Rh123+CsA MF

RMF

1

73.14

124.58

1.703

25.00

44.76

1.790

2

75.25

17.86

0.237

27.83

4.28

0.157

3

5.47

20.85

3.404

17.25

41.72

2.419

4

83.40

113.79

1.364

43.03

61.20

1.423

5

83.40

113.79

1.364

90.44

172.18

1.920

6

141.21

68.47

0.485

72.91

80.63

1.106

7

72.31

223.19

3.087

46.72

223.44

4.783

8

262.30

220.78

0.842

326.90

1.060

9

135.53

93.90

0.693

36.71

255.95

6.972

10

170.21

225.35

1.324

220.95

223.71

1.012

11

115.20

165.20

1.434

37.88

94.26

2.288

12

11.30

25.10

2.221

25.76

134.78

5.332

RMF (mean±SD)

1.427±1.034

308.4

2.522±2.067

D 1 = fresh cells, several hours of sampling; d 2 = cells stored overnight at room temperature; Rh123 = rhodamine; CyA = cyclosporine A; MF = mean fluorescence;
RMF = ratio of mean fluorescence.

Babic Z et al. Pgp activity in H pylori infection

2723

Table 2 Role of pretherapeutic determination of Pgp activity
Therapy cycle
Variables
H pylori positive

Age (yr)
Sex (M/ F)
DHP
DIEn
RMF (mean±SD)

H pylori negative

B/A and controls
a

Beta Pb

1 = A (n = 20)

2 or more = B (n = 33)

NO (n = 12)

47.5±8.8

47.3±13.7

48.3±16.5

0.973

0.152

9/11

15/18

5/7

0.975

0.153

2.75±0.91
2.65±0.81

2.90±0.97
3.06±0.86

1.0±0.0
1.0±0.0

0.00001
0.00001

0.00065
0.450

0.889±0.28

1.647±0.65

0.787±0.29

0.00001

0.000005

P

H pylori positive patients: A = one therapy cycle, B = two or more therapy cycles; NO = no therapy, M = male; F = female; DHP = H pylori density; DIEn = density of
intraepithelial neutrophil infiltration; RMF = ratio of mean fluorescences, Pa for analysis of variance, Pb for multiple regression analysis.

not affected by either age or sex. The patients requiring
multiple courses at H pylori eradication (group B, n = 33)
initially had a more severe infection (higher H pylori
concentration and intraepithelial neutrophil infiltration),
however, neither these variables were found crucial for
course of treatment. Therapeutic success was influenced
by Pgp activity: the patients with failure of H pylori eradication
had a statistically higher (P<0.00001) pretherapeutic Pgp activity
(1.647±0.65) than either patients with efficient H pylori
eradication (0.889±0.28) or control group (0.787±0.29).
Multiple regression analysis yielded a significantly highest
beta coefficient for RMF and DIEn (P<0.001). ROC analysis
demonstrated higher sensitivity, specificity and accuracy
for RMF (90.90%, 71.87% and 81.54%, respectively, for
borderline RMF value of 1.0) than for DHP (48%, 71% and
60%, respectively, for borderline DHP of score 2), and
DIEn (66%, 71% and 69.23% respectively, for borderline
DIEn of score 2).

however, there was no significant difference in the choice
of antibiotics (between-group analysis of variance: f = 5.031;
P<0.000898) (Figure 4).
Factors influencing therapeutic efficacy Upon therapy
completion, the effects of all parameters on the efficacy
of H pylori eradication were assessed. Comparison of
pretherapeutic RMF values between the patients with single
H pylori eradication and those requiring two or more attempts
at H pylori eradication showed no difference (P<0.13418).
There was no significant difference in pretherapeutic Pgp
activity between the patients with ultimately successful and
unsuccessful H pylori eradication (1.26±0.715 vs 1.54±0.66).
As there was no such difference in other clinical parameters
either (age, sex, DIEn and DHP, P<0.189), it seems that,
although influencing the duration and course of treatment,
Pgp cannot be used to predict the ultimate treatment
outcome (Table 3).

Combined therapy has no effect in case of enhanced Pgp
activity
Although the number of patients included in the study was
too small for statistical analysis, the antibiotics used appeared
to differ in stimulating Pgp activity, i.e. the first successful
course with amoxicillin in combination with metronidazole
or clarithromycin (RMF±SD for PAM 0.83±0.3 and for
PAC 0.95±0.25) was less dependent on Pgp activity than
the repeat combination with azithromycin (RMF±SD
1.706±0.62; n = 18). The patients with multiple attempts at
H pylori eradication had higher pretherapeutic RMF values,

Table 3 Impact of initial values on H pylori eradication efficacy

200

Age (yr)

46.54±12.51

Sex (M/F)

0.626

DIEn

2.77±0.846

3.09±0.86

0.189

RMF (mean±SD)

1.26±0715

1.54±0.66

0.13418

M = male; F = female; DHP = H pylori density according to Sydney criteria;
DIEn = density of intraepithelial neutrophil infiltration according to Sydney
criteria; RMF = ratio of means.

HHT/K562

C

Counts
100

101

102
103
Rhodamine

104

200

K562

160

120
80

RMF = 0.9524

120
80
40

0

0

0.598

2.77±0.92

40

40

0.556

9/13

2.90±0.97

RMF = 1.8786

80

P

DHP

200

RMF = 1.1686

120

Unsuccessful (n = 22)
48.54±11.44

15/16

160

160
Counts

B

GBS

Successful (n = 31)

Counts

A

Final eradication of H pylori
Variable

0
100

101
102
103
Rhodamine efflux

Figure 1 FACS analysis of Rh123 accumulation as a function of Pgp activity
(A–C): (A) GBS were stained with a fluorescent substrate Rh123 in the presence
(overlaid histogram) or absence (filled histogram) of the MDR reversing agent

104

100

101
102
103
Rhodamine efflux

104

CyA. Pgp activity is expressed as RMF, a ratio of mean fluorescences obtained
from the gated viable cell population. RMF ≥1 considered positive; (B) resistant
(Pgp-positive/active) and (C) sensitive (Pgp-negative/inactive) control cell lines.
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SE

2.6

1.8

SE

2.2

1.4

SD

1.8

RMF

RMF

Volume 11

3.0

2.2

Mean

1.0

SD
Mean

1.4
1.0

0.6
0.2

May 14, 2005

0.6
H pylori negative
(n = 12)

0.2

H pylori negative
(n = 53)

Figure 2 Enhanced Pgp activity in patients with H pylori infection. RMF values
of 53 H pylori positive patients and 12 H pylori negative (control) patients are
presented (x = mean; SD = standard deviation; SE = standard error).

PAM
PAC PAM.PAC PAM.PAAZ PAM.PAAZ
(n = 9) (n = 11) (n = 15) (n = 15) (n = 3)

Figure 4 RMF values with five therapeutic protocols: combined therapy had
no effect with enhanced Pgp activity. First course: PAM (pantoprazole
+amoxicillin+metronidazole), PAC (pantoprazole+amoxicillin+clarithromycin);
second course: PAM+PAC, PAM+PAAZ (pantoprazole+amoxicillin+azithromycin),
PAC+PAAZ.

2.8
2.4

SE

RMF

2.0

SD

1.6

Mean

1.2
0.8
0.4
0.0
pre-therapeutic post-therapeutic

Figure 3 Therapeutic effect on Pgp activity in 10 randomly selected H pylori
positive patients: significantly increased post-therapeutic RMF values.

DISCUSSION
Although H pylori infection is a well-characterized disease,
many questions about the mechanisms of drug failures to
cure the disease remain to be answered. The increased
prevalence of antibiotic-resistant H pylori strains has serious
implications, apart from patient compliance, as antimicrobial
resistance is the most important factor determining the
outcome of antibiotic therapy. The present article speculates
about the potential mechanism limiting the gastrointestinal
availability of antibiotics by Pgp mediated decrease in drug
accumulation. Pgp is expressed on a wide variety of normal
cells, especially in secretory tissues including the liver,
intestinal tract epithelia from jejunum and colon, adrenal
cortex, kidney, certain capillary endothelia, peripheral blood
lymphocytes and hemopoietic precursor cells [28]. In
gastrointestinal tract, Pgp acts as an ATP-consuming efflux
pump extruding the natural toxins across the epithelial surface
to the intestine, hepatocytes in biliary canaliculi and small
ductules of the pancreas[29]. Direct evidence that Pgp inhibits
the gastrointestinal absorption of orally administered
drugs comes from several sources[30-33]. To the best of our
knowledge, this is the first report analyzing Pgp activity in
H pylori infection. We evaluated Pgp function in gastric cells
from patients with H pylori infection by means of intracellular
accumulation and efflux of a fluorescent dye. In the GBS
loaded with Rh123 dye an increased efflux was observed
in 33 H pylori positive patients who failed to respond to
treatment. The patients with enhanced Pgp activity (RMF>
1.5) failed to respond to either first or second therapy with
the same or another antibiotic. As Pgp activity is low (RMF

<1) in patients who respond favorably to the first course
of treatment, it is of most importance to assess Pgp activity
before therapy introduction and to monitor it before repeat
antibiotic cycles. Pgp activity is generally low at the time of
diagnosis, i.e. before the patient receives any treatment.
These findings indicate that an increased Pgp activity may
contribute to the drug-induced effect on gastric cells long
after therapy completion. Although H pylori infection per se
stimulates Pgp pump activity, this activity seems to additionally
rise during the course of disease, because RMF index is
lower at the disease onset. And the last but not the least, the
lower RMF values recorded in patients with remission support
the hypothesis that inappropriate therapeutic combinations
lead to eradication failure. Therefore, Pgp activity testing
might be used as a sign of therapeutic failure and need of
multiple therapeutic protocols in a particular patient. Although
Rh123 efflux could not predict final outcome of the
attempts at H pylori eradication, it did show that elevated
RMF values had greater impact on H pylori eradication
failure with the use of AZ than with other antibiotics. Other
parameters of H pylori infection (DHP, DIEn) did not prove
useful in predicting either the need of an increased number
of therapeutic protocols or the final treatment outcome.
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Abstract
AIM: It is controversial whether patients with non-ulcer
dyspepsia (NUD) respond differently to Helicobacter pylori
(H pylori) eradication treatment than those with peptic ulcer
disease (PUD). To review the evidence for any difference
in H pylori eradication rates between PUD and NUD patients.
METHODS: A literature search for full articles and meeting
abstracts to July 2004 was conducted. We included
studies evaluating the efficacy of a proton pump inhibitor
(P) or ranitidine bismuth citrate (RBC) plus two antibiotics
of clarithromycin (C), amoxicillin (A), metronidazole (M),
or P-based quadruple therapies for eradicating the
infection.
RESULTS: Twenty-two studies met the criteria. No
significant difference in eradication rates was found
between PUD and NUD patients when treated with 7-d
RBCCA, 10-d PCA or P-based quadruple therapies. When
the 7-d PCA was used, the pooled H pylori eradication
rate was 82.1% (431/525) and 72.6% (448/617) for PUD
and NUD patients, respectively, yielding a RR of 1.15
(95%CI 1.01-1.29). However, the statistically significant
difference was seen only in meeting abstracts, but not in
full publications.
CONCLUSION: There is no convincing evidence to
suggest that NUD patients respond to H pylori eradication
treatments differently from those with PUD, although a
trend exists with the 7-d PCA therapy.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
It has been over 17 years since the first randomized,
placebo-controlled clinical trial of Helicobacter pylori (H pylori)
eradication was published[1]. Treatment to cure the infection
has evolved from single agents to combination treatment
regimens with up to four drugs. Currently, the most commonly
recommended combination treatments consist of a proton
pump inhibitor (P), clarithromycin (C) and amoxicillin (A)
or metronidazole (M)[2-4]. However, the success of treatment
with these combination regimens varies considerably between
reports[5]. Several factors have been identified to contribute
to the variability of the treatment outcomes. These include
patient- and treatment-related factors[5]. However, conflicting
results have been reported with regard to whether H pylori
eradication treatment is more effective in patients with peptic
ulcer disease (PUD) than in those with non-ulcer dyspepsia
(NUD) or other non-ulcer gastric diseases[6-11] , especially
when patients are treated with the PCA combination regimen.
We undertook this meta-analysis to review systematically
the literature on H pylori eradication in patients with PUD
or with NUD and to evaluate the magnitude of any
difference in H pylori eradication rates between the two
groups of patients when treated with the most commonly
recommended treatment regimens.
MATERIALS AND METHODS
Search strategy
A computerized literature search for relevant studies was
performed in Cochrane Controlled Trials Register,
MEDLINE, PubMed, and EMBASE databases to June
2004 in all languages using the following MeSH terms or
textwords in various combinations: dyspepsia, NUD,
functional dyspepsia, peptic ulcer, PUD, H pylori, duodenal
ulcer, gastric ulcer, eradication. Several other online trials’
registries were also searched including United Kingdom
National Research Register (http://www.doh.gov.uk/
research/nrr.htm), Current Science register of controlled trials
(http://www.controlled-trials.com), ClinicalTrials.gov
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developed by the National Library of Medicine (http://
www.clinicaltrials.gov/ct). A recursive hand search of
reference lists, review articles, editorials and abstracts from
major relevant international meetings was also conducted to
supplement electronic searches: American Digestive Disease
Week 1997-2004, the United European Gastroenterological
Week 1997-2003, American College of Gastroenterology
Annual Meetings 1997-2003, the European H pylori Study
Group Meetings 1997-2003 and the World Congress of
Gastroenterology 1998-2002.

problems, such as information on drop-outs which was
poorly reported.

Inclusion and exclusion criteria
Because the research question of this study sought any
difference in H pylori eradication rates between patients with
PUD or NUD, the relative efficacy of different treatment
regimens was neither compared nor analyzed. Therefore,
we included all clinical trial designs if studies met the
following criteria: (1) any clinical trial in adults involving
one of the following combination regimens given in the
recommended doses: a PPI or ranitidine bismuth citrate
(RBC) plus two antibiotics (clarithromycin, amoxicillin,
metronidazole or tinidazole), and proton pump inhibitorbased quadruple therapies; (2) studies which provided
comparative data on H pylori eradication rates between
patients with PUD and those with NUD; (3) studies which
provided raw data for intention-to-treat (ITT) analysis or
ITT data could be derived from the paper; (4) H pylori
infection was diagnosed by at least one of the following
methods: rapid urease test, histology, culture or urea breath
test; eradication was confirmed at least 4 wk after stopping
all medications. We excluded studies that reported mixed
eradication data or were identified as duplicate publications.
Studies of patients with chronic gastritis alone were also
excluded.
The eligibility criteria were assessed by two independent
reviewers (JQH and GFZ). Any disagreement about the
decision was solved through discussion to reach consensus
between the reviewers.

Subgroup analysis
Studies were grouped by combination regimens including
different doses, treatment durations and types of publication
(meeting abstract, full article).

Data extraction
Two independent reviewers (JQH and GFZ) extracted the
data from the qualified studies and any disagreement was
resolved by discussions to reach consensus between the
reviewers. The following major items were extracted from
each qualified study: name of the first author, source and
date of publication, study design, demographics of patients,
diagnosis of H pylori infection and methods used for
confirmation of eradication, details of treatment regimen
(number of drugs, dose, dose frequency and treatment
duration), number of patients randomized, treated and
dropped-out, and number of patients with H pylori infection
eradicated by ITT analysis and by disease category (e.g.,
PUD, or duodenal ulcer or gastric ulcer or NUD).
Outcome measures
The only outcome concerned in this study was the H pylori
eradication rate by ITT analysis in patients with PUD
compared to those with NUD. Although we also extracted
eradication rates by per-protocol analysis, the data were not
presented due to concerns over the methodological

Assessment of study quality
The quality assessment was done independently by JQH
and GFZ. Because of the nature of our research question,
no existing scoring instruments could be used for conducting
the quality assessment. Therefore, we focused primarily on
the quality of presentation of study results such as whether
ITT H pylori eradication rates were clearly presented, etc.

Statistical analysis
The minimum number of studies required for statistical
pooling was arbitrarily set at three and above. If only two
studies were available for any subgroup analysis, results
from the two studies were described and no pooling was
undertaken. The following statistical techniques were used
to analyze the data, wherever appropriate. Summary
relative risk, risk difference and 95% CI were calculated
from the raw data of the studies using a random-effects
model. The number-needed-to-treat (NNT) was also
calculated. The Cochrane Q method was used to test for
homogeneity. P<0.1 was considered to be statistically
significant for test of homogeneity. In the presence of
statistical heterogeneity, we searched for sources of
methodological heterogeneity. We also examined publication
bias by the method of Egger’s regression[12] . All analyses
were performed with EasyMa software 2001 (M. Cucherat,
Lyon, France).

RESULTS
The literature search generated 502 citations. Browsing the
titles and abstracts reduced the number of citations to 246.
Of these potentially useful citations, 224 were subsequently
excluded for various reasons including review articles (n = 8),
no raw data (n = 104), unclear patient population (n = 68),
unlisted treatment regimens (n = 17), re-treatment (n = 15)
and duplicate publications (n = 13). A detailed list of the
excluded studies is available upon request.
Twenty-one studies met the predefined inclusion and
exclusion criteria and were subject to analysis[6-11,13-27].
RBC-containing regimens
RBC-containing triple or quadruple regimens were studied
in 6 trials involving 10 treatment comparisons [6,9,13-16].
Five studies were published in full[6,13-16] and one in abstract
form[9] . The treatment-related information from these
studies is tabulated in Table 1.
A total of 7 different combination regimens and 10
treatment arms were reported. Among the 10 treatment
arms, 7 were given for 7 d and three for 5 d. Because of
the large variability in drug combinations, meta-analysis was
not possible for most combination treatments (Table 1).
Triple therapies consisting of RBC (R), clarithromycin (C)
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Table 1 Characteristics of RBC-containing triple and quadruple therapies
Eradication rate (ITT)
Refs

Combination regimens

Dose

Treatment duration

P
PUD

NUD

N/T.N (%)

N/T.N (%)

Triple therapies
RBCCA
6

RBC/Cla/Amo

400 mg b.i.d./500 mg b.i.d./1 g b.i.d.

7d

20/23 (86.96)

18/22 (81.8)

15
16

RBC/Cla/Amo
RBC/Cla/Amo

400 mg b.i.d./500 mg b.i.d./1 g b.i.d.
400 mg b.i.d./500 mg b.i.d./1 g b.i.d.

7d
7d

13/18 (72.2)
19/23 (82.6)

48/57 (84.2)
66/76 (86.8)

52/64 (81.3)

132/155 (85.2)1

13

RBC/Cla/Tin

400 mg b.i.d./500 mg b.i.d./500 mg b.i.d.

5d

20/27 (74.1)

23/39 (58.97)

0.32

9
16

RBC/Cla/Tin
RBC/Cla/Met

400 mg b.i.d./500 mg b.i.d./500 mg b.i.d.
400 mg b.i.d./500 mg b.i.d./400 mg b.i.d.

5d
7d

6/9 (66.7)
20/21 (95.2)

9/12 (75)
69/78 (88.5)

0.95
0.61

16

RBC/Met/Tet

400 mg b.i.d./400 mg b.i.d./1 g b.i.d.

7d

38/46 (82.6)

43/54 (79.6)

0.90

14

RBC/Fur/Tet

350 mg b.i.d./100 mg b.i.d./500 mg b.i.d.

7d

20/24 (83.3)

31/36 (86.1)

0.94

14

RBC/Fur/Amo
Quadruple therapy

350 mg b.i.d./100 mg b.i.d./1 g b.i.d.

7d

15/19 (78.95)

34/41 (82.9)

0.99

RBC/Cla/Amo/Met

400 mg b.i.d./400 mg b.i.d./1 g b.i.d./500 mg b.i.d.

5d

62/71 (87.3)

<0.05

Others

6

174/174 (100)

RBC, ranitidine bismuth citrate; Cla, clarithromycin; Tin, tinidazole; Fur, furazolidone; Tet, tetracycline; Amo, amoxicillin; Met, metronidazole; b.i.d., twice daily; PUD,
peptic ulcer disease; NUD, non-ulcer dyspepsia; N/T.N, number/total number. 1Relative risk: 0.96 (95%CI 0.84–1.11).

and tinidazole (T) were reported in two studies from the
same lead author. However, personal communication with
the corresponding author has excluded any duplication of
patients. No statistically significant difference in H pylori
eradication rate was observed in patients with PUD or NUD
treated with the 5-d RBT combination regimen in both
reports[9,13].
Three reports, involving RBC 400 mg, clarithromycin
500 mg and amoxicillin 1 g, all given twice daily for 7 d,
were considered appropriate for meta-analysis[6,15,16]. H pylori
eradication was achieved in 81.3% (52/64) of patients with
PUD and 85.2% (132/155) in those with NUD, yielding a
summary relative risk of 0.96 (95%CI 0.84-1.11); indicating
that triple therapy consisting of RBC, clarithromycin and
amoxicillin was similarly effective for eradicating H pylori
infection in patients with PUD compared to those with
NUD. The test of homogeneity was not statistically
significant (Q value = 1.1429, P = 0.56).
PPI-based quadruple combination treatments
We found five studies consisting of six treatment arms that
provided comparative H pylori eradication data in PUD and
NUD patients[8,13,17-19] . Of these, four were published in

full[13,17-19] and one in abstract form[8]. Table 2 tabulates the
treatment-related characteristics of these studies. Because
of the large variability in the drug combinations, dose and
treatment duration among these studies, meta-analysis was
not possible. However, within study comparison did not
reveal any statistically significant difference in H pylori
eradication rates between patients with PUD and those with
NUD in any of the combination regimens (Table 2).
PPI-based triple therapies
Nine studies and 10 treatment arms reported comparative
data involving triple therapies consisting of a PPI,
clarithromycin and amoxicillin[7-11,20-22,27]. Of these, seven
studies were only in abstract form[7-10,20-22] and two were
published in full[11,27].
Table 3 summarizes treatment-related information from
these studies.
Seven-day treatment involving a standard dose of PPI,
clarithromycin 500 mg and amoxicillin 1 g, all given twice
daily for 7 d, was used in six studies including 525 PUD
patients and 617 NUD patients[7,9,11,20,22,27]. H pylori eradication
was achieved in 82.1% of the 525 patients with PUD and
72.6% of the 617 patients with NUD, yielding a RR of

Table 2 Characteristics of bismuth- or PPI-based quadruple therapies
Eradication rate (ITT)
Refs

Combination regimens

Dose

Treatment duration

P
PUD

NUD

N/T.N (%)

N/T.N (%)

17

CBS/Met/Tet/Lan

120 mg ×8/250 mg ×8/250 mg ×8/30 mg b.i.d.

1d

22/33 (66.7)

17

CBS/Met/Tet/Lan

120 mg ×8/250 mg ×8/250 mg ×8/30 mg b.i.d.

2d

26/35 (74.3)

20/40 (50)

0.06

13
18

Amo/Cla/Tin/Ome
Bis/Met/Tet/Lan

1 g b.i.d./500 mg b.i.d./500 mg b.i.d./20 mg b.i.d.
120 mg q.i.d./400 mg t.i.d./500 mg q.i.d./30 mg q.d.

5 d1,2
7d

30/31 (96.8)
91/101 (90.1)

31/34 (91.2)
107/118 (90.7)

0.68
0.93

19

Bis/Met/Tet/Ome

120 mg q.i.d./400 mg t.i.d./500 mg q.i.d./30 mg q.d.

10 d

46/49 (93.9)

0.84

8

Bis/Met/Tet/Ome

120 mg q.i.d./500 mg t.i.d./500 mg q.i.d./20 mg b.i.d.

14 d

8/13 (61.5)

0.53

53/57 (93)
9/11 (81.8)

5/13 (38.5)

0.16

CBS, colloidal bismuth subcitrate; Met, metronidazole; Tet, tetracycline; Lan, lansoprazole; Bis, bismuth; Cla, clarithromycin; Rab, rabeprazole; Tin, tinidazole; Amo,
amoxicillin; ×8, 8 times daily; q.i.d., four times daily; q.d., once daily; b.i.d., twice daily; Ome, omeprazole. 1Rabeprazole and amoxicillin were used on d 1-5, clarithromycin
and tinidazole on d 6-10; 2amoxicillin was used on d 1-5, clarithromycin and tinidazole on d 6-10, and omeprazole on d 1-10. PUD, peptic ulcer disease; NUD, non-ulcer
dyspepsia; N/T.N, number/total number.
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Table 3 Characteristics of triple therapies consisting of a PPI, clarithromycin and amoxicillin
Eradication rate (ITT)
Refs

Combination regimens

Dose

Treatment
duration (d)

PUD

NUD

N/T.N (%)

N/T.N (%)

22

Ome/Cla/Amo

20 mg b.i.d./500 mg b.i.d./1 g b.i.d.

7

134/161 (83.2)

34/42 (81)

7

Ome/Cla/Amo

20 mg b.i.d.1/500 mg b.i.d./1 g b.i.d.

7

60/65 (92.3)

30/50 (60)

9

PPI/Cla/Amo

PPI b.i.d./500 mg b.i.d./1 g b.i.d.

7

27/34 (79.4)

15/21 (71.4)

11
20

Rab/Cla/Amo
Pan/Cla/Amo

20 mg b.i.d./500 mg b.i.d./1 g b.i.d.
40 mg b.i.d./500 mg b.i.d./1 g b.i.d.

7
7

101/135 (74.8)
27/29 (93.1)

288/392 (73.5)
13/19 (68.4)

27

Rab/Cla/Amo

20 mg b.i.d./500 mg b.i.d./1 g b.i.d.

7

10
10

Ome/Cla/Amo
Ome/Cla/Amo

40 mg b.i.d./800 mg b.i.d./2 g b.i.d.
40 mg b.i.d./1.6 g b.i.d./2 g b.i.d.

7
7

82/101 (81.2)

68/93 (73)

431/525 (82.1)

448/617 (72.6)2

87/98 (88.8)
51/51 (100)

6/6 (100)
49/50 (98)

8

Lan/Cla/Amo

30 mg b.i.d./500 mg b.i.d./1 g b.i.d.

10

13/13 (100)

65/71 (91.6)

21

Ome/Cla/Amo

20 mg b.i.d./500 mg b.i.d./1 g b.i.d.

10

63/96 (65.6)

20/27 (74.1)

27
27

Rab/Cla/Amo
Ome/Cla/Amo

20 mg b.i.d./500 mg b.i.d./1 g b.i.d.
20 mg b.i.d./500 mg b.i.d./1 g b.i.d.

10
10

75/97 (77.3)
77/103 (74.8)

78/99 (78.8)
68/103 (73.1)

231/309 (74.8)

P

0.388
0.313

231/300 (77)3

Ome, omeprazole; Lan, lansoprazole; Pan, pantoprazole; Rab, rabeprazole; Cla, clarithromycin; Amo, amoxicillin; daily; q.d., daily; b.i.d., twice daily. 1Omeprazole was used
for 2 wk. PUD, peptic ulcer disease; NUD, non-ulcer dyspepsia; PPI b.i.d., PPI in standard dose. 2RR (95%CI): 1.15 (1.01–1.29). 3RR (95%CI): 1.03 (0.95–1.12). N/T.N, number/
total number.

1.15 (95%CI 1.01-1.29). However, the test of homogeneity
showed the presence of statistically significant between-study
heterogeneity (Q Cochrane = 11.81, df = 5, P = 0.037).
Scrutiny of these studies found that the heterogeneity
was most likely caused by a large differential difference in
H pylori eradication rates between studies. Therefore, a
random-effects model was used, which yielded a RR of
1.15 (95%CI 1.01-1.29). The result suggests that the 7-d
PCA combination regimen given in the recommended doses
cured significantly more H pylori infections in patients with
PUD than in those with NUD. The summary risk difference
was estimated at 0.11 (95%CI -0.01-0.22), giving an estimated
NNT of 9. The Egger’s regression test for the detection
of publication bias was not statistically significant (r = -0.64,
P = 0.08) for the 7-d PCA triple therapy.
Figure 1 depicts the individual and summary relative
risks and 95%CI.

Reference (1sh author, year)
Borda et al, 1999
Catalano et al, 1997
De Francesco et al, 2001
Zullo et al, 2003
Luna et al, 1997
Vakil et al, 2004
Summary RR (95%Cl)
(random-effects model)

0

1.15 (1.03-1.29)

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
Favors NUD RR and 95%Cl Favors PUD

Figure 1 Individual and summary relative risks and 95% CI comparing the
efficacy of 7 d PCA combination regimen in patients with PUD or NUD.

A subgroup analysis was conducted according to the
type of publication. Of the six studies, four were published
in abstract form[7,9,20,22] and two as full articles[11,27] . The

pooled eradication rates from the four meeting abstracts
were 85.8% for patients with PUD and 69.7% for those
with NUD, yielding a RR of 1.19 (95%CI 1.06-1.33).
However, the test of homogeneity was statistically significant
(Q Cochrane: 8.47, P = 0.037). A reanalysis of the data
using a random-effects model generated a RR of 1.23
(95%CI 1.00-1.52), demonstrating a borderline statistically
significant difference, indicating a trend that patients with
PUD respond to the 7-d PCA combination treatment better
than those with NUD.
Similar eradication rates were observed in the two
reports published as full articles[11,27]. An Italian study
reported by Zullo and colleagues showed similar H pylori
eradication rates between patients with PUD (74.8%) and
those with NUD (73.5%)[11] (Table 3). A US study reported
by Vakil et al [27] , demonstrated that PCA eradicated 8.2%
more H pylori infections in patients with PUD than in those
with NUD (Table 3). However, this difference was not
statistically significant.
Sato and colleagues reported one study, involving two
treatment arms, in which higher doses of antibiotics were
used in 7-d PCA combination[10]. However, no significant
difference in H pylori eradication rates between the two
groups of patients was reported (Table 3).
Three studies reported efficacy data obtained with a
10-d standard dose PCA combination regimen involving
309 PUD patients and 300 NUD patients[8,21,27]. The pooled
eradication rate was 74.8% (231/309) for PUD patients
and 77% (231/300) for NUD patients, respectively, yielding
a RR of 1.03 (95%CI 0.95-1.12). The test of homogeneity
was not statistically significant (Q Cochrane: 2.81, P = 0.42).
Thus, there was no statistically significant difference in
H pylori eradication rate between the two groups of patients.
Four studies (five arms) reported comparative eradication
data involving triple therapies consisting of a PPI,
metronidazole and clarithromycin or amoxicillin[23-26]. The
results of these studies are tabulated in Table 4. However,
no statistically significant difference in H pylori eradication
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Table 4 Characteristics of triple therapies consisting of a PPI, metronidazole and clarithromycin or amoxicillin
Eradication rate (ITT)
Refs

Combination regimens

Dose

Treatment duration

P
PUD

NUD

N/T.N (%)

N/T.N (%)

23

Pan/Met/Cla

40 mg q.d./400 mg b.i.d./250 mg b.i.d.

7d

54/65 (83.1)

21/24 (87.5)

23

Pan/Met/Cla

40 mg b.i.d./400 mg b.i.d./250 mg b.i.d.

7d

54/64 (84.4)

18/22 (81.8)

0.613
0.781

24

Ome/Met/Cla

40 mg q.d./500 mg b.i.d./250 mg b.i.d.

7d

15/19 (78.95)

5/6 (83.3)

0.819

25

Pan/Met/Amo

40 mg b.i.d./500 mg b.i.d./1 g b.i.d.

26

Ome/Met/Amo

40 mg q.d./400 mg t.i.d.1/750 mg b.i.d.

7d

14/19 (73.7)

7/11 (63.6)

0.569

14 d

22/27 (81.5)

22/37 (59.5)

0.063

Ome, omeprazole; Pan, pantoprazole; Cla, clarithromycin; Amo, amoxicillin; Met, metronidazole; daily; q.d., daily; b.i.d., twice daily. 1Metronidazole was used
for 5 d only. PUD, peptic ulcer disease; NUD, non-ulcer dyspepsia.

rates between patients with PUD and those with NUD was
reported in any of the studies[23-26].

DISCUSSION
Individual studies suggest that patients with PUD may
respond better to H pylori eradication treatment than patients
with NUD. However, the results have been conflicting
between studies[6-11]. Several factors may have contributed
to the conflicting reports, which include a small sample
size [10,17,24,25], use of sub-optimal doses or inadequate
treatment duration[13,17]. In order to systematically examine
this question, we comprehensively reviewed all relevant
clinical trials that provided data on H pylori eradication
between patients with PUD and those with NUD.
Although there are numerous combination treatment
regimens for eradicating H pylori infection, only a few choices
of treatments are currently recommended[2-4,28,29]. Therefore,
we focused on the combination treatment regimens that
are currently recommended by the majority of authorities
or consensus groups. These include triple therapies consisting
of a PPI or RBC plus two antibiotics (clarithromycin,
amoxicillin or metronidazole) or PPI-based quadruple
therapies[2-4,28,29].
No significant difference in the H pylori eradication rate
was observed between patients with PUD and those with
NUD when RBC-based triple therapies were used,
irrespective of the combination of antibiotics, dose regimens
and treatment duration (Table 1). Similar results were also
found in patients treated with PPI-based quadruple therapies
(Table 2), suggesting that both RBC-based triple therapies
and PPI-based quadruple combination therapies are similarly
effective for eradicating H pylori infection in patients with
PUD or with NUD.
PPI-based triple therapies are the most commonly
recommended treatment choice for eradicating H pylori
infection because of their highly consistent efficacy and
excellent safety record[30,31]. However, the number of studies
that included both PUD and NUD patients was limited and
this has prohibited us from conducting a reliable metaanalysis of all the recommended PPI-based triple therapies.
We found that, with the exception of the 7-d PCA combination,
no significant differences in H pylori eradication rates have
been observed in patients with PUD or NUD when other
PPI-based triple therapies were used (Table 4). Among the
six studies using the recommended PCA treatment, 9.5%

more H pylori infections were cured in patients with PUD
compared to those with NUD, which is statistically
significant. However, the results from the subgroup
analysis by publication type showed that the difference
was caused by a large differential difference (16.1%)
observed in the meeting abstracts because there was no
statistically significant difference in the H pylori eradication
rates between the two groups of patients in the two full
articles[11,27]. Therefore, according to the current literature,
there is no convincing evidence that patients with NUD
respond to the 7-d PCA combination treatment significantly
different from those with PUD. This is especially the case
when the PCA combination treatment is used for 10 d
and similar H pylori eradication rates are achieved in both
groups of patients[8,21,27] .
Nevertheless, Houben and colleagues observed that PPIbased triple therapies eradicated 8.8% more H pylori
infections in patients with PUD than in those with NUD
(P = 0.036)[32]. However, this study was published in abstract
form and no detailed information on treatment regimens
was provided[32]. A similar, but statistically non-significant
difference was also reported by Kamberoglou et al[33], in a
study involving 106 NUD and 142 PUD patients treated
with either PPI- or RBC-based triple therapies in which
8.1% more H pylori infections were cured in patients with
PUD than in those with NUD. Similarly, the study was only
available in abstract form. Furthermore, the authors did
not separate patients treated with PPI-based therapies from
those receiving RBC-based regimens, making it difficult to
ascertain which combination treatment contributed most
to the observed difference.
Why patients with NUD and PUD respond differently
to the 7-d PCA combination regimen remains unclear.
Several hypotheses suggested by Gisbert and colleagues
indicate that infection with different strains of H pylori,
different severities of inflammation or patient compliance,
age and gender may contribute to differences in H pylori
eradication rates between patients with PUD and NUD[6].
Nevertheless, it is not clear why the difference was only
seen with the 7-d PCA combination treatment, but not with
other treatment regimens.
We combined patients with duodenal ulcer or gastric
ulcer in this study because the evidence from individual
studies suggests no significant difference in H pylori
eradication rates between patients with duodenal or gastric
ulcer when the PCA combination[10,21,22] or other PPI-based

Huang JQ et al. H pylori eradication in NUD or PUD

triple therapy[19] was used. The results show that H pylori
infection-related gastric or duodenal ulcers respond similarly
to eradication treatment.
There are several limitations to our study. First, the
nature of the study question which we assessed indicates
that there are no randomized controlled clinical trials.
Therefore, we included all study designs in the analysis
and these may suffer from certain methodological
weaknesses. Second, the number of trials available for
analysis was limited especially for non-PCA combination
regimens. Therefore, a type II error cannot be excluded.
The small number of studies also prohibited us from
conducting several clinically important subgroup analyses
to assess the potential impact of bacterial resistance,
different strains of H pylori and the country of study on
the difference in H pylori eradication rates.
In conclusion, although individual studies may have
suggested that patients with PUD respond better to H pylori
eradication treatment than those with NUD, we have not
found any convincing evidence that this is the case across
different combination treatment regimens although a trend
exists with the recommended 7-d triple therapy consisting
of a standard dose proton pump inhibitor, clarithromycin
and amoxicillin.
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Abstract
AIM: To develop an experimental model of islet allotransplantation in diabetic rats and to determine the positive
or adverse effects of MMF as a single agent.
METHODS: Thirty-six male Wistar rats and 18 male Lewis
rats were used as recipients and donors respectively.
Diabetes was induced by the use of streptozotocin
(60 mg/kg) intraperitoneally. Unpurified islets were isolated
using the collagenase digestion technique and transplanted
into the splenic parenchyma. The recipients were randomly
assigned to one of the following three groups: group A
(control group) had no immunosuppression; group B
received cyclosporine (CsA) (5 mg/kg); group C received
mycophenolate mofetil (MMF) (20 mg/kg). The animals
were killed on the 12th d. Blood and grafted tissues were
obtained for laboratory and histological assessment.
RESULTS: Median allograft survival was significantly
higher in the two therapy groups than that in the controls
(10 and 12 d for CsA and MMF respectively vs 0 d for the
control group, P<0.01). No difference in allograft survival
between the CsA and MMF groups was found. However,
MMF had less renal and hepatic toxicity and allowed
weight gain.
CONCLUSION: Monotherapy with MMF for immunosuppression was safe in an experimental model of islet
allotransplantation and was equally effective with
cyclosporine, with less toxicity.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Islet cell transplantation can provide a minimally invasive
method of restoring euglycemia and insulin independence
early in the course of diabetes mellitus [1]. This alternative
treatment comprises a very promising therapeutic approach
since the early 1970s[2-4] and recent reports in the literature
support this hypothesis[5-9]. However, the results “fall short”
compared to the expectations mainly due to the loss of
thousands of islets during the three-stage islet isolation
process, the need for immunosuppressive agents having
significant diabetogenic side effects and the difficulty to
detect graft rejection early[10] . Thus, the reported 1-year
insulin-independent survival after islet transplantation in
1999 was only 14%[11].
A major issue in transplantation is graft rejection. The
administration of immunosuppressive drugs such as
cyclosporine (CsA), tacrolimus and corticosteroids is essential
in order to prevent this complication [12]. Nevertheless
immunosuppressants are not devoid of serious side effects
such as the induction of diabetes, nephrotoxicity and
carcinogenesis[13-17].
In 1993 mycophenolate mofetil (MMF), the 2-4morpholino ethyl ester of mycophenolic acid, the biologically
active component, was introduced as a novel immunosuppressive agent[18]. MMF reversibly inhibits the enzyme
inosine monophosphate dehydrogenase (IMPDH), an
important enzyme in de novo synthesis of purine building
blocks of DNA, namely guanine and adenine[19]. Lymphocytes,
which play a significant role in graft rejection, have no way
of producing adequate amounts of purines if IMPDH is
not available[20]. Thus, MMF prevents proliferation of both
T cells and B cells and thereby inhibits antibody production.
Moreover, through depletion of intracellular GTP levels
in lymphocytes, MMF suppresses glycosylation and the
expression of some adhesion molecules, thereby reducing
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lymphocyte migration to the transplant[21]. However, its effect
on T cell proliferation received more attention because of
the importance of T cells in the allogeneic response[22].
MMF is considered as a safe drug and the most frequently
reported side effects are mild and involve mainly the
gastrointestinal system (diarrhea, abdominal pain, nausea
and vomiting)[23-25] . Its major advantages are the lack of
nephrotoxicity and diabetogenic effects, which makes MMF
an important agent in renal and islet transplantation. Although
its use in renal transplantation has been established[26–28] ,
its use in clinical islet transplantation is still limited[29,30] .
There are also a few reports regarding the use of MMF in
combination with other regimens in experimental models
of islet xeno- and allotransplantation[31-37] but in very few
cases as monotherapy.
The aim of this study was to evaluate the efficacy of
MMF as monotherapy on islet graft function and development
in a period as early as 12 d after allogeneic islet transplantation
in chemically induced diabetic rats, with a dose lower than
the usually administered and to compare it with the efficacy
of a widely used immunosuppressant such as cyclosporine A.

MATERIALS AND METHODS
Animals and experimental groups
Thirty-six male Wistar rats and 18 male Lewis rats weighing
220-300 g were used as recipients and donors respectively
(animals were obtained from Pasteur Institute, Athens,
Greece and Democretos Research Center, Athens, Greece).
All the principles for laboratory animal care were followed
according to the European Union Regulations and the Greek
law for the use of laboratory animals (Act 160, Volume 64,
No. A, May 1991, License Ref. 1267/2570). The recipients
were randomly allotted to three groups of 12 animals: group
A (control group) had no immunosuppression, group B
received CsA (Neoral - Novartis) at a dose of 5 mg/kg,
and group C received a low dose MMF (CellCept - Roche)
(20 mg/kg), which is half the usual dose.
Induction of diabetes
Diabetes was induced by single intraperitoneal injection of
60 mg/kg streptozotocin (STZ - Sigma - S-0130) freshly
resolved in a solution of PBS (phosphate buffer solution
Sigma 1000-3) at a concentration of 10 mg/mL (pH 4.5
using citric acid) 7 d prior to transplantation. It has been
documented that doses bigger than 50 mg/kg cause
irreversible and complete destruction of beta cells in adult
rats[38].
Isolation of unpurified islets
Islets were acquired with a modification to the technique
previously described by Papalois et al [39]. Briefly, after the
animals were anesthetized a midline abdominal incision was
performed and the common bile duct was recognized and
ligated in its middle. Then the duct was catheterized with a
fine catheter (polyethylene tubing, PE 10 - ID 0.28 mm
and A 0.61 mm - Becton Dickinson) and 6 mL of collagenase
(Sigma - Type XI - C 7657) solution (0.9 ng/mL) were
infused slowly until the pancreas was distended. Subsequently
pancreatic resection was performed and the donor was killed.
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The pancreatic specimen was incubated in water bath (at
37 ℃) for 20 min. After incubation the distended pancreas
was washed twice in cold Hanks solution in order to
terminate collagenase activity and to wash out collagenase
and fat tissue. The product was then filtered through a
400-L filter in order to retain duct remnants, sutures,
lymph nodes and pancreatic capsule remnants. The cell
suspension was then considered ready for transplantation.
We omitted the separation of the endocrine from the
exocrine tissue in order to avoid the loss of islet yield during
the purification process. A 100-L sample was taken and
islets were counted by dithizone staining. The mean±SE
islet yield for transplantation was 1 812±145.
Transplantation technique
Spleen was used as the site of transplantation[40–42]. The rats
were anesthetized as previously described and 0.7 cc of the
isolated cell suspension was injected slowly using an insulin
syringe into the splenic parenchyma. Leakage was avoided
with a 2-0 silk suture tied at the spleen’s pole.
Determination of biochemical indices
Blood glucose levels were measured in blood obtained from
rat-tails using a Glucometer Elite blood glucose-measuring
instrument (Bayer AB, Gothenburg, Sweden). Measurements
were performed one week prior to transplantation (d -7),
right after transplantation (d 0) and at the 3rd, 5th, 7th, 10th
and 12th d post-transplantation. Diabetes was diagnosed when
two consecutive glucose readings were over 180 mg/dL.
Grafts were considered as functional when blood glucose
levels were below 200 mg/dL after the 2nd post-operative d
for two consecutive measurements. The 2 d interval was
allowed for islets to become functional. Liver enzymes
(SGOT, SGPT, GT) as well as creatinine values were
determined from blood samples obtained on d 12 from 11
animals of the two therapy groups and from 5 animals of
the control group that were still alive. The normal range of
each of the biochemical indices for the Wistar rats used in
our laboratory is as follows: SGOT: 116-278 IU/L, SGPT:
29-80 IU/L, GT: 0.6-2.1 IU/L, creatinine: 0.4-0.8 mg/dL.
Animal sacrifice
The overall time of observation was 12 d. On the last day
the animals were killed and blood as well as grafted tissues
were obtained for laboratory assessments and histological
examination.
Histological examination of the grafted tissues
Spleens carrying the transplanted islet grafts were removed
and fixed in formalin saline. Paraffin tissue sections (3-m
thick) were stained with hematoxylin-eosin. Intracellular
content of insulin was demonstrated immunohistochemically
using the peroxidase technique by means of polyclonal antiinsulin antibodies (rabbit anti-insulin, Monosan, Netherlands)
and with an indirect biotin streptavidin detection kit (iViewTM
DAB detection kit, Ventana Medical Systems, SA, France),
which detects mouse IgG, mouse IgM, and rabbit polyclonal
primary antibodies. Pancreas tissue was used as positive
control. We estimated the intensity of staining as weak and
intense. Evaluation was performed using light microscopy
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Statistical analysis
All values were presented as mean±SD. Statistical analysis
was performed using the Student’s t test comparing group
means. To evaluate the differences in graft survival, the
Kaplan-Meier survival analysis was performed and a log
rank test was used for the evaluation of differences. P values
less than 0.05 were considered significant. Comparisons
among time measurements of each variable during treatment
period for each study group were analyzed using one factor
repeated measures ANOVA (pair wise multiple comparisons
were performed using Tukey critical difference). MannWhitney U test (exact significance) was used for the comparisons
between groups.

RESULTS
The operation-related mortality in the three groups was as
follows: no rat died in the control group, 1 out of 12 rats
died in group B (8.3%) and 1 out of 12 died in group C
(8.3%). All rats in CsA and MMF groups that survived the
operation were alive at the 12th d (the day of killing). In the
control group, however, mean survival was 8.1 d and only
five rats reached the day of killing (41.7%). This difference
was statistically significant (P<0.01, Table 1).

three groups and the Kaplan-Meier curves were constructed
(Figure 1). In both therapy cases the differences in allograft
survival in comparison to the control group were statistically
significant (log rank test, P<0.01 for MMF vs control and
P<0.01 for CsA vs control). In contrast, the difference in
actuarial allograft survival between the CsA and MMF groups
was not statistically significant (log rank test, P = 0.505).

1.0
Cumulative survival

(HE ×200). The presence of insulin positive cells and intact
islets was assessed using a semi-quantitative scoring system:
none (0-1), occasional (1-8), many (9-18) and plentiful (>18)
(numbers representing count of islets per 10 big optic fields).
The presence of infiltrating inflammatory cells was also
assessed using a semi-quantitative method (0 = occasional
infiltrating cells, + = few, ++ = moderate, +++ = many,
++++ = massive infiltration)[35]. Eleven out of the twelve
grafted sites were available for histological examination from
the CsA and MMF groups (one rat from each group died
during the transplantation procedure). All grafted tissues
from the control group were obtained for histological
assessment regardless of the animal’s day of death.

Group C
MMF
n = 11

3 (25)
0 (1.2)

9 (82)
10 (4.9)

9 (82)
12 (5.1)

<0.01
Kruskal Wallis

8.1 (3.7)

12 (0.0)

12 (0.0)

Kruskal Wallis

Tx (median SD)
Animal survival in days
after Tx (median SD)

P
x2

<0.01
<0.01

Tx: transplantation, CsA: cyclosporine A, MMF: mycophenolate mofetil.

The functional outcome of islet allografts was evaluated
after d 3 (Table 1). In the control group, 3-d allograft survival
was significantly less than both cyclosporine and MMF
groups (25% vs 82%, P<0.01, Table 1). Median allograft
survival was also significantly higher in the two therapy
groups than that in the controls (10 and 12 d for CsA and
MMF respectively vs 0 d for the control group, P<0.01,
Table 1). Actuarial allograft survival was calculated for all

GR O U P

0.6

MMF
MMF-censored

0.4

Cyc A
CycA-censored
Control

0.2

Control-censored

0

2 4 6
8 10 12
Allograft survival (d)

Figure 1 Actuarial allograft survival curves in the three study groups based on
serum glucose levels, showing significantly prolonged survival in the two
therapy arms in comparison to the controls.

Glucose changes from baseline were recorded (Figure 2).
Significant overall differences between the three groups were
observed at the 3rd, 5th, 7th, 10th and 12th post-transplantation
day (ANOVA, Figure 2). These differences, at all times but
one, were attributed to higher glucose levels in the control
groups (Tukey). The difference between the CsA and the
control group was not significant only on the 3 rd posttransplantation day and consequently the overall difference
was attributed to lower glucose levels in the MMF group.
The glucose values over time tended to be at lower levels in
the MMF group compared to the CsA group although this
observation was not statistically significant (P = 0.747).

600
Glucose levels (mg/dL)

3rd-d graft survival (%)
Graft survival in days after

Group A Group B
Controls
CsA
n = 12
n = 11

0.8

0.0

Table 1 Islet allograft survival and animal survival in recipients
treated with CsA and MMF
Variable
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Control

500
400

Cs A

P = N.S
MMF

300
200
100

P = 0.019 P<0.01 P = 0.01 P<0.01 P<0.01

0
Baseline

3

5

7

10

12 (d)

Figure 2 Effect of MMF and CsA on the blood glucose levels of the recipients
over time after transplantation.

Weight changes were also recorded for all recipients
(Figure 3). Statistically significant differences in the proportion
of weight change from baseline were found between the
three groups after the 7th post-operative day. These changes
were significant also in the 10th and the 12 th d. The MMF
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Mean value (Kg)

-5

Table 3 Histologic evaluation after transplantation

Cs A

Group
Animal

MMF

-10
-15

P = N.S

P = N.S
P = 0.032

-20
-25
Baseline 3

P = 0.007

5

7

10

P = 0.005

12

14 (d)

Figure 3 Effect of MMF and CsA on the percentage of weight change of the
recipients.

group (Figure 3) was the only one in which weight gain was
recorded, although this observation was not statistically
significant.
Post-transplantation biochemical data (SGOT, SGPT,
GT and creatinine) in the two therapy cases and in the
control group were also recorded. All the post-transplantation
biochemical parameters in the control group and in the
MMF group were within normal range. The same
observation was made for the CsA group, except for GT
values (Table 2). All biochemical data recorded, except for
SGOT values, were significantly lower in the MMF group
in comparison to corresponding values in the CsA group
(Table 2). Compared with the control group creatinine levels
were significantly lower in the MMF group (P<0.027)
and GT levels were significantly elevated in the CsA group
(P<0.01, Table 2).

Table 2 SGOT, SGPT, GT and creatinine measurements in the
controls as well as in the two therapy groups
Variable

Group A
Controls

Group B
CsA

Group C
MMF

SGOT (mean, SD)

144 (27.6)

119 (47)

131 (46)

SGPT (mean, SD)

48.4 (12.9)

66 (27)

33 (15)f

GT (mean, SD)

1.14 (0.42)

2.8 (0.5)

Creatinine (mean, SD)

0.6 (0.16)

0.6 (0.1)

b

Volume 11

Control

5
0
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0.7 (0.5)f
0.4 (0.1)d,f

b

P<0.01 vs controls, dP<0.027 vs controls, fP<0.01 vs CsA.

Light microscopy histological assessment of the grafts
from the three different groups revealed the appearance
of exocrine tissue, islets clumped together or free-lying in
the surrounding exocrine tissue, peri-islet tissue inflammatory
infiltration and areas of necrosis (Table 3). In untreated
rats a massive infiltrate covered most of the allografts
and completely destroying most of them (Table 3). Twelve
days after transplantation various numbers of islets and
various degrees of infiltration were observed in allografts
removed from animals treated with CsA or MMF alone.
Immunohistochemical staining for insulin in the control group
was relatively weak (Figure 4A), whereas in both treatment
groups a marked number of cells had more intense insulin
staining (Figures 4B and C). Bigger and better developed
islets were found in the MMF-treated group (Figure 4C).
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CsA
Inf/End

MMF
Inf/End

Controls
Inf/End

1

0/Occasional

0/Occasional

0/Occasional

2

0/Occasional

+/Occasional

+++/None

3

0/Many

+/Occasional

++++/None

4

++++/Occasional

+/Plentiful

++++/None

5

++++/Occasional

+++/Plentiful

++++/None

6

++++/Many

++++/Occasional

7

++++/Many

++++/Occasional

++/Occasional

8

++++/Many

++++/Occasional

+++/Occasional
++++/Occasional

++/Occasional

9

Necrosis

++++/Occasional

10

Necrosis

++++/Occasional

Necrosis

11

Necrosis

Necrosis

Necrosis

12

–

–

Necrosis

Inf: infiltrating cells, End: endocrine cells. Sections with abundant necrosis
were not evaluated.

DISCUSSION
In the present study we compared the efficacy of MMF
and CsA in an experimental model of islet allotransplantation.
The present study was based on a previous one [45] in
which the efficacy of two different doses of MMF (12
and 23 mg/kg) with CsA (5 mg/kg) was compared. In the
previous study MMF in the dose of 23 mg/kg was equally
effective with CsA in maintaining graft function. However,
graft survival in the group of 12 mg/kg was not satisfactory.
Consequently it was decided to omit the MMF group that
was not effective, trying to have higher MMF levels and at
the same time to test a dose that is half of that presented in
many reports.
Immunosuppression with cyclosporine (5 mg/kg)
maintained graft function for a median of 10 d, while
administration of MMF at a dose of 20 mg/kg was equally
effective prolonging graft survival for a median of 12 d.
The present results are in accordance with those reported
by other researchers demonstrating that treatment with
CsA and MMF alone or in combination with other
immunosuppressants reduces allograft and xenograft rejection.
However, in these studies higher doses were employed
(10-30 mg/kg for CsA and 40 mg/kg for MMF) [32-37].
Previously reported data have shown that CsA increases
insulin resistance and has nephrotoxic and hepatotoxic
effects, especially when combined with other agents such
as glucocorticoids and sirolimus[41-43]. In clinical studies MMF
has been shown to be a safe drug and furthermore there is
evidence that it not only maintains the graft but improves
renal function as well[26-28].
The ability of MMF to preserve islet allo- and xenograft
function is not only due to the selective antiproliferative
effect on B and T cells, but also due to the protection of
the microvasculature from the immune response, even from
the 10th d after transplantation. As a consequence the grafts’
nutritive microcirculation[44] is preserved. In the present
study, despite the limited observation period, the fact that
larger and better-developed islets were found in the MMF
group in comparison to the cyclosporine group suggests an
immediate beneficial effect of MMF in the preservation
of islet architecture. Interestingly, in our previous report
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A

B
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C

Figure 4 A: Three weak stained islets (long arrows) located into the exocrine
tissue 12 d after transplantation without immunosuppression. A dilated pancreatic
duct (short arrow) is also present (anti-insulin, ×200); B: Intact islets into the
exocrine tissue (long arrows) 12 d after engraftment and immunosuppression
with CsA. The insulin staining is positive and intense (anti-insulin, ×200); C: A

well-developed and large islet (long arrow) into the exocrine tissue 12 d after
transplantation and immunosuppression with MMF. Anti-insulin stain shows
beta cell granulation within islets. At the lower right corner of the figure splenic
parenchyma is present (short arrow) (anti-insulin, ×200).

such beneficial effect on islet architecture was observed
even when approximately half of the present dose of MMF
was used[45].
It was observed that transplantation of allogeneic islet
tissue without immunosuppression resulted in 100%
rejection within few days. It has been well established that
the islet allografts survive about 5 d in diabetic rats without
immunosuppression[37]. The fact that very few of the grafts
in the control group became functional after the 3 rd d of
transplantation is probably due to the presence of exocrine
tissue. Exocrine tissue contamination of freely transplanted
pancreatic islets deteriorates the process of graft revascularization
and induces additional injury by provoking a deleterious
inflammatory response and consequently leading to graft
destruction[46,47]. Taking into account the massive infiltration
detected in the grafts of untreated recipients in the present
study, this might be the reason for the low graft survival in
this group.
In this experimental model of islet transplantation
creatinine, SGPT and GT values were found to be lower
in the MMF group compared to those found in the CsA
group and with the exception of GT values all other
biochemical data in the CsA group did not exceed the normal
range. The significantly increased GT values found in the
CsA case are indicative of a cholostatic effect of the specific
drug, a well-documented side effect [48]. Interestingly,
creatinine values were found to be lower in the MMF group
compared to controls. This finding is in accordance with
the published data that MMF may protect from and even
reverse nephrotoxicity caused by other immunosuppressant
agents, such as CsA[26,49]. The fact that the MMF group was
the only one in which weight gain was recorded indicates
that this agent is well tolerated without serious side effects.
In conclusion, low dose MMF provided effective
immunosuppression in an experimental allograft islet
transplantation model and compared favorably to CsA
in terms of islet morphology and side effects. Given the
fact that complications of immunosuppressive therapy
continues to be one of the major hurdles to successful islet
transplantation, management of immunosuppression
requires careful risk vs benefit assessment. Favorable
benefit/side effects ratio for the biochemical and histological
parameters with the low dose monotherapy of MMF was

observed in the present study, compared to data presented
in other reports. This drug might represent a standard
suitable immunosuppressive agent for improving the out
come of pancreatic islet allo-transplantation.
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CONCLUSION: In WIR-stressed rats, the MT level was
increased in serum and in stomach and liver tissues.
Pre-administration of exogenous MT or pre-induction of
endogenous MT can protect the gastric mucosa against
stress-induced ulcers and inhibits the formation of stressinduced lipid peroxide. MT could have a gastroprotective
effect and might be a new interventive and therapeutic
target in stress-induced gastric ulcers.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Abstract
AIM: To illustrate the pathophysiological role of
metallothionein (MT) in gastric ulcer induced by stress.
METHODS: Wistar rats underwent water-immersionrestraint (WIR) stress, ZnSO4 (an MT inducer) treatment,
WIR+ZnSO4 or WIR+MT, and the ulcer index (UI) was
estimated in excised stomach and liver tissues. The mRNA
level of gastric MT was determined by semi-quantitative
RT-PCR. The MT content in gastric and hepatic tissues was
determined by Cd/hemoglobin affinity assay. The lipid
peroxidation products malondialdehyde (MDA) and conjugated
dienes (CD) were estimated by use of thiobarbituric
acid reactive species and ultraviolet spectrophotometry.
RESULTS: WIR stress induced severe gastric mucosal
lesions in rats. Compared with control rats, stressed rats
had increased lipid peroxide content in serum and stomach
and liver tissues. MDA content was increased by 34%,
21% and 29% and CD level by 270%, 83% and 28%,
respectively. MT content in the stomach and liver was
increased by 0.74- and 1.8-fold, and the MT-mRNA
level in the stomach was increased by 26%. Pretreatment
with ZnSO4 prevented gastric lesion development (the UI
was 87% lower than that without pretreatment), and the
MDA and CD content in serum and tissues was lower.
The MT content in the liver was double in rats that were
not pretreated, and the MT mRNA level in the stomach
was 35% higher. MT administration 1 h before the WIR
stress prevented gastric lesion development (the UI
decreased by 47% compared with that in rats not
pretreated), and the MDA and CD content in serum and
tissues was significantly lower.

INTRODUCTION
Physical or psychological stress is one of the common causes
of upper gastrointestinal ulceration[1]. Since Hans Selye’s
report established that gastric ulcer occurs under chronic
stressful conditions, a plethora of investigations have been
performed to unravel mechanisms underlying stress-induced
gut lesions[2]. Molecules and their receptors involved in the
stress response are being characterized. Clinical observations
indicate that various kinds of stress such as shock, burns,
sepsis, and severe trauma as well as severe emotional distress
are closely related to acute upper gastrointestinal erosions
and ulcerations[3] . Although the pathogenesis of gastric
lesions is not completely understood, mucosal ischemia and
enhanced back diffusion of hydrogen ions have been
proposed as major pathophysiological phenomenon in
these stress-induced injuries. The production of oxygenfree radicals via the xanthine-xanthine oxidase system and
neutrophils and lipid peroxidation initiated by the produced
reactive oxygen species (ROS) have been investigated to
explain the mechanisms of acute gastric lesion formation
associated with stress.
Lipid peroxidation induced by oxygen-free radicals
may play a critical role in the pathogenesis of acute gastric
mucosal injury in experimental animals and humans[4,5]. As
well, stress could agitate the injured and defensive capacity
of the body. On one hand, stress can increase the injured
substances; on the other, it can enhance the endogenous
defense systems. So, it is important to reinforce the function
of the defense system for the prevention and therapy of
stress-induced diseases.
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Metallothionein (MT) is a low-molecular-weight, heavymetal-binding, cysteine-rich protein. The highest concentration
of MT is found in the liver, kidney, intestine and pancreas.
Called as an acute-phase protein or stress protein, MT responds
to various stresses such as physiological and psychological
stresses[6], and MT induced by stressors has been shown to
detoxify harmful heavy metals and ROS produced by the
stressors[7]. The ability of MT to capture hydroxyl radicals,
which are primarily responsible for the toxicity of ROS, is
300 times greater than that of glutathione, the most
abundant antioxidant in the cytosol[8]. In addition, MT has
been implicated in protecting cells from stress by regulating
metabolism and the immunity reaction[9].
We hypothesized that MT may play a central role as a
protective substance in the development of gastric mucosal
lesions in rats under stress. Therefore, we investigated the
expression of MT in rats treated with a water immersion
restraint (WIR) and examined the effects of exogenous MT
and pre-induction of endogenous MT on the formation of
stress-induced gastric ulcers. We attempted to confirm
whether MT has a protective effect on the pathogenesis of
gastric ulcer due to stress and to explore its mechanism.

MATERIALS AND METHODS
Materials
All animal care and experimental protocols were in
compliance with the Animal Management Rule of the
People’s Republic of China and the Care and Use of the
Laboratory Animals guide of the First Hospital, Peking
University. Wistar rats weighing 180-220 g were maintained
under standard conditions of temperature, humidity and
light (12 h dark, 12 h light). They were provided with
Purina chow and free access to water. MT (from rabbit
liver), ZnSO4 (an MT inducer) and bovine serum albumin
were from Sigma Chemical Co. (St. Louis, MO); 109Cd was
purchased from Dupont NEN Inc. (Boston, MA); TRIzol
reagent was from Gibco (Gaithersburg, MD); dNTP was
from Clontech (Palo Alto, CA); and M-MuLV reverse
transcriptase, Taq DNA polymerase, RNasin and oligo (dT)
primer were from Promega (Madison, WI). Oligonucleotides
used for amplification were synthesized by Sai Bai Sheng
(Beijing, China). The MT-I sequences of oligonucleotide
were MT-I sense (MT-S), 5’-GCG ATC TCT CGT TGA
TCT CC 3’; and MT-I antisense (MT-A), 5’-CAG CTG CAC
TTG TCC GAA G 3’. The -actin sequences of oligonucleotide
were sense, 5’-ATC TGG CAC CAC ACC TTC-3’; and
antisense, 5’-AGC CAG GTC CAG ACG CA-3’. Other
chemicals were of analytical grade.
Animal experiments
Rats were randomly divided into control, WIR, ZnSO4,
WIR+ZnSO4 and WIR+MT groups (n = 6 for every group)
and were starved for 24 h but were allowed free access to
water. The ZnSO4 and WIR+ZnSO4 groups were injected
subcutaneously with 0.8 nmol/kg ZnSO 4 24 h before
killing. Except for control rats, all rats were restrained in a
wire cage and immersed up to the depth of the xiphoid process
in a 23 ℃ water bath to create WIR stress[10]. MT was injected
intraperitoneally in the WIR+MT rats (2.5×10-7 mol/kg) 1 h
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before the onset of WIR stress. Rats were killed under
pentobarbital anesthesia after 6-h WIR stress. After infusion
of 10 mL of saline and fixation with 40 g/L formaldehyde
for 5 min, rats were cut open along the gastric greater
curvature, and stomachs and livers were removed. The
gastric mucosa was carefully examined for lesions linear
breaks (erosions) at the mucosal surface of the glandular
part under a stereoscopic microscope. The ulcer index (UI),
extent of the lesion, is expressed as the sum of the length
of these breaks per stomach[11] .
Determination of the MT concentration by 109Cd/hemoglobin
affinity assay
The MT concentration in tissues was determined by use of
the 109Cd/hemoglobin affinity assay[12]. Tissues from the
stomach and liver were homogenized in four volumes of
10 mmol/L Tris-HCl buffer (pH 7.4), and the homogenate
was centrifuged at 10 000 g for 10 min at 4 ℃. The supernatant
was heated for 2 min in a boiling water bath, then centrifuged
at 10 000 g for 2 min to remove heat-precipitated proteins.
A 200-L aliquot of each column fraction or heatdenatured tissue supernatant fraction was placed in a
1.5-mL microcentrifuge tube. The samples were 10-fold
to keep the MT concentration in the range of the assay.
An amount of 200 L of radioactive cadmium (2.0 mg
109
CdCl2/mL with radioactivity of 1.0 Ci/mL) was added
to each centrifuge tube, mixed, and incubated for 10 min at
25 ℃. The free cadmium was removed by the following
procedure: 100 L of 2% bovine hemoglobin solution was
added to each tube, and the tubes were heated in boiling
water for 2 min, cooled in ice, and centrifuged at 10 000 g
for 5 min at 4 ℃. This procedure was repeated twice to
remove the excess radioactive cadmium. A clear supernatant
fluid was transferred to a gamma counting tube. The amount
of radioactivity in the last supernatant fraction was then
measured by use of a gamma counter (Perkin Elmer 1470).
The quantity of cadmium-binding proteins (MT equivalents)
was calculated[12] and expressed as micromoles of cadmium
per gram of heat stable protein.
Measurement of malondialdehyde (MDA)
Lipid peroxidation was estimated in terms of thiobarbituric
acid reactive species with use of 1,1,3,3-treaethyloxypropane
as a standard. Briefly, an aliquot of 250 µL of serum or
tissue homogenates was mixed thoroughly with 2.25 mL of
fresh TBA (0.67%) and heated at 95 ℃ for 30 min in a
water bath. The suspension was then cooled to room
temperature, centrifuged at 3 000 r/min for 10 min, and
the pink colored supernatant was taken for spectrophotometry
measurement at 532 nm for MDA assay. MDA content
was expressed in terms of nanomoles per liter for serum
and nanomoles per gram wet weight of tissue[13].
Measurement of conjugated dienes (CD)
Lipid peroxidation measurement by CD level was performed
as described[14]. An aliquot of 500 µL of serum and tissue
homogenates was extracted in chloroform-methanol (2:1)
and dried with N2. The dried extract was re-dissolved in
cyclohexane and absorbency measured at 234 nm by use
of a spectrophotometer.
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Statistical analysis
All data are expressed as mean±SD. Statistical differences
were evaluated by one-way ANOVA and then by the
Student-Newman-Keuls test; comparisons between two
groups involved the use of Student’s t-test. Linear regression
analysis was used to assess the correlation between variables.
A value of P<0.05 was considered statistically significant.

RESULTS
Gastric mucosal lesions developed in rats subjected to WIR
stress over 6 h, as shown in Figure 1. Macroscopic observation
showed lesions, most often 1-2 mm in size, or petechial
bleeding. The area of involvement was confined to the
glandular part of the stomach. The mean UI was 42.8±11.8
(Figure 2). In contrast, control rats had no lesions. As shown
in Table 1, lipid peroxide content in the gastric mucosa of
stressed rats was higher than that of the control rats.
Compared with control rats, stressed rats showed increased
MDA content in the serum and stomach and liver tissues,
by 34%, 21% and 29%, respectively (all P<0.01), and
increased CD content, by 270%, 83% and 28%, respectively
(all P<0.01, Table 1).

A

B

Figure 1 Gastric ulcers induced by WIR stress in the rat stomach. A: Stomach
of normal rats; B: gastric ulcers in stomach of the WIR-stressed rats.
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Figure 2 UI in WIR-stressed rats and ZnSO 4 and MT treatment. The UI was
b
P<0.01 vs WIR group.

Compared with control rats, stressed rats showed increased
MT content, by 0.74- and 1.8-fold (all P<0.01), in the
stomach and liver, respectively; the MT-I mRNA level in
the stomach was increased by 26% (P<0.01, Figure 3).
MT content in the stomach and liver of ZnSO4-treated
rats was increased by 74% and 180% compared with that
in control rats (all P<0.01). MT was generated effectively
in the WIR+ZnSO4 group and attenuated gastric lesion
development (with an 87% lower UI than that of WIRalone rats; P<0.01). Compared with WIR-alone rats, the
WIR+ZnSO4-treated rats showed double the MT content
in hepatic tissues (P<0.01), and the MT-I mRNA level in
the stomach was increased by 35% (P<0.01). Pretreatment
with ZnSO4 also ameliorated the increased level of lipid
peroxidation products induced by WIR stress in serum, and
stomach and liver tissues, decreased the MDA content, by
14% (P<0.05), 16% (P<0.05) and 26% (P<0.01), respectively,
and decreased the CD content, by 49% (P<0.01), 18%
(P<0.05) and 18% (P<0.05, Table 1).
MT pretreatment not only prevented gastric lesion
development (the UI decreased by 47% compared with
that in WIR-alone rats; P<0.01) but also inhibited the
formation of MDA and CD. Compared with WIR-alone
rats, MT-pretreated rats showed decreased MDA content
in the stomach and liver, by 20% (P<0.05) and 19% (P<0.05),
respectively, and decreased CD content in serum and
stomach, by 15% (P<0.05) and 49% (P<0.01, Table 1),
respectively.

MT-1 mRNA
-actin
Relative amount of MT-1
mRNA of control (%)

Semi-quantitative RT-PCR
Total RNA of gastric tissue was prepared by in situ lysis of
the tissues with TRIzol reagent. One microgram total tissue
RNA was reverse-transcribed into single-strand cDNA with
use of M-MuLV reverse transcriptase and oligo (DT) 15
primers. PCR was performed in a 0.2-mL tube containing
tissue cDNA (2 L), 5 mol/L per each MT-S and MT-A
primer mixture (1 L), 2.5 mmol/L per each dNTP mixture
(1 L), 1.5 mmol/L MgCl2 (1.5 L), 10× PCR buffer (2.5 L),
and 1.25 unit Taq DNA polymerase, in a total volume of
25 L. After denaturing at 95 ℃ for 5 min, PCR was run
at 94 ℃ for 30 s, 61 ℃ for 30 s, and 72 ℃ for 40 s for 30
cycles (72 ℃ for 5 min). A total of 8 L of PCR product
was separated in a 1.5% agarose gel, and stained with
ethidium bromide. The optical density of the 256-bp band
was measured with use of the Gel Documentation System
(Bio-Rad, Hercules, CA). The amplification of MT cDNA
was confirmed by digestion of the PCR products with
restriction enzyme BglII. An amount of 2 L PCR product
was amplified again with the two rat -actin primers at
94 ℃ for 30 s, 55 ℃ for 30 s, and 72 ℃ for 40 s for 24 cycles
(72 ℃ for 5 min), and the optical density of the -actin band
(291 bp) was measured. The ratio of MT mRNA to -actin
mRNA was considered as the relative amount of MT mRNA.
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Figure 3 RT-PCR analysis of stomach MT-1 mRNA level. The data (expressed as
ratio of MT-1 mRNA and -actin mRNA) were shown as mean±SD (n = 3/group)
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P<0.01 vs control, dP<0.01 vs WIR group.
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Table 1 The content of MT, CD and MDA in rat plasma, stomach and liver (mean±SD)
Control
CD content in plasma (A/mL)
CD content in stomach (A/g tissue)
CD content in liver (A/g tissue)
MDA content in plasma (nmol/mL)
MDA content in stomach (nmol/g tissue)
MDA content in liver (nmol/g tissue)
MT content in stomach (g/g protein)
MT content in liver (g/g protein)

10.19±1.81
39.96±6.74
64.87±3.05
3.65±0.41
4.17±0.18
6.86±0.86
1.080±0.066
9.955±1.358

WIR

ZnSO4
b

37.37±2.04
73.09±3.71b
83.26±3.78b
4.88±0.30b
5.06±0.77
8.87±1.20b
1.875±0.285c
28.325±7.117

WIR+ ZnSO4
a

10.33±2.07
51.39±4.41a,b
66.99±4.7a
3.98±0.35a
4.67±0.54
7.27±0.57a
1.925±0.7c,e
54.165±19.224c,e

a,b

19.08±1.52
60.48±3.93a,b
68.07±4.93a
4.20±0.21a
4.21±0.62
6.60±0.87a
1.813±0.448 c,e
56.63±15.218c,e

WIR+MT
18.64±1.32a,b
62.43±4.99a,b
80.76±3.16b
4.77±0.18b
4.01±0.32a
7.21±0.44a
1.493±0.188c
12.575±6.106c

n = 6 in each group. aP<0.05 vs stress group, bP<0.01 vs control group, cP<0.05 vs control, eP<0.05 vs stress group, respectively.

DISCUSSION
It is well known that oxygen-free radicals, primarily superoxide
anion (O2-.) and hydroxyl radical (OH.), play an important
role in the pathogenesis of acute gastric lesions induced by
experimental stress[15] . Such radicals cause tissue injury
through lipid peroxidation. ROS can induce cellular membrane
damage by peroxidation of phospholipid fatty acids. In rats
subjected to WIR stress, the development of gastric mucosal
lesions is closely related to the enhanced formation of lipid
peroxide and enhanced oxidation of nonprotein sulfhydryl
and nonprotein SH, which depends on an increased
generation of oxygen-free radicals such as superoxide anion
via the xanthine-xanthine oxidase system[16-18].
MT was first isolated from horse kidney and characterized
more than 40 years ago[19]. Typically, MT has low molecular
weight (<7 000 Da). There are four known isoforms. The
MT-I and MT-II isoforms have a ubiquitous tissue distribution
and are abundant in the liver, pancreas, gastrointestinal
system and kidney, whereas MT-III and MT-IV are restricted
to the brain and skin. The MT-I and MT-II isoforms are
inducible by various stress conditions and compounds,
including ROS, glucocorticoids, cytokines, and metal ions.
In contrast, the MT-III and MT-IV isoforms are relatively
unresponsive to these inducers.
Several lines of evidence suggest that MT can protect
cells from damage caused by agents. For example, overexpression
of MT in cells diminishes the sensitivity of the cells to
compounds that generate oxygen-free radicals, DNAdamaging agents such as UV radiation, and nitric oxide,
whereas targeted disruption of the MT gene renders the
cells significantly more sensitive to stress damage[20,21]. MTI overexpression provides protection against ischemiareperfusion injury of the heart, and pre-induction of
hepatic MT by Zn can diminish hepatic injury by lipid
peroxidation[22]. These results suggest that MT could play a
central role in protecting cells against oxidative stress.
Growing experimental evidence suggests that lipid peroxidation
is an important pathogenetic factor of gastric mucosal lesions
induced by stress[15]. However, the alteration of MT generation
and its role during the pathogenesis of stress-induced gastric
ulcer is unclear.
The present study has shown that rats treated with WIR
stress showed greater development of gastric ulcer. Gastric
mucosal injury, or stress ulceration, arose in conscious
animals in response to psychological stress from immersion
in water with physical restraint. The most common group
of indices used to assess oxidative stress is peroxidation

products of lipids, usually polyunsaturated fatty acids, which
are susceptible to attack by free radicals. The initial products
of lipid peroxidation are CD hydroperoxides. These active
substances decompose into various aldehydes or, if the
original fatty acid is arachidonic acid, isoprostanes. All of
these products of degradation and decomposition (CD and
the widely used end product MDA) are used in assessing
oxidative stress. In the present study, rats subjected to WIR
stress for 6 h showed significantly increased levels of MDA
and CD in serum and gastric and hepatic tissues.
As shown in our experiment, in WIR-stressed rats, the
MT level in the stomach and liver was significantly increased
and the MT mRNA expression up-regulated. ZnSO4, a
strong inducer of MT, markedly enhanced the MT generation
in gastric and hepatic tissues and up-regulated MT mRNA
expression. Moreover, pre-treatment with ZnSO4 ameliorated
the generation of stress-induced gastric ulcer and reduced
the levels of lipid peroxide (MDA and CD) in the serum
and gastric and hepatic tissues. Exogenous MT administered
1 h before WIR stress effectively suppressed the generation
of gastric ulcer[23] and significantly decreased the formation
of lipid peroxidation products. These results indicate that
MIR stress-induced endogenous MT generation, and
endogenous MT pre-induced or supplemented inhibited the
formation of lipid peroxide and gastric ulcer. MT could be
a protective factor against stress-induced gastric mucosal
injury. Other researchers[24,25] treated the mice with ethanol
or pylori, and they found that the gastric lesion indices were
significantly higher in MT-null mice than in wild-type mice;
these results suppose that MT may play a cytoprotective
role under these conditions.
MT is an acute-phase protein induced by various
stressors. The MT gene promoter has response elements
to heavy metals (MRE), glucocorticoids (GRE), oxidative
agents, electrophilic compounds and xenobiotics (ARE). The
expression and synthesis of MT are induced for heavy
metals (Zn, Cu, Cd and also Hg, Pb, As, Ni, Ag), glucocorticoids
and other stress hormones, cytokines, and free radicals,
as well as UV and ionizing radiation. Zn and Cu are
physiological inductors of MT. Other inductors act more
or less actively as stress agents. Receiving the earliest
attention as regulators of MT expression, glucocorticoids
are responsible in part for augmenting hepatocyte zinc pools
during such stimulation. Two glucocorticoid responseelement sequences are 17 kb upstream in the 5’ flanking
region of the mouse MT promoter. WIR stress promptly
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enhances the release of glucocorticoid hormone[26]. MT is
known to be the strongest endogenous scavenger for
hydroxyl radicals, and kinetic study in vitro demonstrated
that MT was 38.5-fold more potent than glutathione in
preventing hydroxyl radical-generated DNA degradation[27].
Stress is a two-edged sword for the body: it can agitate
the injury and defensive capacity of the body. So it is
necessary to reinforce the function of the endogenous
defensive system to prevent and treat disease. As a member
of the endogenous defensive system, MT might play an
important role in the pathogenesis of stress. It is worth
investigating further whether MT could be a new target in
preventing and treating gastric ulcer.
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Abstract
AIM: To assess the clinicopathological significance of the
expression of the apoptosis-inhibitory Bcl-2 protein
(pBcl-2) and the apoptosis-promoting Bax protein (pBax)
in human invasive ductal carcinomas (IDCs) of the pancreas.
METHODS: Fifty-nine surgical specimens of IDCs of the
pancreas were stained immunohistochemically to detect
pBcl-2 and pBax expressions whose correlation to tumor
classification, staging, and prognosis was analyzed by
univariate and multivariate analyses.
RESULTS: The expression of pBcl-2 and pBax was
detected in 21 of 59 (35.6%) and in 29 of 59 (49.2%)
patients with IDCs of the pancreas, respectively. Neither
pBcl-2 nor pBax alone was correlated to TNM staging and
differentiation degree of IDCs of the pancreas according
to univariate analysis. By Mantel-Cox test, the median
survival time after surgery for pBcl-2(+) and pBcl-2(-)
groups were 14.3 and 7.3 mo, respectively (2 = 9.357,
P = 0.002) and that for pBax(+) and pBax(-) groups were
12.9 and 10.2 mo, respectively (2 = 0.285, P>0.05).
Contingency coefficient between pBcl-2 and pBax expression
was 0.298, indicating that there was correlation between
them (2 = 5.74, P<0.05). The median survival time after
surgery for pBcl-2(+)pBax(+) and pBcl-2(+)pBax(-) groups
were 14.3 and 14.1 mo, respectively, and that for pBcl-2
(-)pBax(+) and pBcl-2(-)pBax(-) groups were 5.9 and
9.9 mo, respectively. There was a significant difference
between pBcl-2(+)pBax(+) and pBcl-2(-)pBax(+) (2 = 5.06,
P<0.05), such was the case for pBcl-2(+)pBax(+) and
pBcl-2(-)pBax(-) (2 = 7.18, P<0.01). Cox proportional
hazards model for multivariate analysis was applied,
indicating that pBcl-2, TNM staging, age and pBax were
high risk factors of post-surgical survival time.
CONCLUSION: Both pBcl-2 and pBax have high expression
in IDCs of the pancreas, indicating that co-expression of
pBcl-2 and pBax is a good indicator of favorable prognosis

INTRODUCTION
In North America and Europe, pancreatic cancer is the
fourth and sixth leading cause of adult deaths from cancer
and was responsible for close to 5% of all cancer-related
deaths. Pancreatic cancer is characterized by insidious onset
and rapid progress with only 3 mo of the average survival
time after diagnosis. Surgery is indicated in less than 15%
of the patients and the 5-year-survival rate is less than 4%.
The recent research showed that expression of apoptosisrelated protein is closely related to the biological characteristics
of pancreatic carcinoma.
Bcl-2 gene family is the major regulator of cell apoptosis.
Various homogenous or heterogeneous dimers can be
formed within this gene family, enhancing or inhibiting
apoptosis. For example, Bcl-2 (B-cell lymphoma-2) gene
expression inhibits apoptosis, but Bax (Bcl-2 associated-x)
promotes it[1]. As a 25-26 ku polypeptide, Bcl-2 protein is
mainly located on nuclear membrane, endocytoplasmic
reticulum and mitochondrial outer membrane. Overexpression
of Bcl-2 can inhibit cell apoptosis without any impact on
cell proliferation. Bcl-2 associated-x (Bax) shows 40%
homology with Bcl-2 and the overexpression of this tumorinhibiting factor may accelerate cell apoptosis. pBcl-2 and
pBax have expression in various cancers but the expression
in pancreatic invasive ductal carcinomas (IDCs) is still
uncertain. In this experiment, we studied the expression of
pBcl-2 and pBax in human IDCs of the pancreas by using
immunohistochemical method (Streptavidin-biotinylatedperoxidase staining, SAB method) and investigated the
correlation to the clinicopathological parameters.
MATERIALS AND METHODS
Clinical data
Tissue samples: Fifty-nine well-documented surgical
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resection cases of pancreatic IDC (from May 1978 to May
1997) were obtained from our hospital. There were 19 male
cases and 40 female cases. Ages of the patients ranged from
23 to 76 years (55.1±11.3 years, mean±SD). Based on TNM
staging standard, 4 patients were in stage I, 8 were in stage II,
42 were in stage III, and 5 were in stage IV. Differentiation
degree: 19 cases were well differentiated, 21 cases moderately
differentiated and 19 cases poorly differentiated.
Immunohistochemical Staining
Antibodies: Immunostaining was performed using the
streptavidin-biotin technique (SAB method). Monoclonal
antibody to pBcl-2 (M124) and polyclonal antibody to pBax
(A3533) were purchased from Dako Company. According
to the manufacturer’s instruction, antibody dilutions at
various working concentration were prepared: antibody to
pBcl-2, 1:100; antibody to pBax, 1:1 000.
Staining procedures
The 4-m sections were deparaffinized with xylene thrice
for 5 min each, dehydrated in a gradient series of alcohol
thrice (100%, 95% and 45% alcohol), and rinsed by PBS.
Each section was treated by 0.3% glacial acetic acid, and
then microwaved for antigen retrieval (800 W, 5 min), and
cooled in the room temperature for 40 min. The slides
were covered with 1% peroxyacetic acid for 15 min to block
endogenous peroxidase activity. Non-specific binding sites
were blocked by 10% normal rabbit serum for 10 min.
These sections were first incubated with primary antibody
for 2 h at room temperature, and then were rinsed in PBS
twice. This is followed by incubation with a secondary
antibody for 15 min at 37 ℃ and then was rinsed in PBS
twice. Slides were then treated with streptoavidin-peroxidase
reagent for 10 min and rinsed in PBS twice. The sections
were visualized with 3,3’-diaminobenzidine (DAB) for 5 min,
counterstained with hematoxylin and mounted for observation
under microscope. There was slight difference between pBcl2 and pBax staining procedure, the former adopted DAKO
Company’s signal enhancement system.
Evaluation of immunohistochemical analysis
For pBcl-2, positive result was defined as 5% or more than
5% of the tumor cells showing strong brown cytoplasmic
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granules and for pBax, positive result was defined as 10%
or more than 10% of the tumor cells showing strong brown
cytoplasmic granules. Weak staining was regarded as negative.
Statistical analysis
Qualitative data analysis and correlation analysis were
performed by 2 test (or Yates’ correction test) and Pearson’s
contingency coefficient, respectively. The survival curves
were calculated according to Kaplan-Meier method and were
compared using the Mantel-Cox test. Group comparison
of univariate analysis was performed first. Furthermore, a
multivariate analysis of the maximum likelihood estimate
with the Cox proportional hazards model was performed to
obtain the conditional risk of death due to IDC of the pancreas.
All analyses were performed using the SAS 8.0 Software
and a P-value of less than 0.05 was considered to be significant.

RESULTS
pBcl-2 and pBax expression in IDCs of the pancreas
pBcl-2 was detected in 21 of 59 (35.6%) and pBax in 29
of 59 (49.2%) patients with IDCs of the pancreas (Figure 1).
Contingency coefficient between pBcl-2 and pBax was
0.298, indicating that there was correlation between them
(2 = 5.74, P<0.05). The number of pBcl-2(+)pBax(+),
pBcl-2(-)pBax(-), pBcl-2(+)pBax(-) and pBcl-2(-)pBax(+)
were 14, 23, 7 and 15 cases, respectively. The correlation
of pBcl-2 and pBax expression to age, gender, classification,
and TNM staging was shown in Table 1.

A

B

Figure 1 Immunohistochemical staining of pBcl-2 and pBax in pancreatic cancer
(original magnification, ×200). A: pBcl-2 immunostaining was stained in cytoplasm
of tumor cells; B: pBax immunostaining was stained in cytoplasm of tumor cells.

Table 1 pBcl-2 and pBax expression and their relationship with clinicopathological parameters for the patients with pancreatic cancer
Number of pBcl-2 and pBax expressing (%)
Parameter

No. of patients
pBcl-2 (+)

Overall

pBcl-2 (-)

PBax (+)

PBax (-)

59

21 (35.6)

38 (64.4)

29 (49.2)

30 (50.8)

47

17 (36.2)

30 (63.8)

26 (55.3)

21 (44.7)

Age (yr)

<65
≥65

12

4 (33.3)

8 (66.7)

3 (25)

9 (75)

Gender

Male

38

14 (36.8)

24 (63.2)

18 (47.3)

20 (52.7)

Female

21

7 (33.3)

14 (66.7)

11 (52.4)

10 (47.6)

TNM stage

I

4

1 (25)

3 (75)

3 (75)

1 (25)

II

8

5 (62.5)

3 (37.5)

4 (50)

4 (50)

III

42

14 (33.3)

28 (66.7)

19 (45.2)

23 (54.8)

IV
Grade

4 (80)

3 (60)

Well

19

5

8 (42.1)

1 (20)

11 (57.9)

11 (57.9)

8 (42.1)

2 (40)

Moderate

21

8 (38.1)

13 (61.9)

8 (38.1)

13 (61.9)

Poor

19

5 (26.3)

14 (73.7)

10 (52.6)

9 (47.7)
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pBcl-2 and pBax expression and their relationship with
prognosis
The median post-surgical survival time for pBcl-2(+) and
pBcl-2(-) groups were 14.3 (95%CI: 8.1, 26.4) and 7.3
(95%CI: 2.4, 18.5) mo, respectively. Univariate analysis by
Cox proportional hazards model indicated that there was a
significant difference between these two groups (2 = 9.375,
P = 0.002), indicating pBcl-2(+) strongly predicted a prolonged
survival time. The median post-surgical survival time for
pBax(+) and pBax(-) group were 12.9 (95%CI: 3.1, 19.8)
and 10.2 (95%CI: 4.6, 14.1) mo, respectively revealing no
significant difference between these two groups (2 = 0.285,
P>0.05). The median post-surgical survival time for pBcl-2
(+)pBax(+), pBcl-2(+)pBax(-), pBcl-2(-)pBax(+), pBcl-2(-)
pBax(-) were 14.3 (95%CI: 8.1, 19.8), 14.1 (95%CI: 9.7,
26.4), 5.9 (95%CI: 2.4, 14.8) and 9.9 (95%CI: 4.1, 17.8) mo,
respectively. All pair-wise comparisons showed that there was
a significant difference between pBcl-2(+)pBax(+) and pBcl-2
(-)pBax(+) (2 = 5.06, P<0.05), such was the case for pBcl-2
(+)pBax(+) and pBcl-2(-)pBax(-) (2 = 7.18, P<0.01). Survival
curves of different groups are shown in Figure 2. However,
survival of the pBcl-2(+)pBax(+) group has no significant
difference as compared to other three groups together.

100

100
pBcl-2(+)

Survival rate (%)

0

pBax(-)

50

0

12

24

36

pBcl-2(+)
pBax(+)
pBcl-2(+)
pBax(-)
pB cl -2 (- )
pBax(+)
pB cl -2 (- )
pBax(-)

pBax(+)

pBcl-2(-)

50

100

0

50

0 12 24 36
Survival time (mo)

0

0

12

24

36

Figure 2 Survival curves with Kaplan-Meier method was applied in analyzing
the influence of pBcl-2, pBax and their combined expression on post-surgical
survival time.

Multifactor analysis
Cox proportional hazards model was applied in analyzing the
correlation of pBcl-2 and pBax expression to clinicopathological
factors and post-surgical survival time. Multifactor analysis
indicated that pBcl-2, TNM staging, age and pBax were
high risk factors, while tumor site, histological grade, and
gender might be low risk factors influencing post-surgical
survival time (Table 2).
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his colleagues reported that the positive rate of Bcl-2 protein
was 64% in human pancreatic cancer and significantly higher
along with increasing of clinical stage[4]. Makinen and his
colleagues reported that pBcl-2 expression rate was 52%
(34/64), and pBcl-2 expression had no correlation with
tumor grading or other clinicopathological parameters[5] .
Friess and his colleagues reported that Bcl-2 and Bax
expression in pancreatic cancer were 28% and 83%,
respectively, which were 3.7 and 5.4 times higher than
normal[6]. Miyamoto and his colleagues reported that Bcl-2
and Bax expression in pancreatic cancer were 23% and
53%, respectively[7]. In our experiment, pBcl-2 and pBax
were detected in 21 of 59 (35.6%) and in 29 of 59 (49.2%)
cases, respectively. The disagreement in expression rate
might be caused by a difference in antibody itself (different
batch), the different immunohistochemical staining procedures
and evaluation standard, and racial difference.
Bcl-2 gene can inhibit cell apoptosis. Although it may
prevent different cell apoptosis caused by various stimuli,
Bcl-2 gene cannot halt DNA injury of these apoptosisinducing stimuli. Theoretically, pBcl-2 overexpression may
shorten the survival time of the cancer patients due to the
enhanced tumor cell growth caused by Bcl-2-mediated
programmed cell death inhibition. But many clinical trials
have proved that pBcl-2 positive patients with colorectal,
breast, lung or ovarian cancer had longer survival time than
the pBcl-2 negative patients[2,3,8]. The influence of pBcl-2
expression on prognosis of pancreatic IDCs is still unknown.
Friess and his colleagues believed that pBcl-2 expression
did not influence survival time[6]. Makinen and his colleagues
reported that pBcl-2 positive patients had longer post-surgical
survival time [5] . In our experiment, univariate analysis
revealed that the median post-surgical survival time for pBcl2(+) and pBcl-2(-) group were 14.3 and 7.3 mo respectively
with significant difference between the two groups (2 = 9.357,
P = 0.002), indicating pBcl-2(+) might be beneficial to assess
the survival time. However, survival of the pBcl-2(+)pBax
(+) group had no significant difference with the other three
groups. The cause for this might be attributed to limited
cases. The value of pBax expression in prediction of the
prognosis is still controversial. Some scholars reported that
pBax positive patient with breast or ovarian cancer had
better prognosis than the pBax negative patients. pBax
expression in IDCs of the pancreas varied from 53% to
100%. Friess and his colleagues believed that pBax expression
played an important role in assessment of the prognosis
and pBax positive patient outlasted pBax negative patients

Table 2 Correlation between various factors and survival time by
Cox proportional hazards model (dependent variable, mo; censoring
variable, death due to pancreatic cancer)
Variable

DISCUSSION
pBcl-2 is expressed in various human solid malignancies.
Its expression rate is 46-77% in breast cancer, 45-86%
colorectal cancer, 12% in adenocarcinoma of lung, 25% in
squamous cancer of lung, and 57% in ovarian cancer[2,3] .
However, there is no agreement in pBcl-2 expression of
pancreatic IDCs according to different reports. Yuan and
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Parameter estimate
(SE)

Conditional risk ratio
(95% CI)

P
(2)

Overall pBcl-2

–1.216 (0.340)

0.297 (0.152–0.577)

0.001

(n = 59) TNM

0.582 (0.246)

1.790 (1.104–2.902)

0.018

0.037 (0.017)

1.038 (1.004–1.073)

0.026

Age (yr)
pBax

0.734 (0.360)

2.084 (1.029–4.222)

0.041

–0.566 (0.487)

0.568 (0.219–1.474)

0.245

Grade

0.169 (0.268)

1.184 (0.701–2.001)

0.528

Gender

0.061 (0.352)

1.063 (0.534–2.118)

0.862

Site
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by 12 mo[6]. The median post-surgical survival time for pBax
(+) and pBax(-) group were 12.9 and 10.2 mo, respectively,
revealing no significant difference between the two groups
(2 = 0.285, P>0.05). Multifactor analysis indicated that
pBcl-2, TNM staging, age and pBax were high risk factors
influencing post-surgical survival time, indicating that
pBcl-2 expression might be related with the prognosis of
the patients with pancreatic cancer.
Our further analysis on the combined expression of
pBcl-2 and pBax indicated that the median post-surgical
survival time for pBcl-2(+)pBax(+) and pBcl-2(-)pBax(-)
were 14.3 and 9.9 mo, respectively (the latter had obviously
shorter post-surgical survival time). However, there was no
significant difference in post-surgical survival time between
pBcl-2(-)pBax(-) and pBcl-2(-)pBax(+) group. pBcl-2 and
pBax expressions were closely related. In vitro, Bcl-2 gene
can inhibit cell apoptosis induced by various factors.
Theoretically, pBcl-2 overexpression can inhibit cell apoptosis
and promote tumor cell proliferation, which has been
supported by many experiments. Bold and his colleagues
found that the pancreatic cancer cell line with increased
Bcl-2 expression had higher incidence of metastasis[10].
However, our study indicated that pBcl-2 positive patients
with pancreatic cancer had a longer survival time. What is
the explanation for the discrepancy between medical
experiments and clinical practice? In vivo study on pBax
reveals that Bax protein can regulate Bcl-2 activity by
forming Bax-Bcl-2 heterodimers to inhibit apoptosis as well
as Bax homodimers to induce apoptosis (Bcl-2 homodimers
can also be formed at high concentration to inhibit apoptosis).
Thus, the proportional and distributive difference in
pBcl-2 and pBax expression may influence the real function
of pBcl-2. On the other hand, pancreatic cancer may have
distinctive biological behaviors that other cancers do not
have. Our previous study has revealed that p53 expression
as well as p53 gene mutation may increase the chemotherapy
sensitivity of patients with pancreatic carcinoma, which
disagrees with the findings in other malignancies[11].
Our study proved relatively high expression rate of
pBcl-2 and pBax in IDCs of the pancreas, indicating their
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potential significance in assessment of prognosis. However,
further study is necessary due to our limited cases.
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cell lines. Results from RT-PCR showed that TS, MRP1,
MRP3 and GSTP1 were highly expressed in these five
CCA cell lines while DPD and MRP2 were only moderately
expressed. It should be noted that MDR1 expression was
detected only in KKU-OCA17 cell lines. A strong correlation
was only found between the level of MRP3 expression
and the IC50 values of etoposide, doxorubicin and pirarubicin
(r = 0.86-0.98, P<0.05).
CONCLUSION: Sensitivity to chemotherapeutic agents
is not associated with the histological type of CCA. Choosing
of the appropriate chemotherapeutic regimen for the
treatment of CCA requires knowledge of drug sensitivity.
MRP3 was correlated with resistance of CCA cell lines to
etoposide, doxorubicin and pirarubicin, whereas other
chemotherapeutic drugs showed no association. The role
of this multidrug resistance-associated protein, MRP3, in
chemotherapeutic resistance in CCA patients needs to be
further investigated.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Abstract
AIM: To study the effect of a number of chemotherapeutic
drugs on five human intrahepatic cholangiocarcinoma
(CCA) cell lines. The expressions of genes that have been
proposed to influence the resistance of chemotherapeutic
drugs including thymidylate synthase (TS), dihydropyrimidine
dehydrogenase (DPD), glutathione-S-transferase P1
(GSTP1), multidrug resistance protein (MDR1) and
multidrug resistance-associated proteins (MRPs) were
also determined.
METHODS: Five human CCA cell lines (KKU-100, KKUM055, KKU-M156, KKU-M214 and KKU-OCA17) were
treated with various chemotherapeutic drugs and growth
inhibition was determined by 3-(4,5-dimethylthiazol-2-yl)5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2Htetrazolium (MTS) assay. Semi-quantitative levels of gene
expression were determined by a reverse transcriptase
polymerase chain reaction (RT-PCR). Results of IC50 values
and the ratios of gene expression were analyzed by linear
regression to predict their relationship.
RESULTS: Among five CCA cell lines, KKU-M055 was the
most sensitive cell line towards all chemotherapeutic drugs
investigated, particularly taxane derivatives with IC50
values of 0.02-3 nmol/L, whereas KKU-100 was apparently
the least sensitive cell line. When compared to other
chemotherapeutic agents, doxorubicin and pirarubicin
showed the lowest IC50 values (<5 mol/L) in all five CCA

Key words: Cholangiocarcinoma; Chemotherapeutic
agents; Drug sensitivity; Drug resistance; Multidrug
resistance protein; MRP
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INTRODUCTION
Cholangiocarcinoma (CCA) is a bile duct tumor which accounts
for an approximate 15% of liver cancers worldwide[1]. This
cancer can be classified into three major groups including
intrahepatic, perihilar and distal extrahepatic CCA. The
highest incidence of this cancer has been reported in Laos
and Northeastern Thailand[2]. Intrahepatic type is the most
common case of CCA in these countries and infestation of
Opisthorchis viverrini has been classified as a definite risk
factor of the disease[3]. It has recently been reported that
the incidence of CCA in developed countries is now
increasing. The incidence of intrahepatic CCA in the USA
during 1975-1999 was examined using data from the
Surveillance Epidemiology and End Result Program[4]. The
results revealed that there was a major increase in incidence
after 1985 by 165% over the entire period. However, the

Tepsiri N et al. Drug sensitivity and drug resistance profiles of CCA cell lines

risk factors of CCA in that population are still unclear. At
present, only surgical resection of all detectable tumors is
correlated with the improvement in 5-year survival[5,6].
Evidence from clinical studies demonstrated that the response
rate of this cancer to chemotherapy is relatively poor in
which partial responses have been observed in only
approximately 10-20% of cases[7-9] . Improvement in the
survival of CCA patients will probably not only rely on
more aggressive or advanced surgical techniques but also
from the improvement in treatment with chemotherapy.
When compared to other cancers, data concerning drug
sensitivity and drug resistance in CCA are still limited, this
may be due to the fact that this cancer has previously been
considered as a rare cancer in developed countries[10-13].
Resistance of cancerous cells to chemotherapeutic
drugs is a major cause of the chemotherapeutic failure of
chemotherapy[14-16]. Several factors have been hypothesized
to play a role in chemotherapeutic drug resistance in cancers
including high expression of drug efflux pumps (e.g.
multidrug resistance protein [MDR1] and multidrug
resistance-associated proteins [MRPs][17] ), an increase in
detoxification of chemotherapeutic drugs (e.g. glutathione
S-transferases [GST][18] and dihydropyrimidine dehydrogenase
[DPD][19] ), alteration of drug targets and suppression of
drug-induced apoptosis[20]. Several lines of evidence suggest
that both MDR1 and MRP1 are the major contributors of
the multidrug resistance phenotypes observed in a number
of tumor cells[21-25].
It has been demonstrated in a CCA cell line, SK-ChA-1,
that the resistance of this CCA cell line to 5-FU resulted
from an increase in activity of thymidylate synthase (TS), a
target enzyme for 5-FU[26]. DPD, the initial and rate-limiting
enzyme in catabolism of 5-FU has also been proposed as a
predictable marker of 5-FU treatment in several cancers
such as colon cancer and hepatocellular carcinoma[26-28] .
Association between 5-FU resistance and mRNA expression
or high activity of DPD in colorectal tumors has been
reported in which high activity and high mRNA expression
of DPD have resulted in low sensitivity to 5-FU[19,29,30] .
Although 5-FU is the most common chemotherapeutic drug
used in the treatment of CCA, the roles of TS and DPD in
that cancer are not clear [26–28] . Moreover, glutathione Stransferase P1 (GSTP1) has been found to be associated
with drug resistance in some cancers including CCA[13,31].
In order to improve the efficacy of chemotherapy in
CCA patients, better understanding in drug sensitivity and
the mechanism of drug resistance of this cancer is essential.
In the present study, we have screened the effect of a
number of chemotherapeutic drugs against five intrahepatic
CCA cell lines that represent different histological types.
Moreover, the expression of genes that have been proposed
to influence chemotherapeutic drug resistance was analyzed
in order to characterize the molecular mechanism of drug
resistance in CCA.

MATERIALS AND METHODS
Reagents
All chemotherapeutic drugs used in this study were
obtained as commercial pharmaceutical products. 3-(4,5-
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dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4sulfophenyl)-2H-tetrazolium (MTS), oligo(dT)15, rRNasin
ribonucleotide inhibitor and M-MLV reverse transcriptase
were obtained from Promega, Madison, WI, USA. Ham’s
F12, trypsin-EDTA, penicillin G, streptomycin and Taq
polymerase were obtained from Invitrogen, Carlsbad, CA,
USA. Heat-inactivated fetal calf serum was purchased from
Seromed Biochrom AG, Berlin, Germany. Other chemicals
used were obtained from Sigma Chemical Co. Ltd., St Louis,
MO, USA.
Human CCA cell lines
Five human intrahepatic CCA cell lines; namely KKU-100,
KKU-M055, KKU-M156, KKU-M214 and KKU-OCA17
were used in this study. All cell lines were established in our
institute from CCA patients residing in opisthorchiasis endemic
areas in Northeastern Thailand. KKU-100 was developed
from a patient with poorly-differentiated adenocarcinoma.
KKU-M055 was also from a patient with a primary tumor
of poorly differentiated adenocarcinoma while KKU-M156
and KKU-M214, and KKU-OCA17 were derived from
patients with moderately and well-differentiated adenocarcinoma,
respectively. All cell lines were cultured in either Ham’s
F12, containing 100 U/mL penicillin and 100 µg/mL
streptomycin with 10% fetal bovine serum at 37 ℃ with
50 mL/L CO2. The presence of Mycoplasma contamination
was periodically checked. These cell lines have been
maintained in our laboratory for more than 5 years.
Cytotoxicity assay
Sensitivity of CCA cell lines to chemotherapeutic drugs was
determined by MTS assay as described in a previous study[32].
Briefly, 100 L of cell suspension (1×10 5 cells/mL) were
added to each well of 96-well flat-bottomed microtiter plates
and incubated for 24 h at 37 ℃ in a humidified 50 mL/L
CO2 atmosphere. After incubation, 100 L of medium
containing drug or complete medium for untreated controls
were distributed in the 96-well plates and plates were then
incubated at 37 ℃ for 72 h. The culture medium was
subsequently removed and 100 L medium containing
20 L MTS solution (20 mg/mL) was added to each culture
well. The cultures were further incubated for 2 h at 37 ℃
in a humidified 50 mL/L CO2 atmosphere. Absorbency was
measured at 492 nm using a microplate reader (Tecan Austria
GmbH, Salburg, Austria). The concentration of drug
required to inhibit cell proliferation by 50% (IC50) was
determined by plotting the percentage of cell growth
inhibition vs the chemotherapeutic drug concentration as
previously described[33].
RNA extraction and semi-quantitative RT-PCR reaction
Total RNA was extracted from the human CCA cell lines
(2×106 cells) using an RNAeasy Mini Kit (QIAgen, Hilden,
Germany), following the manufacturer’s instructions and
quantified by spectrophotometry. Total RNA (5 g) from
each cell line was reverse-transcribed in 50 L containing
250 pmoL of oligo(dT) 15 primer, 40 units of rRNasin
ribonuclease inhibitor and 250 units of M-MLV reverse
trancriptase in 50 mmol/L Tris-HCl, 75 mmol/L KCl,
3 mmol/L MgCl2, 10 mmol/L DTT, and 0.5 mmol/L
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Table 1 Primer sequences used in RT-PCR analysis
Gene
DPD
GAPDH
GSTP1
MDR1
MRP1
MRP2
MRP3
TS

Size of PCR (bp)
514
328
199
206
262
202
452
579

Forward primer

Reverse primer

TCCTCCAGGTATGCAGTGCCA
CAACAGCCTCAAGATCATCAGC
TACGGGCAGCTCCCCAAGTT
GTCTTTGGTGCCATGGCCGT
CTGACAAGCTAGACCATGAATGT
GCCAGATTGGCCCAGCAAA
GGGACCCTGCGCATGAACCTG
GAATCACATCGAGCCACTGAAA

GTTATGGTGGGCAGGTGGGTT
TTCTAGACGGCAGGTCAGGTC
TGCCCGCCTCATAGTTGGTG
ATGTCCGGTCGGGTGGGATA
CCTTTGTCCAAGACGATCACCC
AATCTGACCACCGGCAGCCT
TAGGCAAGTCCAGCATCTCTGG
GTGTTACTCAGCTCCCTCAGA

dNTPs. Initially, RNA and oligo(dT)15 were mixed together
and heated at 70 ℃ for 10 min and immediately chilled on
ice for 5 min. Other reagents were then added and incubated
for 15 min at 30 ℃. First-strand cDNAs were synthesized
at 42 ℃ for 60 min. PCR amplification was performed
using specific primers for the gene of interest. The PCR
primer sequences are shown in Table 1. Optimization
for the number of PCR cycles and first strand cDNA
concentration was determined for linear amplification
conditions. The expression levels of mRNA were measured
using human GAPDH mRNA as an internal control by
being co-amplified with each gene in order to minimize tubeto-tube variation in the efficiency of PCR[34].
PCR was carried out in a final volume of 25 L containing
first-strand cDNA, 10 pmoL of each primer, 2 pmoL of
each GAPDH primer, 1.25 units of Taq polymerase in
2.5 L of 10× Taq buffer, 2 mmol/L MgCl2 and 0.2 mmol/L
dNTPs, using a RoboCycler gradient 40 (Stratagene, La
Jolla, CA, USA). An initial denaturation step at 94 ℃ for
3 min was followed by 28 cycles comprising a denaturation
step at 94 ℃ for 1 min, annealing at 62 ℃ (for GSTP1,
MRP1, MRP2 and MDR1) or at 56 ℃ (for TS, DPD and
MRP3) for 1 min and extension at 72 ℃ for 1 min. The
final extension was subsequently performed at 72 ℃ for
10 min. The PCR products were separated on 2% agarose

gel electrophoresis containing 100 ng/mL of ethidium
bromide. Gels were visualized and photographed on an
Electronic Dual Light Transilluminator (Ultralum, Carson,
CA, USA). The DNA bands were scanned with an image
scanner (Canon Electronics Inc., Saitama, Japan) and analyzed
with Image Master 1D (Ambersham Pharmacia Biotech,
Piscataway, NJ, USA). The relative amount of mRNA of
the gene of interest was expressed as a ratio to GAPDH
mRNA.
Statistical analysis
The IC50 values for each chemotherapeutic agent as tested
in each of the five CCA cell lines were expressed as
mean±SD. Student’s t-test was used for statistical analysis.
Association between gene expression profiles and the IC50
for the five CCA cell lines was examined using the linear
regression analysis. A P value <0.05 was considered as
statistically significant.

RESULTS
Cytotoxic effect
The results for cytotoxic effects of 13 chemotherapeutic
agents on five human intrahepatic CCA cell lines are shown
in Table 2. Among these cell lines, KKU-M055 showed the

Table 2 IC50 values of chemotherapeutic agents on CCA cell lines
IC50 (mol/L)

Drug

Anthracyclins
Doxorubicin
Pirarubicin
Platinum derivatives
Cisplatin
Carboplatin
Oxaliplatin
Pyrimidine analog
5-Fluorouracil
Taxanes
Paclitaxel
Docetaxel
Vinca-alkaloids
Vincristine
Vinorabine
Others
Etoposide
Irinotecan
Mitomycin C

Poorly differentiated

Moderately differentiated

Well differentiated

KKU-100

KKU-M055

KKU-M156

KKU-M214

KKU-OCA17

2.3±0.8b
0.27±0.22a

0.04±0.02
0.01±0.01

1.8±1.0b
0.35±0.06b

0.25±0.05
0.17±0.03b

0.84±0.83
0.13±0.05b

37±3b
13±3b
71.7±38.7a

0.05±0.01
0.26±0.01
0.11±0.00

222±38b
229±36b
7.0±4.7

130±12b
107±4b
38.0±6.7b

6.22±0.19b
10.4±2.7a
6.8±1.3b

1 018±326 d

46±42c

144±55d

29.1±17.6 d

3.46±0.91

39.0±6.8b
41.2±7.2b

0.0030±0.0001
0.00002±0.00002

10.9±5.8a
0.80±0.36a

2.62±0.75a
12.4±3.7a

12.5±1.9b
1.3±0.3b

216.2±52.1d
2.1±0.2b

2.05±0.68 c
0.13±0.01

0.97±0.64
0.23±0.01a

85±19d
164±120

0.82±0.17
0.64±0.17a

416±131b
23±6a
45±2b

0.04±0.01
3.41±0.51
0.01±0.00

274±217 b
13.1±2.1b
187±0b

54±26a
43±9b
78±32a

126±88a
3.60±1.16
5.07±0.17b

Data represents mean±SD of at least three experiments. aP<0.05, bP<0.01 vs KKU-M055; cP<0.05, dP<0.01 vs KKU-OCA17.
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highest sensitivity to all of the chemotherapeutic drugs
investigated with the IC50 values <5 mol/L (except for
5-FU). In addition, KKU-100 appeared to be the most
resistant cell line to 5-FU (with the IC50 value >1 000 mol/L)
and to taxane compounds (with IC50 values of 40 mol/L).
All cell lines were sensitive to anthracycline compounds,
doxorubicin and pirarubicin with IC50 values ranging from
0.04-2.3 mol/L. In the case of platinum derivatives, KKUM055 was highly sensitive to cisplatin, carboplatin and
oxaliplatin (IC50 values <0.3 mol/L) whereas KKU-M156
appeared to be resistant to cisplatin and carboplatin (IC50
values >200 mol/L). With respect to vinca alkaloids, KKUM055, KKU-M156 and KKU-OCA17 were sensitive to
both vincristine and vinorabine (IC 50 values <2 mol/L)
whereas KKU-M214 was appeared to be the least sensitive
cell line (IC50 values ranging from 85 to 164 mol/L). Most
of the cell lines except for KKU-M214 were apparently
sensitive to vinorabine, a new vinca alkaloid. In contrast to
KKU-M055, the other four cell lines were apparently
resistant to etoposide and mitomycin C. With regards to
irenotican, most of the cell lines were moderately sensitive
to this agent (IC50 values ranging from 3 to 43 mol/L).
Expression of mRNAs for TS, DPD, GSTP1, MDR1 and MRPs
in CCA cell lines
Expression of TS, DPD, GSTP1, MDR1 and MRPs in
five CCA cell lines were investigated by semi-quantitative
RT-PCR using specific primers. As shown in Figure 1, mRNA
for TS, DPD, GSTP1, and MRP1-MRP3 were detected in
all CCA cell lines. High levels of MDR1 expression were
observed only in KKU-OCA17. All CCA cell lines expressed
low levels of MRP2 as compared to MRP1 and MRP3. Strong
correlations were found between MRP3 mRNA expression
and the IC 50 value of etoposide (r = 0.98, P<0.05),
doxorubicin (r = 0.96, P<0.05) and pirarubicin (r = 0.86,
P<0.05) (Figure 2). On the other hand, no significant
correlations were observed between the levels of GSTP1,
MRP1 and MRP2 expression and IC 50 values of all
chemotherapeutic drugs investigated. Neither the expression
levels of TS nor DPD in the CCA cell lines were significantly
correlated with IC50 values of 5-FU.

r = 0.98

400
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MRP3/GAPDH mRNA ratio

1.0

agents including the drugs that are commonly used in CCA
patients (i.e. 5-FU, mitomycin C and doxorubicin)[7,35], as
well as new chemotherapeutic drugs in order to provide a
preclinical rationale for treatment of this cancer. Our
results demonstrated that variations in the sensitivity to
chemotherapeutic drugs were observed among these five
intrahepatic CCA cell lines and sensitivity to chemotherapeutic
drugs was not associated with the histological type of CCA.
However, all CCA cell lines investigated in this study were
apparently sensitive to new chemotherapeutic drugs including
anthracyclins (pirarubicin and doxorubicin), vinca-alkaloid
(vinorabine), taxanes (docetaxel, paclitaxel) and the
campthothecin derivative (irinotecan). Although 5-FU is the
most common drug used for treatment of CCA, poor
response rates have been reported in CCA patients[7,36]. It
should be noted that the IC50 values of 5-FU for CCA cell
lines, particularly KKU-100 and KKU-M156, were much
higher than those previously reported in colon carcinoma
cell lines (i.e. HCC-48 and COLO20 with IC50 values of
8.6 and 16 mol/L, respectively[28]) and in the cervical
squamous carcinoma cell lines (i.e. SiHa and HeLa with
IC50 values of 11.4 mol/L[37] and 2.8 mol/L[38], respectively).
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Figure 1 Expressions of TS, DPD, GSTP1, MDR1 and MRPs mRNA in five
CCA cell lines determined by semi-quantitative RT-PCR analysis. Total RNA
was extracted and used for RT-PCR. Each lane was loaded with 25 L of PCR
product. mRNA of the gene of interest was co-amplified with GAPDH mRNA as
an internal control. Lane 1 is 100 bp DNA marker, lane 2-6 are PCR products
from KKU-100, KKU-M156, KKU-OCA17, KKU-M055 and KKU-M214, respectively.
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Figure 2 Relationships between the relative mRNA expression of MRP3 and the IC50
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DISCUSSION
We have investigated the sensitivity of five CCA cell lines
in response to a number of different classes of chemotherapeutic
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value of etoposide. (A) doxorubicin; (B) and pirarubicin; (C) in five CCA cell lines.
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The expression of genes that have been reported to be
involved in chemotherapeutic drug resistance has also been
investigated in the present study (Figure 2). TS, DPD,
GSTP1, MRP1, MRP2 and MRP3 were expressed in all
CCA cell lines albeit at different levels while MDR1
expression was detected only in one cell line. To determine
whether these genes could be candidates for determining
drug-resistance-phenotypes in CCA, linear regression analysis
was performed and results demonstrated that the expression
of MRP3 was significantly correlated with the resistance
of these CCA cell lines to etoposide, doxorubicin and
pirarubicin. Consistent with our finding, a strong association
between MRP3 mRNA levels and response to doxorubicin
has been reported in lung cancer[39].
In contrast to the previous report in a metastatic CCA
cell line, SK-ChA-1 [26], we did not find any association
between the sensitivity to 5-FU and the levels of TS and
DPD expression among the CCA cell lines investigated. The
level of expression of a detoxifying enzyme, GSTP1 mRNA,
was markedly elevated in all CCA cell lines and this may
explain why CCA is quite resistant to chemotherapeutic
drugs. The MDR1 gene was highly expressed only in KKUOCA17 but not observed in other cell lines suggesting that
MDR1 is not constitutively expressed in most of CCA cells.
The levels of MDR1 expression in these five CCA cell
lines were not correlated with the IC50 value of any anticancer
drug tested. These findings were inconsistent with those
previously reported in 60 diverse cancer cell lines[24]. Unlike
MDR1, all three MRPs investigated were expressed in these
five CCA cell lines. MRP1 which presents in non-expressing
MDR1 tumor cells[40] was also detected in our CCA cell
lines that lacked MDR1 expression. The levels of MRP2
expression observed in these five CCA cell lines were
markedly lower than the level of MRP1 expression.
Consistent with those expressions found in proliferative
cholangiocytes[41], MRP3 was also expressed in CCA cell
lines. The level of MRP3 expression was significantly
correlated with IC50 values of etoposide, doxorubicin and
pirarubicin. These drugs have previously been reported to
induce MDR1 and MRP1 expression in several tumor cell
lines[38,42-47].
In conclusion, the data obtained from this in vitro drug
screening will be useful for selection of chemotherapeutic
treatment in CCA patients. The role of MRP3 in the
mechanism of chemotherapeutic drug resistance in CCA
patients needs to be further investigated.
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Abstract
AIM: Blood platelets (plt) and monocytes are the cells
that play a crucial role in the pathogenesis of liver damage
and liver cirrhosis (LC). In this paper, the analysis of mutual
relationship between platelets and monocytes activation
in LC was conducted.
METHODS: Immunofluorescent flow cytometry was used
to measure the percentage of activated platelet populations
(CD62P, CD63), the percentage of plt-monocyte aggregates
(pma) (CD41/CD45), and activated monocytes (CD11b,
CD14, CD16) in the blood of 20 volunteers and 40 patients
with LC. Platelet activation markers: sP-selectin, platelet
factor 4 (PF4), beta-thromboglobulin (TG) and monocyte
chemotactic peptide-1 (MCP-1) were measured and
compared in different stages of LC.
RESULTS: Platelet activation with the increase in both
TG serum concentration and elevation of plt population
(CD62P and CD63 as well as MIF CD62P and CD63) is
elevated as LC develops and thrombocytopenia rises.
There is a positive correlation between medial intensity
of fluorescence (MIF) CD62P and MIF CD63 in LC. We did
not show any relationship between monocyte activation
and pma level. SP-selectin concentration correlates
positively with plt count and pma, and negatively with
stage of plt activation and MIF CD62P and MIF CD63. There
was no correlation between MCP-1 concentration and
plt, monocyte activation as well as pma level in LC. CD16
monocytes and MIF CD16 populations are significantly
higher in the end stage of LC. A positive correlation occurs
between the value of CD11b monocyte population and
MIF CD14 and MIF CD16 on monocytes in LC.
CONCLUSION: Platelet and monocyte activation plays an
important role in LC. Platelet activation stage does not
influence monocyte activation and production of plt
aggregates with monocytes in LC. With LC development,
thrombocytopenia may be the result of plt consumption
in platelet-monocyte aggregates.

INTRODUCTION
There are many reports presenting multipotential properties
of blood plt, e.g. in inflammatory and immunological
processes. It is connected with the plt secretory reaction,
interaction with inflammatory cells, immunological cells
and with plt abilities to phagocytosis. Thrombotic and
inflammatory processes have common biochemical links
and the same cellular elements, which are the part of the
immune system, are engaged in them[1,2]. Platelet co-operation
with neutrophils and monocytes can be observed in many
inflammatory, thrombotic processes and autoimmune
diseases[3]. Two mechanisms of plt activation are taken
into consideration. One of them is the release of soluble
substances capable of plt activation (such as proteases,
thromboxan A2, arachidonic acid metabolites, peroxides,
PAF, and catepsin G) in pathological conditions. The second
one is a direct contact of inflammatory cells with plt. The
result is the increase in expression of superficial adhesive
molecules[4]. Such interaction is possible thanks to membrane
receptors such as GPIIb/IIIa on plt and CD11/CD18 on
leukocytes[5]. In inflammatory processes, activated plt can
module functions of cells that participate in inflammation[6].
Platelet agonists (e.g. collagen from extracellular matrix) lead
to the rise of expression of CD11b antigen on leukocytes
and vice versa, leukocytes incubation with CD11b agonists
decreases P-selectin expression on plt. GPIIb/IIIa or Pselectin blockage on plt decreases leukocyte activation with
drop of CD11b expression (Li 2000). Substances that activate
binding of plt and monocytes originate from damaged
vessel endothelium, activated leukocytes, macrophages or
thrombocytes. These are thrombin, collagen, thromboxan
A2, serotonin, plt activating factor, catecholamines, and
others [7,8]. Recent studies have proven that plt have a
significant role in pathogenesis of liver damage. Blood plt
while activated in inflammatory and immune processes
and in the hemostatic disorders in the liver, release active
compounds (PF4, TG, PDGF, etc)[9]. Biological significance
of these proteins is stimulating influence on fibrinogenesis
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and mitogenesis of Ito cells in the liver. In vivo studies prove
that after selective decrease in plt count, liver tissue damage
is smaller depending on neutrophils. The influence of
activated neutrophils is significant, at the time of “oxygen
outburst”; active substances activating plt are released, such
as cathepsin G, which has stronger activating properties
than thrombin[10] . Platelet activating factor (PAF) is an
important link mediating intercellular contacts. It is produced
in acute and chronic inflammatory conditions by e.g. plt,
monocytes, and plays a key role in plt leukocyte-dependent
activation[11]. P-selectin, present in activated plt, and soluble
(s) P-selectin in the blood play a role in plt-blood cells
interactions[12,13]. Platelet activation promotes binding with
leukocytes, granulocytes, and monocytes producing
aggregate complexes with these cells[14,15] . P-selectin, a
component of alpha-granules internal membrane, appears
on plt surface after its activation and is also released as
soluble to the surrounding microenvironment. In dense
granules there are proteins specific for plt: Plt factor 4 (PF4)
and -thromboglobulin (TG), secreted outside from
activated plt as a consequence of release reaction. PF4 has
chemotactic properties towards neutrophils, influences
fibroblasts and inhibits endothelial cell proliferation[16,17]. High
concentrations of PF4 occur in conditions with increased
plt activation, such as after myocardiac infarction, operations
exertion, and in chronic hepatitis. TG is a sensitive marker
of plt activation, comparable to P-selectin[18]. After thrombocyte
activation, other receptors (CD63, CD107b (LAMP-2)),
originating from lyzosomal granules, are transported to the
surface[19,20].
There are not many studies concerning the relationship
between plt and monocytes activation in liver cirrhosis (LC)
and therefore an attempt to solve this problem is justified.
Platelet activation was analyzed by estimating their surface
receptors and molecules soluble in peripheral blood. Cytometric
estimation of circulating plt-monocyte complexes in patients
with various stadiums of LC was performed.

MATERIALS AND METHODS
Patients
The studies were conducted in the group of 40 patients
with advanced LC (28 men and 12 women), aged 50±13 years
and in 20 healthy volunteers (12 women and 8 men), aged
40±7 years. Liver cirrhosis was confirmed clinically and
histologically. Patients in the course of immunosuppression,
anti- or pro-coagulant therapy and with neoplasmatic diseases
were excluded from the study. None of the patients suffered
from coronary heart disease or heart infarction. Patients
with LC were divided into groups (B and C) in accordance
with the classification of liver failure according to ChildPugh[21]. Ethical approval for research was obtained from
local ethics committee in Medical University.
Blood preparations for cytometric examination
The blood was collected before breakfast. Pressure bandage
was not used and massage was avoided not to stimulate blood
plt. We used needles of the diameter bigger than 0.8 mm,
blood was let due to venal pressure, hypotension was not
used neither were syringes. The first 2 mL of blood was
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used for biochemical examination, next 2 mL for plt examination.
Platelets were prepared for cytometric studies according to
recommendations of the European Working Group on
Clinical Cell Analysis protocol[22].
Resting platelets
Venal blood was collected in plastic tubes, which contained
EDTA K2 1.5 mg/mL of blood. Immediately after collection,
1% solution of paraformaldehyde in phosphate buffered
saline (PBS) deprived of Ca2+ and Mg2+ ions was added to
100 L of blood. Monoclonal antibodies (mAbs) were
used against CD61 and CD41 marked by fluorescein
isothiocynate isomer 1 (FITC) and against CD62P marked
by phycoerythrin (PE), CD63PE (Becton Dickinson).
Plastic tubes were filled with 20 L of whole blood with
EDTA K2 each. Ten microliters of mAbs CD61/FITC and
CD62P/PE or CD63PE and 0.5 mL of PBS (without Ca2+
and Mg2+ ions) were added to each tube. After mixing
(vortex), the suspension was incubated for 30 min in dark
place and at room temperature. Blood plt were examined
in flow cytometer Coulter EPICS XL (Coulter Electronics
Corporation, Fl, USA). We analyzed per sample approximately
10 000 blood plt. by dividing the population into normal
plt, microplatelets and macroplatelets. Parameters obtained
from the gate of normal plts were taken for the analysis.
Monocyte population
Peripheral blood monocyte and plt population were
determined using cytometric method with the flow
cytometer equipped with an argon ion laser. Monocytes were
identified by their characteristic forward and orthogonal
light scatter properties. Circulating monocytes with adherent
plt were identified by positivity for RED670 with 670-nm
band-pass filter and FIC with a 525-nm band-pass filter.
Monoclonal antibodies stained with fluoresceine (FITC) or
phycoerythrin (PE), (Dako, Denmark) were used. The
following monocytes populations were tested: CD11b, CD14,
CD16 and CD45. Venal blood was collected in the mornings
in plastic tubes containing EDTA K 2 of 1.5 mg/mL of
blood. Cytometric analysis was performed within 2 h
after blood collection. The amount of 5 L of stained
monoclonal antibodies was added to 50 L of whole blood.
Afterwards, it was incubated in room temperature for 15 min.
Erythrocytes were eliminated by addition of diluted lysin
fluid (ImmunoPrep-Reagenziensysem ABC, Coulter). We
analyzed per sample approximately about 2 000 monocytes.
Platelet-monocyte complexes were determined using mAb
CD41 PE (blood plt) and CD45 FITC (monocyte population)
as the percentage of double positive cells. Platelet and
monocyte count were carried out in hematological analyzer
Sysmex (Japan).
MCP-1, sP-selectin
Using ELISA method we measured the level of sP-selectin
(sP-selectin, R&D System, Oxon, UK), MCP-1 (R&D System,
Oxon, UK). The blood was centrifuged at 2 000 r/min for
15 min. at 4 ℃ and all sera were stored at a temperature of
-76 ℃. Immunoenzymatic studies were carried out
simultaneously.
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 -Thromboglobulin, platelet factor 4
A sample of 4.5 mL of venal blood were taken, in the
manner described above (in blood preparation for flow
cytometry), to plastic tubes in ice containing heparin
(Vacutainer CTAD, Becton Dickinson, UK). Tubes were
centrifuged in 3 500 r/min for 30 min at the temperature
of 4 ℃. Plasma was examined and TG and PF4 were
examined by means of immunospectrophotometric method
(Asserachrom, Diagnostica Stago).
Statistical analysis
The results were presented as mean±SD and medians.
Statistical analysis was performed by non-parametrical
Mann-Whitney U-test. Result correlation was calculated with
the use of Spearman correlation test. Statistically significant
values were considered for P<0.05.

RESULTS
Platelet count drops and plt secretion activity can be observed
together with the stage of liver failure advancement in LC
(Table 1). There is a negative correlation between plt amount
and PF4 concentration in stadium B and C according to
Child-Pugh classification as well as TG in patients in
stadium C (Table 2). LC reveals the increase in plt activation
with the rise in population of CD62P and CD63 phenotypes
despite thrombocytopenia intensification. Moreover, there
is a higher expression on plt of receptors MIF (medial

Table 1 Blood plt, monocyte serum and cytometric parameters in
clinical stages of LC according to Child-Pugh classification
Cirrhosis hepatitis stage
(Child–Pugh)
Healthy
B

C

Blood plt
Blood plt (1×103/L)

219±25

124±77a

sP-selectin (pg/mL)

133±70

74±42 a

115±66 a
69±35a

PF4 (IU/mL)

36±7

30±9

26±16

TG (IU/mL)

128±45

137±40

101±62

CD62P (%)

6±1.8

10±4

a

9.3±3a
a
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intensity of fluorescence) CD62P and CD63 (statistically
significant) in cases of LC. A negative correlation between
MIF CD62P and MIF CD63 and plt count was observed in
the stadium Child-Pugh C. A positive correlation between
MIF CD62P and MIF CD63 (r = 0.51, P<0.01) occurs in LC,
there was no such relationship in the control group. There is
also a positive correlation between plt activation stage and
PF4 concentration in blood sera in LC. PF4 level correlates
positively with plt CD62P population (r = 0.53, P<0.02),
CD63 (r = 0.66, P<0.04), MIF CD62P (r = 0.54, P<0.02),
and MIF CD63 (r = 0.46, P<0.005) in patients with LC.
In LC, monocyte percentage increases in peripheral
blood. Cytometric analysis shows that monocytes CD16
population is raised significantly with LC advancement. MIF
CD16 on monocytes also increases (statistically significant).
The population of CD11b monocytes significantly drops
with cirrhosis advancement. However, a significant increase
in MIF CD11b receptor expression on monocytes (MIF)
can be observed.
Circulating plt-monocyte complexes tend to increase in
LC. In C stage of LC, CD45 receptor expression on monocytes
in plt-monocyte aggregates is markedly higher. A strongly
positive correlation (r = 0.9) between MIF CD45 on plt
aggregates and monocytes is observed in LC as in healthy
liver. There is a positive correlation between plt count and
the level of aggregates plt-monocytes. Platelet activation
stage (CD62P, CD63, PF4, TG) correlates negatively with
plt-monocytes aggregates (Table 3). Monocyte CD16
population is significantly higher in LC as compared to the
healthy group and depends on liver failure stage. There is a
positive correlation between monocyte CD16 percentage
and receptor (MIF) CD45 expression in plt-monocyte
aggregates (r = 0.56, P<0.02). A positive correlation also
occurs between MIF CD16 and MIF CD45 on monocytes
in aggregates plt-monocytes (r = 0.53, P<0.03). There is a
positive correlation between CD11b monocyte population
and MIF CD14 receptor expression on monocytes (r = 0.45,
P<0.05) and MIF CD16 (r = 0.35, P<0.04) in LC. It is also
observed that MIF CD14 values on monocytes are
comparable in B and C stage of LC and healthy subjects.
The level of MCP-1 chemokine, released by activated
monocytes, is much lower in LC than in healthy subjects.
There is a negative correlation between MCP-1 concentration

0.66±0.2a

MIF CD62

0.47±0.08

0.66±0.2

CD63 (%)

0.7±0.3

2.2±1.5

1.5±0.9

MIF CD63

0.3±0.04

0.4±0.09a

0.4±0.07a

Monocyte (%)

5.7±3.1

6.8±3.3

7.0±2.9

MCP-1 (pg/mL)

Monocyte

Table 2 Correlations (r) of blood plt count and their activation
markers in clinical stages of LC
Cirrhosis hepatitis stage (Child–Pugh)
B

C

sP-selectin

0.61

0.58

MCP-1

0.41

0.39

–0.42

–0.62

NS

–0.45

–0.53

–0.52

218±129

150±93

153±81

MIF CD14

26±2

27±7

26±4

CD16 (%)

2.9±1.6

7.9±7.8a

8.1±5.2a

MIF CD16

1.5±0.5

1.9±1.1

2.9±1.5a

PF4

CD11b (%)

100±0.1

99.5±0.8

99.5±2.0a

TG

MIF CD11

17.4±5.8

18.5±4.8

21.2±5.9a

CD62P

Aggregates

MIF CD62P

NS

–0.52

Plt–monocytes (%)

13.5±4.0

10.7±5.6

13.6±16.8

CD63

–0.58

–0.41

MIF CD45 on plt–monocyte

11.8±3.6

11.6±3.5

15.1±4.5

MIF CD63

–0.56

–0.3

aggregates

Plt–monocyte aggregates

a

There was no correlation in the controls. Spearman’s test, NS – no statistical
differences.

P<0.05 vs Healthy statistical significance in healthy subjects, Mann–Whitney
U-test. MIF-medial intensity of fluorescence.

0.77

0.81
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and monocyte count in peripheral blood (r = -0.56, P<0.0001),
MIF CD14 on monocytes (r = -0.4, P<0.01), and albumin
concentrations (r = -0.58, P<0.01) in LC.
Soluble P-selectin concentration in LC correlates positively
with plt count, plt-monocyte aggregates and biochemical
liver injury stage (ALT, AST, ALP, GGT). However, it
correlates negatively with plt activation and receptors CD62P
and CD63 expression (Table 4). A negative correlation of
sP-selectin concentration and monocyte (MIF CD14 and
MIF CD16) activation can be also observed.

Table 3 Correlations (r) of plt-monocytes aggregate level and markers of plt activation (Spearman’s test)
Cirrhosis hepatitis stage
(Child–Pugh)

Healthy
Plt CD62P (%)
MIF CD62P
Plt CD63 (%)
SP-selectin
PF4
TG
a

B

C
b

NS
NS
NS
NS
NS
NS

–0.47
–0.45b
–0.3 a
0.6b
NS
NS

–0.58b
–0.58b
–0.49b
0.51 b
–0.68b
–0.44a

P<0.05, bP<0.01 vs Healthy NS – no statistical correlations.

Table 4 Correlations (r) of sP-selectin value with monocyte and plt
activation markers and other parameters in LC
Cirrhosis hepatitis stage (Child–Pugh)

AST (U/L)
ALT (U/L)
ALP (U/L)
GGT (U/L)
Leukocyte (1×103/L)
Monocyte (%)
MIF CD14
MIF CD16
CD62P (%)
MIF CD62P
CD63 (%)
MIF CD63

B

C

NS
NS
NS
NS
0.6a
NS
–0.73b
–0.3 a
–0.57b
–0.53b
–0.54b
–0.5 a

0.56b
0.41a
0.42a
0.54b
0.58b
–0.37a
NS
NS
NS
NS
NS
NS

In healthy subjects we observed no statistical correlations (Spearman’s test).
a
P<0.05, bP<0.01 vs other groups NS – no statistical correlations.

DISCUSSION
Blood plt, by connecting hemostasis and inflammatory
processes, participate in pathogenesis of chronic liver diseases.
Thrombocytes play an important role in intensification of
damage and fibrosis of liver tissues. The level of plt damage
depends on severity of the course of liver disease, and
injury is reversible with liver efficiency improvement. The
causes of plt activation in LC are complex and not yet fully
understood. In LC, thrombocytopenia is connected with
shorter life span of plt and is a result of constant plt
activation by cytokines (IL2, IL6, TNF ), use up in subclinical
DIC, intensified elimination by the reticulo-endothelial system
of the spleen and liver[23]. Hyperdynamic portal circulation
and retention in the spleen microcirculation in LC act to
stimulate plt. Immunological and inflammatory phenomena
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in liver tissues and their influence are the other causes of
plt activation. P-selectin expression on plt is elevated in the
microcirculation at inflammation sites[24]. Endotoxemia often
accompanies severe LC. In experimental liver injury with
lipopolysaccharides (LPS), plt and neutrophil counts in
peripheral blood are significantly lower and are increased in
the liver tissue[25].
Endotoxemia activates plt and causes their migration
from blood to sinusoidal and perisinusoidal spaces[26]. Platelets
removed under experimental conditions protect from focal
liver necrosis[27]. Platelets with P-selectin, undergoing adhesion
to vascular endothelial cells, facilitate the stop of circulating
neutrophils in small vessels and initiate inflammatory and
thrombotic processes. P-selectin may represent a possible link
between inflammation and thrombosis. P-selectin correlated
with plt counts, but not with endothelial injury and tissue
factor or coagulation factors in chronic liver disease[28].
The results of our investigations showed that the more
developed thrombocytopenia, the stronger plt activation in
LC. With developed thrombocytopenia in LC, plt CD63+
population increases, which reflects strong plt activation with
elevated MIF CD62P and CD63. As cirrhosis develops
and plt count diminishes, plt aggregates with monocytes
increase. Our studies showed a negative correlation between
the stage of plt activation (CD62P, CD63, PF4, TG) and
plt aggregates creation with monocytes in LC. It proves
that plt activation influence binding with monocytes. It seems
that thrombocytopenia in LC may be the result of plt
consumption of plt in aggregates with other cells. There
was no relationship between monocyte activation and the
level of plt-monocyte aggregates.
CD62P and CD63 receptor expression on plt (both MIF
and population percentage) as well as PF4 and TG release
are sensitive markers of plt activation. It is significant
that plt activation was connected with the increase of plt
aggregates with monocytes. There was a negative correlation
between plt activation (MIF CD62P, MIF CD63) with sPselectin concentration in blood serum. Our studies suggest
that in LC plt are not the main source of the soluble form
of P-selectin and it does not reflect plt activation.
Monocyte activation is connected with CD11b population
elevation that presents 2-integrin, which enable binding
with ICAM-1, fibrinogen, and factor x. Activated CD14/16
monocyte population has proinflammatory properties
and produces large amount of TNF-. Activated plt are
bound to PMN with the involvement of P-selectin and
activated  2-integrin CD11b/CD18[29]. Monocytes adhere
to activated plt, mediated by P-selectin. Thrombin-activated
plt induce secretion of monocyte chemotactic protein-1 by
monocytes. It is suggested that activated plt regulate
chemokine secretion by monocytes in inflammatory sites[30].
Hyperdynamic condition in portal hypertension may be
important in triggering the monocyte and plt activation.
Platelet-monocyte complexes have been implicated in
inflammatory processes. Microenvironment conditions in
liver tissue regulate monocyte differentiation to become
dendritic cells despite the presence of fibroblasts. Monocyte
chemoattractant protein 1 (MCP-1) has chemotactic properties,
and recent evidence suggests that they might participate in
the fibrotic process by inducing the secretion of extracellular
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matrix components.
Our studies revealed that MCP-1 level did not reflect
inflammatory activity in LC, as it was lower in blood serum
than in healthy subjects. There was no relation observed
between MCP-1 concentration and activation of plt,
monocytes, (population CD16, CD11b) and predisposition
for plt-monocyte complexes creating. Thus, MCP-1 is not
a mediator in plt-monocyte contacts in LC. Secretion of
MCP-1 correlated with intensity of the inflammatory
infiltrate in chronic liver disease. In active cirrhosis, MCP-1
expression was present in the portal tract, in regenerating
bile ducts, and in inflammatory infiltration sites. In the group
of patients in Child-Pugh C stage, CD45 receptor expression
on monocytes in plt-monocyte aggregates is much higher
which proves that complex creation happens due to CD45+
monocyte activation and/or there is an increase in CD45
receptors on monocytes (difference statistically insignificant).
It seems that although thrombocytopenia is a non-desired
effect in LC, it is at the same time, a protective phenomenon
against intensification of inflammatory processes in the liver.
Monocyte and plt activation in LC may contribute to
progressive liver injury. Thus, further investigations are
needed to check pharmacological effect on plt and monocyte
activation blockade and intensification of liver regeneration.
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Abstract
AIM: To investigate whether Helicobacter pylori (H pylori)
infection is associated with hepatitis A virus (HAV) infection,
presence of enteroparasites, and other surrogates of fecal
exposure.
METHODS: We conducted a cross-sectional study in 121
children consecutively admitted at a pediatric hospital in
Salvador, Brazil. H pylori and HAV infection were identified
by the presence of serum antibodies. Stool specimens
were examined for the presence of ova and parasites. A
structured questionnaire inquiring about sanitary conditions
and life style was applied to each subject.
RESULTS: Fifty-one of the 121 children (42.1%) were
found to be seropositive for H pylori, and 45 (37.2%) for
HAV. The seroprevalence of H pylori and HAV both increased
significantly with age. Cross-tabulation of data showed
that 26 (21.5%) were seropositive and 51 (42.1%) were
negative for both H pylori and HAV antibodies (2 = 7.18,
OR = 2.8, CI 1.30-5.97). The age adjusted OR for an
HAV-infected child being H pylori positive was 2.3 (CI
1.02-5.03). The agreement between H pylori and HAV
seropositivity was fair ( = 0.24). After controlling for
possible confounding, the variables remaining independently
associated with seropositivity to H pylori were age,
presence of Giardia lamblia in feces (OR = 3.2, 95%CI,
1.1-9.5) and poor garbage disposal quality (OR = 2.4,
95%CI, 1.1-5.1).
CONCLUSION: Our data suggest that H pylori infection

is associated with surrogate markers of fecal exposure.
Thus, we conclude that the fecal-oral route is relevant in
the transmission of HP among children in an urban setting
of a developing country. The association observed between
G. lamblia and H pylori infection may have several
explanations. Further studies to investigate this relationship
are warranted.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Helicobacter pylori (H pylori) is now thought to be one of the
most important factors in the pathogenesis of upper
gastroduodenal diseases such as gastritis and peptic ulcer
disease[1,2]. Several mechanisms of H pylori transmission involving
the fecal-oral or oral-oral route have been proposed[3-5] .
Yet the design of prevention measures is hampered by
uncertainties about the exact mode and route of H pylori
transmission. Earlier studies have indicated that person-toperson transmission is a major mode of spread of H pylori [6-8].
However, even when H pylori is transmitted from person to
person, it is still controversial whether the transmission route
is via an oral-oral, fecal-oral or some other route[9,10].
The isolation of H pylori from feces has been used to
argue for the fecal-oral route of transmission [11]. The
consumption of uncooked vegetables contaminated by raw
sewage in the water supply has also been suggested to be a
key factor in the transmission of H pylori[12]. Despite such
evidence supporting fecal-oral transmission, H pylori has also
been isolated from dental plaque and saliva[4,13,14], suggesting
that the bacterium may be acquired by the oral-oral route.
Thus, as an attempt to clarify this issue, we directly compared
the seroprevalence of H pylori with the prevalence of
intestinal parasites known to be acquired by the fecal-oral
route, and with the seroprevalence of antibody to hepatitis
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A virus (HAV) also known to be a sensitive marker of fecaloral exposure[15], in a population of children admitted to a
pediatric hospital in Salvador, Brazil.

MATERIALS AND METHODS
This study was conducted in a non-profit, 90-bed pediatric
hospital (Hospital da Criança), which serves uninsured
children of low socioeconomic status in the city of Salvador,
in northeastern Brazil. Salvador has an ethnically diverse
population of 2.3 million, and is the third largest city in
Brazil.
Subject selection
We enrolled 121 out of 132 eligible children consecutively
admitted at the Hospital da Criança over a 6-month period
(from August 2001 to February 2002). Thus, the response
rate was 92%. Children with life-threatening diseases, living
outside the metropolitan area of Salvador or who had been
vaccinated against hepatitis A virus (HAV) were excluded
from the study.
Data collection
A structured questionnaire was administered in person by
trained and certified interviewers to either parent of each
child. On an average, each interview lasted 30-45 min.
Neither the interviewers nor the children’s parents were
aware of the H pylori infection status of the study subject
at the time the interview took place. The protocol was
approved by the Hospital Ethical Committee, and written
informed consent was obtained from the parents of all
children, before enrollment in the study.
The data collection instrument contained approximately
88 items, including questions on demographic and household
characteristics. A crowding index was calculated by dividing
the number of household members by the number of rooms.
Garbage disposal system was classified as good or poor.
Good systems included scheduled garbage collection and
absence of garbage in children’s playgrounds (household
vicinity). Also, poor systems included non-scheduled garbage
collection or presence of garbage in children’s playgrounds.
Household excreta disposal system was also classified as
good or poor. Good systems included either the municipal
sewer or a septic tank with leach field, and poor systems
included cesspools and portables.
Serology
Serum was separated, frozen, and stored at -20 ℃ until
assayed. H pylori status was determined by the presence
of anti-H pylori IgG antibodies in the ELISA using a
commercially available kit (Enzignost Anti-H pylori II/
IgG; Dade Behring, Marburg, Germany). All testing was
performed according to the manufacturer’s instructions.
ELISA test uses inactivated H pylori antigen (detergent extract
from a CagA- and VacA positive strain isolate) absorbed to
reaction wells. A sample was considered positive for IgG
antibodies to H pylori if the corrected absorbance reading
of the serum sample was 0.250 or more (cut-off). The
specificity and sensitivity are estimated to be 98.8% and
93.4%, respectively (Dade Behring, data on file). It has been
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shown that the ELISA test and other serological tests
distinguish those infected with H pylori from those who have
not been infected[16]. All sera were tested blindly.
Serum Hepatitis A antibodies were analyzed by a
commercially available microparticle enzyme immunoassay
(AxSYM HAVAB 2.0, Abbott Laboratories, Abbott Park,
IL) on an AxZYM analyzer. Serum samples with absorbance
levels ranging from 0 to 1 A were considered reactive for
hepatitis A antibodies. The sensitivity of this enzyme
immunoassay is 98.9%, and the specificity is 99.7% (data
provided by Abbott Laboratories, Abbott Park, IL).
Stool examination
Stool specimens were examined using the spontaneous
sedimentation method. Fifty grams of feces were mixed
with about 100 mL of tap water and sieved through a
2 mL mesh sieve, washed with 50 mL of water and pressed
with a spatula to recover as much of the water as possible.
After 40 min, the supernatant was decanted until 50 mL
remained. The beaker was refilled to 200 mL with tap
water and the suspension allowed standing. After 40 min,
the supernatant was decanted until 30 mL remained, and
1 mL thereof was examined (in about 200 L aliquots)
microscopically at 100× magnification for the presence
of ova and parasites.
Statistical analysis
The seroprevalence of H pylori infection and HAV was
separately analyzed in relation to all considered variables.
Odds ratio (OR) with 95% CI for H pylori or HAV
infection, given the presence of a particular characteristic,
was used as the measure of association. In addition, because
we wished to study the unconfounded effects of the
variables examined, we entered these terms into a model
and used logistic regression in order to estimate OR and CI
adjusted for selected covariates. In this multivariate analysis,
full models were fitted, and the nonsignificant (P>0.1)
variables were eliminated in a stepwise, backward elimination
algorithm, least significant first, to determine the final model.
P values less than 0.05 were considered statistically
significant. The relation between seroprevalence of H pylori
infection and HAV was evaluated by means of the 2 test
with continuity correction, OR, and  statistical analysis
(calculated according to Landis and Koch)[17]. The  statistic,
a measure of the agreement between two observers or tests,
ranges from -1 to 1 with 1 indicating perfect agreement, 0
indicating the agreement expected on the basis of chance
alone, and values between 0 and 0.4 a poor to fair agreement
[18]
. All analyses were conducted with the SPSS statistical
program (SPSS, Inc., Chicago, Illinois, USA).

RESULTS
Table 1 presents selected sociodemographic characteristics,
sanitary conditions and the prevalence of intestinal parasites in
the 121 patients. The sample comprised mainly of Black/mixed
children with a mean age of 4.8 years, and more than two
thirds of family supporters who had attended less than
middle school. The presence of intestinal parasites was
common: 76 of 121 patients (63%) had at least one parasite.
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The frequency distribution of parasites detected is shown
in Table 1. The most common and chief complaints on
hospital admission included respiratory tract diseases (33.
9%), urinary tract diseases (12.4%), skin/muscle infection
(10.7%) and gastrointestinal tract diseases (7.4%).
Of the 121 patients, 51 (42.1%) children were found to
be seropositive for H pylori, and 45 (37.2%) for HAV. The
seroprevalence of H pylori and HAV both increased
significantly with age (Table 2) and did not differ according

Table 1 Selected characteristics of 121 children admitted to a
public hospital in Salvador, Brazil, 2001-2002
N (%)
Age group (in yr)
1–3

43 (35.5)

4–6

50 (41.3)

7–9

16 (13.2)

10–12

12 (9.9)

Gender
Male

66 (54.5)

Female

55 (45.5)

Ethnicity
Black

56 (46.3)

Mixed

59 (48.8)

White

6 (5.0)

Educational attainment of family supporter
Less than middle school

87 (71.9)

Complete middle and less than high school

21 (17.4)

High school or more

13 (10.7)

Household monthly income1
Less than $US 100.00

38 (31.4)

$US 100.00 to $US 190.00

63 (52.1)

More than $US 190.00

20 (16.5)

to gender (data not shown). Cross-tabulation of data showed
that 26 (21.5%) were seropositive, and 51 (42.1%) were
negative for both H pylori and HAV antibodies, whereas 25
(20.7%) and 19 (15.7%) were seropositive only for H pylori or
HAV, respectively (2 = 7.18, OR = 2.8, CI = 1.30-5.97).
The age adjusted OR for an HAV-infected child being
H pylori positive was 2.3 (CI 1.02-5.03). The agreement
between H pylori and HAV seropositivity, as measured by 
statistic, was fair (= 0.24).
The associations between selected characteristics and
H pylori or HAV infection are depicted in Table 3. Gender
and ethnicity were not significantly associated with either
H pylori or HAV infection. Children at the highest category
of the crowding index had an increased prevalence of HAV
infection. Having a poor garbage disposal system significantly
increased the odds of both H pylori and HAV infection by
2.5 and 2.3, respectively. Our results also suggested that
having a poor household excreta disposal system increased
the likelihood of H pylori and HAV seropositivity, but only
the latter association was statistically significant. Patients
living in homes with a restroom outside the household were
found to have significantly higher prevalences of H pylori
and HAV infection (Table 3). In regard to enteroparasites,
the presence of G lamblia significantly increased the odds
of H pylori and HAV infection by 3.6 and 4.3, respectively.
There was no significant association between the other
intestinal parasites investigated and either H pylori or HAV
infection (Table 3).
Table 3 Age-adjusted OR for the association between H pylori or
hepatitis A infection (HAV) and selected characteristics in 121
children, Salvador, Brazil, 2001-2002
Seropositivity
for H pylori

Seropositivity
for HAV

Sociodemographic characteristics

Crowding index
≤1.0

50 (41.3)

1.1–2.0

45 (37.2)

2.1–3.0

15 (12.4)

>3.0

11 (9.1)

Presence of enteroparasites

1
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Endolimax nana

61 (50.4)

Ascaris lumbricoides

48 (39.7)

Trichiurus trichiura

23 (19.0)

Giardia lamblia

19 (15.7)

Entamoeba histolytica

6 (5.0)

Iodamoeba butschlii

6 (5.0)

OR (95% CI)1

OR (95% CI)1

Gender
Male
Female
Ethnicity
Non-black
Black
Crowding index
≤1.0

1 (referent)
2.1 (0.9–4.5)
1 (referent)

1 (referent)
0.8 (0.4–1.7)
1 (referent)
0.7 (0.3–1.6)
1 (referent)

1.1–2.0

0.8 (0.4–1.6)

1.0 (0.5–2.2)

2.1–3.0

1.0 (0.3–3.2)

1.0 (0.3–3.4)

3.3 (0.9–12.4)

9.6 (2.0–46.1)b

2.5 (1.1–5.3)a

2.3 (1.0–5.2)a

Poor household excreta disposal
system (vs good)

1.7 (0.8–3.6)

2.8 (1.2–6.1)a

Home restroom outside the household

2.6 (1.0–6.3)a

3.8 (1.4–9.9)b

>3.0
Sanitary conditions

In $US.

1 (referent)
1.0 (0.5–2.0)

Poor garbage disposal quality
(vs good)

Table 2 Seropositivity for H pylori and HAV in the study population,
Salvador, Brazil, 2001-2002
Age group (in yr)

Number of
subjects

Seropositive for
H pylori n (%)

Seropositive
for HAV n (%)

1–3

43

12 (27.9)

7 (16.3)

4–6

50

25 (50.0)

7–9

16

7 (43.8)

(vs inside)
Presence of intestinal parasites
None

1 (referent)

1 (referent)

Ascaris lumbricoides

1.3 (0.6–3.1)

2.1 (0.8–5.4)

19 (38.0)

Trichiurus trichiura

0.9 (0.3–2.7)

1.4 (0.4–4.7)

12 (75.0)

G lamblia
Endolimax nana

3.6 (1.1–11.8)a
1.7 (0.8–3.8)

4.3 (1.3–13.9)a
2.1 (0.9–4.9)

Entamoeba histolytica

0.7 (0.1–4.6)

0.3 (0.0–3.4)

Iodamoeba butschlii

1.5 (0.3–8.6)

0.4 (0.0–3.5)

10–12

12

7 (58.3)

7 (58.3)

Total

121

51 (42.2)

45 (37.2)

2 for linear trend: 4.01 (P = 0.045) and 16.07 (P<10-4) for age in the H pylori and
HAV groups, respectively.

1

OR (95% CI); aP<0.05, bP<0.01 other groups.
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Multivariate analysis
After adjusting for selected covariates using logistic
regression, the variables that remained independently
associated with seropositivity for both H pylori and HAV
were age and the presence of G lamblia in feces. Poor garbage
disposal quality remained significantly associated with H pylori
infection only, as shown in Table 4.
Table 4 Results of the multivariate analysis of selected variables and
their association with H pylori or HAV infection in 121 children, Salvador,
Brazil, 2001-2002

Age group (in yr)
1–3
4–9
10–12
Sanitary conditions
Poor garbage disposal
quality (vs good)
Presence of intestinal parasites
G. lamblia
1

Seropositivity for
H pylori

Seropositivity
for HAV

OR (95% CI)1

OR (95% CI)1

1 (referent)
2.6 (1.1–6.1)a
4.2 (1.0–16.7)a

1 (referent)
5.1 (1.9–13.9)b
9.0 (2.0–39.5)b

2.4 (1.1–5.1)a

2.2 (0.9–4.9)

3.2 (1.1–9.5)a

3.7 (1.2–11.7)b

OR (95% CI); aP<0.05, bP<0.01 vs others.

DISCUSSION
The sources and routes of transmission of H pylori infection
are still a topic of debate. This study was designed to
investigate putative risk factors for H pylori infection, focusing
on those operative in childhood. HAV is a fecally transmitted
agent with a high incidence of infection in areas with poor
sanitation practices. If the fecal-oral route is significant in
the transmission of H pylori, we would expect the seroprevalence
status of this bacterium to correlate with that of HAV
(allowing for differences in infectivity). Primary analysis of
our data showed that there is a significant correlation between
the serostatus of H pylori and HAV, with an overall concordance
rate of seropositive and seronegative results of 63.6%
(2 = 7.18). However, the 2 statistic is not a good measure
of the degree of association, particularly when dealing with
highly prevalent variables. The  statistic is a more suitable
method for ascertaining the strength of agreement in such
situations, and it revealed only a fair association between
these two infections. These results, thus, offer only a weak
support to the hypothesis of a common mode of
transmission of those two infections. They agree with
previous studies that found the correlation between H pylori
and HAV to be only a result of the high age-related
seroprevalence of these two infections[19-21].
In our data, poor garbage disposal was associated with
both H pylori and HAV infection. It has been shown that
houseflies have the potential for mechanical transmission
of H pylori[22]. The accumulation of garbage with organic
matter may result in larger numbers of this vector and
increase the likelihood of food contamination by flies. The
same can be argued for HAV infection. There was also a
strong association of poor household excreta disposal system
with HAV infection, but not with H pylori infection; even
though our estimates suggested an association in the same
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direction. Lastly, having a restroom outside the household
was significantly associated with both H pylori and HAV
infection. In these communities, restrooms outside the
household have no sink or faucet, and typically lack toilet
paper. Therefore, subjects using such facilities are more
likely to have poor hygiene practices and to be at increased
risk for acquiring infections transmitted by the fecal-oral
route. The variables we used as surrogates for the fecaloral mode of transmission were correlated with H pylori
infection and have been cross validated with HAV infection.
Thus, suggesting the fecal-oral route may play a significant
role in the transmission of H pylori.
We found an association between H pylori infection and
the presence of G. lamblia in feces. It is well known that
G. lamblia is transmitted by the fecal-oral route, and thus,
this association may indicate that both microorganisms share
this common route of transmission. Consistently with that,
G. lamblia infection was also correlated to HAV infection, a
sensitive marker of fecal exposure. One may also argue
that gastric giardiasis increases the susceptibility to H pylori
infection. In a study in Italy, Doglioni et al[23], found H pylori
infection in 37 of 41 (90.2%) patients with gastric giardiasis.
Alternatively, H pylori-induced chronic gastritis may increase
the susceptibility to G. lamblia infection. In both scenarios,
the association observed between H pylori and G. lamblia
infection could occur independently of a common mode
of transmission.
Methodological merits and limitations
In this study, a consecutive sample of subjects with a high
participation rate has made it unlikely that selection bias
might have occurred. Parents and interviewers were both
blinded to the serostatus of the children, thus preventing
information and observational bias, respectively. A limitation
of our study is related to the difficulties in measuring
variables reflecting sanitary and environmental conditions.
As we had to rely on self-report when assessing these
characteristics, this might have posed an additional source
of inaccuracy to our data, which is likely to result in
nondifferential classification error and attenuation of the
associations measured.
In conclusion, Our results suggest that H pylori infection
is associated with some surrogate markers of fecal exposure
which were cross-validated by HAV infection, a known
indicator of such exposure. Therefore, we conclude that
the fecal-oral route may be relevant in the transmission of
HP among children in an urban setting of a developing
country. The association between G. lamblia and H pylori
infection also described here can have several explanations.
Further studies to investigate this relationship in more detail
are warranted.
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Abstract
AIM: To determine whether Helicobacter pylori (H pylori)
infection caused hyperhomocysteinemia by altering serum
vitamin B12, serum folate and erythrocyte folate levels and
whether eradication of this organism decreased serum
homocysteine level.
METHODS: The study involved 73 dyspeptic H pyloripositive patients, none of them had gastric mucosal atrophy
based on rapid urease test and histology. Out of 73
patients, 41 (56.2%) showed a successful eradication of
H pylori 4 wk after the end of treatment. In these 41
patients, fasting serum vitamin B12, folate and homocysteine
levels, and erythrocyte folate levels before and 4 wk after
H pylori eradication therapy were compared.
RESULTS: The group with a successful eradication of H pylori
had significantly higher serum vitamin B12 and erythrocyte
folate levels in the post-treatment period compared to
those in pre-treatment period (210±97 pg/mL vs 237±94
pg/mL, P<0.001 and 442±212 ng/mL vs 539±304 ng/mL,
P = 0.024, respectively), but showed no significant change
in serum folate levels (5.6±2.6 ng/mL vs 6.0±2.4 ng/mL,
P = 0.341). Also, the serum homocysteine levels in this group
were significantly lower after therapy (13.1±5.2 mol/L
vs 11.9±6.2 mol/L, P = 0.002). Regression analysis
showed that serum homocysteine level was positively
correlated with age (P = 0.01) and negatively with serum
folate level before therapy (P = 0.003).
CONCLUSION: Eradication of H pylori decreases serum
homocysteine even in patients who do not exhibit gastric
mucosal atrophy. It appears that the level of homocysteine
in serum is related to a complex interaction among serum

vitamin B12, serum folate and erythrocyte folate levels.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Helicobacter pylori (H pylori) is a spiral-shaped bacterium that
causes chronic infection in human stomachs, and often leads
to gastritis and peptic ulcers[1]. Recent data indicate a possible
correlation between H pylori infection and coronary heart
disease[2,3]. The connection between H pylori infection and
hyperhomocysteinemia is one way in which this organism
may be linked to the development of coronary diseases.
Researches have shown strong associations between
hyperhomocysteinemia and inadequate vitamin intake and
insufficient vitamin concentrations in plasma, particularly
vitamin B6, vitamin B12 and folate levels[4,5]. Several studies
have demonstrated that H pylori infection has negative effects
on serum levels of vitamin B12 and folate[6-8].
Homocysteine metabolism involves a complex interaction
between folate and vitamin B12 [9] . Our aims in this study
were to examine whether H pylori infection affected serum
homocysteine, serum vitamin B12, serum folate, and erythrocyte
folate levels in non-ulcer dyspeptic patients without gastric
mucosal atrophy, and to evaluate the effect of eradication
of H pylori on serum homocysteine level.
MATERIALS AND METHODS
Patients
This study included 73 dyspeptic patients (24 men and 49
women; mean age 41±12 years) and was conducted between
May 2002 and February 2003. The protocol was approved
by the Human Research Ethics Committee of Baskent
University, and informed consent was obtained from all
subjects. Each individual was referred to our center for
endoscopic examination, and diagnosed with H pylori
infection by rapid urease test (Pronto Dry, Medical Instr.,
Solothurn, Switzerland) and histolopathologic evaluation. In
each case, two biopsy specimens from the gastric antrum
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and two from the corpus were examined. The tissues were
stained with hematoxylin and eosin, and Giemsa stain.
Gastritis was defined using the Sydney classification[10]. The
same pathologist, who was blinded to the clinical conditions
of the patients, performed all histological examinations.
None of these dyspeptic patients exhibited gastric mucosal
atrophy. All patients underwent H pylori eradication therapy
(2 wk of a combination regimen of lansoprazole 30 mg
twice daily, amoxicillin 1 000 mg twice daily, and
clarithromycin 500 mg twice daily). Repeat endoscopy was
done 4 wk after the completion of treatment to assess the
eradication status of H pylori in each patient.
Before and at the time of the investigation, none of the
73 patients was taking medication known to alter serum
homocysteine levels, such as methotrexate, theophylline,
anticonvulsants or antidepressants. The other exclusion
criteria were chronic renal failure, hypothyroidism, previous
gastric surgery, smoking habit, and use of proton pump
inhibitors, antibiotics or vitamin supplementation in the
4 wk prior to enrollment in the study.
Determination of serum homocysteine, vitamin B12, folate, and
erythrocyte folate levels
A blood sample was drawn from each patient before and
4 wk after the completion of eradication therapy. Each
sample was collected after overnight fasting, and serum
homocysteine, serum vitamin B12, serum folate, and erythrocyte
folate levels were measured. Serum homocysteine level was
determined using a commercial fluorescence polarization
immunoassay (AXSYM Homocysteine, Abbott Laboratories,
Abbott Park, IL, reference ranges for male and females
were 5.9-16.0 and 3.36-20.44 mol/L, respectively). Serum
vitamin B12 was measured by electrochemiluminescence
immunoassay (Elecsys Vitamin B12, Roche, IN, reference
range: 197-866 pg/mL), and serum folate and erythrocyte
folate levels were determined using a binding assay technique
(Elecsys folate, Roche, IN, reference range: 3-17 and 93641 ng/mL, respectively).

Table 1 Serum vitamin B 12, folate, erythrocyte folate, and homocysteine levels before and after H pylori eradication treatment
(mean±SD)
Patients with successful eradication (n = 41)
Before treatment

After treatment

Serum vitamin B12 (pg/mL)
Serum folate (ng/mL)

210±97
5.6±2.6

237±94
6.0±2.4

Erythrocyte folate (ng/mL)

442±212

539±304

0.024

Serum homocysteine (mol/L)

13.1±5.2

11.9±6.2

0.002

RESULTS
Of the 73 patients, 41(56.2%) showed a successful
eradication of H pylori 4 wk after the end of treatment.
The group with a successful eradication of H pylori had
significantly higher serum vitamin B12 and erythrocyte folate
levels in the post-treatment period compared to those in
pre-treatment period (210±97 pg/mL vs 237±94 pg/mL,
P<0.001 and 442±212 ng/mL vs 539±304 ng/mL, P = 0.024,
respectively), but showed no significant change in serum
folate levels (5.6±2.6 ng/mL vs 6.0±2.4 ng/mL, P = 0.341)
(Table 1). Also, the serum homocysteine levels in this group
were significantly lower after the therapy (13.1±5.2 mol/L
vs 11.9±6.2 mol/L, P = 0.002) (Table 1 and Figure 1).
Univariate analysis of the data collected before eradication
treatment revealed that serum homocysteine level was
positively correlated with the age of the patient (r = 0.272;
P = 0.02), and negatively with serum folate level (r = -0.367;
P = 0.001), serum vitamin B12 level (r = -0.267; P = 0.023),
and erythrocyte folate level (r = -0.336; P = 0.004) (Table 2).
Regression analysis identified age (P = 0.01) and serum folate
level (P = 0.003) as the only two factors independently
associated with serum homocysteine level. The erythrocyte
folate level, which was strongly correlated with serum folate
level (Table 2), was not included in multivariate analysis.

P

0.272

0.020

Homocysteine–sex
Homocysteine–B12

–0.201
–0.267

0.088
0.023

Homocysteine–serum folate

–0.367

0.001

Homocysteine–erythrocyte folate

–0.336

0.004

0.654

<0.001

Serum homocysteine level (mol/L)

<0.001
0.341

Homocysteine–age

Serum folate–erythrocyte folate

Statistical analysis
All analyses were performed using the statistical package
for the social sciences (SPSS) for Windows, version 9.05.
Normality of the distribution of the results for the four
variables (serum vitamin B 12 , serum folate, serum
homocysteine, erythrocyte folate) were tested using the
Kolmogorov-Smirnov test, and all were found to be normally
distributed. Data were presented as mean±SD. P values
<0.05 were considered statistically significant. The paired
t-test was used to compare pre- and post-treatment serum
levels of homocysteine, vitamin B12, folate, and erythrocyte
folate levels in all patients. Univariate analysis using Pearson’s
correlation test was done to evaluate the relationship between
serum homocysteine and age, sex, serum folate, and erythrocyte
folate levels. Logistic regression analysis was done to identify
which parameters independently influenced serum
homocysteine level. The independent variables tested in this
model were age, sex, serum folate and vitamin B12 levels.

P

Table 2 Relationships between serum homocysteine level and serum or erythrocyte levels of vitamins, and patient age and sex before H pylori eradication
Pearson’s 
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Figure 1 Changes in serum homocysteine level before and after H pylori
eradication (P = 0.002).

2766

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

DISCUSSION
Several recent studies have investigated the relationship
between coronary artery disease and H pylori infection, and
the results are controversial[2,3,11-13]. Hyperhomocysteinemia
is a factor that is suggested to be responsible for the development
of atherosclerosis in the setting of chronic H pylori infection.
In recent years, homocysteine has been shown to be an
important contributor to atherosclerosis[14-16]. One metaanalysis involving 10 000 patients revealed no meaningful
correlations between H pylori and vascular risk factors[17] .
Research has shown that homocysteine can directly cause
endothelial damage [18] , affect platelet function and
coagulation factors[19], and increase the oxidation of lowdensity lipoproteins[20]. In the light of these findings, a
number of investigators have focused on H pylori infection
as a possible cause of hyperhomocysteinemia. However,
these findings are also inconsistent[12,13,21,22].
It has been well established that chronic H pylori infection
causes atrophic gastritis[1], and decreased absorption of both
vitamin B12 and folic acid has been documented in patients
with this condition[9]. Furthermore, a recent study done at
our clinic showed that even patients with non-atrophic
H pylori gastritis exhibited low vitamin B12 levels[8,23-25]. This
is supported by investigations that demonstrated foodcobalamin malabsorption in patients with H pylori gastritis
who did not have mucosal atrophy[8]. As noted above, in
the present study we found that serum vitamin B12 level
was significantly higher after treatment, regardless of the
patient’s eradication status. This indicates that the degree
of malabsorption, or perhaps consumption of this vitamin
by the organism, decreases when H pylori density in the
gastric mucosa is reduced by eradication therapy. Patients
with chronic H pylori infection exhibited decreased secretion
of ascorbic acid by the gastric mucosa and elevated gastric
pH[26,27]. It has been demonstrated that low levels of ascorbic
acid in gastric juice or high pH of gastric juice could cause
less folate absorption from the diet[28]. In the 41 dyspeptic
H pylori-positive patients we studied, baseline serum folate
levels were in the normal range and there was no significant
change in this parameter after therapy (5.6±2.6 ng/mL vs
6.0±2.4 ng/mL, P = 0.341). We suspect that this may be
because the levels were normal before treatment, and
because the typical Turkish diet contains high levels of folate.
Our patients also showed significantly higher erythrocyte
folate levels after H pylori eradication therapy. This is also
likely linked to vitamin B12 levels, since one important reaction
in erythrocytes involves vitamin B12-dependent transfer of
the methyl group from N5methylenetetrahydrofolate to
homocysteine. Lack of adequate vitamin B12 impedes this
reaction and leads to leakage of unconjugated folate from
cells, whereas correction of the deficiency could restore
erythrocyte folate levels[29].
Our analysis identified the age of the patient and serum
folate level as independent deter minants of serum
homocysteine level. As described above, folate re-methylation
of homocysteine to methionine required vitamin B 12.
However, this vitamin had less influence on serum
homocysteine concentration than serum folate[30]. Some
authors have stressed that it is incorrect to state that vitamin
B12 plays no role in homocysteine metabolism, and that
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the effect of this vitamin is often masked by the role of
folate[31] . Also, research showed that when oral folic acid
supplementation provided a certain serum level of folate
(10 g/L was considered the approximate cut-off), serum
folate had less influence on homocysteine levels[31] . Our
results are in line with these findings and statements. We
conclude that serum folate level is a primary determinant
of serum homocysteine level in dyspeptic H pylori-positive
patients, even though infection with this organism is known
to reduce serum B12 levels. Our study did not show that
increased serum vitamin B12 after H pylori eradication had a
positive effect on serum homocysteine levels, but like other
authors, we believe that the impact of vitamin B12 may be
indirect or masked.
One report in the literature states that each 1-mol/L
drop in serum homocysteine level represents a 10% decrease
in the risk of vascular disease[14]. We found that the mean
serum homocysteine level in our patients with complete
H pylori eradication was decreased by slightly more
than 1 mol/L. Although homocysteine has not been
considered to be as important as other risk factors such as
hypercholesterolemia, smoking, diabetes mellitus, and
hypertension, we suggest that prolonged hyperhomocysteinemia
possibly due to H pylori infection since childhood, especially
in developing countries may play a contributing role in the
pathogenesis of atherosclerosis. This suggests that eradication
of this microorganism can lower the risk of vascular diseases
in dyspeptic H pylori-positive patients. It also indicates that
there is a significant benefit to prescribing H pylori eradication
even in the absence of mucosal atrophy or other severe
gastroduodenal lesions. Such a treatment may be more
important in countries where the rates of nutritional folic
acid and/or vitamin B12 deficiency are particularly high.
The property of diet consumed in a population is certainly
very important to achieve an acceptable serum and tissue
levels of many nutrients including folate and cobalamin. As
we have suggested in a recent paper, even some patients
with a high H pylori load in their gastric mucosa may show
normal serum levels of these vitamins probably because
of consuming foods and drinks containing a high level of
these vitamins[8].
The main etiologic factors thought to underlie the high
prevalence of vitamin B12 deficiency in the elderly population
are dietary deficiency and malabsorption due to atrophic
gastritis. A recent study conducted at our center has
confirmed that older age is an independent factor in vitamin
B12 deficiency, but disproved the malabsorption-atrophic
gastritis link since only patients without gastric mucosal
atrophy were investigated[32] . The findings of our present
study support the positive correlation between age and serum
homocysteine level that has been reported previously[33,34].
We suggest that this connection may be explained by a
complex interaction among serum vitamin B12, serum folate
and erythrocyte folate levels.
In conclusion, even in dyspeptic H pylori-positive patients
who do not exhibit gastric mucosal atrophy, complete
eradication of H pylori is associated with a significant drop
in serum homocysteine. In countries where H pylori infection
is highly prevalent, it may be beneficial to implement
widespread dietary fortification with folic acid and vitamin
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B12, and/or to provide eradication treatment for all infected
patients. Further research is needed to determine whether
these approaches offer significant clinical benefits in terms
of lower cardiovascular risk.
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Abstract
AIM: To characterize gene polymorphism of several
cytokine gene in-patients with AIH and PBC and to analyze
the difference of the polymorphism distribution between
Chinese patients and healthy controls.
METHODS: The study population consisted of 62 patients
with AIH, and 77 patients with PBC. The genetic profile
of four cytokines was analyzed by restriction fragment
length polymorphism after specific PCR amplification
(PCR-RFLP) or sequence-specific primers PCR (SSP-PCR).
The analyzed gene polymorphism included interleukin-1
(IL-1) (at position +3 953 and IL-1RN intron 2), IL-6 (at
position -174), IL-10 promoter (at position -1 082, -819,
and -592). The control group consisted of 160 healthy
blood donors.
RESULTS: The majority of Chinese people including
patients and healthy controls exhibited IL-1B 1,1
genotype, and there was no significant difference in AIH,
PBC patients and controls. There were highly statistically
significant differences in the distribution of the IL-1RN
gene polymorphism between the patients with PBC
compared with controls. The frequency of IL-1RN 1,1
was significantly higher (90.9% vs 79.4%, P = 0.03)
and the frequency of IL-1RN 1,2 was significantly lower
in PBC patients (6.5% vs 17.5%, P = 0.01). No statistical
difference was observed between AIH patients and
controls. All of the 160 healthy controls and 62 cases of
AIH patients exhibited IL-6-174GG genotype, and there
were four cases, which expressed IL-6-174GC genotype
in 77 cases of PBC patients. The frequency of IL-6-174GC
was markedly significantly higher in PBC patients
compared with controls (5.2% vs 0%, P = 0.004). No
statistically significant difference was found in the
distribution of IL-10 promoter genotype in AIH and PBC
patients compared with controls.

INTRODUCTION
Autoimmune hepatitis (AIH) and primary biliary cirrhosis
(PBC) are two groups of important autoimmune liver diseases.
AIH is characterized by elevated serum transaminase levels,
hypergammaglobulinemia, serum autoantibodies, and a good
response to immunosuppressive therapy. PBC exhibits
progressive destruction of the bile ducts leading to fibrosis
and cirrhosis. Specific autoantibodies and disorder of liver
function also characterize PBC[1,2]. Although their etiologies
are unknown, genetic factors have been implicated to be
involved in the pathogenesis of AIH and PBC[3-7]. In previous
studies hu man HLA DRB1*0301, DR B*0401 (in
Caucasians) and DRB1*0405 (in the Chinese) have been
identified as independent determinants of susceptibility to
AIH. In addition, the genetic typing of HLA class II and
III alleles revealed a highly significant increase of HLA
DR8, DPB1*0501 and 0301, and C4A*B2 and C4A*Q0
complement alleles in patients with PBC compared with
controls, and the HLA DRB1*0801-DQA1*0401-DQB1*0402
haplotype was considered to represent a maker of disease
progression.
A number of genes outside the MHC locus may play a
role in susceptibility to autoimmune liver diseases[8-11]. We
have recently shown that the polymorphism of cytotoxic T
lymphocyte-associated antigen-4 and vitamin D receptor
genes have been associated with Chinese patients with
AIH and PBC, and there is no association between the
polymorphism of tumor necrosis factor (TNF)-alpha promoter
and the same group patients with AIH and PBC[13]. It has
been well established that interleukin-1 (IL-1), IL-6 play
important roles in developing chronic inflammation, and
IL-10 is an important cytokine with anti-inflammatory,
anti-immune, and anti-fibrotic functions. The aim of
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this study is to investigate, the relationship between both
diseases susceptibility in the Chinese population and the
one polymorphic site in IL-6 promoter -174, the three
polymorphisms sites in the IL-10 gene promoter -1082, -819,
-592), as well as the IL-1 gene family: IL-1B and IL-1RN.

MATERIALS AND METHODS
Study population
A total of 139 patients who satisfied international criteria
for AIH and PBC were obtained from Eastern China,
including Shanghai, Zhejiang province and Jiangsu province.
Sixty-two patients with AIH fulfilled the following criteria:
(1) Absence of epidemiological risk factors and serological
markers for hepatitis B and hepatitis C virus infection by
immunoassays; (2) Presence of ANA, SMA or LKM-1,
anti-soluble liver antigen antibody (SLA); (3) Absence of
drug history; (4) Seven patients had concurrent nonhepatic
immunologic diseases, including four with chronic ulcerative
colitis and three with autoimmune thyroid disease; (5) Thirty
patients were seropositive for other defined autoantibodies,
including 17 atypical pANCA, 11 parietal cell antibody, 4
thyroglobulin autoantibody or thyromicrosomal autoantibody.
The clinical and laboratory features of the 62 patients are
shown in Table 1. The diagnosis of AIH was based on the
revised criteria defined by the International Autoimmune
Hepatitis Group[1].
The PBC group consisted of 77 well-characterized
patients, which met the diagnostic criteria for PBC in the
practice guideline written by AASLD[2] : (1) presence of
cholestatic liver disease including jaundice, fatigue and
pruritus with abnormally high levels of cholestatic parameters
such as serum alkaline phosphotase (ALP), serum bilirubin
and gamma glutamyl transpeptidase; (2) Absence of biliary

Table 1 Clinical features in patients with AIH
Clinical features

Female
(n = 44)

Male
(n = 18)

Age (yr)

50 (16-79)

47 (21-62)

Duration symptoms (mo)

36.4 (6–134)

38.8 (18–72)

Concurrent immunologic diseases
ALP:AST <1.5
1.5–3.0
Bilirubin (3.4–17.1 mol/L)

5

2

44

11

5

2

62.4 (40–84.7)

63.5 (42–79.6)

Immunoglobulin G (7.6–16.6 g/L)

30.9 (18.1–34)

32.6 (18–33.4)

ANA≥1:100

30

11

SMA≥1:100

3

ANA and SMA≥1:100

8

3

LKM-1≥1:100

1

1

2

2

SLA≥1:100
Average alcohol intake

<25 g/d

1

<25 g/d

Other autoantibodies
atypical pANCA≥1:32

13

4

7

4

TG or TM

4

0

AIH Score1

>15

PCA

>15

TG, thyroglobulin autoantibody; TM, thyromicrosomal autoantibody; PCA,
parietal cell antibody. 1AIH score: revised scoring system for diagnosis of AIH.
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obstruction as assessed by ultrasound or endoscopic
retrograde cholangiopancreatography; (3) Serum positive
AMA titer ≥1:1 000, and type M2 AMA positive; (4)
Absence of serological markers for hepatitis B and C virus
infection by immunoassays. There were 10 patients who
had serum aspartate transaminase 30-50 U/L (normal value
10-40 U/L) underwent liver biopsy in PBC group, and the
result showed that the histological change was compatible
with PBC. Other patients have elevated serum aspartate
transaminase (>60 U/L). There were 41 patients who had
ANA positive in their serum (titer ≥1:100). Sixty-eight were
females, median age at diagnosis of PBC was 51.3 years
(range 32 to 79), and seven were males, median age was 47.0
(range 38 to 60). Controls from the same geographic area,
were blood donors.
ANA were sought by indirect immunofluorescence (IIF)
on Hep-2 cells and rat liver tissue sections in all patients.
SMA was similarly checked by IIF on rat stomach tissue
sections in all patients. LKM-1 and AMA were detected on
rat stomach and liver tissues sections in all patients. SLA and
type M2 AMA were sought by ELISA. The IIF and ELISA
kits were bought from Euroimmun Company, Germany.
DNA extraction
Genomic DNA was isolated from fresh peripheral blood
leukocytes using the Qiagen DNA isolation kit (Qiagen,
Germany). DNA samples were quantified and subjected to
specific PCR reaction as described.
Cytokines gene polymorphisms
Genomic DNA (100 ng) was amplified in reaction mixtures
containing 200 mol/L each of dATP, 1 pmol each primer,
1.5 mol/L MgCl2, 2 U Taq polymerase (MBI), 1 ×PCR buffer
with NH2SO4 (MBI) on a MJ PTC-200 Peltier Thermal
Cycler, according to the following protocols (Table 2).
IL-1B +3953 C/T polymorphism
For detection of IL-1B +3 953 C/T polymorphism, we used
PCR-restriction fragment length polymorphism (PCRRFLP). Amplification was performed at 94 ℃ for 2 min
followed by 40 cycles at 94 ℃ for 30 s, 50 ℃ 45 s, and
72 ℃ for 40 s, and a final extension at 72 ℃ for 5 min.
The 249-bp product was digested with Taq I and
electrophoreses on 3% agarose. The presence of a baseexchange substitution at position +3 953 creates the Taq I
restriction site in allele 1, but not allele 2. Therefore, Taq I
digestion of the 249-bp IL-1B amplicon results in fragments
of 114- and 135-bp allele 1) and/or intact amplicon allele 2).
IL-1 receptor antagonist gene 86-bp mini-satellite
Genotyping for IL-1 receptor antagonist gene (IL-1RN) was
performed by PCR. There is a penta-allelic polymorphic
site containing variable numbers of an 86-bp tandem repeat
sequence in intron 2 of IL-1RN. Briefly, the conditions for
amplification were as follows: 94 ℃ for 2 min, 40 cycles of
94 ℃ for 30 s, 67 ℃ 45 s, and 72 ℃ for 40 s, and a final
extension at 72 ℃ for 5 min. Following amplification, the
amplicon was visualized on a 2% agoras gel electrophoresis.
Five alleles were assigned based on amplicon size: allele 1
four repeats (410 bp), allele 2 two repeats (240 bp), allele 3
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three repeats (325 bp), allele 4 five repeats (500 bp) and
allele 5 six repeats (595 bp).
IL-6 promoter-174 G/C polymorphism
IL-6 promoter-174 genotype was determined in an allelespecific PCR as previously described[14]. The DNA template
was denaturated at 95 ℃ for 2 min. A total of 40 cycles of
PCR were performed, consisting of a denaturation step
for 45 s at 94 ℃, an annealing step for 45 s at 59.5 ℃, and
an extension reaction for 1 min at 72 ℃. A final extension
step at 72 ℃ for 2 min was added after the last PCR cycle.
PCR products were resolved by agarose gel electrophoresis
(2%) and visualized by ethidium bromide.
Polymorphisms of IL-10-1082G/A, -819C/T and -592A/C
Polymorphisms at two positions of the IL-10 promoter gene
sequence -1 082 and -592 were determined by PCR-RFLP.
Briefly, a 139-bp fragment (for -1 082C/T) and a 412-bp
fragment (for -592G/A) were separated and amplified. PCR
conditions: 94 ℃ for 2 min, 40 cycles of 94 ℃ for 30 s,
annealing step for 45 sat 58 ℃ (61.8 ℃, for -592G/A),
and 72 ℃ for 40 s, and a final extension at 72 ℃ for 5 min.
The presence of nucleotides G at position -1 082 creates
the Mn1 I restriction site, therefore, Mn1 I digestion of
the 139 bp IL-10 amplicon result in fragments of 106
and 33 bp. The presence of nucleotides A at position -592
creates the Afa I restriction site, Afa I digestion of the
412-bp IL-10 amplicon result in fragments of 176 and
236 bp. After the digestion reactions, products were
resolved by agarose gel electrophoresis (3%) and visualized
by ethidium bromide.
Statistical analysis
Statistical analyses (two-tailed Fisher’s exact test, odds ratios,
confidence intervals) was calculated using the NOSA
software package.

Primers

Cytokine Genotype Controls (%)

IL-1B

IL-1RN

Product
size (bp)
IL-10

IL-1B
IL-1RN

+3 953
exon2

5’-GTTGTCATCAGACTTTGACC-3’

-174G/C

249

–1 082G/A

PBC (%)

P

0.82

+3 953
1,1

155 (96.9)

61 (98.4)

0.53

75 (97.4)

1,2

4 (2.5)

1 (1.6)

0.69

2 (2.6)

0.96

2,2

1 (0.0)

0 (0)

0.53

0 (0)

0.46

Intron 2
1,1

127 (79.4)

51 (82.3)

0.63

70 (90.9)

1,2

30 (17.5)

10 (16.1)

0.64

5 (6.5)

0.026
0.013

2,2

3 (1.9)

1 (1.6)

0.90

2 (2.6)

0.75

others

0 (0)

0 (0)

-

0 (0)

-

-174 G/C 1
GG

160 (100)

-

73 (94.8)

0.0036

GC

0 (0)

62 (100)
0 (0)

-

4 (5.2)

0.0036

CC

0 (0)

0 (0)

-

0 (0)

-

-1082G/A
144 (90.0)

54 (87.1)

0.53

64 (83.1)

0.13

GA

16 (10.0)

8 (12.9)

0.53

13 (16.9)

0.13

5’-GCCCCTCAGCAACACTCCTAT-3’

GG

0 (0)

-

0 (0)

0 (0)

-

-819T/C

1

5’-CATCTTCCTGGTCTGCAGC-3’

CC

13 (8.1)

7 (11.3)

0.46

7 (9.1)

0.80

5’-CCCTAGTTGTGTCTTGCC-3’

190

CT

72 (45.0)

27 (43.6)

0.84

41 (53.3)

0.23

5’-CCCTAGTTGTGTCTTGCG-3’

190

TT

75 (46.9)

28 (45.2)

0.81

29 (37.7)

0.18

CC

16 (10.0)

10 (16.1)

0.2

11 (14.3)

0.33

CA

83 (51.9)

32 (51.6)

0.97

41 (53.3)

0.84

AA

61 (38.1)

20 (32.3)

0.41

25 (32.5)

0.40

-592A/C

5’-TCTTACCTATCCCTACTTCC-3’

139

5’-CTCGCTGCAACCCAACTGGC-3’
–819T/C

P

AA

5’-GAGCTTCTCTTTCGTTCC-3’
IL-10

AIH (%)

5’-TTCAGTTCATATGCACCAGA-3’
5’-CATCTTCCTGGTCTGCAGG-3’
IL-6

Number 18

Table 3 Genotype distributions of cytokines in AIH, PBC patients vs
controls

Table 2 PCR primer pairs for genotyping in cytokines gene
Position

Volume 11

RESULTS
Table 3 summarizes the phenotypic expression deduced
from the genetic polymorphism in the four selected cytokines
in the patients with AIH and PBC, in healthy individuals
who were blood donors. The majority of Chinese people
including patients and healthy controls exhibited IL-1B 1,1
genotype, and there was no significant difference in AIH,
PBC patients and controls. There were highly statistically
significant differences in the distribution of the IL-1RN
gene polymorphism between the patients with PBC
compared with controls. The frequency of IL-1RN 1, 1
was significantly higher (90.9% vs 79.4%, P = 0.03) and the
frequency of IL-1RN 1, 2 was significantly lower in PBC
patients (6.5% vs 17.5%, P = 0.01). No statistical difference
was observed between AIH patients and controls.
All of the 160 healthy controls and 62 cases of AIH
patients exhibited IL-6 -174GG genotype, and there were
four cases, which expressed IL-6-174GC genotype in 77
cases of PBC patients. The frequency of IL-6-174GC was
markedly significantly higher in PBC patients compared with
controls (5.2% vs 0%, P = 0.0036). No statistically significant
difference was found in the distribution of IL-10 promoter
in AIH and PBC patients compared with controls.

IL-6

Gene

May 14, 2005

5’-AACTGAGGCACAGAGATG-3’

402

5’-AACTGAGGCACAGAGATA-3’

402

1

The frequency of IL-6 -174C allele in PBC group vs control, P = 0.0038.

5’-AGCAACACTCCTCGCCGCAAC-3’
–592A/C

5’-GGTGAGCACTACCTGACTAGC-3’

412

5’-CCTAGGTCACAGTGACGTGG-3’
HLA-DRB1

5c

5’- TGC CAA GTG GAG CAC CCA A-3’

3c

5’-GCA TCT TGC TCT GTG CAG AT-3’

7962

1
Variable numbers of an 86 bp tandem repeat sequence. 2The inter-reference of
allele-specific PCR.

DISCUSSION
The etiology of autoimmune liver diseases remains
unidentified. However it is well established that a complex
genetic background contributes to disease susceptibility
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and severity. The previous studies showed that HLA
alleles, and the polymorphisms of TNF- promoter,
CTLA-4, C4A were associated with an increasing prevalence
of autoimmune liver diseases in Caucasians. Recently we
found a significant association of CTLA-4 and vitamin D
receptor gene polymorphism in Chinese AIH and PBC
patients’ comparison with controls[12]. In order to search more
correlative gene with autoimmune liver diseases in the Chinese
population, we extended study objects in this study.
Our study was designed to analyze the potential
association between cytokine gene polymorphism and the
patients with AIH, PBC. We found a statistically significant
difference in IL-1RN phenotype between the patients with
PBC and the healthy controls. The frequency of IL-1RN
1, 1 was significantly higher and the frequency of IL-1RN
1, 2 was significantly lower in PBC patients. This result
was partly coincident with Donaldson’s, but we did not find
any significant difference in the distribution of IL-1B
genotype[11] . IL-1 is a proinflammatory cytokine, which
interacts with both tumor necrosis factor and IL-6, and
may be important in both inflammation and fibrosis. The
IL-1 gene family on chromosome 2q13, encodes three
proteins, including IL-1, IL-1, and the IL-1 receptor
antagonist (IL-1RA). IL-1RA competes with IL-1 (and
IL-1) for binding to the IL-1 receptors and is a potent
inhibitor of IL-1 activity[15]. IL-1RN is the second association
with PBC to be described by our group, which maps to
chromosome 2. The other associated gene is CTLA-4 (2q33)
which appears to be associated with AIH and PBC. These
two studies based on the same series of patients identify
chromosome 2q as an important location for further genetic
studies in PBC. The IL-1B*2 allele is associated with high
IL-1 production, the IL-1RN*2 allele is associated with
high IL-1RN production. There is a genetic link between
IL-1RN*2 and IL-1B*1, they both contribute to lower IL-1
production[16-18].
IL-6 is a pleiotropic cytokine capable of regulating
proliferation, differentiation and activity of a variety of
cell types, and plays a pivotal role in acute phase response
and in the balancing of the pro-inflammatory/antiinflammatory pathways[14]. IL-6 gene maps to chromosome
7p21, there is G>C single nucleotide polymorphism at the
promoter -174, and this base transition is associated with
different IL-6 plasma levels in healthy subjects, and affects
the rate of IL-6 gene transcription[19,20]. Previous studies
showed that IL-6 -174G/C polymorphism was associated
with multiple diseases, including juvenile chronic arthritis,
atherosclerosis and diabetes. The IL-6 -174C allele
contributes to lower production in vitro and in vivo, the IL-6
-174CC homozygosity expressed in the renal transplant
donor and the IL-6 -174GG homozygosity expressed in
receptor had been shown to associate significantly with the
incidence and severity of graft-versus-host disease (GVHD),
both acute GVHD and chronic GVHD [21,22]. In this
investigation, we also found that frequency of IL-6 -174C
was strong and significantly increased in PBC patients
compared with controls among the Chinese. This result
supported the IL-6 -174G/C polymorphism contributing
to the change of susceptibility to PBC for some people.
IL-10 is an important suppressor factor for both
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immunoprolifer active and inflammatory responses[23,24]. It
is produced by numerous cell types including activated CD4+
T cells, cytotoxic CD8+ T cells, monocytes, Kupffer cells,
hepatocytes, and hepatic stellate cells. IL-10 inhibits antigen
specific activation, proliferation, and cytokine production
by reducing the antigen presenting capacity of monocytes,
associated with downregulation of class II HLA molecules
and B7 expression on their surface. In contrast, in B
lymphocytes, IL-10 stimulates proliferation, immunoglobulin
secretion, and isotype class switching from IgM to IgA. IL-10
also has potent anti-inflammatory effect. It downregulates
the synthesis of proinflammatory cytokines and chemokines
by monocytes and Kupffer cells stimulated by endotoxin,
including IL-1, TNF-, IL-6, IL-8, and IL-12, and
upregulates the synthesis of the IL-1R anatagonist. Finally,
IL-10 may also exert antifibrotic effects in the liver through
inhibition of collagen gene transcription and increased
collagenase expression by hepatic stellate cells[25,26].
The IL-10 gene is located on the long arm of chromosome
1 in the 1q32 band and has been shown to contain three
distinct SNPs within its promoter region, at nucleotide
position -1082 (G→A), -819 (C→T), and -592 (C→A), with
the SNP at position -1082 giving rise to differential IL-10
production. These three polymorphisms have been shown
to be in strong linkage disequilibrium, and three main
haplotypes (GCC, ACC, and ATA) are known to segregate
in most populations[27] . In this study we have shown the
haplotypes distribution of three SNPs in IL-10 promoter
region in controls were all quite different from that of the
European Caucasians, and similar with that of the Singapore
Chinese and Japanese population [28,29]. In Italian PBC
patients, the frequency of homozygosity for G/G at position
-1082 was significantly higher than that of local controls,
and the frequencies of haplotype GCC possibly linked to
higher IL-10 production, were also significantly higher in
PBC patients than local controls. However, in Japanese
population, there were no significant difference in the three
SNPs and haplotypes between PBC patients and controls.
Our research has also shown that there were no significant
differences in the three SNPs and haplotypes among AIH,
PBC patients and controls in the Chinese population.
Excessive production of IL-10 may play an important role
in some populations in modulating the onset of PBC.
Further, immunogenetic studies of AIH, PBC should take
into account ethnic and geographic variations, this knowledge
can then be utilized to clarify their etiologies, and develop new
treatment options including manipulation of the cytokine
network, an approach which is currently being applied to
several autoimmune diseases with some success[30].
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while OCTT was longer, but it was shorter in the remaining
seven (8.14%) patients (range 105-115 min, mean of
110 min). SIBO was eradicated in all patients, while it
persisted in one patient with recurrence of diverticulitis.

Abstract

© 2005 The WJG Press and Elsevier Inc. All rights reserved.

AIM: Small intestinal bacterial overgrowth (SIBO) may
contribute to the appearance of several gastrointestinal
nonspecific symptoms. Acute diverticulitis is affected by
some similar symptoms and bacterial colonic overgrowth.
We assessed the prevalence of SIBO in acute uncomplicated
diverticulitis and evaluated its influence on the clinical
course of the disease.
METHODS: We studied 90 consecutive patients (39 males,
51 females, mean age 67.2 years, range 32-91 years).
Sixty-one patients (67.78%) and 29 patients (32.22%)
were affected by constipation-or diarrhea-prevalent
diverticulitis respectively. All subjects were investigated
by lactulose H2-breath test at the entry and at the end of
treatment. We also studied a control group of 20 healthy
subjects (13 males, 7 females, mean age 53 years, range
22-71 years).
RESULTS: Oro-cecal transit time (OCTT) was delayed in
67/90 patients (74.44%) (range 115-210 min, mean 120 min).
Fifty-three of ninety patients (58.88%) showed SIBO, while
OCTT was normal in 23/90 patients (25, 56%). In the control
group, the mean OCTT was 88.2 min (range 75-135 min).
The difference between diverticulitic patients and healthy
subjects was statistically significant (P<0.01). OCTT was
longer in constipation-prevalent disease than in diarrheaprevalent disease [180.7 min (range 150-210 min) vs
121 min (range 75-180 min) (P<0.001)], but no difference in
bacterial overgrowth was found between the two forms of
diverticulitis.After treatment with rifaximin plus mesalazine
for 10 d, followed by mesalazine alone for 8 wk, 70 patients
(81.49%) were completely asymptomatic, while 16 patients
(18.60%) showed only slight symptoms. Two patients
(2.22%) had recurrence of diverticulitis, and two other
patients (2.22%) were withdrawn from the study due to
side-effects. Seventy-nine of eighty-six patients (91.86%)
showed normal OCTT (range 75-105 min, mean 83 min),

CONCLUSION: SIBO affects most of the patients with
acute diverticulitis. SIBO may worsen the symptoms of
patients and prolong the clinical course of the disease, as
confirmed in the case of persistence of SIBO and diverticulitis
recurrence. In this case, we can hypothesize that bacteria
from small bowel may re-colonize in the colon and provoke
recurrence of symptoms.

Key words: Small intestinal bacterial overgrowth; Oro-cecal
transit time
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INTRODUCTION
Diverticular disease of the colon is the most common disease
affecting the large bowel in the Western world[1]. This disease
is correlated with the aging process and a low-fiber diet and
bears a considerable amount of morbidity[2]. The continuous
aging process of the population also leads to an increase of
this disease. To refer to an acquired deformity present in
perhaps two-thirds of the elderly as a “disease” may be
inaccurate, particularly as a large majority of those affected
will remain entirely asymptomatic. Nonetheless, 20% of
patients may manifest clinical illness[3].
The true incidence of colonic diverticulosis is difficult
to measure, mainly because most patients are asymptomatic.
The incidence clearly increases with age, varying from less
than 10% in those under 40 years, to 50-66% of patients
over 80 years[4-6]. Only a small proportion (5-10%) of patients
who develop diverticulitis are younger than 50 years[7], and
the course of the disease in these patients does not seem
more aggressive than that in older patients[8].
It is commonly thought that multiple factors (anatomic
features intrinsic to the colon, alterations in colonic wall
with aging, dietary fiber, motor dysfunction, abnormal
intraluminal pressure, and possible genetic influences)
including altered motility of the large bowel play a great
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role in the genesis of colonic diverticula. Motility disorders
of the gut are a predisposing factor in development of small
intestinal bacterial overgrowth (SIBO)[9] that may contribute
to the appearance of several gastrointestinal nonspecific
symptoms, such as bloating, abdominal pain, flatulence and
diarrhea[10] . Since acute diverticulitis is affected by some
similar symptoms[3], and diverticulitis is affected by bacterial
colonic overgrowth, the aim of this study was to assess the
prevalence of SIBO in acute uncomplicated diverticulitis
and its influence on the clinical course of the disease.

MATERIALS AND METHODS
A prospective study was conducted on 90 consecutive
patients (39 males, 51 females, mean age 67.2 years, range
32-91 years) with acute uncomplicated diverticulitis of the
colon to assess the oro-cecal transit time (OCTT) and SIBO.
Diagnosis of diverticulitis, defined as inflammation and/or
infection associated with diverticula of the colon[11] , was
performed by colonoscopy.
We assessed the following symptoms in all the enrolled
patients: constipation, diarrhea, abdominal pain, rectal bleeding,
and mucus passage with the stools. The intensity of the symptoms
was quantified with a quantitative scale (0-10 according to
increasing worsening of symptoms): 0: absence; 1-2: slight;
3-5: mild; 6-7: moderate; 8-10: severe.
In order to assess the prevalence of SIBO, all subjects
were studied after an overnight fast for 24 h before the test.
They were requested not to smoke on the morning of the
test. End expiratory samples were collected before the
patients drank the test solution (10 g of lactulose suspended
in 100 mL of tap water) and at 15 min-intervals thereafter,
for 240 min. Hydrogen concentrations in each collected
sample were measured with a breath-hydrogen analyzer
(EC60 gastrolyzer breath hydrogen monitor, Bedfont
Scientific Ltd, Upchurch, Kent, UK). OCTT was defined
as the time elapsing between lactulose ingestion and a sustained
increase of 10 ppm or more of H2 excretion above the
baseline value, which was about 75±15 min[12] . We also
evaluated the presence of bacterial overgrowth, which
was defined by the presence of a peak >20 ppm occurring
>15 min before the colonic peak. The patients with an
elevated fasting H2 combined with an early increase in H2
after lactulose ingestion were considered positive for bacterial
overgrowth[13]. We compared the results obtained in a control
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Figure 1 OCTT before and after treatment.
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group, comprising of 20 healthy subjects (13 males, 7
females, and mean age 53 years, range 22-71 years).
All patients were treated with rifaximin (Rifacol, Formenti
SpA, Milano, Italy) 800 mg/d plus mesalazine (Pentacol
800, Sofar SpA, Trezzano Rosa [MI], Italy) 2.4 g/d for 10 d,
followed by mesalazine 1.6 g/d for 8 wk.
Medical control visit and a new lactulose H2-breath test
(H2-BT) were performed at the end of the 8th wk of treatment
with mesalazine alone, and the presence of possible sideeffects was evaluated. Moreover, the patients were invited
to a control visit whenever they considered necessary.
Statistical analysis
Data were analyzed by 2 test. P<0.05 was considered
statistically significant.

RESULTS
Diverticulitis was localized in the overall colon of 10 patients
(11.11%), in the transverse-descending-sigma of 13 patients
(14.45%), in the left-sided colon of 12 patients (13.33%),
in the descending colon-sigma of 45 cases (50%), in the
sigma-rectum of 7 cases (7.78%) and in the rectum of 3
patients (3.33%). Sixty-one patients (67.78%) and 29 patients
(32.22%) were affected by constipation-or diarrhea-prevalent
diverticulitis respectively.
OCTT was delayed in 67/90 patients (74.44%), ranging
from 115 to 210 min, averaged 120 min (Figure 1). Fiftythree of ninetypatients (58.88%) showed bacterial
overgrowth, while OCTT was normal in 23/90 CD patients
(25, 56%), ranging from 75 to 90 min averaged 82.5 min.
In the control group, the mean OCTT was 88.2 min,
ranging from 75 to 135 min. The difference between patients
with diverticulitis and healthy subjects was statistically
significant (P<0.01).
When we subdivided the studied population according
to bowel movements (constipation-or diarrhea-prevalent
colonic diverticulitis), we could note that OCTT was longer
in constipation-prevalent disease than in diarrhea-prevalent
disease. OCTT was 180.7 min (range 150-210 min), 121 min
(range 75-180 min) in constipation- and diarrhea-prevalent
colonic diverticulitis, respectively with a statistically significant
difference (P<0.001, Figure 2).
Interestingly, we did not find any difference in bacterial
overgrowth between patients. In fact, 26/53 (49.05%)
patients and 27/53 (50.95%) patients with SIBO were affected
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Figure 2 OCTT in constipation-or diarrhea-prevalent diverticulitis.
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by constipation-prevalent and diarrhea- prevalent colonic
diverticulitis, respectively.
Seventy patients (per-protocol: 81.49% [CI: 67-94%];
on intention-to-treat: 77.78% [CI: 60-85%]) were completely
asymptomatic after the 8th wk of treatment with mesalazine
alone (overall symptomatic score: 0), while 16 patients (perprotocol: 18.60%; on intention-to-treat: 17.77%) showed
only mild symptoms (overall symptomatic score: 44). Two
patients (2.22%) had recurrence of diverticulitis (abdominal
pain, constipation, and fever) after 4 and 6 wk of treatment
with mesalazine alone, and two other patients (2.22%)
showed severe side-effects (severe diarrhea [more than 8
bowel movements/day]), and they were withdrawn from
the study. The overall score of patients decreased from
1 439 to 44 (P<0.001).
Lactulose H2-BT was re-evaluated at the end of the 8th wk
of treatment with mesalazine alone. Seventy-nine of
eighty-six (91.86%) patients showed normal OCTT, ranging
from 75 to 105 min, averaged 83 min, while OCTT was
longer but it was shorter in the remaining seven (8.14%)
patients, ranging from 105 to 115 min, averaged 110 min.
SIBO was eradicated in all patients. In contrast, a new
lactulose H2-BT showed persistence of SIBO in one patient
with recurrence of diverticulitis.

DISCUSSION
Abnormal intraluminal pressure and disordered colonic
motility have been implicated as pathogenetic factors in
diverticulosis. In particular, alteration of colonic motility
has been described as the pathophysiological mechanism
in diverticular disease. It has been reported that colonic
motility is influenced by the aging process, as shown by
the decrease of high-amplitude propagated contraction
frequency with the age, whereas segmental contractile activity
increases[14].
This study showed clearly that most of the patients with
acute diverticulitis showed a high prevalence of SIBO. The
mechanisms underlying the genesis of SIBO in uncomplicated
diverticulitis of the colon may be as follows. The first involved
mechanism may be the fecal stasis. In fact, the muscle
thickening observed in affected bowel segments was thought
to be obstructive, and to contribute to the delayed transit of
feces[15]. Studies with intracolonic displacement tools suggested
that an accentuation of segmentary motor activity (as observed
in diverticular disease) could abolish oro-aboral progression
of contents[16], thereby facilitating retropulsion and drying
of the semiliquid fecal matter. These findings have led to
the second mechanism causing SIBO that may be the colonic
bacterial overgrowth. Changes in intestinal microflorae may
be one of the putative mechanisms responsible for colonic
inflammation, and could be the key point in the development
of symptoms in acute uncomplicated diverticulitis. Acute
diverticulitis is a condition characterized by abnormal
bacterial colonic overgrowth. This last condition, associated
with the reverse peristalsis affecting the colon in diverticular
disease, may then favor a small bowel colonization by
colonic bacterial florae, provoking SIBO. This hypothesis
was confirmed by this study as most patients with acute
diverticulitis of the colon showed delayed OCTT (74.44%)
and SIBO (58.88%).
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The reason why SIBO evaluation is important in acute
uncomplicated diverticulitis of the colon is that SIBO is a
small bowel disease that has never been investigated in
patients with acute uncomplicated diverticulitis, but it may
play a role in the genesis of the symptoms experienced by
these patients. SIBO is characterized by nonspecific GI
complaints, ranging from mild symptoms such as bloating,
abdominal pain and flatulence to a severe malabsorption
syndrome with diarrhea, steatorrhea and weight loss, and
small intestinal mucosal lesions in some cases[10]. Bacteria are
responsible for intraluminal sugar fermentation with the
production of a great amount of H2 and CH4 (causing
bloating, abdominal pain and flatulence). Furthermore, they
could cause bile salt deconjugation and dehydroxylation of
fatty acids with consequent fat malabsorption and impaired
ileal resorption of bile acids, which have irritative and cathartic
effects on colonic mucosa. The final consequence of these events
is the development of diarrhea, abdominal pain and mucus
passage with stools. These symptoms are indistinguishable from
those of acute uncomplicated diverticulitis, and may then
worsen patient symptoms. Moreover, it may prolong the clinical
course of the disease. This last hypothesis has been confirmed
by the patients with diverticulitis recurrence and persistence
of SIBO. In this case we can hypothesize that bacteria from
the small bowel may re-colonize in the colon and provoke
recurrence of symptoms.
Fortunately, the main treatment for SIBO and acute
uncomplicated diverticulitis is the same. In fact, rifaximin
has been effectively used both in the treatment of
diverticular disease[17] and in the treatment of SIBO[18]. On
the other hand, delayed colonic motility persisted despite
resolution of acute episodes. This colonic alteration may
then persist as a risk factor for SIBO recurrence in patients
with colonic diverticulitis. Persistence or recurrence of
symptoms often indistinguishable from those of diverticulitis,
may lead to unnecessary diagnostic examinations to exclude
recurrence of diverticulitis. However, a correct exclusion
of SIBO by lactulose breath test may contribute to the
correct diagnosis and exclusion of diverticulitis recurrence
in most of the cases.
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Abstract
AIM: The role of motor dysfunction in early diagnosis of
low-grade hepatic encephalopathy remains uncertain. We
performed a pilot study to comparatively investigate the
kinematic characteristics of small and large rapid alternating
movements in patients with liver cirrhosis and low-grade
hepatic encephalopathy.
METHODS: A kinematic analysis of alternating handwriting
(7.5 mm) and large drawing movements (DM, 175 mm)
was performed in 30 patients with liver cirrhosis (no hepatic
encephalopathy: n = 10; minimal hepatic encephalopathy:
n = 9; grade I hepatic encephalopathy: n = 11; healthy
controls: n = 12). The correlation between kinematic
parameters, clinical neuro-psychiatric symptoms of
cerebral dysfunction and the grade of encephalopathy
was investigated.
RESULTS: Both movement types, handwriting and
drawing, were significantly slower in cirrhotic patients.
In contrast to large DM, the deterioration of handwriting
movements significantly correlated with the increase of
symptoms of motor dysfunction and differentiated
significantly within the group of cirrhosis patients
corresponding to the degree of hepatic encephalopathy.
CONCLUSION: The deterioration of fine motor control is
an important symptom of low-grade hepatic encephalopathy.
The kinematic analysis of handwriting allows the
quantitative analysis of alterations of motor function
and is a possible tool for diagnostics and monitoring of
motor dysfunction in patients with low-grade hepatic
encephalopathy.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The majority of patients with liver cirrhosis suffer from mild
cerebral dysfunction which is characterized by a variety of
clinical symptoms and psychometric deficits[1]. This dysfunction
is partly related to the current ammonia level[2,3] and, as recently
suggested, could to a certain degree be caused by neurodegenerative processes triggered by recurrent hyperammonemia
frequently associated with liver cirrhosis[4].
Mild forms of cerebral dysfunction in liver cirrhosis
include minimal hepatic encephalopathy (MHE) and grade
I hepatic encephalopathy (grade I HE). Patients with grade
I HE manifest with minor signs of motor dysfunction, such
as asterixis and tremor, as well as with attention and concentration deficits [5 -7]. Minimal hepatic encephalopathy is
diagnosed in patients that demonstrate deficits in attention
and visuo-motor co-ordination but otherwise show no evident
or only transient symptoms of cerebral dysfunction[1,6,8]. The
exact differentiation between these forms of low-grade
hepatic encephalopathy still remains difficult.
Symptoms of motor dysfunction are an important finding
in patients with liver cirrhosis and can be detected in different
movement types[9]. Although alterations of handwriting have
been earlier observed in patients with liver cirrhosis[10,11] a
quantitative analysis of handwriting in these patients has
not yet been performed. Meanwhile, handwriting has been
applied for a quantitative and qualitative analysis of movement
deficits in a variety of movement disorders[12-14].
The purpose of this study was to comparatively investigate
the alteration of two types of rapid alternating movements
large drawing and small handwriting movements in patients
with liver cirrhosis and to assess the feasibility of kinematic
analysis of handwriting for diagnosis of motor dysfunction
in low-grade hepatic encephalopathy.
MATERIALS AND METHODS
Subjects
Thirty patients (w/m: 10/20, mean age 55.53 years, range:
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27-72 years) with liver cirrhosis at the out-patient Clinic of
the Department of Gastroenterology and Hepatology of
Innsbruck Medical University participated in this study, which
was approved by the Ethics Committee of Innsbruck University.
Prior to inclusion, patients underwent a detailed hepatologic
workup and gave informed consent. At the time of testing
patients did not show any clinical or laboratory signs of infection,
gastrointestinal bleeding, anemia, electrolyte abnormalities
or renal insufficiency. The following exclusion criteria were
applied in this study: (1) hepatic encephalopathy, clinical
grade II-IV[15], as revealed by clinical neurological investigation;
(2) abuse of psychotropic substances; (3) known major neuropsychiatric disorder, as defined by ICD-10; (4) less than
6 mo of complete alcohol abstinence. The patients were
diagnosed as follows: cirrhosis associated with hepatitis C
(n = 12); alcoholic steatohepatitis (n = 10); non-alcoholic
steatohepatitis (n = 2); primary biliary cirrhosis (n = 1); primary
sclerosing cholangitis (n = 1); autoimmune hepatitis (n = 1);
cirrhosis associated with hepatitis B (n = 2); polycystic liver
disease (n = 1). The severity of cirrhosis was assessed as
follows: Child A (n = 4); Child B (n = 25); Child C (n = 1).
A group of 12 healthy subjects (w/m: 7/5, mean age 56.08
years, range: 49-66 years) served as controls.
Movement analysis
A commercially available system CS (CS, Munich, Germany)
for the analysis of planar movements was applied in this study.
The system consists of a digitizing graphic tablet (WACOM
IV, UltraPad A4 serial tablet, model DU-1212, WACOM
Europe GmbH, Krefeld, Germany) with a sampling rate
of 200 Hz and a spatial resolution of 0.05 mm and software
for signal processing and data analysis. Processing and kinematic
analysis were performed using a CSWin 1.0 software, which
allows processing of raw digital data using an established
filtering algorithm for kinematic analysis based on kernel
functions[16]. The following basic kinematic parameters were
analyzed: mean frequency of movements (number of strokes
per second)-the measure of ability to perform a sequence
of alternating movements (FREQ), the mean duration of
the movement cycle (CYCD; ms/cycle) and the number of
velocity inversions per movement (NIV). Patients performed
two types of rapid alternating movements: a block of
handwriting movements (HW), performed as a series of
connected letters “” ( 7.5 mm high) and a block of
drawing movements (DM), performed as a repeated drawing
of a connection line between two points (about 175 mm
distance). In both tests subjects were instructed to perform
movement as fast as possible. In order to make the subjects
familiar with the digital board and the experimental set-up a
series of standardized training attempts were performed
by all subjects prior to the main tests.
Clinical neuro-psychiatric rating and psychometric tests
The clinical investigation focused on the symptoms which
are frequently found in patients with liver cirrhosis and lowgrade hepatic encephalopathy[7,17] and was performed by an
experienced neuropsychiatrist prior to the motor tests. Neurological examination included the assessment of asterixis,
postural tremor, rigidity, adiadochokinesia (pronationsupination of both forearms), slowing of upper extremities,
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impaired concentration and attention deficits. The intensity
of symptoms was defined as a combination of their frequency
of appearance and their severity. The symptoms were assessed
as follows: absent, slight, moderate and severe and were
assigned with 0, 1, 2, and 3 scores, respectively. The
cumulative clinical score was calculated as a sum of scores
of the seven symptoms listed above. The psychometric test
battery included trail-making tests A and B (TMT A and
TMT B)[18,19] as well as the digit symbol test (DST). A
cumulative psychometric index was calculated as the sum
of age-adjusted percentile scores for TMT A, TMT B and
DST[18,19] while one score point was assigned for every 10
percentiles. Patients without obvious symptoms of hepatic
encephalopathy and normal psychometric performance
(cumulative visuo-motor index >9.0) were assigned with
absent HE (n = 10). Patients without clinical symptoms
but with reduced psychometric performance (cumulative
index below 9.0) were diagnosed with minimal hepatic
encephalopathy (n = 9). Patients with apparent clinical
symptoms of cerebral dysfunction but without somnolence
and disorientation were diagnosed with grade I hepatic
encephalopathy (n = 11).
Statistical analysis
The analysis of the difference between patients and controls
was performed using t-test statistics. ANOVA was applied
for the analysis of the association between the degree of
cerebral dysfunction and movement parameters. The analysis
of the association between kinematic parameters and clinical
symptoms was performed using Spearman’s correlation
analysis. For data processing and statistical analysis the SPSS
11.5 software package was applied.

RESULTS
The kinematic parameters of both investigated movement
types were substantially altered in patients with liver cirrhosis
as compared to controls (Figure 1A). In particular, the frequency
of handwriting movements (FREQ-HW) was significantly
lower in cirrhotic patients (mean FREQ-HW = 2.03) than
in controls (mean FREQ-HW = 3.76, t-test: P<0.001).
Similarly, the frequency of DM was significantly reduced
in patients (mean FREQ-DM = 0.84) as compared to
controls (mean FREQ-DM = 1.85; t-test: P<0.001). Cycle
duration (CYCD) was significantly increased in cirrhotic
patients with respect to both movement types (t-test: P<0.001
for HW and DM).
The kinematic parameters of handwriting movements
significantly differed within the group of patients depending
on the degree of hepatic encephalopathy. The results of
the one-way ANOVA analysis presented in Table 1 show
that, in contrast to DM, for all parameters of handwriting
the difference between the subgroups of patients (no
encephalopathy, MHE, and grade I) was highly significant.
The Spearman’s correlation analysis showed that FREQHW and CYCD-HW correlates significantly with the visuomotor index (Table 1) and the cumulative clinical score (Table
1 and Figure 1B). In contrast, the corresponding parameters
of DM (FREQ-DM and CYCD-DM) did not show any
association with the decrease of visuo-motor index nor with
the increase of the cumulative clinical score (Table 1).
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Table 1 Correlation between kinematic parameters and symptoms of low-grade hepatic enc ephalopathy and analysis of the
association between the degree of hepatic encephalopathy and kinematic parameters within the group of patients with liver cirrhosis
(ANOVA)
One-way ANOVA

Kinematic parameters

grade 0 HE, MHE and grade I HE

FREQ-HW

0.003

b

Spearman correlation analysis: P-value and (P)
Visuo-motor index
0.594 (0.000)

b

Cumulative clinical score
-0.611 (0.000) b

FREQ-DM

0.592

0.136 (0.245)

-0.203 (0.150)

CYCD-HW

0.010 a

-0.504 (0.003) b

0.537 (0.002) b

CYCD-DM

0.699

-0.128 (0.258)

0.220 (0.131)

NIV-HW

0.002 b

-0.618 (0.000) b

0.672 (0.000) b

NIV-DM

0.934

-0.370 (0.053)

0.310 (0.108)

a
P<0.05, bP<0.01 vs others HW-handwriting; DM-drawing movements; FREQ-frequency; CYCD-cycle duration; NIV-number of velocity inversions per stroke; HE-hepatic
encephalopathy; MHE-minimal hepatic encephalopathy.

A
Velocity (mm/s)

35
FREQ-HW:4.42
Control CYCD-HW:224.63

30
25
20
15
10

FREQ-HW:0.91

5

Patient

0

FREQ-HW (cycles/s)

B
4.0
3.5

0.5

CYCD-HW:1 096.3

1.0 1.5 2.0 2.5
Time (s)

3.0

R = -0.611
P = 0.000

3.0
2.5
2.0
1.5
1.0
0 2 4 6 8 10
Cumulative clinical score

Figure 1 A: Examples of velocity curves of handwriting movements; a patient
(man, 66 years) with liver cirrhosis (Child B, hepatitis C) with minimal hepatic
encephalopathy (curve below) and a control subject (man, 65 years; curve
above); B: Correlation between frequency of handwriting movements (FREQHW) and cumulative clinical score.

The analysis of impairment of movement automatisation
was performed using the NIV which indicates the degree
of decomposition of velocity profile. Values of NIV were
significantly increased in patients with liver cirrhosis as
compared to controls for both movement types. Again, the
degree of decomposition of handwriting movements (NIVHW) increased significantly within the group of patients
depending on the degree of hepatic encephalopathy (Table 1).
In contrast, Spearman’s correlation analysis showed no
association between the deficits in DM (NIV-DM) and the
degree of hepatic encephalopathy (Table 1).

DISCUSSION
The main finding of this pilot study is that the impairment
of handwriting correlated significantly with the grade of
hepatic encephalopathy, clinical neuro-psychiatric symptoms

and visuo-motor psychometric tests. These findings are
consistent with the previous studies, which have shown motor
deficits in hepatic encephalopathy[9] and suggest that deficits
in fine motor control are common in cirrhotic patients with
low-grade encephalopathy. Furthermore, the comparison
between handwriting and DM show that the former are
strongly associated with the degree of hepatic encephalopathy,
whereas the latter showed no correlation within the group
of patients.
Low-grade hepatic encephalopathy and in particular
motor deficits in patients with liver cirrhosis are associated
with alterations in basal ganglia, different cortical regions
and dysfunction of cortico-cerebellar pathways[20-23]. Similarly,
several motor control subsystems, such as frontal and parietal
cortical regions, cortico-cerebellar pathways as well as basal
ganglia are involved in handwriting[24]. The dysfunction of
one or several of these subsystems in patients with liver cirrhosis
may result in motor deficits during the course of disease.
Early detection of motor deficits would provide the possibility
to reveal cirrhosis-associated cerebral dysfunctions in an early
stage. Our study shows that the analysis of fine motor control
is more sensitive in diagnostics of low-grade hepatic encephalopathy than the analysis of large-scaled movements. We
suggest that the impairment of handwriting can be reliably
detected and monitored because of the high level of automatisation of handwriting movements. On the other hand, the
availability of established tools for the kinematic analysis of
handwriting allows a quantitative assessment of movement
parameters[16,25]. Our study suggests the use of handwriting
analysis for the early detection and assessment of minor
motor deficits in diagnostics and monitoring of low-grade hepatic
encephalopathy in patients with liver cirrhosis. This would
lead to substantial improvement of the clinical management
of these patients.
Additionally, our findings point towards another important
practical aspect of motor impairment in patients with liver
cirrhosis. Patients with low-grade hepatic encephalopathy
and even those without apparent signs of cerebral dysfunction
may suffer from impairment of basic fine motor skills which
are important for every day functioning and could be easily
overseen in a standard clinical investigation.
We conclude that further studies of low-grade hepatic
encephalopathy in patients with liver cirrhosis should address
the detailed evaluation of motor function and that the analysis
of handwriting may provide the basis for studies in this context.
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Abstract
AIM: The molecular diagnosis of microsatellite instability
(MSI) in colorectal cancer (CRC) is based on the analysis of
five microsatellite markers. Among them, the two mononucleotide microsatellite repeats are considered more informative for this analysis than the three dinucleotide ones.
The aim of this study is to establish the most relevant markers
for MSI analysis in colorectal cancers from Asian patients.
METHODS: The MSI analysis of 143 CRC cases in a routine
molecular diagnostic laboratory was reviewed. Analysis by
fluorescence-based PCR of the five recommended microsatellites was performed, followed by data interpretation
according to internationally accepted guidelines. The results
were analyzed to address (1) the rate of success in the
analysis of histopathological samples not specifically prepared
for molecular analysis; (2) the relative importance of
individual markers in the diagnosis of high-MSI (H-MSI).
RESULTS: MSI analysis was unsuccessful in 34 cases (24%),
but for tissues archived in recent years the unsuccessful
rate was 5%. We found the D2S123 marker the most
vulnerable to inadequate tissue preservation, failing to
amplify in 58 instances. Approximately 30% (32/109) of
the cases were H-MSI, while 7/109 (6%) were low-MSI.
A detailed analysis of the H-MSI cases revealed that the
dinucleotide repeats (and D5S346 in particular) were
more relevant than the mononucleotide repeats in
assigning the correct MSI status.
CONCLUSION: The analysis of dinucleotide repeats is
essential for the establishment of MSI status in Asian CRC
patients.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The diagnosis of microsatellite instability (MSI) in colorectal
cancer (CRC) is based on the molecular analysis of five
microsatellite markers, including two mononucleotide
repeats (Bat-25 and Bat-26) and three dinucleotide repeats
(D2S123, D5S346 and D17S250)[1]. However, it has been
argued that the analysis of a single mononucleotide repeat
such as Bat-26 [2] may be sufficient for this purpose.
Furthermore, the comparison of the five microsatellites in
hereditary non-polyposis colorectal cancer (HNPCC)proven cases has highlighted the higher informativity [3] of
mononucleotide repeats for this analysis.
In a recent report [4], based on a limited number of 27
patients, we suggested that the dinucleotide markers were
the most frequently unstable and the most relevant ones
for the diagnosis of MSI. To fully confirm or refute this
fact, we reviewed all the MSI analyses on CRC cases
performed in the Molecular Diagnosis Centre at the National
University Hospital of Singapore since the establishment
of the test 3 years ago.
MATERIALS AND METHODS
A total of 143 cases were analyzed. The mean age of the
patients was 46 years. These were cases referred to our
laboratory because of clinical features that required the
consideration of the HNPCC syndrome, following the
Amsterdam criteria.
MSI analysis
The analysis was done as reported elsewhere[3,4]. Briefly,
CRC tissue and normal colonic mucosa were manually
microdissected. DNA was extracted with the DNeasyTM
Tissue Kit (Qiagen GmbH, Hilden, Germany), according
to the manufacturer’s instructions. This was followed by a
capillary electrophoresis, fluorescence-based PCR analysis
of the five microsatellite repeats mentioned above, namely
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MSI diagnostic interpretation
The criterion for high MSI status (H-MSI) is based on
instability in at least two microsatellite markers. Instability
of a single marker represents low microsatellite instability
(L-MSI). Cases with no evidence of instability in any of the
markers are considered microsatellite stable (MSS). In view
of this, cases with successful PCR amplification in only 2, 3
or 4 markers, and with instability in at least two of those
markers, were considered H-MSI; cases with unsuccessful
PCR amplification in one or more microsatellites and one
or no unstable markers in the successful ones, were regarded
as “unsuccessful” analyses, as in these cases we would not
be able to exclude L-MSI or H-MSI status.

from our own laboratories, where an adequate control in
fixation was exercised (10% buffered formalin during a
tightly controlled fixation period of 12-24 h), the success
rate was 95% (61/64 cases).
Approximately 30% (32/109) were H-MSI, while
7/109 (6%) were L-MSI. Lack of PCR amplification was
noted with the following frequency: Bat-25-10/143 (7%);
Bat-26-28/143 (19%); D2S123-58/143 (40%); D5S24613/143 (9%); and D17S250-26/143 (18%). As unsuccessful
amplification was noted predominantly in those cases with
older blocks and poor DNA preservation, this analysis gives
an indication of the resistance or vulnerability of specific
microsatellites to DNA degradation. It appears clear that
D2S123 is the most vulnerable, while Bat-25 and D5S346
are the most resistant. This can only be explained in part by
the size of the amplicon; indeed, D2S123 is vulnerable as
it has the largest PCR product, but does not explain the fact
that Bat-26 and Bat-25, with a narrow base-pair difference
of 4 units, have a significant difference in outcome. As
suggested elsewhere[5], PCR re-design may be important in
narrowing down these differences when looking at paraffinembedded samples with potential DNA degradation.

RESULTS
Success rate and tissue adequacy
With these criteria in mind, a total of 109 successful cases
were analyzed (76%), while 34 (24%) unsuccessful cases
were excluded. This apparently high percentage of unsuccessful
cases was directly related to the age of the paraffin blocks:
in fact, the bulk of the unsuccessful cases had paraffin
blocks of more than 5 years of age (and sometimes up to
19 years old), at a time when fixation and embedding
conditions were not so critically controlled to maintain full
nucleic acid preservation. In those cases from recent years,

Importance of individual markers
To analyze the “diagnostic importance” of each individual
marker, we looked at the 13 H-MSI cases in which the
diagnosis was made because the minimum number of
markers (2) was unstable (Table 1). In these cases, the
exclusion of one of those markers would have rendered a
different diagnosis altogether. The frequency of instability
in these cases for each individual marker is: Bat-25-7 cases;
Bat-26-3 cases; D2S123-3 cases; D5S346-8 cases; D17S250-5
cases. Thus, it appears that the dinucleotide repeats are at
least as relevant as the mononucleotide repeats for the
analysis of H-MSI in these cases; in particular, D5S346

Bat-25 (4q12-c-kit), Bat-26 (2p16.3-hMSH2), D2S123
(2p16-hMS H2), D5S346 (5q21-APC), and D17S250
(17q11.2-BRCA1). A subset of those cases with positive
results was subjected to immunohistochemical staining with
hMSH2 and hMLH1 antibodies, as well as sequencing of
the hMSH2 and hMLH1 genes[4]. An example of microsatellite
analysis and mismatch repair gene immunohistochemistry
is shown in Figure 1.

A 100 102 104 106 108 110 112 114

C

B

D

Figure 1 Illustration of MSI and loss of mismatch repair protein hMLH1. A:
Microsatelllite instability analysis of normal mucosa for dinucleotide repeat
microsatellite D5S346; B: MSI analysis of CRC for dinucleotide repeat
microsatellite D5S346 in the same patient, with arrow indicating the area of

instability; C: Analysis of hMLH1 protein expression by immunohistochemistry
in the same CRC case, showing loss of protein expression; D: Analysis of
hMLH1 protein expression by immunohistochemistry in a positive control case.
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seems to be the most frequently unstable marker. Furthermore,
10/13 cases in this series show no Bat-26 instability.

Table 1 Results of MSI analyses in cases with a minimum number of
two unstable microsatellites. S/N: individual case code; +: evidence
of instability for a given marker; -: no evidence of instability for a
given marker

7

Status
Bat-25

Bat-26

+

-

-

+

-

-

-

+

+

H-MSI

-

establishment of MSI status in Asian CRC patients. In
general, a comparative analysis of the relevance of microsatellites
in different ethnic populations, and in both HNPCC and
H-MSI sporadic CRC patients, may be of importance when
applying this test in the future for both HNPCC diagnosis
and CRC prognostication.
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D2S123 D5S346 D17S250
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H-MSI

31
34
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+
+
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H-MSI
H-MSI

41

-

-
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+

+

H-MSI
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+

+

-

-
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H-MSI
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58
87

-
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H-MSI
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-
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H-MSI

103
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H-MSI
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110

+
+

-

-

+
+

-

H-MSI
H-MSI

140

+

+

-

-

-

H-MSI

4

5

DISCUSSION
This analysis allows some conclusions in the application of
MSI analysis in Asian patients. Firstly, they confirm that
analysis of Bat-26 alone may not be sufficient to establish
the MSI status in CRC[6]. Secondly, it highlights the importance
of the inclusion of dinucleotide repeats in the MSI analysis
of Asian patients. The relevance of dinucleotide repeats in
our patient population is a fact difficult to explain. Comparative
studies of microsatellite polymorphisms in different ethnic
populations have shown a difference[7] that perhaps may be
applicable to Asian patients as well. Also, the relevance of
mononucleotide repeats in MSI analysis was generally
calculated taking HNPCC-proven patients as the gold
standard. With the increasing evidence that the MSI status
may be useful in establishing the prognosis of H-MSI,
sporadic CRC patients[8,9], the clinical importance of individual
MSI markers may have to be redefined.
In conclusion, dinucleotide repeats are essential for the
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Abstract
AIM: To evaluate the efficacy of antral exfoliative cytology
method in the diagnosis of Helicobacter pylori (H pylori)
infection in the stomach.
METHODS: Fifty patients were submitted to upper digestive
tract endoscopy due to complaints of dyspepsia. The
material for exfoliative cytology was obtained by extensive
brushing of the gastric antral mucosa and Papanicolaou
stain was used to identify the bacteria. The authors also
performed gastric biopsies to collect material for urease
tests and histologic studies, with hematoxylin-eosin and
fucsin stains in order to identify the microorganism. The
gold standard used to detect the presence of H pylori
was an analysis of the combined results from the gastric
biopsies by urease test and histological method.
RESULTS: Antral exfoliative cytology method exhibited
90.3% sensitivity, 66.6% specificity, accuracy of 81.6%,
positive predictive value of 82.3% and negative predictive
value of 80.0%, in this population with a prevalence of 63.3%.
CONCLUSION: Antral exfoliative cytology was demonstrated
to be a sensitive, accurate and easy to perform method
for investigating H pylori infection in the stomach.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Helicobacter pylori (H pylori) is among the pathogens that most

frequently colonize the gastrointestinal tract and is found in
approximately 60% of the world’s population[1].
Its distribution in the entire gastric mucosa can be focal,
segmental or diffuse, and it is found within or under the
layer of mucus that envelops the epithelium of gastric cells,
especially in the antrum[2-4].
In broad terms, the ideal method to study H pylori infection
should have high sensitivity and specificity, besides being
cost-effective, easy to perform, rapid and well tolerated by
patients, so that it can be repeated as necessary[5,6].
The heterogeneous distribution of H pylori in the gastric
mucosa is a possible source of false-negative results[7,8]. Exfoliative cytology method utilizes a brush to collect material
from the broad surface of the gastric mucosa and may prove
to be a better option than other techniques that use only a small
quantity of gastric fragments, collected for the urease test
and histological analysis.
In view of the controversy between the various studies
carried out in diverse regions of the world[6,9,10], there is still
a need for continued investigations to compare endoscopic
methods that are easy to perform, cost-effective and routinely
used to detect the presence of H pylori in the gastric environment.
The objective of this study was to evaluate the efficacy
of antral exfoliative cytology method for the diagnosis of
H pylori infection of the stomach.

MATERIALS AND METHODS
From May to August 2002, the authors examined 50
patients suffering from peptic gastroduodenal illness. The
sample comprised seven (14%) females and 43 (86%) males,
with a mean age of 42.0 years (SD 15.7; range 15-79; and
median 40.0).
The inclusion criterion included free and informed consent
from the patients. The exclusion criteria were: use of oral or
parenteral medication for peptic disease in the previous three
months; prior treatment for H pylori; pediatric patients; presence
of immunodeficiency; active upper digestive bleeding; and
the presence of non-peptic diseases of the upper digestive
tract diagnosed during the endoscopic examination.
This investigation was conducted according to the ethical
standards accepted by the Helsinki Declaration of the World
Medical Association, adopted in 1964 and amended in 1996.
All patients were submitted to upper digestive endoscopies
performed by the principal author. The biopsy specimens
were collected using conventional biopsy forceps and the
gastric brushings were obtained with protected cytological
brushes (Wiltek, Medical Inc., USA).
During the endoscopic examinations, material was
collected firstly by brushing the antral mucosa, after which
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fragments were collected from the gastric mucosa using
conventional biopsy forceps for histopathological analysis.
Four fragments were collected from the region of the small
curvature of the antrum, at approximately 2 cm from the
pylorus, and close to the incisura angularis[3,4], separating two
fragments for direct detection of the presence of H pylori
and histopathological analysis, and the remaining two
fragments for indirect detection of the presence of H pylori
by urease test. In addition, two fragments were obtained from
the gastric structure, in the region of the small curvature,
close to the incisura angularis, for direct detection of the
presence of H pylori and histopathological analysis.
An experienced pathologist, blind to the urease test results,
firstly performed the cytologic analysis and then the histological
exam. The study identified H pylori bacteria with curved
morphology, and S-shaped micro organisms, measuring
approximately 1-3 m.
The biopsy material was placed in bottles with buffered
10% formaldehyde for fixation and then forwarded for
analysis.
The gastric biopsies were stained with fucsin dye and
the semi-quantitative evaluation of H pylori was performed
according to the criteria proposed by the Sydney System[11]
(Figure 1). The material from the gastric brushings was
submitted to cytologic evaluation and testing for H pylori
using Papanicolaou stain[12].
Cytologic screening of the gastric brushings was
performed in high power fields (HPF), with 400×enlargement
in an optical microscope, with semi-quantitative evaluation
of the following parameters: cellularity; density of inflammatory cells (polymorphonuclear neutrophils); and density
of H pylori.
The cellularity of the smears was classified according to
the presence of groupings of epithelial cells (GEC), in
accordance with the following criteria: 0 (no GEC); + (1-3
GEC); ++ (4-6 GEC); and +++ (over 6 GEC)[13].
The analysis of H pylori was based on the following
criteria: 0 (no bacteria detected); + (presence of sporadic
bacteria); ++ (numerous bacteria in most of the fields);
and +++ (clusters of bacteria in all the fields examined)[14]
(Figure 2).
The density of the polymorphonuclear neutrophils (PMN)
was evaluated by the examiner, according to the following
parameters: absent; +/+++ (rare isolated PMNs in the

smear); ++/+++ (presence of PMNs distributed among
epithelial cells without forming groupings); and +++/+++
(presence of PMNs forming groupings among epithelial cells).
The urease test (Probac, Sao Paulo, Brazil) was performed
by Claudio A.R. Gomes Jr. The test was recorded as positive
when the color around the area of the specimen inserted
changed to pink within 24 h.
To verify the agreement between the quantity of bacteria
observed in the histological analysis and in the gastric
brushing, and the time of any color change in the urease
test, the following levels were established: level 1-characterized
as no observation of bacteria in the histology and cytology,
and negative urease test at 24 h; level 2-positive histology
result (+), positive cytology result (+) and positive urease
test at 24 h; level 3-positive histology result (++), positive
cytology result (++) and positive urease test at 6 h; and
level 4-positive histology result (+++), positive cytology result
(+++) and positive urease test at 2 h.
The following levels were established for verifying
agreement between the presence or absence of H pylori,
the presence and intensity of cellularity, and the presence
and intensity of inflammatory cells in the gastric brushings:
level 1-neither H pylori nor inflammatory cells, absent
or rare cellularity; level 2-H pylori, with discrete presence
of inflammatory cells and discrete cellularity (+); level
3-H pylori, with moderate presence of inflammatory cells
and moderate cellularity (++); and level 4-H pylori, with
intense presence of inflammatory cells and intense
cellularity (+++).
To establish the gold standard for comparison of the
exfoliative gastric cytology method, the study considered
patients affected by H pylori to be only those in whom the
bacteria were detected by both the histology method and
the urease test. The patients considered to be unaffected
by the bacteria were those that tested negative in both the
histology method and the urease test.
The quantitative variables were represented by their
absolute (n) and relative (%) frequencies. The arithmetic
mean, the median and the standard deviation of the ages
were also calculated. The agreement between the different
tests for the investigation of H pylori was measured by the
kappa statistic (), which measures nonrandom agreement, with
accompanying p values referring to rejection of the null
hypothesis that  = 0 (i.e., agreement due to chance alone).

Figure 1 Photomicrography: antral biopsy (Fucsin stain, 1 000×). Presence of
numerous (+++/+++) H pylori bacteria, forming clusters over the epithelial
foveolar surface.

Figure 2 Photomicrography: antral exfoliative cytology (Papanicolaou stain,
1 000×). Presence of numerous (+++/+++) H pylori bacteria distributed among
the epithelial cells, forming clusters.
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It was considered that values of >0.75 represented
excellent agreement beyond chance, values of <0.40
showed poor agreement beyond chance, and fair to good
beyond chance (“reasonable”) when 0.40≤≤0.75. The
study also measured sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV) and accuracy
of the exfoliative cytology in relation to the gold standard,
constituted by combined analyses of both the urease test
and histology method results.
The calculations of the sensitivity, specificity, PPV, NPV
and accuracy were based on the gold standard.
According to the criteria adopted, 49 patients were
included in the make-up of the gold standard, as one patient
presented a discrepancy between the urease test and histology
method results. For the other agreement tests, the study
used the results from all 50 patients.
In all tests, = 0.05 was set as the rejection level for the
null hypothesis, according to the standards currently adopted
in biological studies.

RESULTS
The following illnesses were diagnosed by endoscopy among
the patients included in this study: gastritis (n = 49); duodenitis
(n = 9); active or healed duodenal ulcer (n = 6); hiatal hernia
(n = 5); esophagitis (n = 6); gastric ulcer (n = 1); and
esophageal varices (n = 1).
With regard to the histopathological analysis of the
biopsies collected, this study revealed chronic gastritis in all
the patients. There was active chronic gastritis in 34 patients
(68%) and inactive in 16 (32%). As to the intensity of the
gastritis, 11 patients (22%) presented mild gastritis, 31 (62%)
moderate gastritis, and 8 (16%) severe gastritis.
Among the patients, 31 (63.26%) were infected by H pylori
and 18 (36.73%) were considered uninfected, according to
the criteria adopted for the study.
The cytology method confirmed 32 patients (64%) to
be affected by H pylori, with 29 patients (58%) diagnosed
by histological method, and 30 affected patients (60%) detected
by the urease test.
When the results obtained by exfoliative cytology method
were compared with those from the histology method and
the urease test combined (gold standard), it was verified
that exfoliative cytology presented 90.3% sensitivity, 66.6%
specificity, 81.6% accuracy, PPV of 82.3% and NPV 80.0%.
Accuracy represents the overall percentage of results from
the exfoliative cytology tests that agree with the gold
standard. Sensitivity shows the percentage of patients
infected with H pylori, correctly identified as positives by
the exfoliative cytology, whereas specificity indicates the
percentage of patients not infected correctly identified as
negatives by cytology. The predictive positive value shows
the percentage of individuals with positive cytology tests
that were truly infected with H pylori, whereas the negative
predictive value shows the percentage of patients with
negative cytology that were not in fact infected. As the
positive and negative predictive values are dependent on
the prevalence of the disease in the studied population,
our results should be taken considering a local H pylori
prevalence of 63.3% (Table 1).
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Table 1 Comparison of the results from the exfoliative cytology
method against those obtained from the combined histology and
urease test
Exfoliative
cytology

Histology and urease
both positive

Histology and urease
both negative

Positive

n = 28

n=6

Negative

n=3

n = 12

n = number of patients. Accuracy: 81.6% = (28+12/28+3+6+12); Sensitivity: 90.3%
= (28/28+3); Specificity: 66.6% = (12/12+6); PPV: 82.3% = (28/28+6); NPV: 80.0%
= (12/12+3); PPV: positive predictive value; NPV: negative predictive value.

When the three methods were analyzed together, the
agreement between the positive and negative results of
the exfoliative cytology method, urease test and histology
method, as measured by the kappa statistic (), was reasonable
(= 0.70) and statistically significant (P<0.001).
When the agreement was analyzed by the kappa statistic,
taking two of the methods into consideration, the agreement
between the urease test and the histology method was
excellent ( = 0.95); while the agreement between the urease
test and the exfoliative cytology method was only reasonable
( = 0.55). Likewise, the agreement between the exfoliative
cytology method and the histology method was also considered
reasonable (= 0.60).
According to the kappa statistic, the measurements of
agreement for the quantification of H pylori by the histology
and exfoliative cytology methods, and time of the color
change in the urease test, were reasonable at levels 1 and 4,
but no better than chance at levels 2 and 3, although the
agreement was statistically significant at all levels (P<0.05)
(Table 2).
Table 2 Agreement between the quantification of H pylori by the
histology and exfoliative cytology methods and the time of the color
change in the urease test
Level

Kappa value ()

Kappa value (P)

1

0.70

<0.000001

2
3

0.25
0.28

= 0.0009
= 0.0002

4

0.49

<0.000001

According to the kappa statistic, the results were no
better than chance agreement at all levels for the presence of
H pylori, inflammatory cells and cellularity in the gastric
brushing.
According to the kappa statistic, there was no better
than chance agreement between cellularity and presence of
H pylori in the gastric brushings at levels 1-3. While at level
4, the rate of agreement was poor.
According to the kappa statistic, the agreement between
the presence of inflammatory cells and H pylori in the gastric
brushings was poor at all levels.

DISCUSSION
There is still no consensus regarding the diagnostic method
that has to be considered as the gold standard [14], despite
which histological method of analysis has been used
worldwide due to its high sensitivity and the possibility it
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also offers for evaluating alterations in the gastric mucosa
that result from the presence of these bacteria[3]. Nevertheless,
urease test may be consideredas the method of choice for
diagnosis of H pylori in the stomach[15]. In the present study,
urease test and histology were demonstrated to have
practically the same efficacy regarding the detection of
H pylori in the stomach, thereby reinforcing the choice of
these two exams as the gold standard for comparison with
exfoliative cytology method.
Bacteria in the gastric mucosa are often present in small
quantities and their irregular distribution can influence the
results of exams using fragments from that site[7]. In the
exfoliative cytology method used to detect H pylori in the
stomach, an appropriate brush is used to obtain material
from a broad area of the gastric mucosa, thereby presenting
greater potential for efficacy among those cases in which
the bacteria has a focalized distribution[10,16].
The present study adopted as its gold standard, the
agreement between urease test and histology diagnostic
methods. The exfoliative cytology method presented sensitivity
of 90.3% and specificity of 66.6%. Rodríguez et al[10], compared
the cytology method (Papanicolaou stain) with the histology
method (hematoxylin-eosin and Warthin-Starry stain) and
concluded that the former was superior for the detection
of H pylori.
Paniagua et al [6] , using histology as the gold standard,
studied the exfoliative cytology method and found 72.0%
sensitivity, 100% specificity and 77.0% accuracy, where the
prevalence was 85.0%, giving an agreement of 0.76, according
to the kappa statistic. In the present study, in the comparison
between the results from the exfoliative cytology method and
those from the histology method combined with those from
the urease test, the accuracy reached 81.6%, with an underlying
prevalence of 63.6%, and the kappa statistic revealed an
agreement of 0.60, between the histology and cytology methods.
Dalla Libera et al [16], taking the culture of fragments
from the gastric mucosa as the gold standard, demonstrated
the advantages of cytology over histology for the detection
of this micro-organism. In addition to greater sensitivity
and specificity (100% and 92.5%, respectively) they reported
that the cost and time spent by the pathologist for analyzing
the material were markedly lower.
Other studies that have compared cytologic and histologic
analyses for the detection of these bacteria have yielded
conflicting results. De Francesco et al[17] has stated that the
cytology method is more sensitive, reliable and faster than
histological analysis. Ghoussoub and Lachman[13], in a study
with 21 patients, concluded that histological method was
superior for detection of H pylori. Mendoza et al [18] , using
cultures of fragments from the antral mucosa as their gold
standard, obtained sensitivity of 74.4% and specificity of
92.0% with cytology, concluding that “Diff-Quik” stain
makes identification of the bacteria easier than Papanicolaou
technique, since it stains H pylori blue, thereby facilitating its
differentiation from other bacteria and residues found on
the imprint.
Carmona et al[19] compared several diagnostic methods
for the detection of bacteria using biopsy and gastric brush.
They concluded that exfoliative cytology, analyzed with the
use of “Diff-Quik” stain, should be considered the method
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of choice for identification of the microorganism. The values
obtained by Carmona et al [19] for sensitivity (95.23%);
specificity (94.87%); PPV (96.77%), and NPV (92.50%),
were higher than those found in the present study. However,
when Gram’s stain was used, their values were similar to those
obtained in the present study, suggesting that the Papanicolaou
stain, used in this investigation, could be considered valid,
with the added advantages of low cost and ease of use.
Sentürk et al[14], considering histology method as the gold
standard, compared different methods for the detection of
H pylori and used May-Grünwald-Giemsa stain to analyze
the gastric brushings. That study revealed, using the exfoliative
cytology method, a sensitivity of 87.7%, specificity of 60.7%,
PPV of 85.3% and NPV of 65.4%. The results obtained
by the present study showed slightly higher values than those
reported by Sentürk et al [14], however, the gold standard
adopted in this investigation comprised two diagnostic tests
in conjunction, as opposed to the single test used by Sentürk
et al[14].
This study demonstrated reasonable agreement, when
none of the three methods detected the presence of H pylori
or when there was a large quantity of bacteria in the specimens
collected from the stomach. Using the same method (kappa
statistic), for the agreement between the quantity of bacteria
found in histology, cytology of the gastric brushings and
the speed of the color change in the urease test. At levels 2
and 3, when the quantity of H pylori in the gastric brushing
and histology was interpreted as low and moderate, respectively,
the agreement between the three tests was no better than
chance, demonstrating that these are cases that present
evidence of greater diagnostic difficulty and disparity between
the results offered by the methods used in the present study.
The low quantity of bacteria found in the gastric fragments
and the prior reading could explain the false-negative results
in the urease test[5]. Midolo and Marshall[8] considered that a
positive urease test result requires the presence of at least
1000 bacteria in the specimens obtained from the stomach.
The irregular distribution and low quantity of the microorganism
in the stomach could lead to false-negative results when
using the histology method[16]. The staining methods used
in histologic and cytologic studies could also influence the
detection of H pylori, especially in specimens with low
quantities of the bacteria.
According to Debongnie et al[20], the main condition for
cytology method to provide good results lies in the adequate
cellularity of the gastric brushing, a factor which cannot be
appropriately evaluated at the time material is being collected
by cytological brush. Ghoussoub and Lachmann[13] have
affirmed that the cytology method could be carried out
with the collection of a sufficient amount of the mucus layer,
even without adequate representation of cellularity. In this
study, the kappa statistic revealed a no more than reasonable
agreement only at level 4 (intense cellularity and greater
density of the bacteria) in the analysis of the association
between findings of cellularity and presence of H pylori.
Rodríguez et al[10] have noted that the greater the cellularity
of the gastric brushing, the easier it will be to detect H pylori
in the material studied, a finding that was not observed in
this study.
In the conditions under which this study was carried out,
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the results from gastric exfoliative cytology for the detection
of H pylori enabled the conclusion that this method is reliable
for the detection of the bacteria in the stomach, when
compared with the association between the urease test and
the histology method. Furthermore, exfoliative cytology, in
an isolated comparison with the urease test and histology
method results, presented reasonable agreement. When
analyzed simultaneously for the quantification of H pylori,
the exfoliative cytology method, the urease test and the
histology method results were demonstrated to be reliable
for confirming the absence of the microorganism in the
stomach, without relation between the presence or absence
of the H pylori and the intensity of the presence or absence
of inflammatory and gastric epithelial cells in the exfoliative
cytology.
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Abstract
AIM: Hyperglycemia commonly seen in liver transplantation
(LT) has often been attributed to the dextrose in the storage
solution of blood transfusion products. The purpose of
the study is to compare the changes of the blood glucose
levels in transfused and non-transfused patients during LT.
METHODS: A retrospective study on 60 biliary pediatric
patients and 16 adult patients undergoing LT was carried
out. Transfused pediatric patients were included in Group
I (GI), those not transfused in Group II (GII). Twelve adult
patients were not given transfusion and assigned to Group
III (GIII); whereas, four adult patients who received massive
transfusion were assigned to Group IV (GIV). The blood
glucose levels, volume of blood transfused, and the volume of
crystalloid infused were recorded, compared and analyzed.
RESULTS: Results showed that the changes in blood
glucose levels during LT for both non-transfused and minimally
transfused pediatric groups and non-transfused and
massively-transfused adult groups were almost the same.
CONCLUSION: We conclude that blood transfusion does
not cause significant changes in the blood glucose levels in
this study.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Contrary to earlier reports[1] , hyperglycemia during liver
transplantation (LT) is a common finding[2-4]. Normal blood
glucose levels could even be maintained during LT procedure
in humans[2] and dogs[5] with blood as the only source of dextrose.
The mechanism is attributed to blood transfusion, which
contains dextrose as part of the storage solution[2,3]. Blood
transfusion in LT was once a common feature in the past,
however, with increasing LT experience, the blood loss and
subsequent blood and blood product replacement during
operations have decreased gradually[6,7] . LT can now be
performed without pack blood cell[8] and fresh frozen
plasma[9]. In our living donor LT setting, some patients do
not receive any banked blood products[10] but hyperglycemia
is still noted. Therefore, we hypothesize that hyperglycemia
seen in LT might not be related to blood transfusion. In this
study, blood glucose levels of pediatric patients with biliary
atresia undergoing LT with or without blood transfusion
and four massively-transfused adult patients vs 14 nontransfused adult patients were compared and analyzed.
MATERIALS AND METHODS
The approval of the Ethics Committee of the Department
of Health, Taiwan, was obtained and written informed
consent for anesthesia and surgery were also obtained from
the adult patients or the parents of the pediatric patients.
Sixty biliary pediatric patients who underwent living donor
liver transplantation (LDLT) and 16 adult LT patients at
Chang Gung Memorial Hospital, Kaohsiung Medical Center
from January 1999 to April 2002 were included. The anesthesia
records were analyzed retrospectively. The pediatric patients
were grouped as transfused (GI) and non-transfused (GII)
group. Since the transfusion of GI was minimal, an additional
four adults in our cadaveric series, who were massively
transfused over 10 L of blood products (GIV) were compared
with 12 of our 28 adult LDLT patients (G III) who did not
receive blood transfusion. Anesthesia for all patients was
maintained with isoflurane in an oxygen-air mixture. Fentanyl
was given whenever necessary and atracurium was used as
muscle relaxant. Continuous monitoring with ECG, pulse
oximetry, arterial blood pressure, central venous pressure,
end tidal CO2, urine output and naso-pharyngeal temperature
was performed. At least four intravenous lines were set for

World J Gastroenterol

Table 1 Patients’ characteristics between pediatric groups

Age (yr)
Weight (kg)
Height (cm)
Anesthesia time (h)
Blood loss (mL)
RBC (mL)
FFP (mL)
5% Albumin (mL)
Platelet transfusion
Crystalloids without
dextrose (mL)
Crystalloid with 5%
dextrose (mL)
Urine (mL/(kg·h))
Preoperative Hb (mg%)
Postoperative Hb (mg%)

GI (n = 38)

GII (n = 22)

2.18±0.4
10.6±4.9
82.1±23.6
14.2±2.6
172.1±134
171±110
101.5±169
419±392
0
1 246±662

3±1.9
12.6±4.3
86.8±15.4
12.8±1.4
66.1±53.6
0
0
489±2 670
0
1 154±550

0.35
0.46
0.43
0.56
0.000
0.000
0.002
0.253

499±279

367±209

0.096

3.0±1.4
8.2±1.8
7.6±1.1

3.3±1.1
10.7±1.1
7.7±2.0

0.137
0.000
0.638

P

0.613

Number 18

400
GI (n = 38)

300

GII (n = 22)

200
100

Op end

Anhepatic

Time (h)

Reperfusion

2

4

0

Figure 1 No significant changes of blood glucose level between groups during
LT in biliary atresia patients with and without blood transfusion.
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RESULTS
Thirty-eight patients were included in the transfused group
(GI), while twenty-two patients were included in the nontransfused group (GII). Table 1 shows the characteristics
of the patients of GI and GII. The age, weight, height of
the patients and anesthesia duration were not significantly
different between groups. Higher hemoglobin levels were
observed in GII. More intraoperative blood loss requiring
packed blood cells and fresh frozen plasma transfusion was
noted among GI patients. There was no difference between
the two pediatric groups with regard to the mean amount
of crystalloids with or without 5% dextrose and 5% albumin
given. Mean urine output measured in pediatric groups showed
no statistical difference. Blood glucose levels in both groups

Volume 11

were almost the same with a tendency towards hyperglycemia
at 170-270 mg/dL(Figure 1). The changes in blood glucose
levels in the four massively-transfused adult patients (with
8 020±6 544 mL red blood cells and 4 085±2 888 mL
fresh frozen plasma) were similar to the changes seen in
the GIII patients (Figure 2).

After
induction

fluids and blood replacements. Crystalloids such as normal
saline, half saline, lactated Ringer, dextrose 5% in 1/4 saline
were used. Five percent albumin and crystalloids instead of
blood products were used to replace blood, ascites and transudate
losses to maintain a state of normovolemia. Transfusion
threshold was set at hemoglobin of 6-7 g/dL for as long as
the patients remained hemodynamically stable. The amount
of packed RBC (preserved in CPDA-1) transfused was
estimated to reach a Hb of no greater than 8-9 g/dL after
transfusion. LDLT without veno-venous bypass was performed
as reported previously[11,12]. Continuous intravenous dopamine
infusion was given at a rate of 2 µg/(kg·h) throughout the
operation. Arterial blood gases and blood sugar were recorded
after induction of the anesthesia, every 2 h during liver
dissection, at anhepatic phase, 10 min after reperfusion and
at the end of the operation. Blood glucose levels, total amount
of fluids and blood components (including crystalloids with
or without 5% dextrose, 5% albumin, packed red cell and
fresh frozen plasma) were recorded. Blood glucose levels
were compared between the transfused and non-transfused
pediatric patients; likewise, comparison between the nontransfused adult patients and massively-transfused adult
patients was made. Measurements between groups were
compared using Mann-Whitney U test. All the data were
given in mean±SD. Statistical calculations were performed
using the SPSS advanced statistics module (SPSS Inc,
Chicago, IL, USA). P<0.05 was regarded as significant.
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Figure 2 No significant changes of blood glucose level between groups during
LT in adult patients with and without blood transfusion.

DISCUSSION
The liver plays an important role in carbohydrate metabolism
and glucose homeostasis. Impaired gluconeogenesis and
glucogenolysis, glucose intolerance or insulin resistance may
occur in patients with end stage liver disease, predisposing
these patients to fasting hypoglycemia or postprandial
hyperglycemia[13-17]. In view of the complexity of glucose
regulation and disease-specific anesthetic management[18] ,
our study primarily focuses on pediatric biliary atresia patients,
who have had Kasai operation. This specific group of patients
represents children of the same age group in a similar
physiological state with the same disease entity. Figure 1
shows that the blood glucose increased significantly 2 h after
induction of anesthesia from 108±46 to 174±60 and 92±22
to 185±73 mg/dL for GI and GII, respectively. Likewise,
Figure 2 shows the similar changes of the blood glucose
for GIII and GIV patients. The levels of the blood glucose
for all groups remained lightly hyperglycemic until the end
of the operation regardless of transfusion.
The volume of blood transfused in GI was statistically
significant but the amount of the dextrose contained in the
272 mL of transfused blood products may be clinically
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irrelevant when compared to GII. We find that the volume
of blood transfused is not related to blood glucose level in
the four massively-transfused adult patients given over 10 L
blood components during LT (Table 2). The fresh blood
stored in CPDA-1 contained dextrose of 432 mg/dL. This
decreases to 282 mg/dL after 35 storage[19]. Blood that is
massively lost also contain dextrose. Blood glucose levels
will not change despite exogenous dextrose loading if the
amount of blood loss is greater than the volume transfused.
This may explain why over 10 L of blood products given
to GIV patients did not cause significant increase in blood
glucose compared to GIII patients. Although Hb in blood
product is usually higher than anemic patients requiring
blood transfusion, the above mechanism may also explain
why there is little increase in Hb level in patients receiving
blood transfusion during massive bleeding in which losses
are greater than that replaced. The preoperative and postoperative Hb showed that none of our patients was over-transfused
(Table 1). It indicates that hyperglycemia encountered during
LT in all groups is not related to blood transfusion per se.
This observation is shared by other authors[2]. Hyperglycemia
is probably caused by stress during LT surgery and from
two of methyl-prednisolone given during the operation. Both
noxious stimuli and methyl-prednisolone are known to
increase blood glucose levels[20,21]. Furthermore, extrahepatic
gluconiogenesis[22] and sudden release of glucose from the
grafted liver in the reperfusion phase may also cause hyperglycemia[5]. Recent discoveries reveal that extrahepatic gluconiogenesis during anhepatic phase, most notably by the kidneys,
contributes to endogenous glucose production in humans[22].
This endogenous glucose production is sufficient to maintain
normal blood glucose levels in the anhepatic phase of orthotopic
LT. Corollary, reperfusion is usually associated with a sudden
increase of blood glucose as a result of massive glucose release
from the graft liver as seen in very high glucose levels in
hepatic venous blood compared to arterial blood[5].
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as in non-transfused and massively-transfused, patients
undergoing LT.
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Abstract
AIM: To evaluate the clinical outcome and cost-effectiveness
of transcatheter arterial ethanol-lipiodol embolotherapy
on hepatocellular carcinoma (HCC).

RESULTS: The overall 1st- and 2nd-year survival rates
were 72% and 46%, respectively. The patients were
classified into three groups according to their liver function
status: 68 patients as Child-Pugh class A, 26 as Child B,
and 6 as Child C. Child A had better survival rate than the
Child B and/or C. The 1st-year survival rates of patients
with Child A-C were 84%, 50%, and 33.3% respectively
and the 2nd-year survival rates were 55.5%, 28.5%,
and 33.3%, respectively. According to the computed
tomographic features, solitary HCC with maximum
diameter less than 5 cm had the best outcome with the
1st-year survival rate of 100% and the 2nd-year survival
rate of 71.4%, while solitary HCC with maximum diameter
over 5 cm and multiple HCC had the 1st-year survival rates
of 75% and 63.7%, respectively, and the 2nd-year survival
rates of 33.3% and 44.4%, respectively. Only one patient
was complicated with abscess formation and was cured
with antibiotic therapy. No mortality resulted from the
procedures performed.

INTRODUCTION
Hepatocellular carcinoma (HCC) had been documented as
the leading cause of cancer death in our country for years[1].
Various methods of treatment including surgical and
non-surgical therapies have been attempted. The non-surgical
ones include transarterial embolization (TAE), transarterial
chemoembolization (TACE), percutanous ethanol injection,
radiofrequency ablation, systemic chemotherapy, hormone
therapy, immunotherapy, and radiotherapy. Among them,
surgery is traditionally believed to be the best treatment,
offering the chance of complete cure by tumor removal[2].
Unfortunately, most of the HCC are unresectable at
discovery, with poor survival rate of less than 6 mo[2]. On
the other hand, the recurrence of HCC is high in a cirrhotic
liver secondary to infectious hepatitis.
In those cases with cirrhotic liver, deteriorating liver
function is a common risk factor for undertaking a large
area resection. An optimal therapy with safe procedure and
minimal interruption on liver function is essential. Under such
circumstances, minimal invasive nonsurgical management
rather than invasive surgical approach may be the choice
of therapy, in which TACE is one of the most commonly
used methods. However, chemotherapeutic drugs are
expensive and hepatic toxic. In this study, we report the
survival outcomes of TAE of HCC using the less toxic
ethanol-lipiodol liquid mixture, in order to evaluate the
feasibility of this embolization method. To our knowledge,
this is the first report to document the therapeutic results
of TAE with ethanol-lipiodol liquid mixture in the patients
with inoperable HCC.

CONCLUSION: TAE with ethanol-lipiodol mixture is an
economic, safe and feasible method for treating HCC,
especially for the patients with smaller solitary HCC or
with liver function status of Child-Pugh class A.

MATERIALS AND METHODS
Reviewing the records of transcatheter arterial embolization
(TAE) performed in our department from January 2000

METHODS: One hundred patients with HCC who were
treated only by lobar or segmental transarterial
embolization (TAE) with ethanol-lipiodol mixture were
enrolled in this study. The 1st- and 2nd-year survival rates
were analyzed to evaluate the feasibility of its method.
These outcomes of our patients were individually
correlated to the Child-Pugh classification and the
computed tomographic features of HCC.

Cheung YC et al. Outcome of ethanol-lipiodol TAE on HCC

to December 2002, we enrolled 100 HCC patients who
received lobar or segmental TAE with the mixture of
absolute ethanol and lipiodol. There were 70 males and 30
females, ranging from 39 to 82 years (mean: 63.62±9.65 years).
The technique of TAE was standardized, following the set
up protocol since January 2000 in our department. In order
to obtain an absolute therapeutic outcome of ethanol-lipiodol
TAE, the patients that underwent other treatments such as
percutaneous ethanol injection, radiofrequency therapy or
TACE were excluded from our study. Those HCCs with
the radiographic evidence of vascular shunts or with portal
vein thrombosis were also eliminated.
All patients were requested to sign consents after full
explanation. With the coaxial angiographic technique, a
French-3 microcatheter was selectively catheterized beyond
the lobar or segmental branch of the hepatic artery supplying
the HCC. Absolute ethanol (99.5%) and lipiodol were mixed
in emulsion as the embolizer for TAE. The composition of
absolute alcohol and lipiodol was kept at 3 to 1 ratio.
However, the amount of lipiodol used was proportional to
the maximum diameter of targeted HCC measured on
computed tomogram (CT). If the maximum diameter was
5 cm, the amount of lipiodol used would be 5 mL. In cases
of multiple HCC, the amount of lipiodol (mL) used was
adjusted according to the sum of maximum diameters of
all targeted HCC in centimeters. However, the maximum
amount of lipiodol was always limited to 10 mL.
Before starting the infusion of embolizing agents, each
25 mg Demoral was given intravenously and intramuscularly,
respectively. To avoid the vasospasm, intra-arterial slow
injection of 3 mL of 2% lidocaine diluted with 10 mL
saline were routinely administered. With the stable vital signs
continuously being monitored by pulse oximeter, the ethanollipiodol mixture was connected to an adjustable pumping
machine and was slowly infused with a set rate at 0.5-1 mL
per minute. The TAE would be finished when the infusion
of embolizing mixture had been completed. In another
situation, the embolization would also be terminated
when the retrograde filling of the portal vein was observed
(Figure 1). Finally, absorbable gelfoam particles were
routinely administered until sluggish inflow of the contrast
medium in the supplied arteries of the embolized HCC, in
order to delay the washout of the embolizers.
According to the findings on triphasic CT, the HCCs of

Figure 1 Post-embolization radiographic image of upper abdomen shows
homogenously packed HCC and retrograde filling of multiple parenchymal portal
veins.
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our patients were classified into three categories. They
included: (1) solitary HCC with maximum diameter less than
5 cm, (2) solitary HCC with maximum diameter greater
than 5 cm, and (3) multiple HCCs of multinodular,
infiltrating or mixed type. The patients were also classified
into three other groups as Child A-C, according to their
liver function status. We individually correlated the CT
presentations of HCC and the Child-Pugh classification to
the 1st- and 2nd-year survival outcomes.

RESULTS
Totally, 245 TAE procedures were successfully performed.
Some cases of mild abdominal distension and mild fever
were observed after the procedure, but all subsided within
24 h after the procedures. No major complications were
immediately noticed during the procedures except one
liver abscess (1%) was found 5 d after the TAE. The abscess
was subsequently cured by antibiotic therapy. Based on the
finding of follow-up CT, no bilioma was complicated. There
was no procedure-related mortality.
According to the serum data, all our patients were
hepatitis-infected, including 56 patients with viral hepatitisB, 34 with viral hepatitis-C, six with both viral hepatitis B
and C, and four with non-B and non-C viral hepatitis. At
the time of TAE, 68 of our 100 patients were classified as
Child-Pugh class A, 26 as Child B and six as Child C.
According to the morphologic presentations of HCC,
multiple HCCs were found in 69 patients, solitary HCC
with maximum diameter less than 5 cm was found in 19
patients, and that greater than 5 cm was found in the
remaining 12 patients.
Post-TAE follow up
Post-TAE serum levels of aspartate aminotransferase and
alanine aminotransferase on the 3rd day increased in 195
procedures, of which an increment ranging from 50 to 300
IU/L was found in 123 procedures, ranging from 301 to
500 IU/L in 50 procedures, and >500 IU/L in the other
22 procedures. Slight elevation of the total bilirubin and a
decrement in albumin levels were also noted in about 20%
of our 245 TAE procedures. All these abnormal parameters
returned to the initial levels within 2 wk. At that time,
considerable decrement of alpha fetoprotein was noted in
172 of our TAE procedures. The alpha fetoprotein of our
patients with HCCs with maximum diameter less than 5 cm
was invariably improved. On the follow up triphasic CT
after the first TAE, a complete package of embolized HCC
without evidence of viable cancer was found in 73 patients
(12 patients of HCC with maximum diameter less than 5
cm, 13 patients of HCC with maximum diameter greater
than 5 cm, and 48 patients of multiple HCC). Residual
viable tumors were noted in the other 27 patients (23 patients
with multiple HCC and four with HCC larger than 5 cm of
maximum diameter). In this series, in order to treat residual
viable tumor (n = 27), local recurrence at the embolized
areas (n = 8), or newly developed HCC in the otherwise
liver areas (n = 46), 54 patients needed repeated TAE.
Seventeen patients underwent second TAE and the other
37 patients underwent second and third TAEs.
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Cost-effectiveness assessment
The benefits of ethanol-lipiodol TAE compared with
TACE was assessed in the cost of embolizers and the
duration of hospitalization. In our country, the cost of
Doxorubicin in a single TACE procedure was $US 60 for
20 mg. However, the cost of the 99.5% ethanol that we
used in a single TAE procedure was $US 0.05. On the other
hand, all patients were discharged from hospital about 3 d
after TAE procedures. Only one patient was admitted
again due to the complication of liver abscess 5 d after
TAE and required hospitalization for antibiotic treatment
for 8 d. No additional systemic complication prolonging
the hospitalization was noticed.
Survival outcome analysis
The overall 1st- and 2nd-year survival rates were 72% and
46%, respectively. The 1st-year survival rate distinctively
varied to Child-Pugh classification with 84% for Child A,
50% for Child B and 33.3% for Child C. For the 2-year
survival rate, Child A was still the best but the rate decreased
to 55.56%. The 2-year survival rate of Child B and C were
close to the survival rate of 28.57% and 33.3%, respectively
(Figure 2). The cause of the same 1st- and 2nd-year survival
rate (33.3%) of our Child C patients was that two of our
six Child C patients had solitary HCC less than 5 cm and
were well controlled by TAE in the period of 2 years.
The survival rates of patients with solitary HCC less
than 5 cm, and that greater than 5 cm and multiple HCCs
were 100%, 75%, and 63.77%, respectively for the 1st year
and 71.43%, 33.33%, and 44.44%, respectively for the second
year (Figure 3). The patients died of the uncontrollable
progression of the disease including the decompensation
of liver function in 18 patients, widespread dissemination
of HCCs in 25, and the development of portal vein
thrombosis in 9.

DISCUSSION
In Taiwan, most patients with HCC were cirrhotic related,
accompanied by liver dysfunction. The liver function
impairment or the HCC involvement often limit the surgery
even though the survival rate of surgical cases is believed
to be significantly higher than non-surgical cases[3]. However,
the survival rate had been improved by the progressive
advances of angiographic techniques. With the development
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of microcatheter system, we are able to superselectively
catheterize a small angiocatheter into the tumor-feeding
artery in order to achieve the lobar or segmental targeting
embolization while avoiding arterial injury. With such a high
technical performance, the embolizers can be effectively
injected into HCC tumor beds.
Since the application of TAE on unresectable HCC,
several reports have documented the effectiveness of
this treatment on unresectable HCC[4-7]. Various embolizers
had been introduced. TACE was currently used in most
centers due to the combined therapeutic effects of tumor
chemotoxicity and ischemia. In a report of a Chinese
population sample of inoperable HCC with Child A and B,
the 1st- and 2nd-year survival rate after TACE were 86.3%
and 78.8% respectively[8]. In our result, the survival rates
of the patients with Child A and B were 84% and 50%,
respectively for the 1st year, and 55.5% and 28.5%
respectively for the 2nd year. The survival rate of our
patients with Child C maintained at 33.3% for the 1st- and
2nd-year survival rates, however, due to small populations
in this group, such survival rate necessitated further
investigation with a larger series.
In 1983, sonographically guided percutanous ethanol
injection therapy (PEIT) was introduced as a new alternative
approach in treating small HCC [9]. This method was
subsequently agreed upon by many clinicians on the point
of effectiveness in treating a small HCC[10-13]. For a large
HCC, PEIT has difficulties to fill the entire tumor tissue
because of the complicated architecture of septa and
inhomogeneous infiltration of ethanol within the tumor.
The combined treatment with PEIT and TACE has been
reported as effective in causing complete tumor necrosis[12-14].
The capsular invasion or small daughter nodules can also
be treated[12-14]. The reported 1st- and 2nd-cumulative survival
rates of combined therapy with PEIT and TACE were 78%
and 54%, respectively[15]. Such a result was similar to ours
with ethanol-lipiodol TAE.
Currently, TAE or TACE are the mainstream in the
treatment of unresectable HCC. Since chemotherapeutic
drugs are hepatotoxic, we use a less toxic ethanol as an
embolizer in order to preserve the liver function as much
as possible. Ethanol is a traditionally cheap and safe liquid
embolizer that has been used to treat vascular lesions or
tumors. In 1997, the embolization effect of ethanol on
HCC was established on the basis of animal models[16,17].
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Figure 2 Survival rates of HCC in Child-Pugh classification.
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Kan et al[18], reported the pathways of iodized oil and silicon
rubber solution shunting from the hepatic artery to the
portal vein, and the mechanism of sinusoid embolization
by iodized oil[19]. On the other hand, two reports have
documented the clinical efficacy of this ethanol-lipiodol
TAE on HCC[20,21]. The results showed successful liver lobar
ablation with only minimal side effects.
From the fluoroscopic observation on an animal model,
dual embolization will be induced by slow infusion of
insoluble substance, such as a mixture of ethiodol and
ethanol, which appears as small droplets passing through
the hepatic sinusoids (the bridges between the hepatic artery
and the portal vein) to the portal vein. This achieves complete
thrombotic effect with embolizers package in both the
arteries supplying the tumor and its adjacent parenchymal
portal veins[16,21]. A slow infusion of embolizers is the key
point for the success of dual embolization. The slow infusion
technique not only prevents the spasmodic change of the
feeding artery, but also allows the embolizers to flow
primarily to the fast stream tumor vessels. Once the tumor
vessels have been filled up, the liquid, insoluble embolizers
will then start to deposit along the feeding hepatic artery
and the parenchymal portal veins.
In our results, tumor morphologic features and patient
liver function status affected the survival rates of HCC
patients after TAE with ethanol-lipiodol mixture. Better
survival rates were observed in patients with solitary smaller
HCC or with liver function status of Child A. The outcome
of our study was similar to that of traditional TACE.
Nevertheless, ethanol-lipiodol TAE is a cheap and less toxic
alterative treatment feasible for HCC.
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Abstract
AIM: To elucidate the relations between the myeloperoxidase
G→A polymorphism and the development of duodenal
ulcer (DU), and to investigate the impacts of this host
genetic polymorphism on the histopathological features
of Helicobacter pylori (H pylori)-related gastritis.

-468

METHODS: In a case-control study of 115 consecutive
DU patients and 182 controls, the myeloperoxidase -468G→
A polymorphism was genotyped. Additionally, gastric
mucosal changes were examined according to the updated
Sydney System.
RESULTS: The two study groups differed in the distributions
of myeloperoxidase genotypes (P = 0.008). All six individuals
carrying myeloperoxidase A/A genotypes were in the DU
group. The carriage of myeloperoxidase allele A and H pylori
infection were associated with an increased risk of DU
with odds ratios (OR) of 2.3 and 5.8, respectively. The
combined risk of the carriage of myeloperoxidase allele
A and H pylori infection for DU was 8.7 (95% CI, 3.5-21.8).
In the H pylori -infected individuals, allele A carriers
displayed higher bacterial density scores (P = 0.04) in
the antrum than did non-carriers.

CONCLUSION: This work verifies for the first time the
association of myeloperoxidase -468G→A polymorphism
with antral H pylori density and DU disease. The mechanisms
underlying this genetic polymorphism in developing DU
disease merit further investigations.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The discovery of Helicobacter pylori (H pylori)heralded a
breakthrough in the field of gastroenterology. It is a wellrecognized pathogen that chronically infects more than 50%
of the world’s population. Infection with the bacterium
regularly leads to chronic gastritis. A subset of infected patients
develops duodenal ulcer (DU), gastric ulcer, gastric
adenocarcinoma and mucosa-associated lymphoid tissue
lymphoma (MAL-Toma) [1-4]. The course of disease is
affected by bacterial virulence factors, as well as genetic
predisposition and environmental factors of the hosts.
It has been suggested that phenotypic or genotypic
differences of the cag pathogenicity island, vacA, iceA and
babA among bacterial strains may account for the development
of severe diseases[5-8]. Early studies indicated that the cagA
gene/CagA protein was a marker for more severe diseases
because it was more frequently associated with strains isolated
from patients with ulcer diseases or gastric adenocarcinoma[5,6].
However, the predominant strain of H pylori that circulates
in Asian countries is a cagA-positive, vacA s1 and babA2
genotype, unrelated to clinical outcomes [9,10] . Bacterial
virulent factors have so far failed to explain why the ulcer
or gastric cancer phenotype develops [11,12]. Recently,
attention has been focused on the involvement of host factors
that determine susceptibility to H pylori-associated diseases,
such as gender, blood groups, gastric acid physiology, human
leukocyte antigen and genetic polymorphisms[13-15].
It is well known that H pylori infection is characterized
by extensive infiltration of neutrophils. Neutrophils may
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generate superoxide anion (O2– ), hydroxyl radical (·OH)
and nonradical oxidants, such as hypochlorous acid (HOCl),
to kill invading micro-organisms[16-18]. Myeloperoxidase is
an important enzyme of neutrophils. It is the key enzyme
for the formation of HOCl from H2O2 in the presence
of chloride ions. HOCl is a potent oxidant known to have
several cytotoxic effects on bacterial cells. The integrity
of bacterial cell membrane may be violated by the oxidation
of membrane proteins[17]. Additionally, activated neutrophils
and monocytes can also generate cytotoxic chloramines,
tyroxyl radicals, and ·OH via an myeloperoxidase-dependent
pathway[16,18] .
The inter-individual variations in myeloperoxidase activity
of neutrophils are genetically determined[19] . A diallelic
polymorphism at the promoter region of myeloperoxidase gene
(-463 bp) was observed, and is related to the transcription
activity of this gene[20]. The G allele is the wild type with
normal expression, while the A allele is a low-expression
allele[20]. Recently, Roe et al[21], disclosed that myeloperoxidase
genotype critically determines the pathogenesis of atrophic
gastritis subsequent to H pylori infection. However, no data
exist regarding the relationships between myeloperoxidase
genotype and peptic ulcer disease. The purposes of this
study were to elucidate the relations between the myeloperoxidase -468 G→A polymorphism and the development of
DU, and to investigate the impacts of this host genetic
polymorphism on the histopathological features of H pylorirelated gastritis.

MATERIALS AND METHODS
Subjects
One hundred and fifteen consecutive unrelated Taiwanese
with DU, who attended the Kaohsiung Veterans General
Hospital, were included in this study. The diagnosis of DU
was confirmed by endoscopic examination. An ulcer was
defined as a circumscribed mucosal break 5 mm or more
in diameter, with a well-defined ulcer crater. The size of
ulceration was measured by opening a pair of biopsy forceps
of known span in front of the ulcer. One hundred and
eighty-five consecutive ethically matched asymptomatic
healthy volunteers without active or past DU history served
as healthy controls (HCs), and their endoscopic findings
were all normal or showed gastritis only. The asymptomatic
controls were enrolled from our health examination clinics.
For them, panendoscopy was a routine examination of
the general health checkup because the gastric cancer
incidence was high in our country. To minimize ethnic
bias, all patients and controls were Han Chinese; aboriginal
and alien populations were excluded. Exclusion criteria for
both groups included (1) history of esophageal or gastric
ulcer, (2) previous history of anti-H pylori therapy, (3)
use of non-steroidal anti-inflammatory drug or proton pump
inhibitors within one month of endoscopy, (4) associated
gastrointestinal malignancy, and (5) serious medical
illness. To adjust clinical characteristics, the following
data were recorded for each subject: age, sex, blood type,
smoking history and alcohol consumption. The study
was approved by the Medical Research Committee of the
Kaohsiung Veterans General Hospital. All patients and
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controls gave informed consent.
Study design
Endoscopies were performed with the Olympus GIF XV10
and GIF XQ200 (Olympus Corp., Tokyo, Japan). During
endoscopy, biopsies over antrum were performed for rapid
urease test and histological examination. Prior to endoscopy,
venous blood was drawn for serological test and myeloperoxidase
genotyping. Serology was studied using a commercial IgG
EIA kit (Premier H pylori; Meridian Diagnostics Inc.,
Cincinnati, OH). The diagnosis of H pylori infection was
based on at least two positive results of histological findings,
rapid urease test and serological assay.
To assess the significance of clinical characteristics, the
following data were recorded for each patient: age, sex, blood
type, smoking and alcohol consumption.
Histology
A histological examination of stomach was carried out during
endoscopy for the subjects who provided informed consent
for topographic histopathological study. Two specimens were
taken from the antrum (pyloric gland area) and corpus
(fundic gland area) at standard topographic sites. The biopsy
specimens were fixed in 10% buffered formalin, embedded
in paraffin, and sectioned. The sections were stained with a
hematoxylin and eosin stain and a modified Giemsa stain as
previously described[22,23]. Sections were examined blinded
to the patient’s clinical diagnosis. Scores of acute inflammation
(neutrophil infiltration), chronic inflammation (mononuclear
cell infiltration), glandular atrophy, intestinal metaplasia and
H pylori density were graded from 0 to 3 as described by
the updated Sydney system[24].
Rapid urease test
The rapid urease test was performed according to our previous
studies[25]. Each biopsy specimen was placed immediately in
1 mL of a 10% solution of urea in deionized water (pH 6.8)
to which two drops of 1% phenol red solution had been
added and incubated at 37 ℃ for up to 24 h. If the yellowish
color around the area of inserted specimen was changed to
bright pink within the 24-h limit, the urease test was
considered positive. In our laboratory, the sensitivity and
specificity of the rapid urease test were 96% and 91%,
respectively[26].
Myeloperoxidase genotyping
Genomic DNA was extracted from 3 mL of whole blood
by the use of a QIAamp DNA Extraction Mini Kit (QIAGEN
Inc., Valencia, CA). The myeloperoxidase polymorphism
analysis was performed using a PCR-restriction fragment
length polymorphism method[19]. The primers set to detect
the polymorphic site at position -463 were forward primer
5’-CCGTATAGGCAGAGAATGGTGAG-3’ and reverse
primer 5’-GCAATGGTTCAAGCGATTCTTC-3’. The
PCR product was then digested with AciI and separated on
a 2% agarose gel. Individuals homozygous for the G allele
had three bands at 169, 120 and 61 bp, whereas those
heterozygous alleles, myeloperoxidase (G/A), had four bands
at 289, 169, 120 and 61 bp. Individuals homozygous for
the A allele had two bands at 61 and 289 bp.
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Statistical analysis
Statistical evaluations were performed using the SPSS/
Windows computer software package (Chicago, IL). Twosample t-tests were used to compare the mean values of
the variables considered continuous in the DU patients and
HCs. The 2 test with or without Yate’s correction for
continuity and Fisher’s exact test when appropriate were
applied to analyze the categorized variables. Differences were
considered to be significant at P<0.05. A multivariate analysis
with logistic regression method was carried out to assess the
odds ratios (ORs) of the risk factors of DU. The studied
variables included the following: age (<60 or ≥60 years),
sex, blood type (O type or non-O type), history of smoking
(<1 or ≥1 pack/wk), history of alcohol consumption (<80
or ≥80 g/d), H pylori status (presence or absence) and the
carriage of myeloperoxidase allele A (yes or no).
We estimated that a 20% difference in the susceptible
factor could be present in DU patients and HCs. Based
on this assumption, 95 subjects had to be studied in each
group to yield a statistical power of 0.80 and an  value
of 0.05.

RESULTS
Characteristics of the patients
Table 1 shows the demographic characteristics of DU
patients and controls. Patients with DU were more likely to
be males and to smoke than the HCs (P = 0.012 and 0.014,
respectively). The infection rate was significantly higher in
the DU group than in the control group (P<0.001). The
two groups were similar with respect to age, blood type and
history of alcohol consumption.
Table 1 Characteristics of DU patients and HCs
HCs
(n = 182, %)

DU
(n = 115, %)

P

53.4±14.1

52.9±14.10

0.755

95 (52.2)

77 (67.0)

87 (47.8)

38 (33.0)

A

49 (26.9)

22 (19.1)

B

55 (30.2)

28 (24.3)

O
AB

66 (36.3)
12 (6.6)

57 (49.6)
8 (7.0)

37 (20.3)

38 (33.0)

0.014

7 (3.8)

8 (7.0)

0.233

87 (47.8)

93 (80.9)

<0.001

Age (yr)
Sex
Male
Female
Blood group

Cigarette

0.012

0.128

smokers
Heavy
drinkers
H pylori
infection

Myeloperoxidase genotypes in DU patients and HCs
Table 2 displays the distribution of myeloperoxidase genotypes
in study groups. The distributions of this myeloperoxidase
polymorphism were distinctively different between groups
(P = 0.008). The G/G, G/A and A/A genotypes were 79%,
21% and 0% respectively in HCs, and 73%, 22% and 5%
respectively in DU patients. All six individuals carrying
myeloperoxidase A/A genotypes were in the DU group
(myeloperoxidase A/A genotype: DU, 5%; HCs, 0%; P = 0.003).
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Table 2 Genotypes and allele frequencies of myeloperoxidase
gene in DU patients and HCs (n, %)
HCs
(n = 182)

DU
(n = 115)

G/G

143 (78.6)

84 (73.0)

G/A

39 (21.4)

25 (21.7)

A/A

0 (0.0)

6 (5.2)

Genotypes

P
0.008

Combined risk of myeloperoxidase polymorphism and H pyloriinfection for the development of DU
Table 3 presents the carriage rate of myeloperoxidase allele A
and the H pylori status in the two studied groups. The carriage
of myeloperoxidase allele A and H pylori infection were
associated with an increased risk of DU with OR of 2.3
[95%CI, 0.8-8.4] and 5.8 (95%CI, 2.9-11.8), respectively.
The combined risk of the carriage of myeloperoxidase allele
A and H pylori infection for DU was 8.7 (95%CI, 3.5-21.8).
Comparison of histological gastritis between DU patients and
HCs
Table 4 lists the histological gastritis scores in the antrum
and the corpus. The scores of bacterial density, activity,
inflammation, glandular atrophy and numbers of lymphoid
follicles in the antrum were significantly higher in DU
patients than in HCs (P = 0.010, 0.002, 0.002, 0.001 and
0.040, respectively). The DU patients also had higher H pylori
densities, activity and inflammation scores in the corpus
compared with HCs (P = 0.025, 0.021 and 0.003, respectively).
Impact of the host myeloperoxidase genotypes on H pylorirelated gastritis
The relationships between H pylori infection and the severity
of gastritis were examined in this study. In the antrum, the
activity, inflammation and atrophy scores and the number
of lymphoid follicles were markedly higher in the H pyloriinfected individuals than in the non-infected individuals
(1.83±0.11 vs 0.18±0.10, 2.88±0.06 vs 1.24±0.20, 1.21±0.11
vs 0.29±0.17, and 0.57±0.12 vs 0.00±0.00, respectively;
P<0.001, P<0.001, P<0.001 and P=0.004, respectively).
The H pylori-infected individuals also had higher activity,
inflammation and atrophy scores in the corpus than the
H pylori-negative individuals (0.83±0.13 vs 0.06±0.06,
2.05±0.11 vs 1.25±0.14 and 0.26±0.08 vs 0.00±0.00;
P<0.001, P<0.001 and P = 0.041).
Figure 1 shows how the host myeloperoxidase genotypes
impact H pylori-related gastritis. Amongst the H pylori-infected
individuals, the myeloperoxidase allele A carriers had higher
scores of H pylori densities in the antrum than the noncarriers (2.00±0.17 vs 1.52±0.14, P = 0.044). Additionally,
the myeloperoxidase allele A carriers also showed a trend
towards greater numbers of lymphoid follicles in the
antrum and corpus than non-carriers (antrum: 0.87±0.22
vs 0.41±0.14, P = 0.074; corpus: 0.20±0.11 vs 0.04±0.04,
P = 0.089).

DISCUSSION
The current study found that the myeloperoxidase -468G→A
polymorphism was significantly associated with DU disease.
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Table 3 The myeloperoxidase polymorphism and H pylori infection in the development of DU
H pylori infection

Myeloperoxidase
allele A carrier

HC (n = 182, %)

DU (n = 115, %)

Odds ratio1 (95%CI)

P

(-)

(-)

72 (39.6)

13 (11.3)

-

(+)

(-)

23 (12.6)

9 (7.8)

2.3
(0.8-8.4)

0.1257

(-)

(+)

71 (39.0)

71 (61.7)

5.8

<0.001

(2.9-11.8)
(+)

1

(+)

16 (8.8)

22 (19.1)

<0.001

Variables including age, sex and blood group have been adjusted.

Table 4 Comparison of gastric histological findings between DU
patients and HCs
Histological
parameters
Antrum

HCs
(n = 11)

DU
(n = 49)

P

0.0101

0.55±0.25

1.37±0.14

H pylori

0.50±0.27

1.53±0.13

0.0021

Activity
Inflammation

1.60±1.07
0.20±0.13

2.57±0.12
1.10±0.11

0.0021
0.0011

Atrophy

0.00±0.00

0.10±0.05

0.387

Intestinal metaplasia

0.00±0.00

0.49±0.11

0.0401

Lymphoid follicle
Corpus

1

8.7
(3.5-21.8)

H pylori

0.27±0.14

0.96±0.14

0.0251

Activity

0.10±0.10

0.73±0.12

0.0211

Inflammation
Atrophy

0.12±0.20
0.00±0.00

1.96±0.10
0.23±0.07

0.0031
0.133

Intestinal metaplasia

0.00±0.00

0.08±0.05

0.454

Lymphoid follicle

0.00±0.00

0.08±0.04

0.330

Significant difference.
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Figure 1 Impact of host myeloperoxidase genotypes on H pylori-related gastritis.

The G/G, G/A and A/A genotypes were 79%, 21% and
0%, respectively in HCs and 73%, 22% and 5%, respectively
in DU patients. The two study groups differed in myeloperoxidase
genotype distributions. Interestingly, the six individuals
carrying myeloperoxidase A/A genotype were in the DU group.
None of the 185 HCs had this special genotype. Another

study by Roe et al [21], also showed no myeloperoxidase A/A
genotype present in 127 Korean gastritis patients. Recently,
we have examined the myeloperoxidase genotypes of 269
gastric cancer patients, and none of them had the A/A
genotypes (unpublished data). These results, taken together,
suggest that the individuals carrying myeloperoxidase A/A
genotype are prone to develop DU.
Myeloperoxidase is an important enzyme of neutrophils,
related to oxidant burst for bacterial killing. Neutrophils
are one of the professional phagocytes in humans. They
manufacture O2- by the one-electron reduction of oxygen
at the expense of NADPH[8,16,27] . Most of the O2- reacts
with itself to form H2O2. From these agents a large number
of highly reactive microbicidal oxidants are formed,
including HOCl, ·OH, peroxynitrite and many others[28] .
Uniquely, myeloperoxidase readily oxidizes chloride ions to
the strong nonradical oxidant, HOCl, which have several
cytotoxic effects on bacterial cells[27-30]. Recent reports
demonstrated that myeloperoxidase activity of neutrophils
is genetically determined[19,20]. A G-to-A substitution polymorphism in the promoter region of myeloperoxidase gene has
been suggested to decrease gene transcription due to the
disrupted SP1 binding site[20], meaning less enzyme would
be available to form HOCl. In our histological study, H pyloriinfected allele A carriers had higher scores of bacterial
density. This phenomenon may be caused by low myeloperoxidase activity in the allele A carriers, whose neutrophils
had decreased ability to generate HOCl and other reactive
oxygen species for bacterial killing[16,30].
Recent studies suggested that the bacterial load is one
of the determinants related to the outcomes of H pyloriinfected individuals. Bacterial densities of DU patients were
significantly higher than those of gastritis patients[31,32]. In
addition, the higher the H pylori load, the worse the associated
gastritis[33]. Recently, Richter-Dahlfors et al[33], demonstrated
that co-culture of antral epithelial cells with H pylori increased
basal gastrin secretion of epithelial cells. Furthermore,
Talamini et al[34], disclosed that high H pylori density was an
independent risk factor of DU. We therefore propose that
the H pylori-infected individuals with high bacterial loads
may stimulate more antral gastrin release, which can lead to
excessive acid secretion from the corpus and result in DU
diathesis.
H pylori infection is widely accepted as the most important
factor in the pathogenesis of DU and MALToma. In our
histological studies, the H pylori-infected individuals displayed
higher scores of activity, inflammation and gland atrophy
in both antrum and body than the non-infected individuals.
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The H pylori-infected individuals who carried the myeloperoxidase
allele A had higher bacterial scores in the antrum and a
trend towards increased lymphoid follicles in the antrum
and corpus than infected non-carriers (P = 0.074 and 0.089
respectively). Currently, the host factors affecting the growth
of mucosa-associated lymphoid tissues and MALToma
remain unclear. Whether the low-expression myeloperoxidase
genotype is related to the pathogenesis of MALToma deserves
further study.
The major paradox in H pylori research is the apparent
association of the infection with divergent and mutually
exclusive clinical outcomes[11,13]. The infection increases the
risk of DU, a condition characterized by antral-predominant
gastritis and high acid secretion while also heightening the
risk of gastric cancer, a condition characterized by corpuspredominant gastritis and hypochlorhydria. Roe et al [21],
revealed that myeloperoxidase genotype is a critical determinant
in the pathogenesis of atrophic gastritis subsequent to H pylori
infection. A strong positive correlation between the levels
of gastric atrophy was found in wild myeloperoxidase (G/G)
genotype but not in low expression (G/A) genotype. This
implies that wild myeloperoxidase genotype is linked with gastric
carcinogenesis. Interestingly, we observed that the carriage
of myeloperoxidase allele A is related to the development of
DU disease. Aforementioned studies sug gest that
myeloperoxidase genotype may be a critical turning factor for
the outcomes of H pylori-infected individuals.
To our knowledge, this study is the first to verify the
association of myeloperoxidase -468G→A polymorphism with
DU disease. The H pylori-infected allele A carriers had higher
bacterial load in the antrum than did infected non-carriers.
More work is mandatory to clarify the relationship between
low-expression myeloperoxidase genotype, the reactive oxygen
species of neutrophils and the fates of H pylori-infected
individuals.
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Abstract
AIM: Postoperative gastrointestinal-tract motility is normally
delayed. Early feeding after colorectal surgery has been
reported recently, but late feeding is common. Gastrografin
not only enhances bowel peristalsis, but also decreases
bowel-wall edema. Whether contrast medium allows early
oral feeding and reduces the duration of hospitalization
requires clarification.
METHODS: Fifty patients underwent elective colorectal
surgery in a regional medical center. Patients were prospectively randomized into a Gastrografin group or control
group (n = 25 each). Patients in the Gastrografin group
began their feeding schedule with 100 mL of 5% dextrose
water with 100 mL of Gastrografin on postoperative d 3
and were advanced to a full liquid diet when the contrast
reached the colon in 4 h. Patients in the control group
began their feeding schedule with 200 mL of 5% dextrose
water on postoperative d 3 and were advanced to a full
liquid diet after the passage of flatus and stool. Nasogastric
tubes were inserted for persistent postoperative vomiting.
Fullness, nausea, vomiting, complications, time of anesthesia,
time of operation, time of mobilization, time of oral feeding,
and duration of hospital stay were recorded and analyzed
with Student’s t-test.
RESULTS: In the Gastrografin group, one patient had
aspiration pneumonia and one patient had anastomotic
leakage resulting in sepsis and eventual death. This mortality
was excluded from the subsequent statistical analysis. In
the control group, two patients had wound infections. There
was no significant difference between the two groups at
the time of anesthesia, time of operation, or time of
mobilization. There were significant differences between
the two groups in the time of oral feeding (3.3±0.3 d in

the Gastrografin group vs 4.8±0.4 d in the control group;
P = odds ratio--, 95%CI [-0.5 to +0.7 d]) and in the
length of hospital stay (7.6±1.1 d in the Gastrografin
group vs 10.2±1.3 d in the control group; P = odds
ratio--, 95% CI [-1.2 to +1.4 d]).
CONCLUSION: Gastrografin not only allowed early oral
feeding but also reduced the duration of hospitalization
after elective colorectal surgery.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Postoperative intestinal motility is normally delayed and
returns in a predictable manner[1,2]. Recent investigations
have shown that early oral feeding after abdominal surgery
is safe and generally well tolerated[3]. This has potential costsaving implications in this age of rising medical expenses
and diminishing reimbursement. Patients who are fed early
should be able to be discharged from hospital earlier, and
this shorter hospital stay should decrease the overall cost.
The role of water-soluble contrast medium in acute smallbowel obstruction has recently been evaluated. Studies have
documented the diagnostic value of this contrast medium
in assessing the need for surgical treatment[4-7]. A possible
therapeutic effect of this agent has also been suggested[8-11].
Gastrografin (Schering AG, Berlin, Germany) is the watersoluble contrast medium that has been most widely studied.
This contrast medium may shorten the period of postoperative
ileus[12] and have other therapeutic effects after elective
colorectal surgery. Therefore, we designed this prospective
randomized trial to determine whether Gastrografin facilitates
early oral feeding and shorter hospitalization in patients
undergoing elective colorectal surgery.
MATERIALS AND METHODS
Patients
Between June 1 2003 and March 1 2004, 50 patients
underwent elective colorectal surgery in a regional medical
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center, where about 1 500 colorectal surgical procedures are
performed yearly. Our patients were prospectively randomized
into two different postoperative treatment arms via their case
numbers: the even numbers were assigned to the Gastrografin
group (n = 25) and the odd numbers to the control group
(n = 25) after informed written consent was given by all
patients.
Patients younger than 16 years or who had emergency
operations were excluded. Patients with obstruction, perforation,
or active intra-abdominal infection were also excluded. No
laparoscopic procedures were performed.
Patient characteristics were as follows (Table 1). The
mean age was 63.7±11.5 years (range, 20-83 years) in the
Gastrografin group and 64.2±10.3 years (range, 25-81 years)
in the control group. The procedures were evenly matched
in both groups, with the following results: segmental resection
with ileocolostomy, five in the Gastrografin group and six
in the control group; resection with colocolostomy, 10 in
the Gastrografin group and 11 in the control group;
abdominoperineal resection, three in the Gastrografin group
and two in the control group; total proctocolectomy with
ileoanal pouch, one in the Gastrografin group and two in
the control group; and ostomy closure, six in the Gastrografin
group and four in the control group. Diagnoses were also
distributed evenly across groups: carcinoma was most
common, with 18 in the Gastrografin group and 16 in the
control group; followed by diverticular disease, with six in
the Gastrografin group and seven in the control group; then
inflammatory bowel disease, with one in the Gastrografin
and two in the control group. Both groups had similar numbers
of patients who had undergone prior abdominal surgery
(Gastrografin, five; control, seven).

Table 1 Patient characteristics
Gastrografin group (25)

Control group (25)

63.7±11.5

64.2±10.3

Mean age (yr)
Operation
Ileocolostomy

5

6

Colocolostomy

10

11

Abdominoperineal resection

3

2

Proctocolectomy and ileoanal pouch 1

2

Ostomy closure

6

4

18

16

Diagnosis
Carcinoma
Diverticular disease

6

7

Inflammatory bowel disease

1

2

Prior abdominal surgery

5

7

Methods
Patient management: Patients were maintained on a clear
liquid diet from noon on the day prior to surgery. Bowel
preparation, consisting of phosphosoda catharsis and oral
neomycin and metronidazole, was administered the day
before surgery. All patients had orogastric tubes placed
intraoperatively for gastric decompression, which were
removed immediately upon arrival in the postanesthetic
care unit.
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Patients in the Gastrografin group began their feeding
schedule with 100 mL of 5% dextrose water with 100 mL
of Gastrografin on postoperative d 3 and were advanced
to a full liquid diet when the contrast medium reached the
colon after 4 h, confirmed by plain abdominal radiography.
If the patients consumed 1 000 mL or more of a full liquid
diet in a 24-h period, they were advanced to a regular diet
the next day. Patients were discharged when they could
tolerate more than two-thirds of a regular diet.
Patients in the control group began their feeding schedule
with 200 mL of 5% dextrose water on postoperative d 3
and were advanced to a full liquid diet after evidence of
return to normal bowel function with the passage of flatus
or stool, and no nausea or vomiting. These patients were
advanced to a regular diet when they consumed 1 000 mL
or more of a full liquid diet in a 24-h period. They were
discharged when they could consume more than two-thirds
of a regular diet.
All patients received general anesthesia and meperidine
was administered during the initial postoperative phase. In
both groups, nasogastric tubes were inserted for vomiting
unresponsive to antiemetics. All patients were monitored for
fullness, nausea, vomiting, and complications such as wound
infection, aspiration pneumonia, and anastomotic leakage;
and time of operation, time of anesthesia, time of early
mobilization, time of oral feeding, and length of hospital
stay were recorded.
Statistical analysis
The 2 test was used for qualitative variables and Student’s
t-test for continuous variables. Results of the two groups
were compared using Student’s t-test. A two-day difference
in the duration of hospitalization was deemed to be a clinically
significant difference, and the sample size was based on the
detection of this difference with 90% power. A 95% CI
for the difference in duration of hospitalization was
computed. P<0.05 indicated statistical significance. Analyses
were performed using S-Plus2000 for Windows statistical
software (CANdiensten, Amsterdam, The Netherlands).

RESULTS
The feeding schedule in the Gastrografin group was well
tolerated, starting with 100 mL of 5% dextrose water and
100 mL of Gastrografin on postoperative d 3 in all patients.
Two patients (8%) in the control group experienced fullness
postoperatively, but no patient in the Gastrografin group
did. Three patients (12.5%) in the Gastrografin group and
six patients (24%) in the control group experienced nausea
(Table 2). Three patients (12%) in the control group experienced
vomiting postoperatively, but none in the Gastrografin
group. All patients in both groups were treated initially with
antiemetics. However, three patients (12%) in the control
group required nasogastric decompression and intravenous
fluids for persistent vomiting, whereas no patient in the
Gastrografin group required this treatment. None of these
differences was statistically significant.
Similar complication rates were seen in both groups;
one case of aspiration pneumonia and one of anastomotic
leakage in the Gastrografin group; two cases of wound
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infection in the control group.
There were no significant differences between the two
groups at the time of anesthesia, time of operation, or time
of mobilization.
There were significant differences between these two
groups in the time of oral feeding (Gastrografin, 3.3±0.3 d
vs control, 4.8±0.4 d; P<0.05, 95%CI, -0.5 to +0.7 d) and
duration of hospital stay (Gastrografin, 7.6±1.1 d vs control,
10.2±1.3 d; P<0.001, 95%CI, -1.2 to +1.4 d).

Table 2 Clinical features and complications of Gastrografin and
control groups
Gastrografin group (24)

Control group (25)

Fullness

0

2

Nausea

3

6

Vomiting

0

3

Nasogastric decompression
Complications

0

3

Wound infection

0

2

Aspiration pneumonia

1

Anastomotic leak
Time of operation (h)

0

1
4.3±1.2

0
4.2±1.1

Time of anesthesia (min)

34.3±5.4

32.7±6.3

Time of mobilization (d)

5.1±1.0

5.3±1.2

Time of oral feeding (d)
Hospital stay (d)

3.3±0.31
7.6±1.11

4.8±0.4
10.2± 1.3

1

Significantly different.

DISCUSSION
A dynamic ileus after abdominal surgery is characterized
by a lack of mobility caused by neuromuscular inhibition
with sympathetic overactivity. It occurs after all abdominal
procedures and motility typically returns to the small bowel
within 24 h, to the stomach within 48 h, and to the colon
within 3-5 d[1,2]. Because of this phenomenon, we designed
our study so that our patients began their feeding schedule
with 5% dextrose water on postoperative d 3, after which a
liquid diet was initiated and advanced to a regular diet over
1-2 d.
Reissman et al[3], reported a prospective, randomized trial
of 161 patients who underwent elective colon resection,
and compared early postoperative feeding with traditional
postoperative feeding. This study showed that early oral
feeding was safe and also demonstrated no difference in
the duration of ileus, the incidence of nausea and vomiting,
or major postoperative morbidity. Hartsell et al [13], also
showed that early oral feeding after elective colorectal surgery
was safe. Most patients tolerated early feeding. However, there
was no significant difference in the duration of hospitalization
in these patients.
Given this information, it is reasonable to suppose that
patients who tolerate early oral feeding after treatment with
Gastrografin can be discharged from hospital sooner, thereby
reducing the duration of hospitalization and medical costs.
The role of water-soluble contrast medium in predicting
the need for surgery for adhesive small-bowel obstruction
has recently been evaluated. Other studies have evaluated
its possible therapeutic effects[8,9]. Gastrografin is the contrast

May 14, 2005

Volume 11

Number 18

medium most commonly cited. It is an ionic bitter-flavored
mixture of sodium diatrizoate, meglumine diatrizoate, and
a wetting agent (polysorbate 80), with an osmolarity of
1 900 mOsm/L, approximately six times that of extracellular
fluid[8]. It promotes the shifting of fluid into the bowel lumen
and increases the pressure gradient across the anastomotic
site[8]. The bowel contents are diluted, and in the presence of
the wetting agent, the passage of the bowel contents through
the anastomotic site is facilitated. Gastrografin also decreases
edema of the bowel wall and enhances bowel motility[6,9,14].
Gastrografin is water-soluble and relatively safe, even if
anastomotic leakage occurs. Complications from the use
of Gastrografin are rare, although anaphylactoid reactions
and lethal aspiration have been reported[15-17]. Gastrografin
may also shorten postoperative ileus[12], thus providing another
therapeutic effect in elective colorectal surgery. We designed
this prospective randomized trial to determine whether
treatment with Gastrografin facilitates early oral feeding
and shorter hospitalization in patients undergoing elective
colorectal surgery.
In our study, there were significant differences between
the two groups in the duration of hospitalization and time of
oral feeding. The primary hypothesis that treatment with
Gastrografin leads to early oral feeding and shorter hospitalization in patients undergoing elective colorectal surgery was
confirmed in this series.
No difference in the incidence of complications was
noted between the two groups. In the Gastrografin group,
an anastomotic complication occurred that was related to
surgical technique. However, Gastrografin allowed early
detection of the site of anastomotic leakage. Another patient
suffered aspiration pneumonia that may have been due to
Gastrografin, but there was no subsequent lethal effect. In
the control group, two patients suffered wound infections
that were unrelated to feeding. Furthermore, the fact that
the anastomotic leak and aspiration pneumonia noted in
two patients receiving Gastrografin might have been caused
by the fact that they got Gastrografin in the first place. Certainly,
the fluid loaded in the gut could have led to the anastomotic
leak and the aspiration pneumonia might have been made
worse if the patient aspirated Gastrografin. Thus, Gastrografin
was not only safe, but also provided a further diagnostic
advantage in patients undergoing gastrointestinal-tract
surgery. However, we could not forget the lethal complications
of Gastrografin when using it.
No patient suffered from fullness in the Gastrografin
group, whereas 8% suffered from fullness in the control group,
leading to a delay in oral feeding. Although no significant
difference between the two groups was observed, Gastrografin
may have reduced the incidence of fullness, contributing
to the shorter hospitalization in the Gastrografin group.
There were some defects in our study because the study
was single blinded. When taking care of the patients and
making decisions regarding whether or not to give them
food and whether or not to send them home might have
been influenced by knowing which group they were in.
Therefore, another double blinded study should be designed
to overcome the disadvantage in the future.
In recent years, several studies have demonstrated that
routine nasogastric decompression is unnecessary in colorectal
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surgery[13,18]. In the Gastrografin group, only 12% of patients
suffered from nausea and none required a nasogastric tube.
In the control group, 24% patients suffered from nausea
and 12% of patients required nasogastric tubes because of
vomiting. Although none of these differences was statistically
significant, perhaps the lower incidence of nausea and
vomiting in the Gastrografin group was related to the effects
of the contrast medium.
The time of anesthesia and the time of operation did
not differ significantly between the two groups, so there
was no effect on postoperative care and consequently no
significant difference in the time of mobilization between
the two groups. Therefore, in our study, early oral feeding
and shorter hospitalization might be attributable to the effects
of Gastrografin rather than to other causes.
The type of anesthesia and appropriate analgesia also
have important effects on postoperative care in colorectal
surgery. Bradshaw et al[19], reported that the return of bowel
function and the duration of hospitalization of patients
undergoing colon surgery were improved if perioperative
epidural anesthesia and analgesia were provided. Carli et al[20],
showed that thoracic epidural analgesia had distinct advantages
in providing superior quality analgesia and shortening the
duration of postoperative ileus.
Our patients received general anesthesia and analgesia
agents during the initial postoperative phase. Gastrografin
not only allowed early oral feeding but also reduced the
hospital stays of our patients. Further randomized studies,
including larger doses of Gastrografin and perioperative
epidural anesthesia, may enhance this effect and allow even
shorter hospitalization.
We conclude that Gastrografin not only facilitates early
oral feeding but also reduces hospitalization after elective
colorectal surgery.
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Abstract
AIM: For many physicians who ordinarily treat patients with
colonic diseases, colonoscopy is considered a prime study
interest. Developments in colonoscopic equipment and
methods have led to a large number of endoscopic
diagnoses and treatment for colorectal neoplasms. The
purpose of this investigation is to evaluate the efficacy
and outcomes of endoscopic treatment for colorectal
neoplastic lesions.
METHODS: From September 1999 to May 2003, 11 447
consecutive colonoscopic examinations in 9 864 patients
were gathered; totaling 5 502 endoscopic treatments for
colorectal neoplasms. Macroscopic characteristics of
the neoplasms were classified into protruded (n = 3 953),
sessile (n = 1 402), lateral spreading tumor (n = 139)
and depressed lesions ( n = 8). Snare polypectomy
was conducted in 3 984 lesions, hot forcep removal in
1 368 lesions, and endoscopic mucosal resection in
150 lesions.
RESULTS: Histological diagnoses were 4 596 neoplastic
lesions (4 376 adenomas and 220 adenocarcinomas) and
906 non-neoplastic lesions (891 hyperplastic and 15
inflammatory polyps). For the adenocarcinoma group, 31
instances involved submucosal invasion or resection
margin, who received further operations, while 13 surgical
specimens discovered no residual tumors. Three perforations and 96 bleedings were found following endoscopic treatment. No procedure-related mortality was
found and no recurrent malignancy was found after 1456 mo follow-up.
CONCLUSION: To lower the incidence and mortality of
colorectal cancer, endoscopic treatment for colorectal
neoplasms is a simple and safe procedure.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
For many physicians who normally treat patients with colonic
diseases, colonoscopy is considered a prime study interest.
The advantage of colonoscopy is its capacity to visualize
lesions in situ and also to biopsy or resect both benign and
malignant mucosal lesions. Developments in colonoscopic
equipment and methods have led to larger numbers of
endoscopic resections for colorectal neoplasms including
any macroscopic morphology. Macroscopically, colorectal
neoplasms can be categorized into protruded, sessile,
depressed lesions and lateral spreading tumors. Protruded
lesions were protruding lesions with or without a stalk; sessile
lesions are superficial, slightly raised lesions with a diameter
of no more than 5 mm, and while lateral spreading tumors
are bigger, flat lesions with a diameter above 5 mm, and
depressed colonic lesions are superficial flat lesions with
depressed centers. Several variables, including size, shape,
and depth of invasion, have been investigated in attempts
to optimize therapy[1-4]. While the protruded lesions can be
easily excised by snare polypectomy; other lesion types
should be resected by hot forcep polypectomy or endoscopic
mucosal resection.
Colorectal neoplasms can be histologically categorized
into neoplastic (include adenoma and adenocarcinoma) and
non-neoplastic lesions. Ethically, all the neoplastic lesions
should be completely resected to prevent colorectal malignancy.
This study presents experience with endoscopic treatments
for different types of colorectal neoplasms.
MATERIALS AND METHODS
From September 1999 to May 2003, 11 447 consecutive
colonoscopic examinations in 9 864 patients at the digestive
therapeutic endoscopic center of Chang Gung Memorial
Hospital (Taipei, Taiwan) were gathered. There were 6 138
male and 3 726 female patients, with a mean age of 53
years (ranging from 16 to 97 years). After the patients were
readied with ingestion of an electrolyte lavage solution
(2 000 mL of polyethylene glycol, PEG), colonoscopic
examination was performed with a CF200Z or CF240ZI
electronic videoendoscope (Olympus, Tokyo). The colonoscope
was inserted up to the cecum in all the included patients.
Lesions were gauged by putting an opened standard biopsy
forceps beside the lesions, and then the lesions were resected
endoscopically if morphologically neoplastic lesions were
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Figure 1 Ptrotruded polyp with a stalk.

Figure 2 Sessile lesion.

Figure 3 Lateral spreading tumor.

Figure 4 Depressed lesion.

suspected.
Macroscopic characteristics of the lesions were classified
into protruded, sessile, depressed lesions and lateral spreading
tumors. The resection methods included snare polypectomy,
hot forcep polypectomy and endoscopic mucosal resection
(EMR). An electrocautery device performed the polypectomy,
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while EMR was conducted using techniques introduced by
Kudo et al[5]. First the lesion was elevated by injecting 5-20 mL
normal saline into the submucosal layer using a standard
25-G injection needle (Olympus) inserted beside the lesion
base. For lesions draped over a fold, the distant aspect was
injected first to sustain or increase lesion visualization. The
volume of normal saline injected varied but was sufficient
to attain the desired goal of a large submucosal swelling
beneath the lesion and nearby parts of the mucosa. Next
the lesion was completely and securely ensnared with a spiked
snare and finally, the lesion was resected with a 40-W pure
cutting current with an electrosurgical unit (UES-20, Olympus).
The wound was then clamped with hemoclips.
Endoscopic resection specimens were embedded in paraffin
and then stained with hematoxylin and eosin. Microscopic
examinations of specimens were performed by a pathologist
specializing in gastrointestinal pathology. If the pathologic
finding indicated malignancy, a follow up colonoscopy would
be performed 1 mo later, or for the adenomatous group,
otherwise followed up 6 mo later.

RESULTS
Cumulatively 5 502 endoscopic treatments were conducted
for colorectal neoplasms in this period. Macroscopic features
of the neoplasms were classified into protruded (n = 3 953)
(Figure 1), sessile (n = 1 402) (Figure 2), lateral spreading
tumor (n = 139) (Figure 3) and depressed lesions (n = 8)
(Figure 4). Snare polypectomy was performed in 3 984
lesions, hot forcep removal in 1 368 lesions, and endoscopic
mucosal resection in 150 lesions. The position of colorectal
neoplasms was mostly in the left side colon and rectum
(Table 1). The mean sizes of lesions were 19.3 mm for
pedunculated (4-60 mm), 4.6 mm for sessile (3-5 mm), 7.1 mm
for depressed lesions (4-10 mm) and 20.3 mm for lateral
spreading tumors (6-60 mm).
For protruded lesions, all were excised by snare
polypectomy, which pathologically showed 3 473 (87.86%)
neoplastic and 480 non-neoplastic lesions. For neoplastic
lesions, there were 2 465 adenomas without dysplasia, 842
with moderate to severe dysplasia, 148 mucosal cancer
and 18 adenocarcinomas with submucosal involvement
(Table 2). Twenty-two patients with malignant lesions in this
group underwent further operation due to resection margin
or submucosal involvement, and eight of them showed no
residual tumors from surgical specimens. Lymph nodes
metastases were observed in two cases with submucosal
cancers in this group.
Hot forcep polypectomy was used in 1 368 sessile lesions,
while 31 lesions were excised by snare polypectomy, and
three were resected by EMR. Pathologic findings were 983
(70.11%) neoplastic and 419 non-neoplastic lesions. Neoplastic
lesions included 743 adenomas, 232 adenomas with moderate
to severe dysplasia, six mucosal cancer and two adenocarcinomas with submucosal involvement. Two submucosal
cancerous lesions received further operation and one case
without residual tumor was noted by surgical specimen.
The lateral spreading tumors were all resected by EMR
methods pathologically revealing 133 (95.68%) neoplastic
and six non-neoplastic lesions while 38 adenomas, 53
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Table 1 Characteristics of 5 502 resected colorectal lesions
Location
Morphology

Size (mm)
≤5
6-10
11-20
21-30
>30
≤5
6-10
11-20
21-30
>30
≤5
6-10

Protruded

Sessile
LST

Depressed
Total

R
161
1 105
118
13
7
353
25
12
15
4
0
2
1 815

S

D

T

A&C

Total

135
717
121
22
8
495
11
8
21
2
1
0
1 541

209
478
173
14
0
271
5
3
1
0
0
1
1 155

63
72
46
0
0
143
5
2
0
0
0
0
331

161
254
75
1
0
140
11
12
2
0
2
2
660

729
2 626
533
50
15
1 402
57
37
39
6
3
5
5 502

R, rectum; S, sigmoid colon; D, descending colon; T, transverse colon; A, ascending colon; C, cecum; LST, lateral spreading tumor.

Table 2 Histological finding of 5 502 resected lesions
Adenoma
Morphology
Protruded

Sessile
LST

Depressed
Total

Size (mm)
≤5
6-10
11-20
21-30
>30
≤5
6-10
11-20
21-30
>30
≤5
6-10

(-)
293
2 053
118
1
0
743
18
15
5
0
1
0
3 248

Dysplasia

Adenocarcinoma
(+)
19
505
312
5
1
232
27
10
15
1
0
2
1 128

M (%)
1 (0.14)
7 (0.27)
99 (18.6)
39 (78)
2 (13.3)
6 (0.43)
8 (14)
10 (27)
18 (46.2)
3 (50)
1 (33.3)
2 (40)
196 (3.56)

SM (%)
0
0
1 (0.19)
5 (10)
12 (80)
2 (0.14)
0
0
1 (2.6)
2 (33.3)
0
1 (20)
24 (0.44)

Non-neoplastic
416
61
3
0
0
419
4
2
0
0
1
0
906 (891 HP, 15 IP)

Total
729
2 626
533
50
15
1 402
57
37
39
6
3
5
5 502

LST, lateral spreading tumor; M, mucosal cancer; SM, cancer with submucosal involvement; dysplasia (+), with moderate to severe dysplasia; HP, hyperplastic polyp; IP,
inflammatory polyp.

adenomas with moderate to severe dysplasia, 39 mucosal
cancers and 3 submucosal cancers were discovered. Six
patients received further operations, but in three of them
residual tumors could not be found in the surgical specimens.
Lymph node metastases were noted in two cases with
submucosal cancers in this group.
The eight depressed lesions were resected successfully
by EMR. Seven (87.5%) were neoplastic lesions and one
was non-neoplastic lesion. Two adenomas and one adenoma
with moderate to severe dysplasia were found in the
neoplastic lesion; the other three were mucosal cancers and
one was adenocarcinoma with submucosal invasion; the last
patient underwent further operation but no residual tumor
was discovered.
Across all the endoscopic treatments, only two colonic
perforations occurred after snare polypectomy and one in
hot forcep polypectomy, and all three patients received
surgical procedures without mortality. Post treatment bleeding
was identified in 89 patients following snare polypectomy
and seven after hot forcep polypectomy; while endoscopic
hemostasis was accomplished by heat probe coagulations
or hemoclips. For the malignant lesions, no recurrent tumors
occurred 14-56 mo following endoscopic resections.

DISCUSSION
Polyps are significant owing to their well-recognized
relationship to colorectal cancer [6]. Researchers generally
recognize that colorectal cancer extends from benign adenomas
-the “adenoma-adenocarcinoma sequence”[7], and thus that
excising adenomatous polyps lower the risk of colorectal
cancer[8]. Histologically, polyps are categorized into neoplastic
and non-neoplastic polyps. Non-neoplastic polyps encompass
hyperplastic polyps, harmatomas, lymphoid aggregates, and
inflammatory polyps, which are not potentially malignant.
Colonoscopic treatments, including hot forcep polypectomy,
snare polypectomy, and endoscopic mucosal resection[9,10],
carry risks of bleeding and perforation. Beside these risks,
colonoscopic treatments are also financially expensive.
However, this expensive and risky method has been normally
employed, because colorectal polyps are frequently discovered
during screening colonoscopy[11] . Ideally, the criteria for
colonoscopic treatments should be restricted to an adenomatous
polyp with the potential to transform into invasive colorectal
carcinoma. To avoid needless polypectomy following screening
colonoscopy, distinguishing neoplastic from non-neoplastic
polyps may help lower this risk and thus the attendant costs.
Conventional colonoscopic examination thus far has provided
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no morphological criterion[12-15]. Although a small polyp of
less than 5 mm is histologically hyperplastic in 80-90% of
cases[16,17] , recent data has implied that up to 40-60% of
diminutive colorectal polyps can be neoplastic[18,19]. Furthermore,
small, flat adenomas have been shown to carry elevated risk
of dysplasia[20,21]. In this study, the predictive value of
macroscopic diagnosis for neoplastic polyps was 83.26%.
However, a previous study of magnifying colonoscopy with
the 0.1% indigo carmine dye spreading method puts the
diagnostic accuracy at higher than 90%[22]. If magnifying
colonoscopy and chromoendoscopy were applied to all the
colonic polyps, this would raise diagnostic accuracy and
avoid some needless colonic treatments. A major problem
with these procedures is the risk of bleeding and perforation
following treatment. In fact, complication rates following
treatment have ranged from 0.4% to 1.7%[23-25]. In this study,
the perforation rate was 0.05% and bleeding rate was 1.7%
without any mortality. The perforation rate is connected to
coagulation current energy and would be diminished by the
use of cutting current. However, pure cutting current increases
the bleeding rate, although it is easily controlled by the hemoclips
method. It is consideredas a simple and safe procedure.
The locations of colon lesions were mostly in rectum
(32.99%) and sigmoid colon (28.00%), a result comparable
with previous reports. As widely recognized, most colorectal
carcinomas develop via malignant transformation in benign
adenomatous polyps[26]. Large studies of colonoscopic polypectomies indicate at least two factors connected with malignant
degeneration of polyp size and tissue type. Carcinoma is
histologically detected in 0.1% of polyps measuring less
than 5 mm in diameter. This increases to 1.0% in cases
with a 10 mm diameter polyp and may attain 40% in cases
with polyps exceeding 20 mm[27]. Colonoscopic treatment,
which includes snare polypectomy, hot forcep polypectomy
and endoscopic mucosal resection, is acknowledged as an
established method of removing adenomatous polyps and
for diminishing the incidence of and mortality from colorectal
cancer. This study indicated that while colorectal lesions
less than 5 mm had a 0.45% incidence of malignancy; lesions
between 6 and 10 mm had a malignancy rate of 0.67%; for
lesions between 11 and 20 mm was 19.3%; for lesions
between 21 and 30 mm was 70.8%; and those larger than
30 mm had a 90.5% incidence of carcinoma. The overall
incidence of malignancy (4.00%) was higher than in previous
reports, which may be related to the fact that, because the
Chang-Gung Memorial Hospital is a referral center, some
bigger colonic lesions found by local hospitals or clinics will
be transferred there. Colorectal lesions larger than 10 mm
should be completely resected and subjected to carefully
pathologic review for the rising malignancy incidence. The
pedunculated lesions could be resected by snare polypectomy,
while LST larger than 10 mm should be resected by EMR
method. Although previous studies show a low level of
malignant transformation in small adenomas, this investigation
indicated that it also had a 0.45% incidence of carcinoma.
Therefore if neoplastic lesions were suspected macroscopically,
even at less than 5 mm, they should be excised completely
by hot forcep polypectomy or EMR method. According to
the morphology of lesions, there was a 4.2% incidence of
malignancy in pedunculated lesions, 0.57% in sessile lesions,
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30.21% in LST, and 50% in depressed lesions. This result
resembles the previous report by Dr. Kudo that depressed
colorectal lesions display a significantly higher rate of
malignancy.
There were 31(14.09%) malignant cases which received
further operation following endoscopic treatment, 24 of
which were submucosal invasion, and seven were unclear
resection line. Of these cases, 13 identified no residual tumors
from the surgical specimens. Four cases (16.67%) with cancer
of submucosal invasion, revealed lymph node metastases
in surgical specimens. This implies that, if the submucosal
tissues were involved with carcinoma, a further operation
is needed. In all malignant cases treated endoscopically or
surgically, no recurrent tumors were discovered after 1456 mo. Cristie published a study establishing five criteria
for determining colonoscopic cure by polypectomy: (1) the
stalk was uninvolved with carcinoma; (2) no lymphatic or
vascular invasion was apparent; (3) the adenomas included
a well-differentiated or moderately-differentiated malignancy;
(4) early follow-up colonoscopic examination (3 mo) showed
no recurrence of cancer at the polypectomy site; and (5)
the carcinoma was restricted to the head of the adenoma.
The authors contend that all mucosal cancers could be cured
endoscopically.
In conclusion, to lower the incidence and mortality of
colorectal cancer, colonoscopic treatment is a simple and
secure technique of removing colorectal neoplastic lesions.
Complete resection of neoplastic lesions is essential, particularly
for LST and depressed lesions. Snare polypectomy for
protruded lesions, hot forcep polypectomy or EMR for sessile
lesions, and EMR for LST and depressed lesions could resect
the lesions completely. Detailed histological examinations
are essential for deciding surgery indication. If unclear resected
margins or submucosal invasions are discovered, further
operation is indicated. Early follow-up (1-3 mo) colonoscopy
after mucosal cancer resection is essential for deciding
colonoscopic cure.
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Abstract
AIM: To find out key genes responsible for hepatocarcinogenesis and to further understand the underlying
molecular mechanism through investigating the differential
gene expression between human normal liver tissue and
hepatocellular carcinoma (HCC).
METHODS: DNA microarray was prepared by spotting
PCR products of 1 000 human genes including 445 novel
genes, 540 known genes as well as 12 positive (housekeeping)
and 3 negative controls (plant gene) onto treated glass
slides. cDNA probes were prepared by labeling normal
liver tissue mRNA and cancer liver tissue mRNA with
Cy3-dUTP and Cy5-dUTP separately through reverse
transcription. The arrays were hybridized against the cDNA
probe and the fluorescent signals were scanned. The data
obtained from repeated experiments were analyzed.
RESULTS: Among the 20 couple samples investigated
(from cancerous liver tissue and normal liver tissue), 38
genes including 21 novel genes and 17 known genes
exhibited different expressions.
CONCLUSION: cDNA microarray technique is powerful
to identify candidate target genes that may play important
roles in human carcinogenesis. Further analysis of the
obtained genes is helpful to understand the molecular
changes in HCC progression and ultimately may lead to
the identification of new targets for HCC diagnosis and
intervention.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most frequent
human malignancies in the world. It is the fifth most common
cancer with an estimated 437 000 new cases diagnosed
annually (5.4% of all new cancer cases). It ranks fourth in
mortality rate, following lung, stomach and colon cancers.
HCC is a leading cause of cancer-related deaths in adults in
Asia and sub-Saharan Africa. Initiation and progression of
HCC are thought to be due to an accumulation of genetic
changes involving numerous genes[1] . Genes potentially
involved in HCC include the p53 gene on chromosome
17p13.1 [2-4]. However, it is likely that many of the genes
involved in the initiation and progression of HCC are
currently unknown.
Identification and evaluation of new molecular
parameters are of utmost importance in cancer research
and treatment. Genetic information of new genomic
technologies and approaches is accumulated at a rapid
pace. It is now possible to use cDNA array to identify
candidate target genes that play important roles in human
carcinogenesis[5]. To identify and monitor gene expression
profile changes in HCC specimens may explore not only
the cause of these pathological changes, but also provide
the opportunity to identify novel targets for disease detection
and intervention. In this paper, we constructed a cDNA
microarray for liver tissue by selecting genes that were
nonredundant and preferentially expressed in hepatocellular
tissue. We described the assembly and utilization of liver
cDNA microarray designed to assess the differences in gene
expression between normal liver and tumor tissues.
MATERIALS AND METHODS
Construction of microarrays
The microarray consisted of 445 novel genes, 540 known
genes as well as 12 positive (housekeeping) and 3 negative
controls (plant gene) provided by Shanghai Cancer Institute.
PCR products were used as universal primers. After
completion of PCR, 5 L of each reaction product was
checked by agarose gel electrophoresis, purified and
dissolved in 50% DMSO solution. These target genes were
arrayed from 384-well microtiter plates onto silylated
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Figure 1 Two-color fluorescent scans of human cDNA microarray. The array

was hybridized with cDNA probe mixture of HCC (Cy5) and normal liver (Cy3).

microscope slides (Cel Associate, Inc.) using PixSys 7500
spotting Robotics (Cartesian Technologies Inc.). Printed
arrays were UV crosslinked (65 mJ/cm) and ready for use.

Cy3/Cy5 ratio values were log transformed, and global
equalization to remove a deviation of the signal intensity
between whole Cy3- and whole Cy5-fluorescences was
performed by subtracting a median of all log(Cy3/Cy5)
values from each log(Cy3/Cy5) value. Accurate differential
expression measurement was obtained by taking the average
of the ratios of three independent hybridizations. The processed
overlay image of a hybridized slide is shown in Figure 1.

Fluorescent probe preparation
Total RNA was extracted from 20 couple cancerous liver
tissues and normal liver tissues using TRIzol reagent. The
amount of total RNA from each sample was measured by
a spectrophotometer, and its quality was checked by agarosegel electrophoresis. mRNA was purified using Oligo dT.
The fluorescent cDNA probes were made through reverse
transcription.
The probes from normal tissues were labeled with Cy3dUTP, those from cancerous tissues with Cy5-dUTP.
Reverse transcriptase was Superscript II RNase H(GIBCO). Cy3-dUTP and Cy5-dUTP were purchased from
Amersham. Each reverse transcription reaction contained
2.5 g of mRNA. Following the reverse transcription
reaction, samples were treated with 2.5 L of 1 mol/L
sodium hydroxide for 10 min at 37 ℃, then neutralized by
adding 2.5 L of 1 mol/L Tris-HCl (pH 6.8) and 2.0 L
of 1 mol/L HCl. Probe mixtures were precipitated by
ethanol and suspended in 20 L of hybridization buffer
(5× SSC+0.2% SDS).
Microarray hybridization and washes
The slides were boiled in water for 30 s to denature the
cDNA, the probe mixtures were heated to 99 ℃ for 4 min,
immediately chilled on ice for 3 min and applied to slides.
The slides were covered with glass coverslips, hybridized
overnight, incubated at 60 ℃ in a humid chamber. The
slides were washed in 2× SSC+0.1% SDS for 5 min, 0.1×
SSC+0.1% SDS for 5 min at room temperature. After a
quick rinse in 0.1× SSC, the slides were air dried for scanning.

RESULTS
Pretreatment
To investigate the gene expression profile changes in the
development of HCC, a cDNA microarray was assembled
with selected clones. The array consisted of a total of
1 000 genes, including 115 novel genes, 120 unknown
function genes with homology to cDNA sequences, 210
unknown function genes with homology to genomic
sequences, 540 known genes as well as 12 positive
(housekeeping) and 3 negative controls (plant gene). Each
gene was spotted twice. Thus, there were 2 000 spots on
the array. The probes made from purified mRNA from
HCC samples were labeled with the fluorescent dye Cy5
and mixed with the probes made from purified mRNA from
normal liver tissues with the fluorescent dye Cy3.
In order to reduce the error occurrence in statistics,
normal liver tissue mRNA was labeled separately with Cy3dUTP and Cy5-dUTP as mixed probes. The array was
hybridized independently thrice with the above mixed
probes. The mean value from ratios of Cy5/Cy3 was
applied to a normalization factor in further experiments. In
addition, we noticed that these negative control spots showed
a low intensity of signals after hybridization, which proved
the reliability of statistics.

Detection and analysis
Microscope slides were scanned for Cy3 and Cy5 fluorescences
using the Gene Pix4000B (Axon Instruments) at two
wavelengths, and the obtained data (16-bit tiff image) were
analyzed by GenPix Pro4.0 software, converting the signal
intensity of each spot into a text format. The intensities of
each spot at the two wavelengths represented the quantity
of Cy3-dUTP and Cy5-dUTP respectively, and the overall
intensities were normalized according to the ratios of the
located 12 housekeeping genes. In each sample, the

Expression profile of genes
To investigate and monitor the gene expression profile
changes in liver cancers, replicates of the fabricated cDNA
array were hybridized independently with cDNA probes
that were generated from 20 couples of different specimens
of normal liver and cancer liver tissues (Figure 1). To
examine the reliability of hybridization signals and
experimental variables unrelated to the differences in
hybridization probes, each couple specimens from normal
liver and cancer liver tissues were hybridized twice
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independently. Forty groups of data were obtained. With
each gene, variance among the cancer and normal samples
was calculated.
Scatter plots of the values of Cy3 and Cy5 fluorescent
signals (Figure 2) also revealed a pattern of distribution
and were clustered in a diagonal line as expected.
After the hybridization results were analyzed, 38 genes
whose ratios between Cy5 signals and Cy3 signals were
greater than 2 or less than 0.5 were selected for further
analysis, including 21 novel genes (Table 2). Of these, 20
genes with a ratio between Cy5 and Cy3 signals greater
than 2 showed a higher expression in cancerous tissues,
18 genes with a ratio between Cy5 and Cy3 signals less
than 0.5 showed a lower expression in cancerous tissues.
Seventeen of the 38 genes were known genes registered
in GenBank (Table 1).

30 000
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20 000
15 000
10 000
5 000
30 000

25 000

20 000

15 000

10 000

5 000

0
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Figure 2 Scatter plots for HCC (Cy5) and normal liver (Cy3) control hybridization.

The green spots represent the genes that were more
abundant in HCC than in normal tissues. The red spots
represent the genes that were less abundant in HCC than in
normal tissues. Yellow spots represent the genes that were
equally expressed. Black spots represent the genes that were
not expressed.
Our results indicated that the micro-array approach
described here could identify differentially expressed novel
genes. It might be the result of these novel genes obtained
by screening the human normal liver cDNA library.

DISCUSSION
Among 20 couple samples investigated, mRNA profile
analysis indicated that 38 genes including 21 novel genes
and 17 known genes exhibited different expressions.
The 17 known genes cover a broad range of functional
activities: transcription (TA), signaling transduction (ST), cellcycle regulation (CC), protease/inhibitor (extracellular and
cytoplasmic) metastasis related (P), redox regulator (energy
related) (Redox), cancer (tumor) suppressor (TS), protooncogene (O), immune response related (I), DNA replication
and repair (DR), matrix/stroma (M/S).
HCC is one of the most malignant tumors with a high
mortality, and is characterized by aggressive growth
behaviors and a high recurrence rate. During proliferation
of a primary tumor or the establishment of metastatic foci,
there was continuous remodeling of the extracellular matrix
including various degrees of biosynthesis, reformation and
degradation.
Some genes were overexpressed in HCC samples in our
study. Metastatic lymph node 51 (MLN51) cDNA was

Table 1 Differentially expressed known genes in HCC and normal liver
CloneID

GB-ACC

Type

Code

Identity

Remarks

192

Z11793

Known-related

Redox

Selenoprotein

Related to redox

273

AF132609

Known-related

DR

Histone deacetylase 6

Related to DNA replication and transcription

568

Y07846

Known-related

TS

GAR-22 meningioma deleted gene, 22q12

Deleted in meningioma

671

X80199

Known-related

O

MLN51

Possibly related to breast cancer progression

1483

U50330

Known-related

P

PCP-2

2648

AJ223951

Known-related

CC

CDK2

CDK2

2803

E12644

Known-related

CC

Q6 (quiescin)

Cell proliferation inhibitor

2820

U89867

Known-related

ST

(17q11-q21.3)
Procollagen C-proteinase

Nuclear matrix protein 55 (nmt55),

Possibly related to ER negative phenotype and

related to breast cancer metastasis

tumor progression metastases in breast cancer
Complement cytolysis inhibitor

2939

M25915

Known-related

P

Complement cytolysis inhibitor, CLI.

3120

X86691

Known-related

TA

Helicase (presumed), Mi-2 protein (218 ku),

3373

U60068

Known-unrelated

M/S

Fibronectin

Matrix protein fibronectin

3423

AF027740

Known-related

Redox

Transferase, microsomal glutathione

Related to redox

4367

AF064770

Known-related

ST

Kinase, DAG (diacylglycerol) kinase alpha

6655

AF069987

Known-related

TS

Nitrilase 1 (NIT1)

involved in transcriptional activation

S-transferase 1-like 1 (MGST1L1)
Kinase for diacylglycerol
A putative tumor suppressor, with
diadenosine triphosphate (A-ppp-A)
hydrolase activity
7072

X57352

Known-related

I

Interferon-inducible gene family (1-8 U gene)

8343

X13905

Known-related

ST

Ras-related rab1B protein

9039

U41767

Known-related

P

Metargidin

A membrane-anchored metalloproteasedisintegrin protein with an RGD integrin
binding sequence
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Table 2 Differentially expressed novel genes in HCC and normal liver
Clone ID
6
50

GB-ACC

Type

Identity

–

Novel

–

AC007078

Novel-only DNA

Clone NH0340A14

432

–

Novel

–

775

G42524

Novel-only DNA

STS genomic (sequence tagged site)

–

Novel

–

1008

894

G27158

Novel-only DNA

STS SHGC-31700

1485

Z68162

Novel-only DNA

Cosmid L145E5

1511

AB002307

Novel-unknown-function

mRNA, KIAA0309

1863

AL110272

Novel-unknown-function

DKFZp564C0716

2202

AF086469

Novel-unknown-function

Full-length insert cDNA clone ZD87A06

3227

–

Novel

–

3429

AB020685

Novel-unknown-function

mRNA, KIAA0878

4189

–

Novel

–

6068

–

Novel

–

7478

AF052114

Novel-only DNA

Clone 23887

7518

–

Novel

–

9427

AB002339

Novel-unknown-function

mRNA, KIAA0341

12723

–

Novel

–

13734

AF030453

Novel-only DNA

Chromosome 7q22, 7q22-q31.1

14214

–

Novel

–

14733

–

Novel

–

PS: Novel: Genes without any homology in GenBank; Novel-only DNA: Unknown function genes with homology with genomic sequences in GenBank; Novel-unknownfunction: Unknown function genes with homology with cDNA sequences in GenBank; Known-related: Known function genes related with cellular growth; Known-unrelated:
Known function genes unrelated with cellular growth.

isolated by screening a human breast cancer metastasis cDNA
library. MLN51 cDNA encodes a novel human protein of
703 residues that shares no significant homology to any
known protein. However, MLN51 is well conserved
between vertebrate and invertebrate species suggesting an
important biological function. The amino terminal half of
the protein contains a coiled-coil domain and two potential
nuclear localization signals. MLN51 is ubiquitously expressed
in normal tissues. Human breast carcinomas show MLN51
overexpression in malignant epithelial cells. The uncommon
association of protein-protein interaction domains often
found either in nuclear or in cytoplasmic signaling proteins
has raised a possible nucleo-cytoplasmic function for
MLN51 [6] . PCP-2 is a human receptor protein tyrosine
phosphatase of the MAM domain family in human
pancreatic adenocarcinoma cells. It is co-localized with
beta-catenin and E-cadherin at cell junctions. Its intracellular
part consists of two tandem phosphatase domains and a
relatively large juxtamembrane region that is homologous
to the conserved intracellular domain of cadherins,
suggesting a role in the regulation of cell adhesion. PCP-2
is endogenously expressed at the cell surface and unregulated
by increased cell density. PCP-2 is a negative regulator
for cell migration. Interaction of PCP-2 with its substrate
beta-catenin might be involved in the process of cell-cell
contact[7]. Fibronectin (FN) is a glycoprotein component of
connective tissue. It is involved in cancer progression. FN
connects with cancer cells via its receptors, including integrins
51 and v3. The ability in adhesion to FN and
migration increased markedly, after HCC cells were
transfected with H-ras oncogenes. In addition, FN has
been reported to be the primary protein involved in the
displacement of MMP-2 produced by adjacent normal cells

to cancer tissues[8]. MMP-2 is associated with cell surface
through its COOH-terminal and hemopexin-like domain
via a number of mechanisms, including binding to cellassociated collagens IV and I. This may enhance the FNinduced displacement of MMP-2, and facilitate invasion
of cancerous cells. IFN-inducible genes 1-8U that were
overexpressed in cancer tissues may be cancer-related genes.
IFN-inducible genes mediate several kinds of functional
roles. IFN-inducible genes such as double-stranded RNAdependent protein kinase could exert an antiviral and
antiproliferative effects[9] . 1-8U expression in severely
inflamed mucosae and colitis-associated cancer tissues in
ulcerative colitis (UC) may also be important in protection
against the proliferation of inflammation-mediated cells
and tumor cells. The study indicated that expression of
1-8 U gene in colonic mucosa might be a useful marker in
the identification of high-risk groups of UC-associated
colon cancer[10].
In our study, we also found that some genes were downregulated in cancer tissues. Selenium (Se) has been shown
to prevent cancer in animal model systems when fed at levels
exceeding the nutritional requirements[11,12]. A landmark study
by Clark et al [13] showed cancer chemopreventive efficacy
using a Se supplement in humans. The term “selenoprotein”
is restricted to the proteins containing selenocysteine[14] .
Selenoproteins such as mammalian thioredoxin reductase
might play a role in Se-mediated cancer prevention[15] . A
human 15 ku selenoprotein (Sep15) has been identified to
contain selenium in the form of Sec in human T-cells and
is present in various human tissues, such as liver, kidney,
testis, brain, but the level of this selenoprotein was reduced
substantially in a malignant prostate cell line and in HCC[16].
Quiescent Q6 (QSCN6) expression was induced just as
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fibroblasts began to leave the proliferating cycle and entered
quiescence. QSCN6 is located on human chromosome 1q24,
near the putative hereditary prostate cancer locus (HPC1).
Expression of QSCN6 mRNA was suppressed in transformed
fibroblasts. Quiescin QSCN6 potentially involves cell growth
and the redox state of key proteins. The identification of
QSCN6 as a gene that was highly expressed in quiescent
cells compared to actively growing cells suggested that
QSCN6 might play a role in the process by which normal
cells enter a reversible quiescence. Inhibition of QSCN6
activity could thus play a role in cancer. The molecular
characterization of the promoters of quiescence-induced
genes and their molecular structures would shed new lights
upon the mechanisms, which regulate the onset of quiescence
and how these are deranged in cancer. nmt55/p54nrb may
be critical to cell growth and function; decreased nmt55/
p54nrb expression in ER- human breast tumors or the
expression of nmt55/p54nrb variants in ER+ tumors may
indicate loss of normal growth. nmt55/p54nrb has been
shown in several studies to bind to RNA and interact with
PSF and topoisomerase[17-21]. These results associated with
several splicing factors essential for spliceosome formation
(unpublished) and tumor hormonal status[22] suggest that
nmt55/p54nrb may be involved in pre-mRNA processing.
There is evidence for the role of RNA processing in
oncogenesis[23,24]. The protein MGST1-L1, involved in redox
regulation, has been reported to be under the control of
p53[25]. The protein was also independently identified as an
EST clone, and the full-length sequence was deposited in
the GenBank database. The finding that MGST1-L1 was
upregulated after p53 expression in a colorectal cancer cell
line[25] suggests an important biological function possibly
associated with cancer or apoptosis. These genes downexpressed in HCC in our study may play the same role.
These data indicated that we obtained the same results
by using cDNA microarray by other methods and confirmed
the feasibility, accuracy and effectiveness of microarray as a
method to investigate the expression profiles of liver cancer.
The genes discussed here are those with a better-known
function. However, the recognition of altered expression
of genes with unknown function in Table 2 can help assign
it a role, so these new genes will be subjected to further
experiments to study their function.
In this paper, we demonstrated the utility of cDNA
microarray in analyzing the molecular changes in HCC (Cy5)
and normal liver (Cy3). Most importantly, the hybridization
results might provide valuable information for further
understanding the primary function of these new genes and
molecular pathways or areas that may be involved in hepatic
carcinogenesis. Monitoring and understanding the molecular
changes in HCC progression will lead to the identification of
new targets for HCC diagnosis and intervention in the future.
DNA microarrays have become an indispensable tool
for the study of gene expression on a genomic scale[26,27]. At
present, human cDNA collection remains the most
completely representative and best characterized of all
mammalian species. Human cDNA microarray is therefore
the most powerful and convenient tool among all kinds of
microarrays. We presented the methodology and results of
using human cDNA microarray to study oncogenes and
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related genes. In addition, this method can contribute to
analyzing multiple tumor samples in a rapid fashion. Using
cDNA microarrays to define alterations in gene expression
associated with a specific cancer may be an efficient way
to uncover the clues to specific molecular derangements
that account for its pathogenesis and thus identifying
potential targets for therapeutic intervention. Moreover,
recognition of pathognomonic alterations in gene expression
might provide a basis for improved diagnosis and therefore
allowing selection of the most appropriate therapeutic
strategies.
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Abstract
AIM: This study is aimed at investigating the expression
and possible significances of very low-density lipoprotein
receptor (VLDLR) subtypes in gastroenteric adenocarcinoma
tissues and cells with various differentiations.
METHODS: Thirty-one cases of gastroenteric carcinoma/
adjacent normal tissues were enrolled in the study, which
were diagnosed and classified by the clinicopathological
diagnosis. The expression of VLDLR subtypes was detected
in gastroenteric carcinoma/adjacent normal tissues and
three various differentiated human gastric adenocarcinoma
cell lines (MKN28, SGC7901 and MKN45) by reverse
transcription polymerase chain reaction (RT-PCR) and
Western blot analysis.
RESULTS: Two VLDLR subtypes, namely, type II VLDLR
and type I VLDLR, were found to express changes in
gastroenteric carcinoma tissues, their adjacent normal
tissue, and gastric adenocarcinoma cell lines as well.
Type II VLDLR is predominantly expressed in poorly- or
moderately-differentiated gastroenteric carcinoma tissues
and gastric adenocarcinoma cell lines, whereas type I
VLDLR is mainly detected in well-differentiated intestinal
carcinoma tissues and gastric adenocarcinoma cells
compared with the adjacent normal tissues.
CONCLUSION: The results suggested that the variations
of the VLDLR subtype expression might be correlated with
the progress and differentiation of gastroenteric carcinoma.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Very low density lipoprotein receptor (VLDLR) is a member
of the low-density lipoprotein receptor (LDLR) superfamily.
VLDLR closely resembles LDLR in structure, but differs
from LDLR in function[1,2]. According to the presence of
O-linked sugar region located outside the VLDLR
membrane, VLDLR is divided into two subtypes: full-length
VLDLR (type I) and O-linked sugar region lacked VLDLR
(type II)[3]. The studies about the distribution of these two
VLDLR subtypes suggested that their distribution presents
obvious tissue- and cell-specificity. For example, type I
VLDLR is mainly distributed in tissues of heart and skeletal
muscles with high lipid metabolism, while type II VLDLR
predominates in the non-muscle tissues, such as kidney, spleen,
adrenal gland, lung, brain, testis, uterus and ovary[4,5] . A
recent study showed that VLDLR subtypes are relevant
with the differentiation and development of tissues and
cells. For instance, during embryonic development in mice,
mRNA level of VLDLR is significantly fluctuated in the
heart, kidney and brain tissues; however, it is relatively
constant in skeletal muscles[6] . The mice with VLDLR
deficiency only demonstrate slower development[7] . In
addition, type II VLDLR has been found to be the major
expressed receptor in embryonic tissues and germ cells in
chicken, necessary for reproduction [8,9]. Other reports
indicated that some cancer tissues and cells also express
two VLDLR subtypes that possess inhomogeneity[10-12].
Abnormal differentiation of cells leads to cancer
formation. However, the reports so far are hardly ever
concerned about the identification of VLDLR subtype
expression in various differentiated carcinoma tissues and
cells. Therefore, we sought to determine whether the
expression of VLDLR subtypes could show a degree of
difference in gastroenteric carcinoma tissues, their adjacent
normal tissue, and three various differentiated human gastric
adenocarcinoma cell lines (MKN28, SGC7901 and
MKN45) as well, in order to understand the possible
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implication of VLDLR subtype expression during the
occurrence, differentiation and progress of cancer.

MATERIALS AND METHODS
Tissues and cells
Thirty-one cases of gastroenteric carcinoma/adjacent normal
tissue specimens were collected during 2001-2002 from
patients in Tongji hospital (Wuhan, PR China), and were
diagnosed and classified by the clinicopathological diagnosis.
Of these, 10 cases of gastric carcinomas were poorly- or
moderately-differentiated adenocarcinomas, and 21 cases
were large intestine carcinomas, of which there were 6 cases
of well-differentiated adenocarcinomas and 15 cases of
poorly- or moderately-differentiated adenocarcinomas. The
collected specimens were immediately placed in RNA
TRIzol and stored in liquid nitrogen. Well-, moderatelyand poorly-differentiated human gastric adenocarcinoma
cell lines (MKN28, SGC7901 and MKN45) were donated
from the department of gastroenterology, Union Hospital.
Anti-VLDLR polyclonal antibodies for Western blot
analysis were prepared at our laboratory[13] .
Human gastric adenocarcinoma cell culture
Three of the variedly differentiated human gastric
adenocarcinoma cell lines (MKN28, SGC7901 and
MKN45) were cultured in RPMI1640 supplemented with
10% FBS, 0.22 sodium bicarbonate and 0.25% HEPES at
37 ℃ and 50 mL/L CO2. After 48 h, all cultured cells were
digested with 0.25% pancreatin, and harvested for RT-PCR
and Western blot.
RT-PCR analysis
Total RNA was isolated from 2 g tissue specimens or 5×108
cells in reference to the manual of RNA Trizol. Four
micrograms total RNA was reverse-transcripted to cDNA
for PCR experiment. The sequences of PCR primers
referring to Nakamura[14] were 2162F: CAACCTGAATGATGCCCAAGA, and 2496R: CTTTTGGGGGAACACTGACCT, which just span the O-linked sugar region
of human VLDLR, thereby distinguishing two VLDLR
subtypes. Cycling conditions were: denaturing at 94 ℃ for
4 min, then at 94 ℃ for 1 min, at 56 ℃ for 1 min, at 72 ℃
for 2 min for 35 cycles. Finally the mixture was extended at
72 ℃ for 10 min. The PCR products were electrophorized on
2% agarose gels, stained by ethidium bromide, photographed
under ultraviolet lamp, and then analyzed with GIS-2000
scanning and analyzing system.
Western blot analysis
For Western blot, the cultures were rinsed twice in ice-cold
PBS, lysed in buffer containing 50 mmol/L Tris-HCl
(pH 8.0), 150 mmol/L sodium chloride, 1% NP-40, 0.5%
sodium deoxycholate, 0.02% sodium azide, 100 g/mL
phenylmethysulfonyl fluoride, 1 g/mL aprotinin, followed
by spinning at 13 000 g at 4 ℃ for 20 min. The supernatants
were removed and denatured immediately by adding the
same volume of 2× laemmli buffer. The protein concentration
was determined with Lowry Protein Assay Reagent. The
equal amounts of protein (80 g) were isolated in 7.5%
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SDS-polyacrylamide gel, and blotted onto polyvinylidene
difluoride membranes (Amersham Pharmacia Biotech,
Piscataway, NJ, USA). The membranes were blocked with
5% BSA in TBS for 2 h at room temperature, then
immunostained with the polyclonal antibodies against
human VLDLR. The Western blots were developed by
using enhanced chemiluminescence detection reagents,
as described by the manufacturer.
Statistical analysis
The apex area ratio of VLDLR types II/I in all specimens
was analyzed by t test with Microsoft Excel 2002. A P value
less than 0.05 was considered statistically significant.

RESULTS
mRNA level of VLDLR subtypes in intestinal carcinomas
compared to the adjacent tissues
Type I VLDLR (335 bp) and type II VLDLR (252 bp)
were detected in both intestinal carcinoma and adjacent
tissues. In comparison of carcinoma with normal tissues,
however, expression of VLDLR subtypes showed obvious
difference. Two hundred and fifty-two base pair bands
were predominantly expressed in poorly- or moderatelydifferentiated intestinal carcinoma, whereas welldifferentiated intestinal carcinoma mainly presented 335 bp
bands (Figure 1). Statistical analysis also showed a significant
difference of P<0.05 (Table 1).

bp
335
252

bp
404
309

T4

N4

N3

T3

N2

T2

T1

N1

pBR322 DNA/MSP 1
Markers

Figure 1 Detection of mRNA of VLDLR subtypes: type I (335 bp) and type II
(252 bp) in intestinal carcinoma vs. adjacent tissues, T1 and T3: well-differentiated
intestinal cancer, T2 and T4: moderately- or poorly-differentiated intestinal cancer,
N1, N 2, N 3 and N 4: adjacent tissues.

Table 1 VLDLR subtype expression ratio in gastroenteric cancer

The apex area ratio of VLDLR type II/I
Tumor tissue

Adjacent tissue

Well-differentiated (n = 6)

0.518±0.021a

0.834±0.011

Moderately- or poorly-

2.091±0.495c

1.072±0.107

2.214±0.215e

1.403±0.189

Intestinal cancer

differentiated (n = 15)
Gastric cancer
Moderately- or poorlydifferentiated (n = 10)
a

P<0.05; cP<0.05; eP<0.05 vs adjacent tissue.
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mRNA level of VLDLR subtypes in gastric carcinomas compared
to the adjacent tissue
Both type I VLDLR (335 bp) and type II VLDLR (252 bp)
appeared in both gastric carcinoma and the adjacent tissues.
However, compared to normal tissues, the mRNA level of
type II VLDLR in poorly- and moderately-differentiated
gastric carcinoma were significantly higher than type I
VLDLR, with a significant difference of P<0.05 (Figure 2,
Table 1). Additionally, the collected gastric carcinoma
specimens with lower expression of type I VLDLR were
from the patients who had highly malignant degree of gastric
carcinoma. These results implied that the expression of
VLDLR subtypes might be related to the malignancy of
gastric carcinoma.

2819

VLDLR (155 ku) and type II VLDLR (130 ku) in welldifferentiated MKN28, but the 155 ku band was the major
one. Significantly, in poorly- or moderately-differentiated
SGC7901 and MKN45 cell lines, only type II VLDLR
(130 ku) was detected (Figure 4). These results were
consistent with RT-PCR results of human gastric
adenocarcinoma cell lines.

ku
155
130

MKN45

SGC7901

MKN28

Figure 4 Detection of protein of VLDLR subtypes (160 and 110 ku) in MKN28,
SGC7901, and MKN45.
bp
335
252

bp
404
309
pBR322 DNA/MSP 1
Markers

N1 T1 N2

T2

N3 T3

Figure 2 Detection of mRNA of VLDLR subtypes: type I (335 bp) and type II
(252 bp) in gastric carcinoma vs adjacent tissues, T1, T2 and T3: moderately- or
poorly-differentiated gastric cancer, N 1, N 2 and N 3: adjacent tissues.

mRNA level of VLDLR subtypes in three various differentiated
gastric adenocarcinoma cell lines
Both type I VLDLR (335 bp) and type II VLDLR (252 bp)
presented in three various differentiated gastric
adenocarcinoma cell lines (MKN28, SGC7901 and
MKN45). However, poorly- or moderately-differentiated
SGC7901 and MKN45 mainly expressed type II VLDLR,
while well-differentiated MKN28 showed significantly
higher level of type I VLDLR (Figure 3). These results
coincided with that of gastric carcinoma tissues.

bp
335
252

bp
404
309
MKN28 MKN28 SGC7901 MKN45

pBR322 DNA/Msp 1
Markers

Figure 3 Detection of mRNA of VLDLR subtypes (335 and 252 bp) in MKN45,
SGC7901 and MKN28 cell lines.

Protein level of VLDLR subtypes in various differentiated
gastric adenocarcinoma cell lines
Protein of VLDLR subtypes was detected by Western blot.
The results showed the protein expression of both type I

DISCUSSION
Since VLDLR was cloned in 1992 and found to have its
subtypes, there have been more and more researches about
the distribution and function of VLDLR subtypes [2-5].
The cause of VLDLR subtype formation is the result
of the alternative splicing for 16 exon. Yet, tissues and
cells per se do not contain VLDLR genes that express two
VLDLR subtypes respectively. O-linked sugar region is
the only distinction between two VLDLR subtypes, and
plays an important role in enhancing VLDLR stability and
binding capacity with ligand[4,15]. It is well known that,
compared to type II VLDLR, type I VLDLR has relatively
stronger affinity to VLDL and -VLDL and is more stable,
while both subtypes have no significant differences in
internalization, dissociation, and degradation of ligand[4,16].
It has been believed that the function of VLDLR is mainly
to bind lipoproteins including apoE and participate in
triglyceride metabolism. Now some studies have found that
this receptor functions as a signal receptor on the membrane,
binding many ligands, inducing extracellular transport and
signal transduction of signal molecule, and then producing
many biological effects [17-19]. However, the functional
difference of VLDLR subtypes, especially the distinct
function and signification of type II VLDLR has still not
been defined yet.
The previous researches showed that the expression level
of VLDLR subtypes changes during the development of
embryonic tissues in mouse or chicken, indicating that it is
correlated with tissue growth and development[6-9]. Particularly,
Nakamura et al[20,21] found that type II VLDLR is the major
receptor in the early phase of fetal brain development, and
that type I VLDLR mainly presented in adult brain, both
of which are related to brain development. Furthermore,
the recent research suggested that in the embryogenesis of
brain, VLDLR and apoER2 may induce the signal transduction
between extracellular Reelin and intracellular Disabled-1
(Dab1), which phosphorylates Dab1 and activates intracellular
kinase to affect the migration and accurate localization of
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developed neuron[22,23] ; type II VLDLR is possibly the
important receptor binding Reelin in developed brain and
inducing Reelin signal transduction pathway[20]. However,
after adipocytic 3T3-L1 cells were induced to differentiate
into adipocyte-like cells, the expressions of both VLDLR
subtypes have a concomitant increase, especially for type I
VLDLR[24]. This is significantly beneficial for adipocyte to
absorb and store triglyceride. Therefore, the variations of
VLDLR subtype expression fairly reflect the requirement
of special function during various phases of tissue growth
and development. In addition, we observed previously that
the expression level of VLDLR subtypes also changes in
some pathologic tissues[25]. For example, type II VLDLR in
spleen and adipose tissues disappeared from the patients
with liver cirrhosis and in adipose tissues of patients with
diabetes did not have obvious changes, yet the mRNA level
of type II VLDLR significantly decreased or disappeared[25],
implying that there might be some linkages between special
pathological changes. Thereby, according to the tissuespecific distribution of VLDLR subtypes and the changes
mentioned above, VLDLR subtypes, especially type II
VLDLR, are likely to have other important functions besides
lipid metabolism.
Our research firstly found that type I and II VLDLR
are differentially expressed in various differentiated
gastroenteric carcinoma tissues and cells. In particular, type
II VLDLR is mainly expressed in poorly- or moderatelydifferentiated gastroenteric carcinoma. The mechanism
and/or cause of these variations remains unknown. In addition,
type II VLDLR also predominates in fetal normal intestinal
epithelial, gastric adenocarcinoma cell (AGS) and many
adenocarcinomas such as adenocarcinoma of the breast,
gallbladder, lung, colon, ovary and parotid gland[14]. It has
recently been found that VLDLR’s ligands such as tissue
factor pathway inhibitor (TFPI), urokinase-type plasminogen
activator-type-1 and plasminogen activator inhibitor
complex (uPA-PAI-1) play some roles in tumor proliferation,
differentiation, infiltration and metastasis by different signal
pathways, respectively[26-32] . The phenomenon strongly
showed that type II VLDLR is closely related to the
occurrence, differentiation and progress of carcinoma. The
VLDLR subtype expressing changes in variedly differentiated
carcinoma are different in their respective functions in tissue
growth and development. The variations of VLDLR
subtypes in differentiated cancer cell may be caused by
several aspects, namely, the different ability to bind the same
or different ligands, the relevant signal pathways, and the
subsequent biological effects. VLDLR subtypes can adapt or
regulate the differentiation of cancer cells, and simultaneously
produce different effects on the differentiation and proliferation
of cancer cells. In addition, the construction of cytoskeleton
needs lots of phospholipids during cell differentiation and
proliferation, where type II VLDLR may play an important
role in myelin intake[21]. These might be the causes of the
different expression of VLDLR subtype at various
differentiations of cancer cells. However, whether the
variation of VLDLR subtype expression might be a mark
of cancer differentiation and whether it could be used as a
clinical evidence of early diagnosis and treatment for cancer,
needs to be further investigated.
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Abstract
AIM: To study the effect of sulindac on colon cancer
induction in mice.
METHODS: The chemo-preventive action of 80 ppm
sulindac fed during initiation and post-initiation and 100 ppm
sulindac fed during progressive stages of induction of colon
carcinogenesis in mice was investigated using 1,2dimethylhydrazine (DMH). Using the terminal deoxynucleotidyl
transferase-mediated dUTP nick-end labeling (TUNEL)
technique and PCNA immunohistochemical staining, we
observed the apoptotic and proliferative cell density
changes at different carcinogenic stages and the effect
of sulindac on these two phenomena.
RESULTS: Dietary sulindac significantly inhibited the
incidence of colonic neoplasmas in mice. Compared with
the control group, feeding sulindac during initiation and
post-initiation stages inhibited the incidence by 46.7-50.4%,
and feeding sulindac during progressive stages inhibited
the incidence by 41.1%. Animals that were fed sulindac
showed less serious pathological changes than those that
were fed the control diet (P<0.01, H = 33.35). There
was no difference in the density of proliferating cells
among those groups which were or were not fed sulindac.
In the same period, feeding sulindac resulted in a higher
density of apoptotic cells than feeding control diet.
CONCLUSION: Sulindac has an anti-carcinogenic function
in mice. Its effect on preventing colon carcinogenesis is
better than its effect on treating established tumors. By
inducing apoptosis, sulindac inhibited the development of
colon cancer and delayed canceration. Sulindac has no
effect on proliferation. The anti-carcinogenic properties
of sulindac are most effective in the moderate and severe
stages of dysplasia and canceration.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Large intestinal carcinoma is a common malignant tumor
of the digestive system and its incidence is in an ascending
trend. More and more evidence shows that dietary factors
play an important role in the progression of large intestinal
carcinoma. Sulindac, a type of non-steroidal anti-inflammatory
drug (NSAID), gets metabolized into a sulindac sulfone[1].
In recent years, more and more studies concerning sulindac
in preventing familial adenomatous polyposis and influencing
large intestinal cancer cellular proliferation, differentiation
and apoptosis have been published[2]. However, the antitumor mechanism of the effects of sulindac during different
stages of large intestinal canceration remains to be elucidated.
In our study, 1,2-dimethylhydrazine (DMH) was used as a
model agent experimentally to induce large intestinal
carcinoma in mice in order to observe the dynamic effects
of sulindac’s influence on the apoptotic and proliferative
cell density; whether the anti-tumor effects of sulindac are
due to induction of the tumor cell apoptosis or not was
examined. Furthermore, prevention by sulindac in the early
stage of tumor formation and its curative effect in an advanced
stage will be assessed. In summary, experimental data relating
to the ability of sulindac to prevent and cure large intestinal
cancer will be offered in this study.
MATERIALS AND METHODS
Experimental animals
One hundred and sixty KUNMING strain mice, male, 5 wk
of age, 24-30 g, were randomly divided into the following
groups: model-agent (48), sulindac preventative (48),
sulindac curative (40) and control (24) and used in our study
after feeding 1 wk.
Diet preparation
Normal diet (AIN-76A) and sulindac diet were produced
by the Animal Department of Tianjin Chinese Traditional
Medical University. The animals were given food containing
sulindac at 80 mg/kg in the sulindac-preventative group
and at 100 mg/kg in sulindac-curative group. All food was
prepared once every 3-4 wk and maintained at room
temperature.

Sun BC et al. Sulindac preventing colon carcinoma

Reagents
Reagents used in this study were DNH and sulindac (Sigma
Inc., USA), TUNEL assay (BM Inc., Germany) and ABC
immunohistchemical compounds (Vector Inc., USA).
Experimental procedure
Model-agent group: DMH dissolved in normal saline was
injected subcutaneously into the model-agent group mice at
a dosage of 20 mg/kg. The mice received the normal diet
and were killed at the 12th (10), 18th (10), 24th (10) and 32nd
(18) wk after injection.
Sulindac preventative group: the mice were fed a
Sulindac diet with the dosage of 80 mg of sulindac/kg for
26 wk at the time of DNH injection and were killed at the
12th, 18th, 24th and 32nd wk.
Sulindac curative group: the mice were fed a Sulindac
diet with the dosage of 100 mg of sulindac/kg starting at
8 wk after the DNH injection and for 24 more wk. The
mice were killed at the end of the 32nd wk.
Control group: the mice were fed normal diet and the
same quantity of normal saline was injected. The mice were
killed at the end of the 18th and 32nd wk.
Histological indexes and procedures
The mice were killed by cervical dislocation and the whole
large intestine and important organs were removed and
examined visually. The tissues were fixed in 40 g/L
for maldehyde, dehydrated, paraffin-embedded and
sectioned at 5 m thickness. The investigation included three
parameters.
Pathological observation The large intestine was opened
lengthways and the number, size and infiltrative depth of
the tumors were observed. The grade of the tissue lesions
under microscopic examination included mild, moderate and
severe dysplasia and cancer (Figures 1A-C).
Distribution and density of apoptosis The distribution
and density of apoptosis were demonstrated with TUNEL.
Distribution and density of proliferation The distribution
and density of proliferation were recorded by counting cells in
a G1/S phase determined by PCNA immunohistochemistry.
Staining and counting methods for apoptotic and proliferative
cells
TUNEL staining The sections were deparaffinized and
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put into 3% hydrogen peroxide for 20 min at room temperature.
After nonspecific binding sites were blocked, the sections
were incubated for 60 min at 37 ℃ with TUNEL and stained
with 3,3’-diaminobenzidine(DAB) chromogen for 10 min
at room temperature. Finally, all of the sections were
counterstained with hematoxylin. The sections were rinsed
with PBS after every step.
PCNA immunohistochemical staining Five-micrometer
formalin-fixed paraffin- embedded tissue sections were
mounted on poly-L-lysine slides. The slides were air-dried
and the tissue deparaffinized. Endogenous peroxidase
activity was blocked with 3% hydrogen peroxide in 50%
methanol for 10 min at room temperature. The sections
were rehydrated and washed with PBS and then pretreated
with citrate buffer (0.01 mol/L citric acid, pH 6.0) for 20 min
at 100 ℃ in a microwave oven. Then the sections were
incubated overnight at 4 ℃ with mouse monoclonal antiPCNA. The sections then were rinsed with PBS, incubated
with biotinylated goat anti-mouse IgG for 20 min at 37 ℃,
incubated with the third antibody and then stained with DAB.
Finally, all of the sections were counterstained with hematoxylin.
Method of counting The number of positive cells in the
sections with TUNEL and PCNA were counted under
microscope magnified 400× with a 16D gridding. All positive
cells in the 16D gridding were counted except those cells
that lay to the right and on the line at the bottom. More
than five 16D-gridding microscopic fields were counted in
1 section. The average was considered as the positive-cell
density. The area of a 16D-gridding is about 0.1 mm2. The
density of proliferation and apoptosis was calculated
according to the positive cell number in 1 mm2.
Statistical analysis
Rank sum test and analysis of variance were performed
using SPSS statistical analytic software. P<0.05 was considered
significant.

RESULTS
Pathological examination
Macroscopic examination Single or multiple nodes whose
diameters ranged from 0.1 to 0.3 cm situated on the surface
of the large intestinal mucosa were found in 22.2% of the
model-agent group at the 24 th wk. Multi nodes with the
maximum diameter of 1.8 cm were demonstrated in

C

Figure 1 Grade of the tissue lesions under microscopic examination. A: mild dysplasia (×100); B: moderate dysplasia (×100); C: severe dysplasia in model group
(×200).
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Figure 2 Macroscopic examination. A: Model-agent group (32nd wk). Multiple
nodes of tumors located in the large intestinal mucosa with the intestinal wall
becoming thicker and rigid; B: Sulindac-preventative group (32nd wk). Only two

nodes of tumors of diameter about 2 mm are located at the large intestinal
mucosa; C: Curative group (32nd wk). Several nodes of tumor are located in the
large intestinal mucosa with disappeared plica.

86.7% of the mice at the 32 nd wk with necrosis and ulcer
formation in some nodes. The nodes usually were seen at
the distal end of the large intestine. Thickening of the large
intestinal wall, rigidity, and adhesion were observed in some
mice. The large intestinal mucosa of the mice showed mild,
moderate and severe dysplasia in turn in model-agent group,
preventive group and curative group during the progression
of carcinogenesis and large intestinal carcinomas developed
in some mice (Figures 2A-C). One mouse in the modelagent group died of lung infection and three mice of the
sulindac curative group died of intestinal obstruction from
a tumor. Tables 1 and 2 show the number and size of the
tumors at the 24th and 32nd wk.

large intestinal carcinoma was found in 66.7% of the modelagent group and 20% in the sulindac preventative group at
the 24th wk, at 32nd wk in 93.3% in the model-agent group,
42.9% in the sulindac preventative group and 52.2% in the
sulindac curative group.

Table 1 Number of mice with tumor and incidence of the tumors at
the 24th and 32nd wk in model-agent and control group
n

≤5 mm

≤10 mm

≤15 mm

24th

9

1

1

0

0

22.2

32nd

15

2

6

3

2

86.7

Control

12

0

0

0

0

0

Wk

>15 mm

Incidence

n = number of mice.

Table 2 The average diameter (mm) of tumors at the 24th and 32nd
wk in the tumor-induced groups
Wk

n

0

≤1

≤2

≤3

≤4

≤5

>5

24th

9

7

0

1

1

0

0

0

32nd

15

2

0

5

2

1

3

2

n = number of mice.

Microscopic examination Mild, moderate and severe
dysplasia were observed in the large intestinal mucosa of
the mice during the process of tumor induction. Cancer
development in the large intestine appeared by the 24th wk.
The histological type of these tumors was mainly
adenocarcinoma with only few adeno-squamous cell
carcinomas. The infiltrative depth of tumors reached the
muscle and outer layer. Three mice had liver metastatic
foci. The pathological changes in the large intestinal mucosa
at various times are shown in Table 3. The incidence of

Table 3 The pathological changes of large intestinal mucosa at
different tumor-inducing stages
Dysplasia
Week

n

Adenocarcinoma

Normal
Mild Moderate Severe Intramucous
carcinoma

Infiltrative
carcinoma

12 th

10

2

3

4

1

0

0

18 th

10

0

2

4

4

0

0

24 th

9

0

0

1

2

5

1

32 nd

15

0

0

0

1

2

12

Outcome of rank test: H = 33.35; n = number of mice.

Apoptotic and proliferative cell density in the large intestinal
mucosa in multistage carcinogenesis
Apoptotic and proliferative cell density developed an
increasing trend as the degree of dysplasia increased. In the
cancerous stage, the density of apoptosis was lower than it
was in a dysplasia stage. On the contrary, the proliferative
cells density increased and the ratio between apoptosis and
proliferation decreased.
The density of apoptosis in the sulindac-preventative
group was higher than in the other groups and there was a
statistically significant difference during moderate dysplasia
and the cancerous stage. The density of apoptosis in the
sulindac-curative group was also higher than it was in the
other groups, but there was only a statistically significant
difference during the cancerous stage. The density of apoptosis
in the sulindac-preventative group was higher than that in
the sulindac-curative group and there was a significant
difference during the moderate dysplasia and canceration stages.
The difference in the density of proliferation between
sulindac-preventative group and sulindac-curative group was
not statistically significant during the whole cancerogenic
stage but the proliferative cell density in the sulindacpreventive group and sulindac-curative group was higher
than in the control group. The proliferative cell density in
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the model-agent group was higher than in sulindacpreventative group, sulindac-curative group and control
groups (Tables 4-7).
The distribution and density of the proliferation and apoptosis
in the large intestinal mucosa in multistage carcinogenesis
The brown-yellow positive material with the TUNEL and

Table 4 Comparison of the density of proliferation and apoptosis
with mild dysplasia in the model-agent group, sulindac-preventative
group and sulindac-curative group (number/mm2)
Group

Model-agent
Preventive
Curative

n

Proliferative
cell density
(mean±SD)

Apoptotic
cell density
(mean±SD)

Ratio
(apoptosis/
proliferation)

5

88.8±25.7

46.6±19.1a

0.52

13

88.2±20.7

65.9±16.3

0.78

3

92.3±9.02

54.7±11.6a

0.78
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PCNA assays was located in the nucleolus. In normal
mucosa, TUNEL-positive cells were on the epithelial layer
and few PCNA-positive cells were on the bottom layer. In
dysplasia, the number of TUNEL positive cells increased
and distributed from the epithelium to the bottom layer.
The density of distribution increased with the dysplasia
grade. The number of PCNA-positive cells also increased
with the dysplasia grade and the distribution of PCNApositive cells was the same as the apoptotic cells. In the
cancerous stage, the number of TUNEL-positive cells
obviously decreased and distributed randomly. The number
of PCNA positive cells was distinctly increased and
distributed evenly (Figures 3A-D).

A

B

C

D

n = number of mice. Results with analysis of variance: the difference between
groups of proliferative and apoptotic cells density had no statistically
significant difference. aP<0.05 vs preventive group.

Table 5 The density comparison of proliferation and apoptosis with
moderate dysplasia in model-agent group, sulindac-preventative
group and sulindac-curative group (number/mm2)
Group

n

Proliferative
cell density
(mean±SD)

Apoptotic
cell density
(mean±SD)

Ratio
(apoptosis/
Proliferation)

Model-agent

9

114.7±31.7

57.1±17.3a

0.50

Preventive
Curative

7
3

118.9±21.4
133.0±27.5

107.8±35.0
62.7±20.3a

0.91
0.47

n = number of mice. aP<0.05 vs preventive group the cell density of proliferation and
apoptosis in the model-agent group and sulindac-curative group were higher than
in the sulindac-preventative group resulting in a statistically significant difference.

Table 6 Comparison of the density of proliferation and apoptosis
with severe dysplasia in the model-agent group, sulindac-preventative group and sulindac-curative group (number/mm2)
Group

n

Proliferative cell
density
(mean±SD)

Apoptotic cell
density
(mean±SD)

Ratio
(apoptosis/
proliferation)

Model

8

159.0±45.9

61.0±24.6

Preventive

3

155.8±31.9

88.5±14.6

0.57

Curative

5

159.8±22.7

64.2±19.1

0.40

0.38

n = number of mice. aP<0.05 vs preventive group results with analysis of
variance: the difference of proliferation and apoptotic cells density between
groups was not statistically significant.

Table 7 Comparison of the density of proliferation and apoptosis in
a cancerous stage in the model-agent group, sulindac-preventative
group and sulindac-curative group (number/mm2)
Group

n

Model

20

214.7±24.1

3

211.3±33.7

12

190.8±35.5

Preventive
Curative

Proliferative cell
density
(mean±SD)

Apoptotic cell
density
(mean±SD)
30.7±17.0a
110.0±16.5
72.1±38.5a

Ratio
(apoptosis/
proliferation)
0.14
0.52
0.38

n = number of mice. aP<0.05 vs preventive the cell density of proliferation and apoptosis
in the model-agent group and sulindac-curative group was higher than in the
sulindac-preventative group result in a statistically significant difference.

Figure 3 The distribution of proliferation and apoptotic cells. A: Model-agent
group: there are a large number of positive cells with PCNA staining in large
intestinal cancer and evenly distributed, ×200; B: Model-agent group: there are
a small number of apoptotic cells in the large intestinal cancer. TUNEL, ×200; C:
Curative group: there are a large number of apoptotic cells in the large intestinal
cancer. TUNEL, ×200; D: Preventative group: there are a large number of
apoptotic cells in the large intestinal cancer. TUNEL, ×200.

DISCUSSION
Chemoprevention of malignant tumors is a field of intense
interest. In China, the incidence of large intestinal cancer
has been increased year after year and the patients with this
cancer are tending to be younger. Therefore, safe and
effective medicine needs to be identified for prevention
and cure of colon carcinoma. It has been reported that
non-steroidal anti-inflammatory drugs (NSAID), such as
sulindac and aspirin, have some ability to prevent and cure
large intestinal carcinoma[3] , esophageal carcinoma and
cancer of the pancreas, bladder, liver, breast and lung[3,4].
Results from our study showed that not only the incidence
of large intestinal cancer in the sulindac-preventative and
curative groups was lower than in model-agent group
but that the grade of pathologic lesions in the sulindacpreventative and curative groups were less than in the
model-agent group. The incidence of large intestinal cancer
in the model-agent group was reduced 46.7-50.4% in the
sulindac-preventative group and 41.1% in the sulindaccurative group. All of these results showed that sulindac
had beneficial effect on colon cancer prevention and
treatment. However, the exact mechanism by which sulindac
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prevents large intestinal cancer is unknown. Because there
is more prostaglandin production from tumor tissue than
normal tissue, the anti-tumor mechanism of NSAIDs has
been suggested to be due to a reduction in prostaglandin
formation[5-7].
In recent years, the degree of apoptotic activity has been
considered to play a role in tumorigenesis[8]. The results
from our study have shown that the dynamic balance
between proliferation and apoptosis sustained a steady
number in normal tissue which demonstrated that apoptotic
cells were on the surface layer of the mucosa and formed
all apoptotic cell zone with the proliferating cells located at
the bottom of the mucosa forming a proliferative cells zone.
The dynamic balance between cellular proliferation and
apoptosis in normal tissue was destroyed in cancer tissue
with an abnormal number and distribution of cellular
apoptosis and proliferation. The distributive relationship
between proliferation and apoptosis disappeared[9]. The
results of our new study demonstrated that the density of
proliferative and apoptotic cells increased gradually with
the enhancing dysplasia. However, in cancer tissue the density
of proliferative cells increased and the density of the
apoptotic cells decreased. All the results indicate that cell
proliferation and apoptosis were active in the precancerous
stage but with tissue canceration the high-apoptosis cells
were removed. At the same time, cells with a high-proliferative
rate were saved. The ratio between apoptosis and proliferation
decreased continuously. Based on these data, we proposed
the concept of Selective Cell Proliferation relating to an
imbalance between proliferation and apoptosis during the
process of large intestinal epithelium canceration[10,11]. That
is to say, there are a large number of proliferative and
apoptotic cells in precancerous lesions but only those cells
with a high-proliferation and a low-apoptotis are maintained
so those cells with a high-apoptotic potential are diminished[12].
From this point of view, the Selective Cell Proliferation
concept suggests that tumor tissue progression is a process
of cellular adaptation to the environment.
In studying sulindac inhibition of large intestinal
carcinogenesis in mice we have drawn the conclusion that
sulindac can suppress the emergence of large intestinal
cancer. In different stages of canceration, the density of
apoptotic cells in the sulindac-preventative group and
curative group was higher than in the model-agent group.
The extent of apoptosis increased with degrees of the
pathologic change and this change influenced the growth
rate of the tumors, which delayed the process of tumorigenesis.
In a word, sulindac can induce cellular apoptosis causing
a delay in the development of tumors. However, cancerous
progression is regulated by multigenes and the exact
mechanism by which sulindac induces the tumor cell
apoptosis is unknown[13-15]. It is clear that the relationship
between sulindac inhibition of large intestinal carcinogenesis
and Selective Cell Proliferation needs further study.
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Abstract
AIM: To study the transformation of T lymphocyte subsets
in children with Heliobacter pylori (H pylori) infection.
METHODS: The H pylori infection status were determined
by a combination of ELISA and Western blot (immunoblot)
technique in 98 children and T lymphocyte subsets in
peripheral blood were determined by flow cytometrical
analysis.
RESULTS: There were 75 children positive with H pylori
infection and 23 negative in 98 children. Comparing the
proportion of peripheral blood T lymphocytic subsets in
children with H pylori infection and without H pylori
infection, it was found that a higher proportion of CD4
T-cells in infected children (39.02±7.71 vs 34.25±10.73,
t = 2.246,P<0.05) and higher value of CD4 to CD8 T-cells
ratio (1.51±0.52 vs 1.25, t = 2.104, P<0.05) were present,
but there were not significant differences in CD3 T-cells
and CD8 T-cells (73.11±10.02 vs 69.49±17.08, 27.22±6.07
vs 28.27±8.67, P>0.05).
CONCLUSION: Th1 cell-mediated immune responses may
be induced by H pylori infection in children.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Helicobacter pylori (H pylori) infection is one of the causes
of many upper digestive diseases, which relates with
chronic gastritis and peptic ulcer, in addition it is also closely
related to adenocarcinoma of stomach, mucosa-associated
lymphoid tissue and lymphoma. The pathogenicity of H pylori
may differ based on bacteria types, the age of patients
and body response. The influence of H pylori infection
on the immunity in children is unclear and there are
few researches on it. We applied ELISA and Western blot
(immunoblot) technique in 98 children and T lymphocyte
subsets in peripheral blood were determined by flow
cytometrical analysis to study the influence of H pylori
infection on the immunological situation in children that
will provide the new information for preventing H pylori
infection.
MATERIALS AND METHODS
Study population
Ninety-eight Chinese children in Guangxi Luocheng county
primary school (9 Han nationality, 26 Zhuang nationality,
31 Mulao nationality and 32 other nationalities) were studied.
The age of them is from 6 to 14 years (average 9.40±1.88
years), 56 boys and 42 girls.
Samples collection
As their parents had agreed upon, all of them had no
breakfast. Four milliliters of venous blood were taken for
the next analysis (2 mL for collecting serum for H pylori
examination and 2 mL with EDTA for T leukocytes
subsets examination).
H pylori antibodies examination
H pylori antibodies were determined by serodiagnosis with
ELISA (kit from China Shenzhen Jingmei Biotechnologies
Co. Ltd.).The ELISA procedure assay was performed according
to the manufacturer’s instructions and the results were
determined in A value with 450 nm wave on BIO-RAD
apparatus Model 450 Microplate Reader. All positive serum
samples were assayed in duplicate. Because borderline samples
tested positive, they were retested to minimize the chance
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of false positivity. Negative samples were not retested because
they all showed clear negative A value.

98 children from different nationalities (by analysis of
variance, P>0.05, Table 1).

Determination of VacA and CagA of H pylori
VacA and CagA of H pylori were determined by Immunoblotting
technique (kit from China Huizhou Allic Biotechnologies,
Inc.) and the Immunoblot testing was performed according
to manufacturer’s instructions. A non-reactive control and
reactive control were run with each assay. Reactions that
showed a band at CagA(128 116 ku) or any three bands from
among VacA(959 187 ku), or the urease subunits (66 ku)
were considered positive.

T lymphocyte subsets in different situations of H pylori
infection
Seventy-five children tested positive for H pylori infection
and 23 tested negative. There is no significant difference in
proportion of CD3 +T and CD8 +T between children with
H pylori infection (+) group and H pylori infection (-) group
(by t-test, P>0.05). But there is a significant difference in
proportion of CD4 + T between two groups (t = 2.246, P
<0.05). The value of proportion of CD4+T is comparatively
high in H pylori infection (+) group; and the ratio of CD4+T
/CD8+T is also different (t = 2.104, P<0.05, Table 2).

T leukocytes subsets examination
The lymphocyte subset was determined by three color flow
cytometry for CD4-FITC/CD8-PE/CD3-Cy5 and the
control group with IgG1-FITC/IgG1-PE/Ig1-PE-Cy5.
Analyses were performed using a Coulter EPICSXL flow
cytometer with 5×10 3 cells per count apparatus from
Beckmancoulter. Fluorochrome-tagged (FITC or PE),
CyTOROL, and other agents were purchased from Beckmancoulter. The experiments were carried out as follows: (1)
standard examination samples: 20 µL of three color monoclonal
antibody was added into 100 µL whole peripheral blood
(with EDTA antiagglutination) in a 12 mm×75 mm tube,
mixed and after room temperature for 20 min, treatment
in samples apparatus, added agent for splitting decomposition
of red blood cells. Twenty microliters IgG1-FITC/IgG1PE/Ig1-PE-Cy5 of mice were added into 100 µL whole
peripheral blood (with EDTA antiagglutination) for negative
control test. (2) T leukocytes subsets were examined by
flow-check, all fluorochrome signs were <2. Fluorochrome
I is FITC, Fluorochrome II is PE, Fluorochrome IV is PECy5, Chromewave filter were 525, 575 and 675 mm. At the
same time, we carried out the negative control tests. The
results were obtained and analyzed on flow cytometry
apparatus and SYSTMII.
Standard diagnosis of H pylori infection
From the results of ELISA and Immunoblotting, if both the
results of experiments were positive, they were recognized
as H pylori infection.
Statistical analysis
Statistical analysis was performed using the SPSS package
(Version 10.0 for Windows). t-test and variant analysis were
conducted for statistical analyses of all results.

RESULTS
The results of T lymphocyte subsets
T lymphocyte subsets are not significantly different among

Table 1 T lymphocyte subsets
mean±SD
Nationalities

Samples
+

CD3 (%)

CD4+ (%)

CD8+ (%)

Zhuang
nationality

26

75.542±11.699

39.788±8.668

28.500±5.884

Mulao

31

68.648±12.579

36.816±9.742

25.087±6.559

Han nationality
Other nationality

9
32

73.867±3.096
72.419±9.193

36.222±4.118
37.753±7.098

29.844±5.047
28.119±6.365

Total

98

72.188±10.923

37.856±8.235

27.419±6.327

nationality

DISCUSSION
T lymphocyte subsets included T cell population CD4 +,
antigen restricted by class II major histocompatibility complex
and CD8+, which is restricted by class I major histocompatibility
complex are called cytotoxic T lymphocytes. T cell population
CD4+ are differentiated into three subsets Th0 cells, Th1
cells and Th2 cells that depend on their different cytokines.
After accepting the stimulation from antigens, Th0 cells
then split up into Th1 or Th2 cells. Th1 cells secrete IL-2,
IL-12, IFN-, TNF-, etc., which participate in cell-mediated
immune response, that affects the intracellular pathogens
(viruses, bacteria, parasites, etc.). And Th2 cells secrete IL-4,
IL-5, IL-6, IL-10, IL-13, etc., which stimulate the production
of antibodies IgA, IgG, IgE, etc. which induce humoral immune
response. Th1 or Th2 cells are mutually inhibited, Th1 cells
secrete IL-2, IFN- can restrain the proliferation of Th2
cells, but Th2 cells secrete IL-4, IL-10 which could control
the cytokine-production of Th1 cell. CD8+ has an important
effect on immunity due to the immunological inhibition of
T cell, the activation of CD8+ T needs CD4+Th, IL-2 from
Th1 secretion is the factor required for the proliferation of
CD8+ T. Lymphocytes in the circulating blood come into a
select lymphatic tissue, e.g. lymphocytes from lymph nodes

Table 2 T lymphocyte subsets in different situation of H pylori infection
H pylori
+
-

Samples
26
31

mean±SD
+

+

CD3 (%)

CD4 (%)

CD8+(%)

CD4+/CD8+

73.107±10.015
69.485±17.078

39.020±7.714
34.250±10.730

27.219±6.067
28.270±8.670

1.5134±0.520a
1.2490±0.409

Positive group compares with negative group: CD4+T P<0.05 (39.020±7.714 vs 34.250±10.730). CD4+T /CD8+T aP<0.05 (1.5134±0.520 vs 1.2490±0.409).
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come into the circulating blood, which usually go back to
the lymph nodes, lymphocytes from gastrointestine associated
lymphoid tissue (GALT) come into the circulating blood
that go back to GALT after circulating in the body. Besides
T lymphocytes are major particles that circulate in the blood[1],
so we can examine T lymphocyte subsets in peripheral blood
to evaluate the immune response of the body.
Some researches showed that there are high concentrations
of IL-12, IFN-, TNF-, etc. secreted from Th1 cells in
children with H pylori infection, but IL-4, IL-10, etc. from
Th2 cell secretions do not vary much[2-5]. The results showed
that H pylori infection in children principally stimulates Th1
but not Th2 cell response.
There are no reports that relate to the variation of
T lymphocytes in peripheral circulation in children with
H pylori infection in China. Our study shows that there are
no significant differences of T lymphocyte subsets in children
of different nationalities; there is a significant difference
of proportion of CD4 +T between H pylori infection (+)
group and H pylori infection (-) group. The ratio of CD4+T
/CD8 +T also has a significant difference. Our results are
the same as those of the reports of Krenska-Wiacek[6], but
there is no significant difference of proportion in CD3+T
and CD8 +T between the two groups, these results also
ascertained that H pylori infection in children principally
stimulates Th1 cell response.
The immunity function of Th1 cells is the effect of the
intracellular pathogens, cell-mediated immunity has no effect
on H pylori, which is negative in normal gastric mucosa.
After infection with H pylori, the antigens are treated with
class II MHC of gastric mucosa, and then transferred to
Th0 cell. Antigens of H pylori stimulate Th0 cell, which
become active immune cells and stimulate Th1 to split up
and activate. Th1 cells secrete IL-12, IFN- which can
stimulate the leukocytes and macrophages continuously and
these cells secrete IL-12, IFN-, TNF- furthermore, Th0
cells go a step further splitting into Th1, but IL-12, IFN-
inhibit Th2 from secreting IL-4, IL-10, that cause the gastric
local mucosa to decrease secreting IgA, which is not enough
to kill H pylori, which may be the reason for the prolonged
infection of H pylori during a person’s lifetime. In the study
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of Jiang[7], the author discovered that the progress of acute
response to H pylori infection from children and adults is
the same but there are different changes between gastric
mucosa of children and adults, which may suggest that the
immune response between children and adults are different.
Our study shows that the increase in CD3+ T and CD8+ T
is not significant, the reason is unclear until now. Further studies
are required to clarify the potential biological mechanism.
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Abstract
AIM: To observe the gastric mucosal injury caused by
hemorrhagic shock and reperfusion and to compare the
effect between Salvia miltiorrhizae extract F (SEF) and
cimetidine (CI) on it.
METHODS: A model of hemorrhage/reperfusion injury
was produced by Itoh method. Wistar rats were randomly
divided into three groups: 0.9% sodium chloride treatment
group (NS group), SEF treatment group (SEF group), and
CI treatment group (CI group). Saline, SEF and CI were
injected respectively. The index of gastric mucosal lesions
(IGML) was expressed as the percentage of lesion area
in the gastric mucosa. The degree of gastric mucosal
lesions was categorized into grades 0, 1, 2, 3. Atom
absorption method was used to measure the intracellular
calcium content. Radioimmunoassay was used to measure
the concentrations of prostaglandins.

content (g/mg) in SEF group (0.104±0.015) and CI group
(0.102±0.010) was markedly lower than that in NS group
(0.131±0.019, SEF vs NS, t = 2.463, P = 0.038<0.05; CI
vs NS, t = 3.056, P = 0.017<0.05). The levels (pg/mg) of
PGE2, 6-keto-PGF1 and 6-keto-PGF1/TXB2 were 540±183,
714±124, 17.38±5.93 in NS group and 581±168, 737±102,
19.04±8.03 in CI group, 760±192, 1 248±158, 33.42±9.24
in SEF group, and the above parameters in SEF group
markedly raised (PGE2: SEF vs NS, t = 2.282, P = 0.046
<0.05; SEF vs CI, t = 2.265, P = 0.047<0.05; 6-ketoPGF1: SEF vs NS, t = 6.583, P = 0.000<0.000; SEF vs CI,
t = 6.708, P = 0.000<0.01; 6-keto-PGF1 /TXB2 : SEF vs
NS, t = 3.963, P = 0.003<0.001; SEF vs CI, t = 3.243,
P = 0.009<0.01), whereas TXB 2 level in SEF group
(45.37±7.54) was obviously lower than that in NS group
(58.28±6.74, t = 3.086, P = 0.014<0.05) and CI group
(54.32±6.89, t = 2.265, P = 0.047<0.05). No significant
difference was shown between NS group and CI group
(PGE2: t = 0.414, P = 0.688>0.05; 6-keto-PGF1: t = 0.310,
P = 0.763>0.05; TXB 2 : t = 1.099, P = 0.298>0.05;
6-keto-PGF1/TXB2: t = 0.372, P = 0.718>0.05).
CONCLUSION: Both SEF and CI could inhibit reperfusioninduced injury in gastric mucosa, but with different
mechanisms. SEF could not only enhance the protective
effect of gastric mucosa, but also abate the injury factors,
while CI can only abate the injury factors.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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RESULTS: IGML (%) and grade 3 (%) were 23.18±6.82,
58.44±9.07 in NS group, 4.42±1.39, 20.32±6.95 in SEF
group and 3.74±1.56, 23.12±5.09 in CI group, and the
above parameters in SEF group and CI group decreased
significantly (IGML: SEF vs NS, t = 6.712, P = 0.000<0.01;
CI vs NS, t = 6.943, P = 0.000<0.01; grade 3: SEF vs NS,
t = 8.386, P = 0.000; CI vs NS, t = 8.411, P = 0.000),
but the grade 0 and grade 1 damage in SEF group
(22.05±5.96, 34.12±8.12) and CI group (18.54±4.82,
30.15±7.12) were markedly higher than those in NS group
(3.01±1.01, 8.35±1.95; grade 0: SEF vs NS, t = 8.434,
P = 0.000<0.01; CI vs NS, t = 7.950, P = 0.000<0.01;
grade 1: SEF vs NS, t = 8.422, P = 0.000<0.01; CI vs NS,
t = 8.448, P = 0.000<0.01). The intracellular calcium

INTRODUCTION
Under certain circumstances, reperfusion after hemorrhage
can lead to multiple organ injury called reperfusion
injury. Gastric mucosa mainly manifestsas stress ulcer,
hemorrhage, necrosis, and perforation[1-3]. In the present
study, we observed the resistance of Salvia miltiorrhizae
extract F (SEF) and H2 receptor antagonist cimetidine (CI)
to mucosal injury in gastric corpus caused by hemorrhagic
shock reperfusion and probed into their mechanisms to
provide a theoretic basis for exploring effective drugs
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against reperfusion injury of gastric mucosa.

MATERIALS AND METHODS
Drugs
SEF was extracted from S. miltiorrhizae provided by Chemical
Assay Center of China Medical University. CI was produced
in Guangdong Xiaolan Pharmaceutical Factory (batch
no. 900603).
Animal models
A hemorrhagic shock/reperfusion model was duplicated
using modified Itoh method[4]. Healthy male Wistar rats,
weighing 260-300 g, were fasted for 24 h before experiments.
The rats were then anesthetized intraperitoneally with
5 mg/100 g of 20% urethane. Tracheostomy was performed
and a PE-250 tube was inserted into the trachea to ensure
an open airway. The blood pressure was monitored through
a polyethylene tube placed in the right carotid artery. A
femoral artery was cannulated to withdraw and reinfuse
the shed blood, caudal vein was punched for injection of
fluid or medication. The abdomen was opened and gastric
lumen was washed gently with warm saline till pH 6.0. Normal
saline, SEF or CI was then administered (0.03 mL/min),
and 25 min later 0.1 mol/L HCl [1 mL/(min·100 g)] was
instilled into the stomach via a gastric tube. Five minutes
after intragastric HCl induction, blood was withdrawn from
the femoral artery. The mean arterial blood pressure was
reduced to 2.67-4.00 kPa and maintained for 20 min. The
shed blood was then reinfused, and 20 min later the rats
were killed and the model of hemorrhagic shock/reperfusion
injury was established.
Grouping
Rats were randomly divided into three groups: NS group
(treated with normal saline), SEF group, and CI group. NS,
SEF (1 g/100 g), or CI (6.5 mg/100 g) was injected respectively.
Index of gastric mucosal lesion
Index of gastric mucosal lesion (IGML) was expressed as a
percentage of lesion area in corpus[5].
Depth of gastric mucosal lesion (DGML)
Mucosa taken from anterior gastric corpus was divided into
the following grades under a light microscope[6]: grade 0:
normal gastric mucosa; grade 1: surface mucosa cells were
damaged; grade 2: in addition to extensive luminal damage,
cells lining the gastric pits were also disrupted and exfoliated;
grade 3: cell destruction extended into the gastric gland.
Samples analyzed by scanning electron microscopy (SEM)
were evaluated as follows[7]: grade 0: normal gastric mucosa;
grade 1: surface cells were flattened with irregular shape,
and gaps between individual cells were present; grade 2: the
basal lamina was exposed and largely devoid of surface
mucous cells, but still showed continuity; grade 3: most of
the basal lamina were disrupted, and only parts of it were
still intact, regular surface was no longer present. According
to the ratio of damaged length to the whole slide, grading
between light microscopy and SEM had a close correlation
(r = 0.846, P<0.01).
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Intracellular calcium concentration
Atom absorption spectrometry was used to measure the
intracellular calcium content.
Prostaglandin level
Prostaglandin E2 (PGE2), 6-keto-PGF1 (6-keto, a metabolite
of PGI2), TXB2 (a metabolite of TXA2) kits were provided
by Biochemistry Laboratory of General Hospital of the
PLA and assayed with radioimmunoassay.
Statistical analysis
Data were represented as mean±SD and analyzed by t test
in SPSS10.0. P<0.05 was considered statistically significant.

RESULTS
Comparison of IGML among different groups
IGMLs (%) were 4.42±1.39 and 3.74±1.56 in SEF (n = 7)
and CI (n = 6) groups respectively. They were significantly
lower than 23.18±6.82 in NS (n = 9) group (SEF vs NS,
t = 6.712, P = 0.000<0.01; CI vs NS, t = 6.943, P = 0.000
<0.01). There was no significant difference between SEF
and CI groups (t = 0.855, P = 0.413>0.05).
Comparison of DGML among different groups
As shown in Table 1, DGMLs in normal gastric mucosa
(grade 0) and mildly injured mucosa (grade 1) in SEF and CI
groups were much higher than those in NS group (P<0.01),
and DGML in severely injured mucosa (grade 3) was much
lower than that in NS group (P<0.01). There was no obvious
difference between SEF and CI groups (grade 0: t = 1.326,
P = 0.214>0.05; grade 1: t = 0.952, P = 0.354>0.05; grade
3: t = 0.799, P = 0.443>0.05).

Table 1 Comparison of depth of gastric mucosal lesion among
different groups (%, mean±SD)
Damage grade
Group

n
0

1

2

3

NS

7

3.01±1.01

8.35±1.95

31.32±4.49

58.44±9.07

SEF

6

22.05±5.96b

34.12±8.12b

25.96±10.04

20.32±6.95b

t = 8.434,
P = 0.000
CI

6

18.54±4.82
t = 7.950,
P = 0.000

b

t = 8.422,

t = 8.386,

P = 0.000

P= 0.000

30.15±7.12

b

26.59±8.32

23.12±5.09b

t = 8.448,

t = 8.411,

P = 0.000

P = 0.000

b

P<0.01 vs NS group.

Comparison of intracellular calcium concentration among
different groups
Intracellular calcium concentrations (g/mg) were
0.1044±0.0147 and 0.1020±0.0103 in SEF (n = 6)
and CI (n = 6) groups, respectively, much lower than
0.1308±0.0194 in NS (n = 7) group (SEF vs NS, t = 2.463,
P = 0.038<0.05; CI vs NS, t = 3.056, P = 0.017<0.05).
There was no significant difference between SEF and
CI groups (t = 0.433, P = 0.674 >0.05).
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Comparison of prostaglandin concentration among different
groups
The levels of PGE2, 6-keto-PGF1 and 6-keto-PGF1/TXB2
in SEF group were much higher than those in NS and CI
groups (P<0.01, P<0.05) and TXB2 was much lower than
that in NS and CI groups (P<0.05). In CI group, PGE2 and
the ratio of 6-keto-PGF1/TXB2 were higher than those in
NS group, while TXB2 was lower than that in NS group.
There was no significant difference between these two groups
(PGE2: t = 0.414, P = 0.688>0.05; 6-keto-PGF1: t = 0.310,
P = 0.763>0.05; TXB2: t = 1.099, P = 0.298>0.05; 6-ketoPGF1/TXB2: t = 0.372, P = 0.718>0.05, Table 2).

Table 2 Comparison of PGE2, 6-keto-PGF1 and TXB2 concentrations in
gastric mucosa among different groups (mean±SD)
Group

n

PGE2
(pg/mg)

6-keto-PGF1
(pg/mg)

TXB2
(pg/mg)

6-ketoPGF1/TXB2

NS

6

SEF

6

540±183

714±124

58.28±6.74

17.38±5.93

760±192a
t = 2.282,

1 248±158b
t = 6.583,

45.37±7.54a
t = 3.086,

33.42±9.24b
t = 3.963,

CI

6

P = 0.046
581±168c
t = 2.265,
P = 0.047
a

P = 0.000
734±102d
t = 6.708,
P = 0.000

P = 0.014

P = 0.003

54.32±6.89c

19.04±8.03d

t = 2.265,
P = 0.047

t = 3.243,
P = 0.009

P<0.05, bP<0.01 vs NS group; cP<0.05, dP<0.01 vs SEF group.

DISCUSSION
More and more researches have focused on gastric mucosa
reperfusion injury. Though scholars both at home and abroad
have done many studies on it, there is no satisfactory
therapeutic method or drug yet. The present study showed
that both SEF and CI could obviously reduce injury area
and depth of gastric mucosa caused by hemorrhagic shock
and reperfusion, and protect gastric mucosa. Although the
inhibitory rate of these drugs on gastric mucosa injury was
similar, SEF had advantages in preventing severe injury,
making injured gastric mucosa easier to recover. Furthermore,
clinical observations showed Salvia water decoction (used
to produce SEF) had no rebinding after stopping medication,
and fewer side-effects. Some patients had reddened faces,
which showed spontaneous recovery. With highly purified
drugs, we would get better therapeutic effects and fewer
side-effects.
Reperfusion injury of gastric mucosa is a kind of acute
gastric mucosa lesion. Gastric mucosa is affected by both
injury factors (such as gastric acid and pepsin)[8,9] and protective
factors (such as prostaglandin and gastric mucus)[10,11].
Normally, the protective factors surpass injury factors so
that human gastric corpus could perform digestive function,
prevent stomach and duodenum from injury. According to
the equilibrium theory by Sun and Shen, the increase of
injury factors and/or abating of protective factors could
cause gastric mucosa injury. This study showed that SEF
could increase the concentration of prostaglandin in gastric
mucosa and reduce intracellular calcium content, while CI
could lower intracellular calcium content besides being a
H2 receptor antagonist. The mechanisms of these two drugs
are different. SEF could increase both protective factors
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and weakened injury factors in gastric mucosa, while CI
could merely weaken injury factors.
It is generally believed that under stress a large amount
of adrenal glucocorticoid secretion can increase gastric acid
secretion, decrease mucus and increase histamine release
from mast cells. Histamine combines with H2 receptors on
parietal cells to stimulate the latter to secrete gastric acid.
CI is a H2 receptor antagonist, it competes with histamine
to combine with H2 receptors to diminish gastric acid
secretion caused by histamine. SEF could increase the level
of PGE2 and 6-keto-PGF1 in gastric mucosa and reduce
the content of TXB2. PGE2 could obviously inhibit basal
gastric acid secretion and stimulate gastric acid secretion
caused by histamine, pentagastrin and food in dogs and
humans. Prostaglandin has cell protective effects. PGE2
could obviously increase gastric mucus content, thicken
gastric mucosa gel layer. PGE2, PGI 2 could dilate blood
vessels, increase blood flow and carbohydrate secretion,
enhance resistance of gastric mucosa against injury. In
addition, prostaglandin could extend life span of epithelia
and thicken mucosa layer[12-16]. This study showed that both
SEF and CI could inhibit intracellular calcium overload.
Increase of intracellular calcium content could activate
xanthine dehydrogenase and cause many xanthine oxidases
accumulated in body. Thus, after reperfusion, gastric mucosa
gained oxygen again and produced superoxide anion
explosively, and caused gastric mucosa injury. Moreover,
inhibition of intracellular calcium overload could enhance
energy metabolism, reduce membrane phospholipid
decomposition[17-20]. So, the resistant mechanisms of these
two drugs to reperfusion injury after gastric mucosa ischemia
have similarities as well as differences. Whether combination
of these two drugs could enhance therapeutic effects still
needs further exploration.
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Abstract
AIM: To investigate the influences of bile reflux on profiles
of gastric mucosal lesions in patients with dyspepsia or
chronic gastritis.
METHODS: A total of 49 patients diagnosed with dyspepsia
and chronic gastritis underwent 24-h ambulatory and
simultaneous monitoring of intragastric bilirubin absorbance
and pH values, and then they were divided into bile reflux
positive group and bile reflux negative group. Severity of
pathological changes in gastric mucosa including active
inflammation, chronic inflammation, intestinal metaplasia,
atrophy and dysplasia as well as Helicobacter pylori
(H pylori) infection at the corpus, incisura and antrum
were determined respectively according to update Sydney
system criteria. The profiles of gastric mucosal lesions in
the two groups were compared, and correlations between
time-percentage of gastric bilirubin absorbance >0.14 and
severity of gastric mucosal lesions as well as time-percentage
of gastric pH >4 were analyzed respectively.
RESULTS: Thirty-eight patients (21 men and 17 women,
mean age 44.2 years, range 25-61 years) were found
existing with bile reflux (gastric bilirubin absorbance >0.14)
and 11 patients (7 men and 4 women, mean age 46.2 years,
range 29-54 years) were bile reflux negative. In dyspepsia
patients with bile reflux, the mucosal lesions such as active
inflammation, chronic inflammation, intestinal metaplasia,
atrophy or H pylori infection in the whole stomach, especially
in the corpus and incisura, were significantly more severe
than those in dyspepsia patients without bile reflux.
Moreover, the bile reflux time was well correlated with
the severity of pathological changes of gastric mucosa as
well as H pylori colonization in the near-end stomach,
especially in the corpus region. No relevance was found
between the time of bile reflux and pH >4 in gastric cavity.
CONCLUSION: Bile reflux contributes a lot to mucosal

lesions in the whole stomach, may facilitate H pylori
colonization in the corpus region, and has no influence
on acid-exposing status of gastric mucosa in patients with
dyspepsia or chronic gastritis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Reflux of bile and other contents of duodenum, along
with gastric acid and Helicobacter pylori (H pylori) infection,
are the main etiological factors which play roles in the
pathophysiological processes leading to gastric mucosal
lesions in patients with chronic gastritis, and to some extent,
these factors may act synergistically[1,2]. However, the exact
pathogenic features of bile reflux as well as its contributions
to gastric mucosal lesions in this disease are still remaining
unrevealed, e.g., little is known about the relevance between
bile reflux and profile of pathological changes of gastric
mucosa, such as the locations and histological characteristics
of these changes in chronic gastritis. In addition, the relationships
between bile reflux and H pylori infection as well as the
acid-exposing status of gastric mucosa are also not clear.
In the present study, by means of monitoring dynamically
intragastric bilirubin absorbance, which reflects the status
of bile reflux in stomach, along with the pH values in gastric
cavity, we assessed the influences of bile reflux on severity
of mucosal pathological changes, status of H pylori infection
and the acid environment of mucosa in stomachs of patients
with dyspepsia or chronic gastritis, with intention to shed new
light on the exact role of bile reflux in the pathophysiological
processes of chronic gastritis.
MATERIALS AND METHODS
Study subjects
We enrolled 49 consecutive patients who came to our outpatient department in the period of November 2000 to
March 2002 (28 men and 21 women, mean age 44.5 years,
range 25-61 years), all the patients had a diagnosis of chronic
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gastritis or dyspepsia established by both gastroscopy and
biopsy of gastric mucosa.
Assessment of profile of gastric mucosal lesions
In gastroscopy, five biopsies were taken from gastric mucosa
in three different regions of the stomach according to the
principles of update Sydney system[3], two from the antrum,
2-3 cm to pylora; two from the corpus, 8 cm to cardia, one
in lesser curvature and the other in greater curvature; the
fifth from the incisura. All the serial sections (5-m thick)
prepared from formalin-fixed, paraffin-embedded biopsy
samples underwent hematoxylin and eosin staining (for
conventional histological determination), AB-PAS (pH 2.5)
staining (for evaluation of intestinal metaplasia) and modified
Giemsa staining (for detection of H pylori infection). Each
specimen was assessed for the grade of active inflammation,
chronic inflammation, intestinal metaplasia, hyperplasia,
atrophy, dysplasia and H pylori infection of gastric mucosa
at corpus, incisura and antrum according to the criteria of
update Sydney system (classified as +, ++ or +++, which
were respectively given a score of 1, 2 or 3 in statistical
processing; H pylori infection status was classified as negative
or positive, which was given a score of 0 or 1 respectively
in statistical processing).
Assessment of bile reflux and pH in gastric cavity
This work was performed in our clinic. Using a Bilitec 2000
bile reflux monitor and Synectics Digitrapper MKIII dynamic
pH monitor respectively, all the patients underwent a 24-h
ambulatory and simultaneous monitoring of bilirubin
absorbance and pH in gastric cavity. Any drug that may
inhibit gastric acid secretion, promote gastrointestinal
motility, protect gastric mucosa or neutralize bile and
antibiotics were stopped 2 wk before monitoring. In order
to determine the lengths of esophagus and locations of
lower esophageal sphincter (LES), esophagus pressure
examination was conducted in all subjects before monitoring.
The fiberoptic bilirubin probe and pH electrode were located
5 cm below LES inframargin. Nothing restricted patients’
behavior, except ingesting diets free from substances with a
similar absorption wavelength to that of bilirubin. The singlechanneled, combined analysis of bile reflux and pH was
conducted using Synectics analysis program. Patients with
bilirubin absorbance >0.14 were regarded as bile reflux
positive[4,5]. The time-percentages of bile reflux or pH >4
in gastric cavity were recorded respectively.
Statistics and ethical approval
The statistical differences in profiles of gastric mucosal
lesions between bile reflux positive group and bile reflux
negative group were determined using Student’s t test. The
prevalent rates of H pylori infection were compared using
Fisher’s exact test. The correlations between time-percentages
of bile reflux and profiles of gastric mucosal lesions or
time-percentages of pH >4 were analyzed using Pearson
correlation analysis. All the statistical analyses were performed
using the SAS statistical software package (SAS Institute Inc.,
Cary, NC, USA). P values <0.05 were considered statistically
significant. Informed consent was obtained from all participants
in concurrence with the Declaration of Helsinki.
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RESULTS
Profiles of gastric mucosal lesions in patients with or without
bile reflux
All the 49 patients fulfilled gastric bilirubin absorbance and
pH monitoring. Among these patients, 38 (21 men and 17
women, average age 44.2 years, range 25-61 years) were
found existing with intragastric bile reflux (bilirubin
absorbance >0.14), whose mean time-percentage was
19.9±14.3% (range 5.02-61.57%). No bile reflux was found
in the other 11 patients (7 men and 4 women), whose
average age was 46.2 years (range 29-54 years). The bile
reflux positive patients were well matched in age, sex, history
and course with those without bile reflux.
The profiles of gastric mucosal lesions in dyspepsia
patients with or without bile reflux are summarized in
Table 1. The pathological grades of gastric mucosa in
patients with bile reflux, e.g. active inflammation, chronic
inflammation, intestinal metaplasia and atrophy in the nearend stomach (the corpus and incisura, P<0.0001-0.005),
active inflammation and atrophy in the antrum (P<0.05),
were significantly more severe than those in patients without
bile reflux.
Profiles of H pylori infection in dyspepsia patients with or
without bile reflux
The incidence of H pylori infection in the corpus of dyspepsia
patients with bile reflux was significantly higher than that
in the corpus of dyspepsia patients without bile reflux
(P<0.01), while no significant differences were found in
prevalence of H pylori infection in the incisura and antrum
in these two groups. The overall H pylori infection rate
[36.9% (14/38)] of bile reflux positive patients was lower
than that [54.5% (6/11)] of patients without bile reflux,
but with no statistical significance.
Correlation between bile reflux time and profile of gastric
mucosal lesions in dyspepsia patients with bile reflux
The time-percentages of bile reflux in gastric cavity were well
correlated with active inflammation (r = 0.3949, P<0.05),
chronic inflammation (r = 0.8938, P = 0.0001), atrophy
(r = 0.4619, P<0.005) and H pylori colonization (r = 0.8938,
P = 0.0001) in the corpus. Similarly, chronic inflammation
(r = 0.6234, P = 0.0001) and H pylori colonization (r = 0.4992,
P<0.005) in the incisura were also found to be positively
correlated with time-percentages of gastric bile reflux. No
association was found between bile reflux time and gastric
mucosal lesions in the antrum.
Correlation between time of bile reflux and pH >4 in gastric
cavity in dyspepsia patients with bile reflux
In 38 dyspepsia patients with bile reflux, the time-percentages
of bile reflux and pH >4 in gastric cavity were 19.9±14.3%
and 25.4±16.7% respectively. No obvious correlation was
found between the time of gastric bile reflux and pH >4.

DISCUSSION
Similar with the results of studies about remnant gastric
mucosa after gastric operation[6,7], our study demonstrated
that bile reflux positive patients with chronic gastritis had
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Table 1 Profile of gastric mucosal lesions in dyspepsia patients with or without bile reflux, % (n)
Antrum
BR+
Active gastritis

Incisura
BR–

BR+

P<0.05

Corpus
BR–

BR+

P<0.001

BR–
P<0.001

Negative

13.1 (5/38)

0 (0/11)

50.0 (19/38)

54.5 (6/11)

39.5 (15/38)

72.7 (8/11)

+

39.5 (15/38)

63.6 (7/11)

15.8 (6/38)

45.5 (5/11)

42.1 (16/38)

27.2 (3/11)

++

34.2 (13/38)

18.2 (2/11)

28.9 (11/38)

0 (0/11)

15.8 (6/38)

0 (0/11)

+++

13.1 (5/38)

18.2 (2/11)

52.6 (2/38)

0 (0/11)

2.6 (1/38)

0 (0/11)

0 (38/38)

0 (0/11)

0 (38/38)

18.2 (2/11)

0 (38/38)

100 (11/11)

+

94.7 (36/38)

81.8 (9/11)

84.2 (32/38)

81.8 (9/11)

52.6 (20/38)

0 (0/11)

++

5.2 (2/38)

18.2 (2/11)

10.5 (4/38)

0 (0/11)

42.1 (16/38)

0 (0/11)

++

0 (0/38)

0 (0/11)

5.2 (2/38)

0 (0/11)

7.9 (3/38)

0 (0/11)

0 (38/38)

0 (0/11)

0 (38/38)

63.6 (7/11)

23.7 (9/38)

+

84.2 (32/38)

72.7 (8/11)

100 (38/38)

36.4 (4/11)

55.3 (21/38)

0 (0/11)

++

15.8 (6/38)

27.3 (3/11)

0 (0/38)

0 (0/11)

15.8 (6/38)

0 (0/11)

++

0 (0/38)

0 (0/11)

0 (0/38)

0 (0/11)

5.3 (2/38)

Chronic gastritis
Negative

P<0.001

Intestinal metaplasia
Negative

P<0.001

Atrophy
Negative

P<0.001

P<0.05

P<0.001

P<0.001

100 (11/11)

0 (0/11)
P<0.001

0 (38/38)

0 (11/11)

18.4 (7/38)

63.6 (7/11)

21.1 (8/38)

100 (11/11)

+

78.9 (30/38)

72.7 (8/11)

73.6 (28/38)

27.3 (3/11)

71.1 (27/38)

0 (0/11)

++

21.0(8/38)

18.2 (2/11)

7.9 (3/38)

0 (0/11)

7.9 (3/38)

0 (0/11)

++

0 (0/38)

9.0 (1/11)

0 (0/38)

0 (0/11)

0 (0/38)

0 (0/11)

Dysplasia
Negative

89.5 (34/38)

100 (11/11)

95.8 (36/38)

100 (11/11)

86.8 (33/38)

100 (11/11)

+

10.5 (4/38)

0 (0/11)

7.9 (3/38)

0 (0/11)

13.2 (5/38)

0 (0/11)

++

0 (0/38)

0 (0/11)

0 (0/38)

0 (0/11)

0 (0/38)

0 (0/11)

++

0 (0/38)

0 (0/11)

0 (0/38)

0 (0/11)

0 (0/38)

H pylori infection
Positive

0 (0/11)
P<0.01

28.9 (11/38)

54.5 (6/11)

31.5 (12/38)

18.2 (2/11)

BR+

36.9 (14/38)

BR–

54.5 (6/11)

more severe mucosal lesions, suggesting that bile reflux
deteriorates mucosal lesions in the whole stomach. The exact
mechanisms by which bile as well as other refluxing contents
of duodenum cause gastric mucosal damage are still unclear.
It has been indicated that interaction of bile acid, a
component of bile, with M3 muscarinic receptor subtype
expressed in chief cells may contribute to mucosal damage,
manifested as active inflammation, intestinal metaplasia,
glandular atrophy and focal hyperplasia, and other
pathophysiological consequences of bile reflux[1,7,8-10].
Regurgitating via pylorus to gastric or esophageal cavity
and sticking to mucous surface, refluxed bile might result
in direct injuries of mucous epithelial cells and the tight
junctions between these cells. It could provoke inflammatory
responses in the whole mucous layer and submucous layer.
Furthermore, by changing the chemical environment of
mucous surface, regurgitated bile might affect the pathogenic
patterns of other damage-causing factors such as gastric acid
and H pylori, and potentiate the actions of these factors[1,2].
Consequently, bile reflux exerts harmful effects on gastric
mucosa in the whole stomach.
Previous studies have shown that bile reflux is associated
with the near-end gastric mucosal damage (including cardia
cancer and intestinal metaplasia of cardia mucosa) as well
as the mucosal lesions in bile reflux esophagitis[9,10]. Also, in
the present study, the severity of mucosal pathological
changes in the near-end stomach and H pylori infection in
the corpus in bile reflux positive patients was significantly

36.9 (14/38)

9.0 (1/11)

greater than that in patients without bile reflux. In addition,
an obviously positive correlation was found between bile
reflux time and gastric mucosal lesions including H pylori
colonization in the near-end stomach, especially in the corpus,
suggesting that bile reflux deteriorates gastric mucosal
damage in the corpus region to a more extent, and bile
reflux may facilitate H pylori colonization in gastric corpus.
This phenomenon involves complex mechanisms. On the
one hand, as described above, adhering to the surface of
gastric corpus mucosa, refluxed bile might impair directly
and strengthen the deleterious effects of gastric acid and
pepsin on gastric corpus mucosa. On the other hand, as a
result of adherence and destructive effects of regurgitated
bile, the secretory and brushing capacity of gastric corpus
mucosa was obviously decreased, which might facilitate
H pylori colonization from the antrum to the corpus region
and hence exacerbating gastric mucosal lesions in the corpus.
The overall H pylori infection rate of bile reflux positive
patients was lower than that of patients without bile reflux,
but with no statistical significance. However, it was coincident
with previous studies[1,2].
Combined with the pH monitoring system, the
ambulatory Bilitec 2000 fiberoptic system could provide
good approaches for simultaneous investigation of the
dynamic processes of bile reflux and pH in stomach. The
study of Barrett et al[5] showed that the method using Bilitec
2000 system for monitoring of bile reflux had a high
sensitivity in vivo, while its sensitivity was much lower in
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vitro, with a false-negative rate of 23%. In the acidic
environment of the stomach, the values of bilirubin
absorbance detected with this system were lower than their
true values; the likelihood of false-positive results was very
small. Consequently, it has been recognized that, although
it may not be sufficiently reliable to be regarded as the gold
standard for the evaluation of gastroduodenal reflux, this
system is currently the most reliable method for dynamical
monitoring of bile reflux, the results obtained can reflect
the actual status of human body. The overall accuracy of
this system should be sufficient for clinical use[5,11-15].
Theoretically, the existence of bile reflux in stomachs
may at least, to some extent, reflect alkaline regurgitation
from duodenum, which may result in decreased gastric H+
concentration. However, in our study, no obvious correlation
was found between time of bile reflux and pH >4 in
stomachs of dyspepsia patients. This was further confirmed
in the real-time overlapped charts of bile absorbance and
pH values. These findings may be due to the complex
feedback regulatory networks between gastric acid secretory,
gastric motion and emptying functions. The exact reasons
why bile reflux failed to influence the acidic environment
of gastric mucosa in dyspepsia patients remain to be
determined.
In conclusion, the results of our study indicate that bile
reflux affects both the anatomical and histological features
of gastric mucosal damage and H pylori colonization in bile
reflux positive patients. It may exacerbate near-end gastric
mucosal damage, and facilitate H pylori colonization in the
corpus region. Besides, bile reflux has no obvious influences
on acid-exposing status of gastric mucosa in dyspepsia patients.
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Abstract
AIM: To study the method of dissociation, culture and
investigate its morphologic changes in vitro of interstitial
cells of Cajal (ICC).
METHODS: Enzymatic digestion and Ficoll density centrifugation were used to dissociate ICC from the ileal segment
of mice. Factors including contamination, Ca2+, Mg2+ and
collagenase, and stem cell factor, etc., were investigated.
ACK2, the antibody of c-kit, was used to identify the cultured
ICC. Both light microscope and fluorescence microscope were
used to observe the changes of ICC in vitro.
RESULTS: The method for dissociation and culture of ICC

in vitro was successfully established. After 24 h, cultured
ICC exhibited a few axis-cylinders, and longer axis-cylinders
were observed to form synapse of each other after 3 d.
More widespread connections formed within 7 d in vitro.
The changes of its morphologic character were obvious
within 7 d; however, there were no obvious morphologic
changes after 30 d.
CONCLUSION: Many factors can influence the dissociation
and culture of ICC.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Interstitial cells of Cajal (ICC) are the pacemakers in

gastrointestinal (GI) muscles, and also transduce inputs from
the enteric nervous system. In the intestine, slow wave
generation has been linked to the presence of a layer of ICC
within the Auerbach’s plexus region[1-3]. ICC are mesenchymal
cells that have precursor cells in common with smooth
muscle cells, and possess the Kit tyrosine kinase membrane
receptor as their special characteristics[4-6]. Although there
are many researches on ICC now[5-7], the procedure in
isolation and culture of ICC still has many difficulties that
should be studied and discussed. Their morphologic changes
during short-term culture in vitro have no clear explanation
by now. In this study, the method of dissociation and culture
of ICC were established and discussed. The process of their
morphologic changes in vitro was observed at least for 30 d.
The method of ICC culture should help us make deeper
research of ICC in future.

MATERIALS AND METHODS
Experimental animals
The BALB/C mice (15-20 d old) of either sex were from
the Experimental Animal Center of Daping Hospital,
Chongqing. Animals were not given food for 24 h prior to
the experiment. Mice were killed by cervical dislocation.
The ileal segment about 10 cm proximal to the ileocecal
junction was removed. The muscularis propria was gently
peeled from the mucosa and placed in Ca-free Hank’s balanced
salt solution (Hyclone) with 1% antibiotic-antimycotic (Sigma).
Subsequently, the segment was washed thrice through the
duct with Ca2+-free Hank’s balanced solution (1% antibioticantimycotic). The segment was opened flat by cutting along
the mesenteric line and pinned flat with the mucosa facing
the dissecting wood board. The dissected muscle was
carefully cut into small pieces (1-2 mm3) for enzymatic
digestion.
Enzymatic dissociation
The muscle pieces were incubated at 37 ℃ in collagenasebased dissociation solution containing 1.3 mg/mL collagenase
(type II, Sigma), 2 mg/mL bovine serum albumin (BSA,
Sigma), 2 mg/mL trypsin inhibitor (Sigma), and 0.27 mg/mL
ATP (Sigma), 10 mL of calcium-containing Hank’s balanced
salt solution (Hyclone). The pH was adjusted to 7.0 with
0.1 mol/L NaOH. After 30 min at 37 ℃ without shaking
the water bath, the tissue was bluntly triturated with pipette
every 3 min until single cells were obtained for approximately
10 min. After passing through the sieve (size: #200), all cell
suspension was layered on the surface of a 200 g/L Ficoll
density cushion and spun at 15 r/min for 15 min. The cell
band located at the interface was transferred to a new container
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and resuspended with M199 medium with 10% fetal bovine
serum (Hyclone), 1% antibiotic to the desired density (about
2×106). The suspension was plated into Falcon petri dishes
(with collagen-coated coverslips) on the bottoms. The cells
were maintained in 50 mL/L CO2 at 37 ℃.
Observation of ICC under light microscope
ICC were observed under Olympus inverted microscope,
with 100×, 200× or 400× power. The images were captured
with Olympus color video camera and then directly recorded
in the computer.
Immunofluorescence labeling of ICC
Cultured cells were prepared for immunofluorescence
labeling by fixation in acetone (4 ℃, 10 min). After fixation,
the cells were incubated in normal goat serum for 1 h (10%
in PBS), and then at 4 ℃ with a rat monoclonal antibody
specific for Kit protein (ACK2, 5 mg/mL) in PBS overnight.
Immunoreactivity was detected using fluorescein isothiocyanate
(FITC)-conjugated secondary antibody (FITC-anti-rat,
Zhongshan, China; diluted 1:100 in PBS, 1 h, room
temperature). Control cultures were prepared in a similar
manner, but ACK2 was omitted from the incubation solution.
The cells were examined with a LEICA TCS SP2 (Germany)
confocal microscope with an excitation wavelength appropriate
for FITC (488 nm). All images were captured and recorded
in the computer.

RESULTS
Identification of ICC cultured in vitro
We performed immunofluorescence analysis to determine
the morphology of cells that displayed Kit immunoreactivity.
The cells showed fusiform cell bodies, prominent nuclei,
and multiple thin processes extending from the nuclear
region on light micrograph. ICC, with this morphology
expressed Kit-like immunoreactivity, could form network
of each other as shown on the fluorescence micrograph
(Figure 1).
Morphologic changes of ICC
After 24 h in culture, most cells showed fusiform cell bodies,
large and prominent nuclei, and multiple, short and thin
processes extending from the nuclear region (Figure 2A).
Cells with this morphology were easily distinguished from
the smooth muscle cells.
After 72 h in culture, cells with more and longer processes
extending from the nuclear region could be observed

A

B

Figure 2 Morphologic changes of cultured ICC after 24 h (A), 72 h (B), and 7 d (C).

Figure 1 C-kit immunoreactivity on fluorescence micrographs of ICC cultured
in vitro (400×).

(Figure 2B). Some cells began to form a characteristic network
of each other.
After 7 d in culture, cells with more multiple and longer
processes could be observed under phase-contrast microscope
(Figure 2C). More characteristic networks could be found and
the morphologic changes could be observed even after 30 d.

DISCUSSION
In GI tract, ICC are intimately connected with smooth muscle
cells, fibrocytes and nerve fasciculi. Some methods can isolate
and culture ICC[5-7]. Many difficulties should be overcome in
the procedure of culturing ICC. However, no detailed research
on the method of ICC culture is available before this study.
In this study, we found that following factors should be
discussed in the procedure of ICC culture.
Preventing contamination
If the culture medium is contaminated, few cells can be
adhered to the coverslips at first, and no cells could be obtained
after 3 d. The sources of infection mainly include E. coli,
staphylococci, eumycetes, etc. In the study, no food was given
for at least 12-24 h prior to the experiment. It is helpful to
make the small intestine clean. In the procedure of isolating
ICC, sufficient washing of the small intestine should be equally
important to reduce contamination. Moreover, antibiotics (1%
antibiotic-antimycotic was used in the study) should be added
in the washing solution and culture medium. At last, strict aseptic
manipulation should be mentioned in the process of cell culture.
Shortening the time in vitro and minimizing zero Ca2+ exposure
Solution containing no Ca2+ solution is very important to
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decrease the connection of ICC to other cells and matrix.
For good dissociation of tissue, it is unavoidable to expose
ICC to solution containing no Ca2+[5-8]. However, when it is reexposed to normal Ca2+ levels, overshoot of cellular Ca2+ levels
would occur. We suggest that tissues exposed to low Ca2+
levels before placement in medium M199 (about 2.5 mmol/L
Ca2+) should be helpful to reduce the overshoot of Ca2+. To
get the desired quantity of ICC, shortening the time in vitro
and minimizing exposure to solution containing no Ca2+
should be mentioned.
Appropriate enzyme digestion
Enzyme digestion is necessary in releasing ICC from tissues.
Collagenase was used to isolate ICC in this study, while
some other enzymes have been used either alone or in
combination in other researches[5]. BSA and inhibitor of
trypsin can be added in the solution to retain collagenase
activity. We found that collagenase worked better in the
presence of Ca2+. Besides the component of enzyme solution,
appropriate time of the enzyme digestion should also be
mentioned. We found that insufficient digestion would get
few single cells, while sufficient digestion would not get
desired quantity of ICC as well. In this study, 30-min digestion
at 37 ℃ was conducted to isolate ICC.
Changing the culture medium
In the study, the culture medium was changed after 24 h in
culture. Then the medium was changed every 3-4 d. Twentyfour hours would be enough for ICC to adhere to the
coverslips. Changing the culture medium in time can provide
nutrient for ICC.
Stem cell factor is essential to maintain ICC in culture
Stem cell factor (SCF) is the ligand of the c-kit (CD117).
The signal stimulated by c-kit/SCF is essential to maintain
the phenotype of ICC[8-10]. In the culture medium M199,
murine recombinant SCF was added at the concentration
of 5 ng/mL in our study. Both the results in our study and
other works showed that SCF is essential to obtain and
maintain ICC in good condition[8,11-13]. In the study, we found
that the c-kit with SCF was expressed on ICC in a dosedependent manner.
In the study, the isolated ICC could contact each other.
Multiple networks of ICC could also be found after about
7 d in culture, suggesting that the specific network of ICC
is essential to maintain and realize its phenotype function.
It has been confirmed that c-kit only emerges on ICC and
mast cells (-5%) in GI[10]. We consider that almost all c-kitstained cells should be ICC. In the study, ICC were identified by immunofluorescence with c-kit-specific antibody ACK2.
After ICC were plated in M199 medium, the cells
became round and could be adhered to the coverslips within
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24 h in culture. The cell body was generally triangular or
stellar and with a large nucleus surrounded by little cytoplasm.
In the first 3 d, there were generally 3-5 primary processes,
which could branch into secondary and tertiary processes.
In the study, the isolated ICC could contact each other and
form multiple networks within 7 d. These specific networks
of ICC are the same as in vivo, suggesting that it is essential
to maintain and realize its phenotype and function.
The detailed method of ICC culture can contribute to
its deeper research.
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Abstract
AIM: To analyze the related indices about the prognoses
of chronic liver failure caused by hepatitis virus.
METHODS: Retrospectively reviewed 320 cases of chronic
liver failure caused by hepatitis viruses. An improved group
and an ineffective group (IG) were made to compare
and analyze their clinical manifestations, laboratory
examination indices and complications. Logistic regression
was also carried out.
RESULTS: There were significant differences (P<0.05)
between the improved group and the IG upon such indices
as age, bilirubin, prothrombin time, albumin, alpha
fetoprotein, the size of liver and complications (P<0.05).
The regression formula was as follows: P = 1/(1+e-y)
(y = 1.7262-0.0948 X1+2.9846 X2+0.6992 X3+1.6019 X4+
2.0398X5). (Note: X1-Prothrombin activity; X2-digestive tract
hemorrhage; X3 -hepatic encephalopathy; X4 -hepatorenal
syndrome; X5-pulmonary infection.).
CONCLUSION: Laboratory examination such as bilirubin,
prothrombin time and alpha fetoprotein can be regarded
as indices of the prognoses of chronic liver failure caused
by hepatitis. Moreover, the regression equation can
evaluate prognoses more comprehensively and direct
our treatments.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatitis B virus (HBV) infection is very common in
China[1-3]. Fulminant hepatitis (FH) refers to liver diseases that
have severe states and poor prognoses, with a mortality rate
of more than 50%[4]. In China, the majority of FH is chronic
liver failure caused by hepatitis virus (CLFHV) (accounting
for 85% of all FH), with the most common cause of HBV
infection[5]. Because of the chronic underlying pathological
changes (most commonly chronic hepatitis or liver cirrhosis),
when liver failure led by necrosis of mass liver cell develops,
treatments become more difficult. In order to improve our
knowledge about the judgment of the prognoses of CLFHV,
we conducted a retrospective study on the potential prognostic
influencial factors on 320 cases of CLFHV patients to investigate
into the ways of predicting the prognoses of CLFHV.
MATERIALS AND METHODS
The 320 CLFHV patients who met the clinical diagnostic
grouping criteria made jointly by infectious diseases branch,
parasitic diseases branch and liver diseases branch of Chinese
Medical Association (2000, Xi’ an)[6] were admitted to our
hospital from January 2000 to June 2003. Two hundred
and eighty-eight cases were male (90%) and 32 were female
(10%), with an average age of 43.00±12.24 years (ranged
from 15 to 77 years). Three hundred and one cases were
single HBV infected, two were hepatitis E virus (HEV)
infected and one with undetermined cause. There were 16
cases who were multi-infected: three were HBV+hepatitis
C virus (HCV) infected, two were HBV+hepatitis D virus
(HDV) infected, 10 were HBV+HEV infected and one was
HBV+hepatitis A virus (HAV)+HDV infected.
We divided those 320 patients into two groups: 123 cases
were in the effective group (EG) (improved in symptoms
and signs on the whole or significantly, with liver function
rebuilt or significantly improved) and 197 cases were in the
ineffective group (IG) (discharged by themselves without
improving or died in hospital). We compared their laboratory
indices, B-ultrasonography, complications and such potential
prognoses-influencing factors. Among them, the value of
bilirubin was taken at the highest time in our hospital. The
results were analyzed by SPSS 10.0 software. It would be
significant if P<0.05.
RESULTS
Age
The average age in EG was 39.67±11.13 years and the
counterpart in IG was 45.02±12.50 years, with significant
difference (P<0.05).
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Table 1 Comparison of laboratory indices of the two groups (mean±SD)
Items

Ineffective group

Glutamate-pyruvate transaminase (ALT)
Glutamic-oxalacetic transaminase (AST)
Alkaline phosphatase (ALP)
Total bilirubin (Tbil)
Direct bilirubin (Dbil)
Serum albumin (ALB)
Cholesterol (CHOL)
Cholinesterase (CHE)
Blood glucose (GLU)
Blood urea nitrogen (BUN)
Creatinine (Cr)
Alpha fetoprotein (AFP)
Blood ammonia (NH3)
Prothrombin time (PT)
Prothrombin activity (PTA)

196.70±291.74 U/L
214.05±234.75 U/L
137.42±74.60 U/L
612.332±195.943 µmol/L
356.837±119.196 µmol/L
32.80±6.04 g/L
1.601±3.146 mmol/L
3 453.69±1 820.24 U/L
4.609±3.932 mmol/L
10.33±13.72 mmol/L
159.26±170.88 mmol/L
111.46±177.53 ng/mL
101.80±54.03 µmol/L
35.63±14.37 s
23.44±9.36%

Laboratory indices
There were significant differences between those two groups
on such indices as bilirubin, serum albumin (ALB), blood
clotting functions, alpha fetoprotein (AFP), creatinine (Cr)
and blood ammonia (NH3), while there were no significant
differences on aminotransferase, cholesterol (CHOL) or
blood glucose (GLU) (Table 1).
Complications and the result of B-ultrasonography
There were more significant differences on complications
and liver size between the two groups (Tables 2 and 3).
Table 2 Comparison of complication distribution of two groups
Items

Ineffective
group, n (%)

Effective
group, n (%)

P

Alimentary tract hemorrhage

39 (19.8)

4 (3.3)

<0.01

Hepatorenal syndrome

53 (26.9)

3 (2.4)

<0.01

Primary peritonitis
Hepatic encephalopathy

130 (66.0)
136 (69.0)

47 (38.2)
17 (13.8)

<0.01
<0.01

Infection of biliary tract

117 (59.4)

64 (52.0)

>0.05

34 (17.1)

5 (4.1)

<0.01

Pulmonary infection

Table 3 Comparison of B-ultrasonography of two groups
Items

Ineffective
group, n (%)

Effective
group, n (%)

P

Liver shrinkage
Enlarge of spleen
Ascites

105 (53.3)
125 (63.5)
159 (80.7)

39 (31.7)
76 (61.8)
89 (72.4)

<0.01
>0.05
>0.05

Analyses of influencing factors
We made Logistic Stepwise Regression about those variable
factors. We put together glutamate-pyruvate transaminase
(ALT)/glutamic-oxalacetic transaminase (AST), total bilirubin
(Tbil)/direct bilirubin (Dbil), prothrombin time (PT) and
prothrombin activity (PTA); blood urea nitrogen (BUN),
creatinine (Cr) and hepatorenal syndrome. Together with
age, ALB, CHOL, cholinesterase (CHE), AFP, liver size,
hemorrhage and hepatorenal syndrome, etc., we got 19
variables as regression factors. By Forward method, we got
the regression model as follows: P = 1/(1+e-y); (y = 1.72620.0948X 1+2.9846X 2+0.6992X 3+1.6019X4+ 2.0398X5);

Effective group
215.54±349.53 U/L
207.93±233.69 U/L
150.61±44.94 U/L
506.624±184.454 µmol/L
306.827±112.52 µmol/L
35.17±5.46 g/L
1.721±0.884 mmol/L
3 198.16±1 794.42 U/L
4.650±2.303 mmol/L
4.87±3.60 mmol/L
85.37±37.71 mmol/L
170.45±230.25 ng/L
75.23±38.71 µmol/L
27.14±11.04 s
32.56±9.51%

Value of P
>0.05
>0.05
>0.05
<0.05
<0.05
<0.05
>0.05
>0.05
>0.05
<0.05
<0.05
<0.05
<0.05
<0.01
<0.01

Note: X1-PTA (numeric), X2-digestive tract hemorrhage
(0-none; 1-develops), X 3-hepatic encephalopathy (0-none;
1-degree I; 2-degree II; 3-degree III; 4-degree IV), X 4hepatorenal syndrome (0-none; 1-develops), X5-pulmonary
infection (0-none; 1-develops). When P>0.5, the patient
would get worse. Otherwise, the patient would improve.
The coincidence of its rightness was 83.55%, which
conformed to the reports abroad[7,8].

DISCUSSION
The mortality rate of CLFHV is very high. The pathological
underlyings are mass apoptosis[9-11], necrosis or severe
degeneration of liver cells, which lead to liver failure.
There are abnormalities of many biochemical indices. The
prognoses are related to the extent of liver cell necrosis,
regeneration and whether complications will develop. Just
as the statistical results of 320 cases in our study, PT and
ALB, which represent synthetic functions of liver cells, Tbil
and Dbil, which represent transportation function of liver
cells[12], all have significant correlations with the prognoses
of FH. The increased Tbil and Dbil, prolonged PT[13] and
decreased ALB will suggest a poorer function of liver cells
and a poorer prognosis. The older a patient is, poorer the
ability of liver regeneration is, which is hard for recovery
of liver function and leads to a poor prognosis. The increase
of AFP in hepatitis is due to the acute reaction of liver
cells after infected by viruses and this is also the regeneration
label of liver cells after necrosis. A lower AFP suggests a
poorer regeneration ability of liver cells and a poorer
prognosis[14,15]. The prognosis of FH is greatly correlated
with the incidence, amount and severity of complications.
The increased and more serious complications will lead to
poorer prognoses. Especially when hepatic encephalopathy
IV, renal failure[16] or alimentary tract hemorrhage[17,18]
develops, a high mortality rate will occur.
The purpose of our multi-factors regression model is
to evaluate the influence of many factors on the prognoses
of FH more objectively and comprehensively. It is easy for
calculation receiving information and is good for observation
of the effects of treatments. We applied Forward method
to delete those not significant variables and got five variable
factors such as PTA, alimentary tract hemorrhage, hepatic
encephalopathy, hepatorenal syndrome and pulmonary
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infection, which had significant influence on the prognoses
of CLFHV, and further suggested that blood clotting
function and development of complications are the key
determinants of survival of CLFHV. It has been generally
accepted that PTA<40% is the affirmative threshold of
necrosis of liver cells[19] . The decreased PTA suggests a
poorer liver synthetic function of blood coagulation factors
and furthermore, the more severe necrosis of liver cells.
While the other four variable factors were all complications,
which further suggested the importance of the influence
of complications on the prognoses of CLFHV. We should
pay attention to the prevention and treatment of
complications in treating CLFHV.
Heretofore, the treatment of FH has not matured, with
a poor recovery rate. However, there are new treatments
such as liver transplantation[20-24], which has brought new
hope to patients with CLFHV[25-28]. During the course of
diagnosis and treatment, the combination of dynamic
observation of single indices and comprehensive judgment
on prognoses can not only direct our treatments according
to the change of condition, but also present objective criteria
for timely liver transplantation to shorten the course of
FH and relieve patients’ burden.
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Abstract
AIM: To investigate the relationship between encapsulating
peritonitis and familial Mediterranean fever (FMF).
METHODS: The patient had a history of type 2 diabetes
and laparoscopic cholecystectomy was performed one
year ago for cholelithiasis. Eleven months after the
operation she developed massive ascites. Biochemical
evaluation revealed hyperglycemia, mild Fe deficiency
anemia, hypoalbuminemia and a CA-125 level of 2 700
IU. Ascitic evaluation showed characteristics of exudation
with a cell count of 580/mm 3 . Abdominal CT showed
omental thickening and massive ascites. At exploratory
laparotomy there was generalized thickening of the
peritoneum and a laparoscopic clip encapsulated by
fibrous tissue was found adherent to the uterus. Biopsies
were negative for malignancy and a prophilactic total
abdominal hysterectomy and bilateral salpingooophorectomy
were performed.
RESULTS: The histopathological evaluation was
compatible with chronic nonspecific findings and mild
mesothelial proliferation and chronic inflammation at the
uterine serosa and liver biopsy showed inactive cirrhosis.
CONCLUSION: The patient was evaluated as sclerosing
encapsulating peritonitis induced by the laparoscopic clip
acting as a foreign body. Due to the fact that the patient
had FMF the immune response was probably exaggerated.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Familial Mediterranean fever (FMF) is an immunological
disorder characterized by recurrent abdominal pain and
polyserositis and is common in Mediterranean countries.
Episodes of exudative peritonitis, pleuritis, arthritis and
rarely inflammation of the organs may occur. Unnecessary
laparotomies exacerbate accumulation of fibrotic adhesions
caused by the disease itself. Ascites has been reported in
FMF patients only after the development of secondary
amyloidosis, which is seen mainly in patients who are not
taking colchicine[1]. We hereby report an unusual cause of
ascites in FMF and review the literature.
CASE REPORT
A 65-year-old female patient with a history of FMF for
20 years presented with massive ascites. The patient had a
history of type 2 diabetes for 5 years which was regulated
with oral antidiabetics and a laparoscopic cholecystectomy
was performed one year ago for cholelithiasis. At the time
of the operation she was not taking colchicine. There was
no alcohol consumption or a history of hepatitis. Six months
after the operation she felt a tenderness over the suprapubic
region, and bloating developed all over the abdomen 11 mo
after the operation. Besides the presence of dyspnea and
anemia the abdomen was enlarged and she noticed a vaginal
hemorrhagic discharge. An abdominal ultrasound revealed
massive ascites, normal liver and splenic echogeneity and
gynecological ultrasound did not show any abnormalities.
Biochemical evaluation revealed a fasting blood glucose
level of 220 mg/dL, normal renal function tests, mild Fe
deficiency anemia, normal liver function tests, hypoalbuminemia,
normal platelets and prothrombin time and a CA-125 level
of 2 700 U/mL (interval: 0-25 U/mL). Other tumor markers
were normal. Ascitic evaluation showed characteristics of
exudative ascites with a cell count of 580/mm 3 and a
predominance of lymphocytes with no malignant cells.
Serum ascitic albumin gradient was 1.0. Cultures for bacteria
and Mycobacterium tuberculosis were negative. The patient was
negative for serum markers of hepatitis B and C viruses,
and autoantibodies. Portal Doppler ultrasound, upper
gastrointestinal endoscopy and barium enema were normal.
Abdominal CT showed minimal omental thickening and
massive ascites (Figures 1A and B). We decided to perform
an exploratory laparotomy in order to exclude tuberculous
peritonitis and ovarian malignancy. At the operation there
was thickening of the peritoneum in general and a
laparoscopic clip encapsulated by fibrous tissue was found
adherent to the uterus. Biopsies taken from the peritoneum,
omentum, ovaries and fibrous tissue were negative for
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Figure 1 Abdominal CT. A: omental thinkening; B: massive 8 ascites.

malignancy and a prophilactic total abdominal hysterectomy
and bilateral salpingooophorectomy were performed. The
histopathological evaluation of the peritoneum and omentum
was compatible with chronic nonspecific findings and mild
mesothelial proliferation. There was chronic inflammation
at the uterine serosa and the liver biopsy showed inactive
cirrhosis. In none of the biopsies taken from different organs
there was a finding compatible with amyloidosis. The fibrous
tissue surrounding the clip was accepted as a chronic reaction
to the clip and the generalized thickening of the peritoneum
was interpreted as a mild form of encapsulating peritonitis,
which was probably induced by the foreign body namely
the laparoscopic clip. Ascites developed again 10 d after
the operation. Therefore, we started with 30 mg prednisolone
and colchicine 1 mg/d and tapered the corticosteroids
gradually in 6 wk. After this treatment ascites disappeared
completely. In the early postoperative period the CA-125
level was still very high and decreased to normal levels
gradually in three months with the disappearance of the
ascites. The patient is still doing well after eight months of
follow-up and there is no ascites.
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also be ascites[5]. For diagnosis, radiological evaluation is the
mainstay but radiological findings are nonspecific and surgical
confirmation is mostly necessary[6].
In the literature there is one case of encapsulating
peritonitis in periodic disease, which had abdominal pain
and a pseudocystic appearance in USG and CT, and surgical
intervention was necessary for the diagnosis[7]. There is
another report about previously unpublished peritoneal
complications of familial paroxysmal polyserositis[8]. Our
case is the third report of encapsulating peritonitis in
association with FMF. It is interesting that this patient
presented with ascites, but there were no signs of intestinal
obstruction. This was probably due to the fact that the
history of ascites was not very prolonged and adhesions
have not been formed yet. The absence of amyloidosis but
the presence of ascites has led us to look for another cause
of ascites in FMF. The patient had stopped to take colchicine
for the past two years because she did not have any
abdominal attacks, but this may have led to the development
of an exaggerated immunological response to the foreign
body in the peritoneal cavity, namely laparoscopic clip. This
laparoscopic clip acted as a chronic stimulus in the cavity
and caused the chronic peritoneal inflammation and this
was the triggering point for the encapsulating peritonitis. The
resection of the clip together with the uterus eliminated this
chronic stimulus and the immunosuppression of immunologic
events of FMF with corticosteroids and colchicine has led
to the disappearance of the ascites. It is well known that
there are abnormalities of suppressor T lymphocytes, altered
metabolism of lipoxygenase products of arachidonic acid
and absence of a normal inhibitor of the complementderived anaphylatoxin C5a[9].
This case confirmed the hypothesis that the elevation
of CA-125, which is seen in peritoneal tuberculosis[10,11] and
ovarian and endometrial malignancies[12,13], may also be due
to the chronic peritoneal irritation. The regression of the
level of CA-125 after the medical treatment is another
evidence for this fact.
In summary encapsulating peritonitis although rare can
also be due to some reason of chronic peritoneal irritation,
and immunological disorders like FMF may facilitate the
development of encapsulating peritonitis.
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Abstract
TT virus (TTV) was first isolated in 1997 from the patient
with acute post-transfusion hepatitis. This fact led to the
conclusion that the virus was hepatotropic and could be
one of the causative agents of acute hepatitis. Afterwards,
however, the virus was found in other human tissues and
serological studies revealed that it was widespread. Multiple
tropisms of TTV and the fact of its high incidence in general
population are considered to indicate no medical significance
of TTV in human pathology. Here we present a report of
two cases of TTV infection in patients who developed
pancreas cancer. The patients were hospitalized at the
Department of Infectious Diseases due to hepatitis of
unknown origin. Since serological and virological markers
of common primary and secondary hepatotropic viruses
were negative, TTV-DNA was found in serum and was
believed to be the only causative agent with probable
hepatotropic action. The patients later developed pancreas
cancer and they underwent operation. The relationship
is difficult to confirm, however the cases we present
should be treated as a preliminary report and a comment
on the real role of TTV in human pathology.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The medical significance of TT virus (TTV) has not been
completely explained. The virus was first isolated in 1997
in a Japanese patient with acute posttransfusion hepatitis
and considered a transfusion-transmitted and hepatotropic
one. The virus was named TT both due to initials of the
first patient with detectable TTV-DNA in serum and as an

abbreviation of the word “transfusion-transmitted”.
The exact taxonomy of this unenveloped circular DNA
virus has not been established. TTV is related to Circoviridae,
although there are some opinions, that it should belong to a
new family called Circinovirida[1].
The analysis of TTV infected patients with symptoms,
signs and laboratory results characteristic of acute hepatitis
have revealed that TTV is likely to be associated with human
liver pathology. The fact that the virus was frequently found
in the liver tissue of patients with hepatitis supports this
thesis. However, the liver is probably not the only target of
the virus. It was also identified in the bone marrow, lymph
nodes, pulmonary tissue, spleen, kidney, muscles and
pancreas. This indicates that the virus can replicate in these
tissues and that the accurate assessment of the virus tropism
is difficult[1].
The 10-300 times higher virus concentration in the liver
than in the serum is one of the most evident indication of
its hepatotropic nature[2]. However, TTV-DNA is likely to
either integrate with a host genome or be present in
hepatocytes in the episomal form[3-5].
Since the exact significance of TTV in human pathology
has not been fully explained and its biological action probably
involves integration with the human genome, some authors
undertook studies on its possible role in the oncogenesis.
Due to the association of TTV infection with liver diseases
most of them focused on hepatocellular carcinoma.
We present here two case reports of patients infected
with TTV who developed pancreas cancer. Since the
coexistence of pancreatic cancer and TTV infection has
not been reported to date, we found these cases interesting
and worth investigating.

CASE REPORTS
Case 1
The patient, a 60-year-old male was admitted to our
Department of Infectious Diseases of Medical University
of Lublin due to moderate abdominal pain localized in the
right upper quadrant and elevated aminotransferase levels.
History revealed that he was hospitalized due to myocardial
infarction 5 mo earlier, and therefore he did not travel abroad
and stayed away from ill individuals, and refrained from
the use of alcohol or drugs.
On the basis of epidemiological data and results of
biochemical laboratory tests, infectious hepatitis was
suspected. On admission the bilirubin level was 3.44 mg/dL,
AST level - 222 UL and ALT - 372 UL (the normal level is
up to 37 and 40 UL, respectively). Other routine biochemical
serum examinations were normal. Morphology revealed no
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pathology. Both chest X-ray and abdomen ultrasonography
were normal.
Serological and virologic markers of common primary
hepatotropic viruses A, B and C, including anti-HAV IgM,
HBs Ag, HBe Ag, anti-HBe, anti-HBc, HBV-DNA, antiHCV, and HCV-RNA, were negative. Moreover, negative
results of serological tests excluded Epstein-Barr virus
(EBV) and cytomegalovirus (CMV) infection. To find the
cause of liver inflammation the test for autoantibodies was
performed and no antinuclear (ANA), antimitochondrial
antibodies (AMA) and anti smooth muscles antibodies
(ASMA) were found. Finally markers of hepatitis G virus
(HGV) and TTV infections were tested. The test for HGV
was negative, however, using qualitative test based on
polymerase chain reaction method, TTV-DNA was found
in the patient’s serum. The patient still had abdominal pain,
and both alkaline phosphatase (AP) and gamma glutamyl
transpeptydase (GGTP) increased to the alarming value,
516 UL (normal range 37-111 UL) and 1 223 UL (normal
range 11-43 UL), respectively. CT scan was performed,
first without and then using the radiographic contrast
(Ultravist). The examination showed irregular enlargement
of the pancreas head up to 4 cm in diameter, whereas CT
density before contrast administration was 42-50 HU, and
after it 80-104 HU. Simultaneously the widening of the
common biliary tract and intrahepatic biliary tracts was
visible. CT examination was done 2 wk after ultrasonography.
The patient was sent to the Surgical Department, where
pancreas cancer was diagnosed and the patient underwent
operation. Unfortunately it was not possible to test TTV
presence in pancreas tissue.
Case 2
The patient, a 44-year-old female, was admitted to the
Department of Infectious Diseases of Medical University
of Lublin due to dyspeptic symptoms and moderate pain in
the right upper quadrant. The symptoms appeared two weeks
before admission.
The history revealed no health problems and surgery or
invasive diagnostic procedures in the past. In our opinion,
the most important fact in the history was that the patient
worked as a nurse in the surgical ward, so she was likely to
be at risk of hepatotropic virus infection. On admission
the biochemical parameters were as follows: bilirubin level
-8.4 mg/dL, AST - 322 UL, ALT - 608 UL. An abdomen
ultrasonography, performed on admission, revealed no
pathology. Diagnostic procedures involved serological and
virological markers of common primary hepatotropic
viruses A, B and C. Anti-HAV IgM, HBs Ag, HBe Ag, antiHBe, anti-HBc, HBV-DNA, anti-HCV, and HCV-RNA were
negative. We also excluded EBV and CMV infections were
also excluded.
The tests for autoantibodies were also negative. Antinuclear
(ANA) and antimitochondrial antibodies (AMA) were absent.
The only positive viral test was TTV-DNA, which was found
using qualitative test based on the PCR method.
Although the hepatoprotective treatment had been
introduced, the patient’s condition aggravated. The bilirubin
level reached 20.1 mg/dL whereas aminotransferase activity
decreased (AST-178 and 310 UL). The level of serum
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cholestasis markers was continuously increasing (GGTP
reached 1 174 UL). To find the cause of increasing jaundice,
we repeated the abdomen ultrasonography. It showed the
presence of widened intrahepatic biliary ducts and the
hyperechogenic area in the lower zone of pancreas head,
suggesting neoplasm. The patient was sent to the Surgical
Department. The final diagnosis of pancreas cancer was
based on the histological examination of the specimen
obtained during operation.

DISCUSSION
The cases of TTV infection and pancreas cancer coexistence
presented here should arouse special interest and provoke
discussion about the question asked in the title of this paper.
Is there any relationship between TTV infection and
oncogenesis in the pancreas or is the coexistence completely
accidental? We have not found any reports concerning that
problem.
There are some reports mentioning the problem of
correlation between TTV infection and the development
of different neoplasm. Shiramizu et al carried out studies
on the virus in the etiology of acute lymphoblastic leukemia
(ALL). They performed the analysis of peripheral blood
mononuclear cells and bone marrow cells, as well as
cerebrospinal fluid and concluded that TTV was unlikely to
be associated with ALL[6]. Because TTV is suspected of
being a potentially hepatotropic virus, Liwen et al analyzed
patients with chronic hepatitis, liver cirrhosis, and primary
liver cancer, comparing the results in these study groups
with a control group of healthy individuals. The frequency
of TTV infection in hepatocellular carcinoma ranged from
8.1% to 100%. The authors suggested that such a great
variability made explicit conclusions concerning the
correlation between TTV infection and both chronic hepatitis
and liver cancer impossible[7]. Similar results were obtained
by Japanese[8,9] and Italian researchers[10]. Moriyama et al[11]
demonstrated that the virus had no impact on clinical and
serological profile of HBV and HCV infection. TTV did
not change the results of chronic hepatitis B therapy with
lamivudine. These conclusions were supported by the results
of molecular research carried out by Yamamoto et al. They
confirmed that the TTV genome was not integrated into
the host hepatocyte DNA, which is probably necessary to
initiate potential neoplasm development[12].
TTV co-infection was not associated with the presence
of B-cell non-Hodgkin lymphoma. Cacoub et al [13] found
TTV-DNA in only 7% of patients. On the other hand,
according to Garbuglia et al[14], the significant prevalence of
TTV DNA in lymphocytes circulating in the lymph nodes
of both B-cell lymphomas and Hodgkin disease suggested
TTV infection implication in the development of these
lymphoproliferative disorders. Recently, Camci et al[15] has
reported the high prevalence of TTV in patients with various
malignancies. The viral load in cancer patients is extremely
high. It might result from the impaired immune reaction[1,15].
Further studies are needed to explain whether the impairment
is caused by neoplasm or by the virus itself.
The cases of coexistence of TTV infection and pancreas
cancer presented above should be treated as a preliminary

Tomasiewicz K et al. TTV and pancreas: any relationship?

report and the comment in the discussion about the real
role of TTV in human pathology. Since the virus may infect
the pancreatic tissue and the pathogenesis of pancreas cancer
has not been completely cleared many factors, including
infectious agent(s) should be considered in the oncogenesis
study. Two case reports are not enough to draw any
conclusions. We believe that further research on possible
link between hepatitis or other pathology and TTV infection,
is needed.
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Number

Nonstandard

Standard

Notice

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

4 days
4 days
day
Four d
2 hours
2 hs
hr, hrs,
10 seconds
10 year
Ten yr
0,1,2 years
0,1,2 year
4 weeks
Four wk
2 months
Two mo
10 minutes
Ten min
50% (V/V)
50% (m/V)
1M
10 M
1N HCl
1N H2SO4
4rd edition
15 year experience
18.5 kDa
25 g.kg-1/d-1
6900
1000 rpm
sec
1 pg·L-1
10 kilograms
13 000 rpm
1000 g
Gene bank
Ten L
Ten mL
umol
30 sec
1 g/dl
OD260
One g/L
A260 nm
b
P<0.05

4d
four days
d
Four days
2h
2h
h
10 s
10 years
Ten years
0,1,2 yr
0,1,2 yr
4 wk
Four weeks
2 mo
Two months
10 min
Ten minutes
500 mL/L
500 g/L
1 mol/L
10 mol/L
1 mol/L HCl
0.5 mol/L H2SO4
4th edition
15- year experience
18.5 ku,18 500u or Mr18 500
25 g/(kg·d) or 25 g/kg per day
6 900
1 000 r/min
s
1 pg/L
10 kg
13 000 g
1 000 r/min
GenBank
Ten liters
Ten milliliters
mol
30 s
10 g/L
A260
One microgram per liter
A260 nm
a
P<0.05

In figures, tables and numerical narration
In text narration
After Arabic numerals
At the beginning of a sentence
After Arabic numerals
After Arabic numerals
After Arabic numerals
After Arabic numerals
In text narration
At the beginning of a sentence
In figures and tables
In figures and tables

45

*F=9.87, §F=25.9,
#
F=67.4
KM
CM
MM
Kg, KG
Gm, gr
nt
l
db
rpm
bq
amp
coul
HZ
w
KPa
p
ev
Jonle
J/mmol
10×10×10cm3
N·km
x±s
Mean±SEM
im
iv
Wang et al
EcoRI
Ecoli
Hp
Iga
igA
-70 kDa

1

46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

F=9.87,2F=25.9,
F=67.4
km
cm
mm
kg
g
N
L
dB
r/min
Bq
A
C
Hz
W
kPa
Pa
EV
J
kJ/mol
10 cm×10 cm×10 cm
KN·m
mean±SD
mean±SE
im
iv
Wang et al.
EcoRI
E.coli
H pylori
Iga
IgA
~70 ku

At the beginning of a sentence
In figures and tables
At the beginning of a sentence
At the beginning of a sentence

After Arabic numerals
High speed; g should be in italic and suitable conversion.
Low speed. g cannot be used.
International classified genetic materials collection bank
At the beginning of a sentence
At the beginning of a sentence
10-fold conversion
“OD” has been abandoned.
At the beginning of a sentence
A should be in italic.
In Table, no note is needed if there is no significance in statistics: aP<0.05, bP<0.01
(no note if P>0.05). If there is a second set of P value in the same table, cP<0.05 and
d
P<0.01 are used for a third set: eP<0.05, fP<0.01.
Notices in or under a table

3

kilometer
centimeter
millimeter
kilogram
gram
newton
liter
decibel
rotation per minute
becquerel, a unit symbol
ampere
coulomb
watt
kilo-pascal
pascal
volt (electronic unit)
joule
kilojoule per mole
moment
In figures, tables or text narration
In figures, tables or text narration
intramuscular injection
intravenous injection
Eco in italic and RI in positive. Restriction endonuclease has its prescript form of writing.
Bacteria and other biologic terms have their specific expression.
writing form of genes
writing form of proteins
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Abstract
Mast cell has a long history of being recognized as an
important mediator-secreting cell in allergic diseases, and
has been discovered to be involved in IBD in last two
decades. Histamine is a major mediator in allergic diseases,
and has multiple effects that are mediated by specific
surface receptors on target cells. Four types of histamine
receptors have now been recognized pharmacologically
and the first three are located in the gut. The ability of
histamine receptor antagonists to inhibit mast cell
degranulation suggests that they might be developed as
a group of mast cell stabilizers. Recently, a series of
experiments with dispersed colon mast cells suggested
that there should be at least two pathways in man for
mast cells to amplify their own activation-degranulation
signals in an autocrine or paracrine manner. In a word,
histamine is an important mediator in allergic diseases
and IBD, its antagonists may be developed as a group of
mast cell stabilizers to treat these diseases.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Allergic diseases including allergic asthma, allergic rhinitis,
food allergy, drug allergy, and allergic atopic eczema/dermatitis
syndrome, etc. are a group of common disorders which are
regarded to be mediated by immunoglobulin (Ig) E. People
at all ages in countries throughout the world suffer from

these diseases. The prevalence of allergy has shown an
increase in the last few years. At present it affects about
30-40% of world population and has become one of the
three key diseases in the 21st century.
Since last two decades, inflammation has been known
as the main pathophysiological characteristics of allergy.
Mast cells are major participants of allergic reactions, and
their activation may be all that is sufficient and necessary
for the rapid development of microvascular leakage and
tissue edema in sensitized subjects exposed to allergen.
Mast cell is a key source of potent mediators of allergic
inflammation including histamine, neutral proteinases,
proteoglycans, prostaglandin D2, leukotriene C4 and certain
cytokines[1]. Among them, histamine is the first mediator
implicated in the pathophysiological changes of asthma when
it was found to mimic several features of the disease, and
James received the Nobel Prize for medicine in 1988 for
his outstanding achievements in histamine research. Recently,
some novel findings concerning histamine, mast cell and
allergy or IBD have been reported and are summarized
herein.

THE ROLES OF MAST CELLS IN ALLERGIC
DISEASES
Mast cell has a long history of being recognized as an
important mediator-secreting cell in allergic diseases. It has
a high capacity to release an array of both preformed and
newly generated mediators in response to environmental
stimuli, especially allergen exposure. Cross linkage of IgE
bound to high affinity receptors on mast cells not only results
in the rapid release of autacoid mediators, but also the
sustained synthesis and release of cytokines, chemokines
and growth factors.
Mature mast cells are ubiquitous in human tissues and
can thus participate in the processes of inflammation at
different sites. Systemic anaphylaxis, a life-threatening disease,
involves mast cell activation in multiple organs. In bronchial
asthma, a disease characterized by widespread but potentially
reversible bronchial obstruction, there are increased numbers
of mast cells and a greater degree of continuous mast cell
degranulation in bronchoalveolar lavage fluid from asthmatics
compared with normal controls. Increased mast cell numbers
and evidence for continuous degranulation of mast cells
have been observed also in nasal lavage fluid and the nasal
epithelium of the patients with allergic rhinitis.
Recent population surveys have estimated rates of
prevalence of perceived food hypersensitivity of 12-20%
in adults though this rate varied largely across different
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countries (e.g., Spain, 4.6%; Australia, 19.1%) despite a
common standardized methodology[2]. Intestinal mast cells,
as well as eosinophils, have been shown to be involved in
the pathogenesis of food-allergy-related enteropathy.
Adverse drug reactions are common, but only 6-10%
are immunologically mediated[3]. Although allergic drug
reactions are just one type of adverse reactions to medications,
they are clinically very important because of the morbidity
and mortality they cause. Allergic drug reactions may result
in anaphylaxis, urticaria, bronchospasm and angioedema.
During these reactions, allergic drugs cause direct histamine
release from mast cells.

THE ROLES OF HISTAMINE IN ALLERGIC
DISEASE
Since its discovery in 1911, histamine has been recognized
as a major mediator in allergic diseases. Histamine is a
primary amine synthesized from histidine in the Golgi
apparatus, from where it is transported to the granule for
storage in ionic association with the acidic residues of the
glycosaminoglycans side chains of heparin and with
proteinases. The histamine content of mast cells dispersed
from human lung and skin is similar at 2-5 pg/cell, and the
histamine stored ranges from 10 to 12 µg/g in both tissues.
Following mast cell activation, histamine is rapidly dissociated
from the granule matrix by exchange with sodium ions in
the extracellular environment. Proteoglycans comprise the
major supporting matrix of the mast cell granule with the
sulfate groups binding to histamine, proteinases and acid
hydrolases. As only mast cells and basophils contain
histamine in man (apart from histaminergic nerve), and there
are few basophils in human tissues, histamine can be used
as a marker of mast cell degranulation.
The allergic process is believed to consist of two phases:
early and late. The early phase reaction is mainly induced
by histamine released from mast cells. Histamine is a potent
vasoactive agent, bronchial smooth muscle constrictor, and
stimulant of nociceptive itch nerves. In addition to its
known effects on glands, vessels and sensory nerves, recent
data have provided further evidence of histamine’s
proinflammatory actions[4]. Histamine binding specific cell
receptors produces clinical allergic symptoms. This mediator
also activates neutrophils and eosinophils as well as being a
chemoattractant for these cells[5]. Histamine increases IL-8
level and evokes leukocyte rolling on endothelial cells. Thus
histamine participates in both early and late-phase allergic
responses.
ROLES OF HISTAMINE IN PATHOGENESIS OF IBD
Using segmental jejunal perfusion system with a two-balloon,
six-channel small tube, Knutson and colleagues found that
the histamine secretion rate was increased in patients with
Crohn’s disease compared with normal controls, and the
secretion of histamine was related to disease activity,
indicating strongly that degranulation of mast cells was
involved in active Crohn’s disease[6]. The highly elevated
mucosal histamine levels were also observed in allergic
enteropathy and ulcerative colitis[7]. Moreover, enhanced
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histamine metabolism was found in collagenous colitis and
food allergy[8], and increased level of N-methylhistamine, a
stable metabolite of the mast cell mediator histamine, was
detected in the urine of patients with active Crohn’s
disease or ulcerative colitis[9,10]. Since increased level of Nmethylhistamine was significantly correlated to clinical disease
activity, the above findings further strongly suggest the active
involvement of histamine in the pathogenesis of these diseases.
Interestingly, mast cells originated from the resected
colon of active Crohn’s disease or ulcerative colitis were
able to release more histamine than those from normal
colon when being stimulated with an antigen, colon-derived
murine epithelial cell-associated compounds[11]. Similarly,
cultured colorectal endoscopic samples from patients with
IBD secreted more histamine towards substance P alone
or substance P with anti-IgE than the samples from normal
control subjects under the same stimulation[12]. In a guinea
pig model of intestinal inflammation induced by cow’s milk
proteins and trinitrobenzene sulfonic acid, both IgE titers
and histamine levels were higher than normal control
animals[13].
As a proinflammatory mediator, histamine is selectively
located in the granules of human mast cells and basophils
and released from these cells upon degranulation. To date,
a total of three histamine receptors H1, H2 and H3 have
been discovered in human gut[14,15]. It proves that there are
some specific targets that histamine can work on in intestinal
tract. Histamine was found to cause a transient concentrationdependent increase in short-circuit current, a measure of total
ion transport across the epithelial tissue in the gut[16]. This
could be due to that histamine interacts with H1 receptors
to increase the secretion of Na and Cl ions from epithelium[17].
The finding that H1-receptor antagonist pyrilamine was
able to inhibit anti-IgE induced histamine release and ion
transport[18] suggested further that histamine is a crucial
mediator responsible for diarrhea in IBD and food allergy.
The ability of SR140333, a potent NK1 antagonist in reducing
mucosal ion transport, was most likely due to its inhibitory
actions on histamine release from colon mast cells[19].

HISTAMINE RECEPTORS
Histamine has multiple effects that are mediated by specific
surface receptors on target cells. Four types of histamine
receptors have now been recognized pharmacologically.
Histamine receptors were first differentiated into H1 and
H2 by Ash and Schild in 1966, when it was found that
some responses to histamine were blocked by low doses of
mepyramine (pyrilamine), whereas others were insensitive.
A third histamine receptor subtype, termed H3, was cloned
in 1999 by Lovenberg and co-workers[20] and the fourth
histamine receptor subtype, termed H4, was first reported
in 2000 by Oda and co-workers[21].
H1 receptors
H1 receptors have been cloned from cows, rats, guinea pigs
and humans. The published sequences suggest that there
are surprisingly large differences among species. H1 receptors
mediate most of the effects of histamine that are relevant
to asthma. The cardinal features of asthma include smooth
muscle spasm, mucosal edema, inflammation and mucous
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secretion. It has been demonstrated that at least two of
these features, bronchospasm and mucosal edema, can be
caused by H1-receptor stimulation. Northern analysis has
demonstrated that there is a high level of expression of H1
receptor messenger ribonucleic acid in lung.
Ocular allergy presents unsolved mysteries in molecular
and cellular mechanisms, the recent understanding of
the key role of the T helper type 2 cytokines, adhesion
molecules and chemokines may provide future avenues for
pharmacological targeting of releasable inflammatory
mediators. More potent topical mast cell stabilizers and H1
receptor antagonists have become commercially available
for the management of the prevalent and benign forms of
allergic conjunctivitis[22]. Immunostimulatory DNA sequences
present an innovative and promising route for the treatment
of ocular allergy, but clinical studies are needed to demonstrate
their efficacy in humans.
Bphs controls Bordetella pertussis toxin (PTX)-induced
vasoactive amine sensitization elicited by histamine (VAASH)
and has an established role in autoimmunity. Ma and coworkers[23] reported that congenic mapping links Bphs to
the histamine H1 receptor gene (Hrh1/H1R) and that H1R
differs at three amino acid residues in VAASH-susceptible
and -resistant mice. Hrh1-/- mice are protected from VAASH,
which can be restored by genetic complementation with a
susceptible Bphs/Hrh1 allele, and experimental allergic
encephalomyelitis and autoimmune orchitis due to immune
deviation. Thus, natural alleles of Hrh1 control both the
autoimmune T cells and vascular responses regulated by
histamine after PTX sensitization.
H2 receptors
H2 receptors have been cloned from dogs and humans.
Although H2 receptors are present in the airway, their clinical
relevance is unclear, because H2 receptor antagonists have
few measurable effects on airway function. Histamine
stimulates an increase in cyclic AMP levels in lung fragments
that is blocked by H2 receptor antagonists, indicating that
H2 receptors are positively coupled to adenylyl cyclase in lung.
Atopic diseases such as allergic rhinitis and asthma are
characterized by increases in Th2 cells and serum IgE
antibodies. The binding of allergens to IgE on mast cells
triggers the release of several mediators, of which histamine
is the most prevalent. Mazzoni and co-workers reported
that histamine, together with a maturation signal, acts directly
upon immature dendritic cells (DCs), which express H1 and
H2, two active histamine receptors. Histamine, acting upon
the H2 receptor for a short period of time, increased IL-10
production and reduced IL-12 secretion. As a result,
histamine-matured DCs polarized naive CD4(+) T cells
toward a Th2 phenotype, as compared with DCs that had
matured in the absence of histamine. The Th2 cells favor
IgE production, leading to increased histamine secretion by
mast cells, thus creating a positive feedback loop that could
contribute to the severity of atopic diseases[24].
H3 receptors
The identification of H3 receptor cDNA allowed several
groups to reveal the complexity of the histamine-mediated
systems. Comparison of the cDNA with available genome
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databases revealed that the gene encoding H3 receptor is
located on chromosome 20 and contains at least two introns.
In rats, H3 receptors consist of at least three functional
isoforms, referred to as H3A, H3B and H3C, which vary in the
length of their third intracellular loop (I3) (136 104 and 88
amino acids respectively). In humans, H3 receptor isoforms
have been cloned, including one with an 80-amino-acid
deletion of I3. Moreover, another isoform has been identified,
in which the 80-amino-acid deletion is accompanied by an
additional 8 amino acids at the C-terminal tail. Using
reverse transcription polymerase chain reaction, the human
isoforms have been found to be differentially expressed in
various brain areas. The 80-amino-acid sequence located at
the C-terminal portion of I3 plays an essential role in H3
agonist-mediated signal transduction. The existence of
multiple H3 isoforms with different signal transduction
capabilities suggests that H3-mediated biological functions
might be tightly regulated through alternative splicing
mechanisms. Otherwise, histamine H3 receptor activation
inhibits neurogenic sympathetic vasoconstriction in porcine
nasal mucosa, suggesting that histamine H3 receptors may
play a role in the regulation of vascular tone and nasal
patency in allergic nasal congestive disease[25].
H4 receptors
The discovery of the histamine H4 receptor adds a new
chapter to the histamine story. The H4 receptor is a G
protein-coupled receptor and is most closely related to the
H3 receptor, sharing 58% identity in the transmembrane
regions. The gene encoding the H4 receptor was discovered
initially in a search of the GenBank databases as sequence
fragments retrieved in a partially sequenced human genomic
contig mapped to chromosome 18[26]. About the histaminebinding site of H 4 receptor, Shin reported that Asp94
(3.32) in transmembrane region (TM) 3 and Glu182 (5.46)
in TM5 are critically involved in histamine binding. Asp94
probably serves as a counter-anion to the cationic amino
group of histamine, whereas Glu182 (5.46) interacts with
the N(tau) nitrogen atom of the histamine imidazole ring
via an ion pair. These results resemble those for the analogous
residues in the H1 histamine receptor but contrast with
findings regarding the H2 histamine receptor. It indicates
that although histamine seems to bind to the H4 receptor in
a fashion similar to that predicted for the other histamine
receptor subtypes, there are also important differences that
can probably be exploited for the discovery of novel H4selective compounds[27]. H4 receptor exhibits a very restricted
localization, expression is primarily found in intestinal
tissue, spleen, thymus and immune active cells, such as T
cells, mast cells, neutrophils and eosinophils. It suggests an
important role for the H4 receptor in the regulation of
immune function and offers novel therapeutic potentials
for histamine receptor ligands in allergic and inflammatory
diseases[28].

THE EFFECTS OF HISTAMINE RECEPTOR
ANTAGONISTS ON HISTAMINE RELEASE
FROM MAST CELLS
Today, according to action on different receptors, the histamine
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receptor agonists (Table 1) and antagonists (Table 2) are
classified into four subtypes, respectively. Among H1
receptor antagonists, the first generation antihistamines
have considerable sedative effects caused by their ability to
cross the blood-brain barrier. The second generation of
antihistamines to emerge in the market is devoid of these
sedative effects. The third generation antihistamines,
metabolites of the earlier drugs, have demonstrated no
cardiac effects of the parent drugs and are at least potent[29].

Table 1 Agonists of histamine receptors
Receptor subtype

Agonists

H1

Dimethylhistaprodifen[30], methylhistaprodifen[30],
histaprodifen [30,31] , histamine-trifluoromethyltoluidine [32], 2-thiazolylethylamine [33], 2-(3trifluoromethylphenyl) histamine [34] ,

H2

2-phenylhistamines [31] , 2-pyridylethylamine[35]
Dimaprit[3 0,34]

H3

Imetit[32], alpha-methylhistamine[33,34]

H4

Clobenpropit[32], imetit[32]

Table 2 Antagonists of histamine receptors
Receptor subtype

Antagonists

H1

First-generation
Azatadine, clemastine, chlorpheniramine
(chlorphenamine maleate), diphenhydramine,
dexchlorpheniramine, hydroxyzine, mepyramine
(pyrilamine), promethazine, terfenadine (teldane),
triprolidine [3 5–37]
Second-generation
Acrivastine[37,38], astemizole (hismanal)[38],
azelastine[38], cetirizine (virilx, zirtek, zyrtec)[39–41],
chlorpheniramine[42,43], desloratadine[44,45], ebastine[37,44],
emedastine[37], epinastine[41,46], homochlorcyclizine[47],
ketotifen[41,48] levocabastine[46], loratadine (claritin,
clarityne)[41,44,49], olopatadine[41,50], mequitazine[47],
mizolastine[47], pseudoephedrine[51,52], rupatadine[53,54],
tripelennamine (pyribenzamin)[55]
Third-generation

H2

H3

H4

Fexofenadine[37,44,56], levocetirizine[37,39]
First-generation
Cimetidine[57], metiamide[58]
Second-generation
Ranitidine (1979)[59], omeprazole (1982)[6 0]
Third-generation
Famotidine[61], ebrotidine[62], lafutidine[63,64],
niperotidine[60], nizatidine[60], potentidine[65],
roxatidine[60], zolantidine[5 8]
A-304121[66], A-317920[66], 4-(aminoalkoxy)
benzylamines[67], ciproxifan[66], clobenpropit[68],
D-alanine-piperazine-amides[69], imidazopyridine[70],
indole[70], indolizine[70], 4’-[(NR1R2-1-yl)]-propoxybiaryl-4-carboxamides[70], pyrazolopyridine[71],
1-(4-(phenoxymethyl)benzyl) piperidines[72], SCH
79687[73], thioperamide[68,74],
JNJ 7777120 [75,76], thioperamide[77]

Among them, H1 receptor antagonists loratadine and
terfenadine were able to inhibit IgE-induced histamine
release from human mast cells[78], which may at least partially
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explain their potent antiallergic activity[79]. However, the
extent of H 1 receptor antagonists binding to mast cells
is quite different. Wescott et al[80], reported tripelennamine
> pyrilamine > diphenhydramine in binding H1 receptor.
Fexofenadine, an effective H1 antihistamine, is the active
metabolite of terfenadine, but they had different effects
on histamine and tryptase release from mast cells. Terfenadine
inhibited release of histamine and tryptase from mast cells
during the early allergic response, whereas fexofenadine
did not[81].
In combination with H1 antihistamines, H2 antihistamines
famotidine, ranitidine or cimetidine suppressed effectively
the chronic swelling. It is deduced that simultaneous blockage
of both histamine H1 and H2 receptors may be necessary
for sufficient inhibition of the microvascular permeability
increase in some kinds of anaphylactic reactions, and that
histamine, mainly interacting with H2 receptors, may play
an important role in activation of a certain phase of chronic
inflammation where mast cell degranulation is involved[82].
Metiamide, one H2 receptor antagonist, can reduce the
histamine release from secreting mast cells in mast-cell
mediated angiogenesis[83]. H3 antagonists, thioperamide and
clobenpropit combined with H1 antihistamine loratadine,
not the H2 antagonist ranitidine, reduced nasal congestion[84]
in mast cell-deficient mice, indicating that its action was not
associated with mast cell degranulation[85].

T H E H Y PO T H ES IS OF S EL F-A MP L IFIC ATIO N
MECHANISM OF MAST CELL DEGRANULATION
Tryptase has been proved to be a unique marker of mast
cell degranulation in vitro as it is more selective than histamine
to mast cells. Inhibitors of tryptase[86,87] and chymase[88] have
been discovered to possess the ability to inhibit histamine
or tryptase release from human skin, tonsil, synovial[89] and
colon mast cells[90], suggesting that they are likely to be
developed as a novel class of mast cell stabilizers. Recently,
a series of experiments with dispersed colon mast cells
suggested that there should be at least two pathways in man
for mast cells to amplify their own activation-degranulation
signals in an autocrine or paracrine manner, which may
partially explain the phenomena that when a sensitized
individual contacts allergen only once the local allergic
response in the involved tissue or organ may last for days
or weeks. These findings included that both anti-IgE and
calcium ionophore were able to induce significant release
of tryptase and histamine from colon mast cells, histamine
is a potent activator of human colon mast cells and the
agonists of PAR-2 and trypsin are potent secretagogues of
human colon mast cells. Since tryptase was reported to be
able to activate human mast cells [86] and H 1 receptor
antagonists terfenadine and cetirizine[78] were capable of
inhibiting mast cell activation, the hypothesis of mast cell
degranulation self-amplification mechanisms is that mast
cell secretagogues induce mast cell degranulation, and release
of histamine, which then stimulates the adjacent mast cells
or positively feedbacks to further stimulate its host mast
cells through H1 receptors, whereas released tryptase acts
similarly to histamine, but through its receptor PAR-2 on
mast cells.
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Abstract
AIM: Most studies on the immune effect of gp96 were
focused on its enhancement of CTLs. It is interesting to
know whether gp96 could influence the humoral immune
response, and whether the recombinant N-terminal
fragment of gp96 could substitute native gp96 to stimulate
the immune system.
METHODS: gp96 isolated from livers of normal mice and
its N-terminal fragment (amino acid 22-355) expressed
in E coli were used for immunization of BALb/c mice. Eight
groups of mice received one of the following regiments
subcutaneously in 100 L phosphate buffered saline (PBS)
at an interval of 3 wk. Group 1: PBS only; group 2: gp96
only; group 3: N-terminal fragment only; group 4: HBsAg
only; group 5: HBsAg+gp96; group 6: HBsAg+N-terminal
fragment; group 7: HBsAg+incomplete Freud’s adjuvant;
group 8: HBsAg+N-terminal fragment (95 ℃ heated for
30 min). Serum anti-HBsAg antibody levels were assayed
by ELISA. CTL responses in splenocytes were analyzed
by ELISPOT after the last vaccination.
RESULTS: The average titer of serum anti-HBsAg antibody
in the mice immunized with HBsAg together with gp96 or
its N-terminal fragment were much higher than those
immunized with HBsAg alone detected by ELISA. The
cellular immune response of the mice immunized with
HBsAg together with gp96 or its N-terminal fragment was
not different with those immunized with HBsAg alone
measured by ELISPOT assay.
CONCLUSION: gp96 or its N-terminal fragment greatly
improved humoral immune response induced by HBsAg,
but failed to enhance the CTL response, which demonstrated
the potential of using gp96 or its N-terminal fragment as
a possible adjuvant to augment humoral immune response

against HBV infection.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Heat shock protein gp96 (HSP gp96; glucose-regulated
protein, GRP94), as a member of HSP90 family, is one of
the most abundant proteins in cells, which displays various
roles besides protein folding and assembly[1,2]. But most
attractive feature of gp96 is its contributions to immune
system[3]. The phenomena that gp96 isolated from tumors
or virus-infected cells elicit specific CTLs against their origins
are widely observed[4-10]. It is believed that gp96 is capable
of channeling antigenic peptides to MHC class I presentation
pathway of antigen presenting cell (APC) by acting as ligand
of CD91 [11-14] . The immunologic processes activated in
response to tumor antigen negative sources of GRP94/
gp96 are currently presumed to be associated with the
stimulation of CD11b (+) and CD11c (+) APCs and activation
of the bystander CD4 (+) T cell Th1 cytokine production[15].
Autologous vaccines based on general properties of gp96
have been widely studied, but there exists obvious limitations
including quantity of gp96 for therapy, which are strictly
limited by the size of the resected tumor mass[16]. Moreover,
only half of the treated patients vaccinated with gp96
derived from autologous tumor induced an antitumor
response in phase I/II clinical trials[17]. Hence, a novel HSPmediated universally applicable vaccine is still in need. Ideal
therapeutic vaccines for infectious diseases and cancer might
elicit not only the cellular response but also the humoral
response. However, the studies so far on the immune effect
of gp96 were mainly focused on its enhancement of CTLs,
hereby we wanted to check whether the gp96 derived from
normal tissue could influence humoral immune response
and act as a regular adjuvant. However, it was hard for
such a big molecule expressed in E.coli by our experimental
practice, so gp96 purified from normal tissue was used as
the source of the protein.
The N-terminal domain (amino acids 1-263), homologous
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to the proteolytic fragment of HSP90, was regarded as the
nucleotide-binding domain[18], followed by acidic residues
(amino acids 264-344). The first 355 amino acids of GRP94
were found to be peptide-binding sites, capable of binding
a number of peptides[19,20]. Furthermore, it is reported that
the N-terminal peptide binding domain fragment could
suppress tumor growth like that of the full gp96[21]. In order
to check the idea of using recombinant N-terminal fragment
as analog of gp96, and investigate its immune effect, we
expressed the N-terminal fragment of gp96 in pGEX-6p1
vector in E.coli. After co-immunization with gp96 or the Nterminal fragment and HBsAg, the humoral and cellular
immune responses in mice were compared with those of
administration HBsAg alone. Some concern that the immune
responses induced by recombinant HSPs produced in
E.coli might result from the effects of lipopolysaccharide
(LPS) contaminated during the preparation[22]. Therefore,
necessary measures were taken to avoid the possible
influence by endotoxin.

(FPLC) Workstation with a 300-800 mmol/L NaCl
gradient. Fractions (1 mL) were collected and analyzed by
10% SDS-PAGE.
Native gp96 was purified as described previously[23].
Healthy mouse liver tissues were suspended in 30 mmol/L
sodium bicarbonate. The lysate was centrifuged to remove
nuclei and other debris. The supernatant was precipitated with
ammonium sulfate (50-70%). The solubilized precipitation
was applied to a ConA-Sepharose column (Pharmacia Biotech,
Uppsala, Sweden). The column was eluted with buffer
containing 10% a-methylmanno pyranoside (Sigma). The
eluted material was applied to POROS 20QE column on a
AKTA FPLC Workstation with a 300-800 mmol/L NaCl
gradient. Fractions (1 mL) were collected and analyzed by
10% SDS-PAGE. The resultant protein was applied to a
Gel filtration Superdex G200 on a AKTA FPLC Workstation.
The identity of the gp96 protein was confirmed by Western
blot using anti-gp96 monoclonal antibody (NeoMarkers,
Fremont, USA).

MATERIALS AND METHODS
Recombinant HBsAg
Nonglycosylated HBsAg, subtypes adw, containing the small
HBsAg (S) protein of HBV derived from the Saccharomyce
cerevisiae host strain 2150-2-3 carrying pHBS56-GAP347/33
plasmid containing S-gene encoding HBsAg was obtained
from Dr. Chin-Yuan Guo (Beijing Tiantan Biological Products
Co., Ltd). Briefly, the harvested fermentation product of
the yeast was homogenized to release HBsAg, the ruptured
yeast cells were microfiltered and ultrafiltered to remove
large debris and small molecule contaminants, the HBsAg
particles was further purified by silica adsorption and
butyl-agarose hydrophobic interaction chromatography
consequently. The purity and pyrogen were tested by high
performance size exclusion liquid chromatography on TSK
G4000SW column and Limulus Amebocyte Lysate for
endotoxin detection reagent (Chinese Horseshoe Crab
Reagent Manufactory), which are higher than 99.0% and
lower than 10 EU/mL respectively.

Expression and purification of the N-terminal fragment of gp96
The N-terminal fragment (NTF) of gp96 (from 22aa to
355aa) was cloned into the BamHI and XhoI sites of GST
fusion expression vector pGEX-6p-1 (Phar macia),
containing PreScission protease cleavage site (Sigma). The
positive plasmids were verified by direct DNA sequencing.
E.coli strain BL21 (DE3) transformed with the recombinant
pGEX-6p-1 plasmid was grown at 37 ℃ in 2× YTA
medium before induction with 1 mmol/L IPTG for 4 h
at 37 ℃. Bacterial cells were harvested and lysed by
sonication in PBS. The clarified supernatants of the lysate
were passed through a glutathione±Sepharose 4B column.
The GST fusion protein-bound column was washed with
PBS and eluted with reduced glutathione. After cleavage
the free GST and the protease were removed by passage
through the glutathione±Sepharose 4B column again. The
resultant protein was applied to a Gel filtration Superdex
G75 on AKTA FPLC Workstation. SDS-PAGE and
Western blot were used to identify the protein. The quantities
of proteins were estimated by protein concentration test kit
(BioRad). Additionally, all material for protein preparations
were treated prior to use, to remove possible contaminants
of endotoxin. All buffers were made in pyrogen-free water.

gp96 expressed in E coli and purification of gp96 from normal
liver tissue
The gene encoding murine gp96 was donated by Professor
Srivastava (GenBank Accession No. gi: 6755862). The gene
encoding amino acids 22-802 of gp96 was amplified by
PCR and cloned into E.coli expression vector pET30a
(Novagen) by two restriction enzyme sites of BamHI and
XhoI. A stopcodon was introduced immediately before the
XhoI site. This cloning strategy yielded fusion proteins,
in which there are extra 50 amino acids in total at the Nterminus of gp96. The recombinant plasmids of pET30agp96 were transformed into E.coli strain BL21 (DE3).
Bacterial cells were harvested and lysed by sonication in
phosphate buffered saline (PBS). The clarified supernatants
were applied on Ni-chelated Sepharose affinity column
(Pharmacia). The column then was washed by PBS and eluted
with imidazole (100 mmol/L). The eluted material was applied
to POROS 20QE column (4.6-100 mm, PE Biosystem, Foster
City, CA, USA) on an AKTA fast protein liquid chromatography

Immunization in mice
Female Balb/c mice were obtained from the Animal
Research Center of Medical Department in Peking University
(Beijing, China). Eight groups of mice were immunized with
one of the following regiments in 100 L PBS : (1) PBS;
(2) 10 g NTF only; (3) 10 g gp96 only; (4) HBsAg alone;
(5) mixture of 10 g NTF and 10 g HBsAg; (6) mixture
of 10 g gp96 and 10 g HBsAg; (7) 10 g of HBsAg
emulsified in incomplete Freud’s adjuvant (IFA); (8) mixture
of 10 g NTF (heated at 95 ℃ for 30 min) and 10 g
HBsAg. All groups contained at least 8 mice. All injections
were done subcutaneously at 0, 3 and 6 wk.
HBsAg-specific antibody assay
Sera samples were collected from all mice by tail bleeding
at different times and the presence of HBsAg-specific
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N-terminal fragment of gp96 was expressed as soluble proteins
E.coli is widely useful to produce target proteins for its high
production and convenient manipulation, but the full-length
gp96 molecule may be too big to produce in BL21 cells.
Although the gp96 N-terminal fragment could stimulate
maturation of APC and suppress tumor growth was
reported, whether the fragment can generate immune effects
is unknown[21] . In order to investigate the idea of using
recombinant N-terminal fragment as analog of gp96 and
address its immune effect, the N-terminal fragment of gp96,
NTF (22-355 aa) was cloned into pGEX-6p1 expression
C
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Figure 1 Gp96 expressed in E.coli and purification from normal murine livers.
A and B: Elutions of gp96 from POROS 20QE column with 300-800 mmol/L
NaCl were detected by SDS-PAGE. The gp96 expressed in E.coli. A: or purified
from mice livers; B: were collected as 1 mL fractions during the purification on
POROS 20QE column and a total of six individual fractions (lanes 1-6) were run

Number 19

RESULTS
Expression and purification of gp96
gp96 were expressed as fusion protein with an extra 50
amino acids at their N-terminus derived from the expression
vector pET30a, including the 6× his-tag and two protease
cleavage sites (thrombin and enterokinase). The expressed
proteins were purified with Ni-chelated affinity column. In
the step of the purification on the POROS 20QE column,
gp96 was eluted within a wide range of salt concentration
(400-700 mmol/L NaCl). The product contained mostly
degraded fragments of gp96 or its aggregations identified
by 10%SDS-PAGE (Figure 1A). The purity of resultant
proteins could not meet the demand of immunization. So
we resorted to purify the gp96 from the normal tissue.
Approximately 20-30 mg of apparently homogeneous
preparations of gp96 were obtained from each gram of
wet weight of the healthy murine lives by our method[23] .
Unlike the recombinant gp96, all peak fractions in the wide
range contained apparently homogeneous gp96. The purity
of gp96 preparations were determined by 10% SDS-PAGE
(Figure 1B). Fractions containing gp96 were pooled and
further purified on a gel-filtration Superdex G200 column
(Figure 1C). Using the purification procedures mentioned
above, we routinely obtained gp96 of over 95% purity as
judged by SDS-PAGE and Western blot (Figure 1D).

CTL assay
Spleen cells of mice were segregated 2 wk after the last
immunization and the CTL activities were measured by
ELISPOT assay, which was performed according to the
instruction of the murine IFN- ELISPOT kit (Diaclone,
France). Briefly, 96-well polyvinylidene difluoride-backed
plates were precoated with 15 µg/mL anti-IFN- mAb
overnight at 4 ℃. Plates were blocked for 1 h at 37 ℃.
Purified splenocytes were dispensed at predetermined density
in duplicate wells. Ten micromole per liter of peptide
(WYWGPSLYSI, GL Biochem, Shanghai) was used to
stimulate the cells[24]. The plates were incubated at 37 ℃ for
18-40 h. After washing, the plates were then incubated for
another 1.5 h at 37 ℃ after addition of the biotinylated
anti-IFN- antibody. A 1:1 000 dilution of streptavidinalkaline phosphatase conjugate was then added into the wells
and incubated for 1 h after which the chromogenic alkaline
phosphatase substrate was added. After 30 min, the
colorimetric reaction was terminated by washing with tap
water. After drying, the spots were counted.
B

Volume 11

Statistical analysis
The statistical significance of the difference between two
groups were determined by the two-tailed Student’s t test
and was set to P<0.05.

antibody was analyzed by ELISA. The ELISA kits for the
HBsAg-specific antibody detection were purchased from
Sino-American BioTechnology Co., China and operated
following the manufacturer’s instructions 2 wk after the
last immunization to compare the A values from different
groups. HBsAg-specific IgG serum Abs were determined
by an end-point dilution ELISA assay. Micro-ELISA plates
(costar; Corning Incorporated, NY, USA) were coated
with 150 ng recombinant HBsAg particles per well in 50 µL
0.1 mol/L sodium carbonate buffer (pH 9.5) at 4 ℃. Serial
dilutions of the sera in loading buffer (PBS supplemented
with 3% BSA and 2% Tween 20) were added to the antigencoated wells. Serum Abs were incubated for 2 h at 37 ℃
before four washes with PBS supplemented with 0.05% Tween
20. Bound serum Abs were detected using HRP-conjugated
goat anti-mouse IgG Ab (catalog no. 214-1 806; KPL, USA)
before incubation with substrate o-phenylenediamine
(Sigma) in PBS. The reaction was stopped by 1 M H2SO4,
and determined at 450 nm. End-point titers were defined
as the highest serum dilution that resulted in an absorbance
value three times greater than that of negative control sera
(derived from PBS immunized BALb/c mice).
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on the SDS-PAGE gel with Coomassie blue staining afterwards; C: Gel-filtration
analysis of gp96 purified from mice livers. The protein samples are run on
Superdex G200 column; D: Proteins collected from the peak of gel filtration were
run on 10% SDS-PAGE and Western blot are shown on the right.
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Figure 2 Expression and purification of the N-terminal fragment of gp96 in the
GST fusion expression system. A: The resulting protein N-terminal fragment of
gp96 (named after NTF) was separated from the digestion product on a
glutathione±Sepharose 4B column to remove GST and GST-3C protease. Lane
1, 10% SDS±PAGE of GST-NTF eluted by reduced glutathione; lane 2, NTF
after GST-3C protease digestion (16 h, 5 ℃); lane 3, NTF after removing GST

and GST-3C protease; lane 4, purified GST as control; M, protein molecular
weight markers as indicated in kilo Daltons; B: Gel-filtration analysis of NTF
protein. NTF protein subjected to Superdex G75 gel-filtration; C: The proteins
from the peak run on 10% SDS-PAGE and Western blot. The standard proteins
are superimposed in both A and C.

vector, mainly expressed as fusion proteins to GST in
supernatant of bacteria BL21 cells lysate (Figure 2A). The
gel-filtration Superdex G75 column was applied for further
purification after removing GST (Figure 2B). The resultant
proteins were analyzed by Coomassie blue staining to be at
least 95% pure (Figure 2C) and immunoblotted with an
anti-gp96 monoclonal antibody (Figure 2C). NTF was
recognized by the monoclonal antibody consistent with the
pervious report[25]. Comparing with the recombinant gp96,
NTF was more stable and purer.

added the mice immunized with HBsAg plus heated NTF
to the group of mice immunized with HBsAg alone in the
following tests. Significant difference was observed between
the mice immunized with HBsAg plus heated NTF and those
immunized with HBsAg plus NTF or gp96 after two doses of
immunization (Figure 3B) (P<0.05). The highest end-point
dilution titers were achieved in mice after three doses of
immunization with HBsAg plus NTF or gp96 (Figure 3B),
which were 5-10 fold higher than those with HBsAg plus heated
NTF. The above results showed that gp96 and its N-terminal
fragment enhanced the humoral response to HBsAg.
A
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Gp96 and its N-terminal fragment can enhance the humoral
response to HBsAg
The A values of anti-HBsAg antibody from different
groups were compared at day 63 after three doses of
immunization (Figure 3A). Mice were immunized with
HBsAg emulsified in IFA and PBS as positive and negative
control respectively (Figure 1A: groups 1 and 7). NTF
alone or g p96 alone had no effect on the antibody
production (Figure 1A: groups 2 and 3). A strong antiHBsAg response was observed in mice after three doses
of immunization with the mixture of HBsAg and NTF,
gp96 or IFA (groups 5, 6 and 7). The highest A value was
from the mice immunized with HBsAg and NTF (group
5). The values of antibody were not significantly different
between the groups immunized with HBsAg plus NTF
(group 5) or gp96 (group 6) compared to those of HBsAg
plus IFA (group 7) (P>0.05). However, the values of
anti-HBsAg were significantly correlated with the mice
immunized with or without the assistance of adjuvant to
HBsAg (P<0.05).
In order to investigate whether the levels of anti-HBsAg
were correlated with the time after immunization, and to
examine the detailed difference between the mice immunized
with HBsAg and those immunized with HBsAg and NTF
or gp96, the end-point dilution was used to compare the
anti-HBsAg IgG 2 wk after each vaccination (Figure 3B).
There was no significant difference in anti-HBsAg antibody
level between groups immunized with HBsAg alone and
those immunized with HBsAg plus heated NTF, which
demonstrated that the LPS contamination had no influence
on the results (Figure 3A: groups 4 and 8). Therefore, we
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Figure 3 Induced humoral immune response in Balb/c mice. A: Groups (eight
mice per group) of Balb/c mice were immunized with different gradient: group 1,
PBS only; group 2, 10 g gp96 only; group 3, 10 g NTF only; group 4, 10 g
HBsAg only; group 5, 10 g HBsAg+10 g NTF; group 6, 10 g HBsAg+10 g
gp96; group 7, 10 g HBsAg+IFA; group 8, 10 g HBsAg+10 g NTF (95 ℃
heated for 30 min) at d 0 (day of first vaccination). At d 21, and 42 mice were reimmunized with the same material. At d 63 anti-HBsAg antibodies from different
groups were compared using the value at 450 nm absorbance. The values of
antibody were expressed as geometry mean±SD; B: Sera from the mice
immunized with HBsAg plus heated NTF, HBsAg plus NTF or gp96 (groups 5,
6 and 8) were collected on d 14, 35 and 64 from first vaccination and stored at
-20 ℃ and titers at different dilution were tested at the same time.
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Gp96 and its N-terminal fragment failed to enhance the CTL
response to HBsAg
Whether the CTLs could be obtained when the two proteins
were simply mixed but not covalently bonded [26] were
examined. The number of spot forming cells (SFCs)
representing the IFN- secreted CTLs, in splenocytes in
response to the HBsAg epitope WYWGPSLYSI in vitro
was measured by ELISPOT. Splenocytes stimulated with
ConA served as the positive control. Splenocytes from mice
immunized with HBsAg with gp96 or a mixture of HBsAg
and NTF produced the same level of SFCs in response to
stimulation with the peptide (Figure 4). While there were
differences between the mice immunized with PBS and those
with HBsAg plus adjuvant, there were no significant
differences between mice immunized with HBsAg plus
heated NTF and those with HBsAg plus gp96 or NTF
(Figure 4). It is conceivable that this lack of immune
enhancement effect was likely due to inability for gp96 to
chaperone large exogenous antigen into MHC class I pathway
of APC.

SCF/105 splenocytes

25
20
15
10
5
0

PBS

←

HBsAg

←

NTF+HBsAg

←

gp96+HBsAg

←

ConA

Figure 4 T-cell response of splenocytes of immunized Balb/c mice. Mice
immunized with PBS, HBsAg plus heated NTF, HBsAg plus NTF or gp96 (the
same groups as groups 5, 6, and 8 respectively in Figure 3) were killed on d 63
and the splenocytes were collected for ELISPOT assay with 105 cells per well.
The number of SFCs was calculated. The photograph of the representative
wells from different groups is shown below the statistics.

DISCUSSION
During the process of studies on tumor transplantation and
rejection, two important groups of proteins were found:
MHC proteins and HSPs. HSPs appeared earlier in evolution,
more conservative in structure and more abundant in the
cells[27]. As a member of HSPs, gp96 has similar biological
characteristics to protein chaperones. The most attractive
function of gp96 with respect to medicinal applications is
its immune role upon both the innate and adaptive immune
systems[28]. Previously the main interests towards gp96 were
the focus on its peptide chaperone and its involvement in
the pathway of MHC class I to enhance CTL responses.
Recently reports have disclosed the effect of gp96 upon
the pathway of MHC class II[29-31]. Our results illustrate for
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the first time its enhancement of the humoral response to
protein antigen HBsAg, which provides evidence that
gp96 can influence the antibody production. The reason
that gp96 is enhancing humoral response might be due to
(1) stimulation of APC to increase the efficiency of processing
exogenous antigen and presenting peptides to MHC class
II molecules; (2) activation of bystander CD4+ T cells; (3)
functions directly as a Th2-specific costimulatory molecule.
A protein vaccine can potentially boost immune response,
but without suitable adjuvant, soluble proteins can only elicit
a weak immune response[32,33]. Gp96 could act as a potent
adjuvant to increase humoral responses by this study.
Whether the covalently linked gp96 and HBsAg can elevate
both the antibody and CTL specific to HBsAg needs further
investigation.
In the world, the number of individuals infected by HBV
is over 400 million. About 60% of the world’s 530 000
cases of liver cancer per year are caused by viral hepatitis
B infection[34]. Interferon and nucleoside analogs are still
the most effective drugs to treat chronic hepatitis B.
However, cessation of treatment usually leads to a rapid
relapse of disease, and long-term treatment often results in
the selection of drugs resistant viral variants[35]. Therapeutic
vaccines have been proposed to break the established Tcell tolerance in chronically infected patients[36,37]. Recently
it was suggested that continuous stimulation of dendritic
cells (DCs) by ligands of Toll-like receptors was needed to
overcome CD4+CD25+ T cell-mediated suppression
and mature DCs alone were not sufficient to break CD8
tolerance[38]. Immunotherapeutic vaccines based on gp96
conceived in our lab maybe an optimal candidate to break
the established T-cell tolerance because gp96 can act as
ligand of pattern recognition receptors[39] . However, the
whole-length of gp96 was poorly expressed in E.coli and
the product after purification was produced in unacceptably
low amounts and was unstable, which limited its applications.
Our results showed that the N-terminal fragment of gp96
expressed very well in E.coli with more production and
higher quality, and owned the same effect as the full-length
gp96 to increase the antibody to HBsAg. Further studies
on the N-terminal fragment of gp96 and the HBV infection
will bring us more knowledge for better usage of this
fragment to fight against HBV infection.
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Abstract
AIM: To investigate the role of SCCA2 and other SCCA1
molecules in the process of hepatitis B virus (HBV) binding
to mammalian cells.
METHODS: SCCA1 and SCCA2 were isolated from HepG2.
Binding protein (BP) genes were obtained through PCR.
Recombinant baculoviruses expressing SCCA1, SCCA2,
BP, and different mutants were constructed and utilized
to infect mammalian cells to investigate the binding ability
of infected cells to HBV.
RESULTS: A SCCA1 gene (A1) was isolated from HepG2,
but it appeared to lack the binding ability of infected cells
to HBV. Two mutants, A1-BP and BP-A1, were constructed
by interchanging the carboxyl terminal of A1 and BP. Cells
expressing A1-BP showed an increased virus binding
capacity, but not BP-A1. Comparison of A1 sequence with
the sequence of BP indicated the presence of only three
amino acid changes in the carboxyl terminal, two of them
were found in the reactive site loop (RSL) of SCCA1.
Primary structure assay revealed that the hydrophobicity
of BP and AJ515706 in this domain was strong, but A1
was relatively weak. Changing the aa349 of A1 from low
hydrophobic glutamic acid to high hydrophobic valine enhanced
HBV binding. In contrast, HBV binding was reduced by
changing the aa349 of BP from valine to glutamic acid.
CONCLUSION: The results suggest that the hydrophobicity
of RSL of SCCA1 may play an important role in HBV
binding to cells.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatitis B virus (HBV) is able to infect only humans or
higher primates and shows a strong tropism for liver
parenchymal cells. These characteristics and the lack of cell
lines that support productive HBV replication in vitro have
impeded the identification of HBV receptors. A number of
receptor candidates for HBV have been reported, including
receptors for immunoglobulin A (IgA), human interleukin-6
and annexin V. But these results are controversial, and no
conclusive and convincing biological data could be obtained
to fully demonstrate the functional role of these proteins in
HBV binding and internalization[1]. Studies using synthetic
preS1(21-47) peptides and corresponding antibodies to
prevent HBV attachment to HepG2 have identified the preS1
of the L protein as one of the important sites possibly involved
in HBV infection[2-4]. A recent candidate for HBV cellular
receptors is HBV-binding proteins (BP), isolated from the
plasma membranes of HepG2 by using a tetravalent derivative
of the preS1(21-47) sequence[5]. HepG2 cells after transfection
of BP cDNA showed an increased virus binding capacity,
while Chinese hamster ovary cells, which normally do not bind
to HBV, acquired susceptibility to HBV binding after
transfection. BPs encode for a protein of 390 amino acids.
Comparison of BP sequence with the sequence of SCCA1, a
member of serpin superfamily cloned by Suminami et al[6],
indicated the presence of only three amino acid changes (aa351,
aa357 and aa389). BP is also a member of SCCA1. The serpin
is a superfamily of structurally well-conserved protein presented
in plants, animals, fungi, viruses, and involved in regulating of
a variety of biological events[7]. When De Falcon et al[5], isolated
HBV-BP from HepG2, 12 independent recombinant clones
were sequenced, showing that the sequences corresponding to
SCCA1, SCCA2, and HBV-BP were equally represented.
SCCA2, another member of serpin, is found to be 91% close
to SCCA1. Recently, Moore et al[8], isolated another SCCA1
from HepG2, presenting four amino acid substitutions to BP,
and confirmed that transfection of this SCCA1 into mammalian
cells resulted in increased HBV binding. But the function of
SCCA2 is still not known. In order to understand the role of
SCCA2 and other SCCA1 in the process of HBV binding to
mammalian cells, recombinant baculoviruses expressing
SCCA1, SCCA2, BP, and different mutants were constructed
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and the binding ability of infected cells to HBV was
investigated using infected mammalian cells.

MATERIALS AND METHODS
Cloning and sequencing of SCCA1, SCCA2, and BP
Primers were synthesized according to the sequences of
BPs (Table 1) by Shanghai Boya Company. Total RNA was
purified from HepG2 cells using TRIzol (Invitrogen). Reverse
transcription was primed using BP2. cDNA was used in a
nested PCR reaction to amplified target genes (the external
pair of primers were BP1 and BP2, and the internal pair
of primers were BP3 and BP4). Cycling for both reactions
was performed as follows: at 94 ℃ for 50 s, 25 cycles at 94 ℃
for 50 s, at 50-58 ℃ for 50 s, at 72 ℃ for 1 min, followed
by 1 cycle at 72 ℃ for 10 min. Products of the same length
to the target genes were amplified when annealing temperature
ranged between 50 ℃ and 58 ℃. PCR-amplified products
under different annealing temperatures were recovered
respectively using a gel extract kit (Shanghai Huashun Company)
and used directly in ligation with pMD18-T (Dalian Takara
Company). Sequencing was performed by Shanghai Boya
Company. Sequences were compared with published sequences
in GenBankTM, and submitted to GenBankTM. The product
at 56 ℃ was one SCCA1 (named A1, accession number
AY245781). The product at 52 ℃ was one SCCA2 (named
A2, accession number AY245782). Comparison of A1 sequence
with BP sequence indicated only five amino acid changes
(aa185, aa202, aa349, aa351, aa389). Then A1 was mutated
through PCR to obtain the same BP[5] reported. Inserted
genes were confirmed by sequencing.

Table 1 Sequences of primers
Primer

Sequence

BP1

5’- CAC AGG AGT TCC AGA TCA CAT CGA G -3’

BP2

5’- CTG GAA GAA AAA GTA CAT TTA TAT GTG GGC -3’

BP3

5’- CCG CTA GCT CAC CAT GAA TTC ACT CAG -3’

BP4
BPf

5’- CCG TCG ACT CTA CGG GGA TGA GAA TCT -3’
5’- GGA TCC ATG AAT TCA CTC AGT G -3’

BPr

5’- CTC GAG CTA CGG GGG TGA GAA TC -3’

EGf1

5’- GAT ATC ATG GTG AGC AAG GGC G -3’

EGf2

5’- GTC GAC TTA CTT GTA CAG CTC GTC C -3’

Construction of recombinant donor plasmids: pFB-A1, pFBA2, pFB-BP, and pFB-EGFP
A1, A2, and BP were used as templates for a pair of primers
(BPf and BPr, Table 1). The amplified products were inserted
into the donor plasmid pFastBacl (Invitrogen) to construct pFBA1 and pFB-A2 and pFB-BP (Figure 1). EGFP gene was
amplified from pEGFP (Clontech) using primers Egf1 and
Egf2. The obtained fragments were cloned into pFastBacDual
(Invitrogen) to generate pFBD-EGFP (Figure 1). The sequences
of the inserts were confirmed by sequencing.
Generation of recombinant baculoviruses[9]
Recombinant donor plasmids were transformed into DH10Bac
competent cells (Invitrogen). Then the transformed cells
were plated on LB plates containing X-gal (Sigma), IPTG
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(Sigma), gentamycin, kanamycin, and tetracycline for selection
of white colonies. The white colonies were cultured in liquid
LB containing the same three antibiotics, and the transposed
bacmids were extracted by alkaline lysis. There were complementary sequences of M13 primer flanking the LacZ gene
of bacmids. The length of PCR-amplified products using
M13 primer was used to confirm the transposition. Cycling
for both reactions was performed as follows: at 94 ℃ for
50 s, 30 cycles at 94 ℃ for 50 s, at 55 ℃ for 50 s, at 72 ℃
for 3 min, followed by 1 cycle at 72 ℃ for 10 min.

Gm

Gm

PoI H
Tn7R

pcmv

Tn7R

HSV tk pA
EGFP
p10

ori
ori

pFB-Target

pPolh

pFBD-EGFP
Target
Ap

Ap

SV40pA
Tn7L

pcmv
Tn7L
EGFP
SV40 pA

Figure 1 Map of pFB-targets (target is A1, A2 or BP respectively) and pFBDEGFP.

The resultant bacmids were then used to transfect Sf9
(Invitrogen) cells by using liposome reagent (Cellfectin,
Invitrogen) to produce recombinant baculoviruses BacA1,
BacA2, BacBP, and BacEGFP. Supernatant of cell culture
containing recombinant baculoviruses was collected after 4 d
and used to reinfect Sf9 cells to obtain baculoviruses with a
higher titer.
Harvest and plaque assay of baculoviruses
Sf9 cells about 80% confluence were seeded in a six-well
plate, and incubated at 28 ℃ for 1 d. Baculoviruses were
added to each well of six-well plates at serial dilution and 2 mL
0.8% low-melting agarose (Sigma) prepared using Grace’s
medium (Invitrogen) was overlaid after 1 h. The plate was
stored at 28 ℃ for 5 d, and the plaques stained with 1%
neutral red were counted.
Gene transfer to mammalian cells using recombinant
baculoviruses
About 5×104 mammalian cells were seeded in each well of
a 24-well plate. The medium was removed after 12 h at 37 ℃,
and 500 µL Sf9 culture supernatant containing recombinant
baculoviruses was added. New medium was used after 8 h
at 37 ℃ and cultured for 48 h.
HBV binding assay and HBV DNA harvest
About 5×104 mammalian cells were seeded in each well of
a 24-well plate. The medium was removed after 16 h at 37 ℃,
and washed once with D-hanks. To each well, 200 µL Dane’s
particles (2×107/well, Beijing Institute of Biological Products)
was added and diluted with an appropriate growth medium
of mammalian cells and the cells were incubated at 37 ℃
in a CO2 incubator for 4 h. The entire medium was aspirated
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off and washed twice with PBS and the cells were
collected into an Eppendorf tube. Total HBV DNA was
harvested using protease K after separation of cell nuclei
and plasma.
Fluorescence PCR analysis
HBV DNA was analyzed using a HBV fluorescence PCR
diagnostic kit (Xiamen Xingchuang Company). Cycling was
performed in a Roton-gene real-time 2000 PCR system as
follows: at 94 ℃ for 180 s, 50 cycles at 94 ℃ for 1 s, at 53 ℃
for 20 s. The data were analyzed and exported by fluorescence
PCR analysis software.
Hydrophobicity of primary structure of target genes
Kyte–Doolittle method included in protean program of
DNASTAR software was used to analyze hydrophobicity.
The average length of amino acid residues used was by default,
nine residues. The horizontal line represented the site of amino
acids, and the vertical line represented the hydrophobicity
index. Positive index meant amino acids were hydrophobic,
and negative meant hydrophilic. The larger the absolute
value, the stronger the hydrophobicity.

RESULTS
HBV binding to HepG2 cells and WI-38 cells
The following cell lines were used to study the binding to
HBV: HepG2, WI-38, BNL 1ME A.7R.1, and CHO. Cells
were incubated with an appropriate medium containing Dane’s
particles. Cell-associated HBV DNA was harvested after being
washed with PBS and quantified using real-time fluorescence
PCR (Table 2). HepG2 cells could bind to HBV in some
degree, and some non-specific bindings to viruses were found
in other non-tropistic cell lines. WI-38 cells were observed
to have a comparatively higher efficiency of report gene
transfer and expression[10]. So WI-38 cells were selected as target
cells in following research.
HBV infection to WI-38 cells expressed different target proteins
Recombinant baculoviruses (BacA1, BacA2, BacBP, and

Table 2 Comparison of the relative binding to HBV in different cell
lines
Cell line

Source

HBV DNA (copies/sample)

HepG2

Human/hepatocellular

263 382±16 302

carcinoma
WI-38

Human/lung fibroblast

186 215±15 236

BNL 1ME A.7R.1

Mice/liver

169 221±13 489

CHO

Mice/ovary

105 400±25 076
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BacEGFP) infected WI-38 cells, respectively. Dane’s particles
were added to the cells after 48 h. HBV DNA was extracted
after 4 h and quantified (Figure 2). We observed no increase
in cell-associated virus DNA in cells infected with BacA1
and BacA2, a significant increase in cells infected with BacBP
(P<0.05) compared with mock infected cells (infected with
BacEGFP) and uninfected cells (blank control), suggesting
that expression of BP could make WI-38 acquire susceptibility
to HBV binding, but not A1 and A2.
HBV DNA (copies/sample)

2866

500
400
300
200
100
0

Blank

Mock

BacBP

BacA1

BacA2

Baculovirus

Figure 2 HBV binding to WI-38 cells infected with different recombinant
balculoviruses; blank: uninfected cells; mock: BacEGFP infected cells.

SCCA1 protein sequence comparison
The expression of A1 could not enhance HBV binding to
cells. Moore et al [8], reported that they isolated a SCCA1
gene (GenBank TM accession number AJ515706) from
HepG2 cells by PCR and transfection of this SCCA1 into
mammalian cells (both hepatocyte-derived and of nonhepatocyte origin) resulted in increased HBV binding. Sitedirected mutagenesis in RSL was utilized to create two
AJ515706 gene mutants, P3 and P14. There was no
significant difference in binding between the wild type
SCCA1 and either RSL mutant. Thus, except A1, the other
four SCCA1 protein (BP, AJ515706, P3, P14) expression
could increase cell binding to HBV. Based on the sequence
comparison (Table 3), amino acid changes of A1 at aa185,
aa202, aa349 and aa351 were specific.
Construction of chimeric mutants of BP and A1 and their binding
to HBV
The function of serpin involved exposure of the reactive
site loop (RSL) to the active site of proteinases[7]. In order
to understand the amino acid changes involved in HBV
binding ability, two chimeric mutants, BP-A1 and A1-BP,
were constructed by interchanging the fragments of BP and
A1 after aa342 (Figure 3).
Then, recombinant baculoviruses containing BP-A1 and
A1-BP were generated and infected WI-38 cells were used

Table 3 Amino acid sequence differences among five SCCA1 proteins
Amino acid residue

16

47

105

185

202

341

349

351

352

389

BP
AJ515706
P3
P14
A1

F
S
S
S
F

D
N
N
N
D

N
T
T
T
N

Q
Q
Q
Q
R

P
P
P
P
S

A
A
A
R
A

V
V
V
V
E

A
A
A
A
G

F
F
A
F
F

P
S
S
S
S
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to investigate their functions in HBV binding (Figure 4). It
showed that cells expressing A1-BP could bind to HBV,
but BP-A1 could not. Apparently, the susceptibility of SCCA1
to HBV was significantly affected by amino acid changes
after aa342.

BP

A1

2867

and infected WI-38 cells were used to analyze the binding
of cells to HBV. The results revealed that the expression
of A1E349V could enhance cell binding to HBV, but BPV349E
could not, suggesting that aa349 was of pivotal importance
to the function of SCCA1 (Figure 7). Surprisingly, in the case
of BPN342 expression, some virus-cell binding ability still
remained, implying that the binding of BP to HBV might
involve several sites, or aa344-aa354 region was not directly
involved in the binding. But the altered hydrophobicity of
this region might indirectly lead to conformational changes
of HBV binding sites.

aa342
BP-A1

Virus-binding
enhancement

A1-BP

BP

+

aa348
hydropathy
value
+2.17

340 342 344 346 348 350 352 354 356
G A E AA AA TA V V AF G S S P

Figure 3 Construction of chimeric mutants of BP and A1.
A1

HBV DNA (copies/sample)

340 342 344 346 348 350 352 354 356
G A E AA AA TA V V AF G S S P

-

+1.07
340 342 344 346 348 350 352 354 356
G A E AA AA TA V V AF G S S P

600
AJ515706

500

+

+2.17

400
340 342 344 346 348 350 352 354 356
G A E A A AA TA V V AA G S S P

300
P3

200

+

100

+2.06
340 342 344 346 348 350 352 354 356
G R E AA AA TA V V AF G S S P

0
Blank

Mock

BP
A1
Baculovirus

BP-A1

A1-BP

P14

+
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Figure 4 HBV binding to WI-38 cells expressing chimeric mutants of BP and
A1. Blank: uninfected cells; mock: BacEGFP infected cells.
A1-BP

Hydrophobicity/hydrophilicity analysis of primary structure of
several SCCA1 protein
Comparison of hydrophobicity/hydrophilicity of five SCCA1
proteins (BP, AJ515706, P3, P14, and A1) found that the four
proteins with HBV binding ability displayed a relatively high
hydrophobicity, and the peak value of hydrophobicity of
these proteins was above 2.0. But the peak value of A1, the
protein without HBV binding ability, was just 1.07 (Figure 5).
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aa349 site-directed mutagenesis of BP and A1 affected HBV
binding ability
A1 differed from all the other four proteins for the presence
of two residue mutations, V349E and A351G between aa344
and aa354. Notably, at aa349 of A1, it was a low hydrophobic
glutamine residue, but not a high hydrophobic valine residue.
It was assumed that the hydrophobicity between aa344 and
aa354 might have played a role in the process of SCCA1 binding
to HBV. To elucidate this hypothesis, we constructed BPV349E
and A1E349V utilizing the site-directed mutagenesis method
at the aa349 of BP and A1, and found that a deletion mutant
BPN342 deleted the fragments after BP aa342 (Figure 6).
The hydrophobicity of BPV349E between aa344 and aa354
was markedly reduced, but A1E349V was reverse (Figure 5).
Recombinant baculoviruses of these mutants were constructed
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Figure 5 Hydrophobicity analysis of several SCCA1 proteins.
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Figure 6 Construction of different SCCA1 mutants.
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Figure 7 HBV binding to WI-38 cells expressing site-mutants of BP and A1.
Blank: uninfected cells; mock: BacEGFP infected cells.

DISCUSSION
BP and AJ515706 are two SCCA1 genes isolated from
HepG2 by De Falco et al[5], and Moore et al[8]. Mammalian
cells expressing both genes showed an increased HBV
binding capacity. But in this study, A1 isolated from HepG2
did not show the same capacity. A2, a SCCA2, which was
found to be 91% homologous to SCCA1, also lacked this
capacity.
BP, AJ515706 and A1 are of a high sequence homology,
but they only have 4-7 different amino acids (Table 3). In
order to understand which amino changes were related to
HBV binding capacity, two mosaics, BP-A1 and A1-BP,
were constructed by interchanging the fragments of BP and
A1 at downstream aa342. The results showed that cells
expressing A1-BP could bind to HBV, but BP-A1 could not.
It seems that the changes of three amino acids between A1
and BP after aa342 were important in the binding to HBV.
Two of the amino acid changes (aa349 and aa351) reside
in RSL. The hydrophobicity of A1 in RSL was relatively mild,
but that of BP and AJ515706 was strong. We created two
mutants, A1E349V and BPV349E, by site-directed mutagenesis
at the aa349 of BP and A1. The mild hydrophobic glutamic
acid of A1 was changed into high hydrophobic valine.
Correspondingly, valine of BP was changed into glutamic
acid. Cells expressing A1E349V acquired HBV binding ability,
but BPV349E lost it. The results revealed that there was an
important correlation between hydrophobicity of SCCA1 RSL
and HBV binding capacity. The decreased hydrophobicity in
this region would lead to the reduction in levels of bound viruses.
In the hydrophobic conformation, DHBV particles were
able to bind to liposome and intact cells[11]. The strong
hydrophobicity of BP and AJ515706 in RSL might help
them to form stable complexes with HBV or some components
of cells, increase attachment to and entry in cells.
Serpin is a conformation-dependent protein. The relationship between structure and function is very special. Until
now, this has not been fully understood. The RSL of serpin
not only plays an important role in the inhibitory activity of
serpin, but also affects the whole conformation of serpin.
The binding to ligands and the reciprocity between proteins
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can occur at any site of serpin. The conformational changes
on RSL may influence other regions of serpin interacting
with HBV. So, the RSL and its hydrophobicity are important
in the process of cell binding to HBV, but other regions on
BP may also interact with HBV. In this study, the result of
BPN342 might favor this explanation. Expression of BPN342
and deletion mutants of RSL, did not result in abrogation
of enhanced virus binding to infected WI-38, suggesting
the complicated effect of serpin structure.
HepG2 is a cell line from hepatocellular carcinoma. The
surface components of each cell are not totally identical.
Some different SCCA1 genes were isolated from HepG2 using
the similar methods by De Falco et al[5], and Moore et al[8].
These SCCA1 genes have a high sequence homology, but their
functions in HBV binding differ markedly. In the normal
hepatocytes, are there different SCCA1 genes that express
simultaneously? Does the expression of different SCCA1
have a relationship with the susceptivity of cells to HBV
and the cytopathological changes after HBV infection? Further
research on these problems may contribute to understanding
the mechanism of interaction between hepatocytes and HBV.
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Abstract
AIM: Hepatitis B is a worldwide public health problem. To
explore the feasibility of hepatitis B virus (HBV) vertical
transmission via oocytes, the presence and integration of
HBV DNA in mouse oocytes were studied.
METHODS: Genomic DNA was isolated and metaphases
were prepared, respectively from mouse oocytes cocultured
with pBR322-HBV DNA plasmids. PCR, Southern blot, dot
hybridization and fluorescence in situ hybridization (FISH)
were performed to explore the existence and integration
of HBV DNA in oocytes.
RESULTS: PCR detected positive bands in the tested
samples, and then Southern blot revealed clear hybridization
signals in PCR products. Final washing solutions were
collected for dot hybridization and no signal for HBV
DNA was observed, which excluded the possibility that
contamination of washing solutions gave rise to positive
results of PCR and Southern blot. FISH demonstrated that
36 of 1 000 metaphases presented positive signals.
CONCLUSION: HBV DNA sequences are able to pass
through the zona and oolemma to enter into oocytes and
to integrate into their chromosomes. HBV DNA sequences
might be brought into embryo via oocytes as vectors when
they are fertilized with normal spermatozoa.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatitis B is a worldwide public health problem. In FarEast Asia and tropical Africa, chronic carriers of hepatitis
B virus (HBV) represent 10% or more of population[1] .
Both chronic hepatitis B and hepatitis C are prevalent among
the 12 million Asians and Pacific Islanders living in the
USA[2]. It is still a potential risk for public health as a result
of immigration from countries with a high prevalence of
HBV infection although there is a low incidence rate
among the indigenous population in North America and
Scandinavian countries[3-5] . Chronic active hepatitis and
liver cirrhosis are major causes of mortality[1,6]. Moreover,
epidemiological studies have clearly shown the importance
of HBV in hepatocellular carcinoma (HCC). In China,
500 000 to one million new cases appear every year[1] and
73% of patients with chronic hepatitis and 78% and 71%
of those with cirrhosis and HCC, respectively, are HBsAg
positive[7]. Therefore, studies on transmission of HBV are
of substantial importance in virology as well as in public
health.
The transmission routes of HBV through blood
transfusion[8,9]; body fluids including serum, saliva, vaginal
secretions, breast milk, and semen [10-14]; intrauterine
infection[15,16]; cell, tissue, and organ transplantation[17,18] and
others including hemodialysis units and intravenous drug
injection[19-23] have been documented. Hadchouel et al [24] ,
using molecular hybridization, confirmed the presence of
integrated HBV DNA sequences in spermatozoa from two
of three patients with HBV infection. They assumed that
the presence of integrated sequences in spermatozoa
suggested the possibility of true vertical transmission of
HBV via the germ line. Using interspecific in vitro fertilization
between zona-free hamster ova and spermatozoa from nine
patients with HBV infection, we prepared human sperm
metaphases for fluorescence in situ hybridization (FISH)
with the biotin-labeled full length HBV DNA probe. The
specific fluorescent signal spots for HBV DNA were seen
in sperm chromosomes of one patient with chronic persistent
hepatitis. Our results suggest that there is evidence that
HBV DNA can integrate into human sperm chromosomes
and that human sperms with HBV DNA sequences can
normally complete the fertilization with oocytes and zygotes
can develop to the first cleavage. The above studies provided
some evidence for the feasibility of HBV vertical transmission
via spermatozoa. Zhong et al [25] analyzed HBV nucleotide
sequences isolated from three sets of mother/child pairs
and found that the nucleotide and deduced amino acid
sequences were absolutely identical between the mother and
children in two of three families. Their results suggested
the vertical transmission linkage of HBV between the mother
and children. An interesting question is that whether HBV
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vertically transmits from mother to offspring via oocytes.
To answer this question, the presence and integration of
HBV DNA in oocytes should be confirmed. This is the
purpose of our present study.

MATERIALS AND METHODS
Preparation of mouse oocytes
Mature female mice were induced to superovulate by
intramuscular injection of 0.2 IU/g body weight of pregnant
mare serum gonadotropin (PMSG, Ningbo Hormone
Products Co., Ltd, China) into the inguinal region on d 1 of
estrous cycle followed by administration of 0.2 IU/g
body weight of human chorionic gonadotropin (HCG,
Ningbo Hormone Products Co., Ltd) after 48-58 h.
Superovulated oocytes were collected from ampullar region
of oviducts 16 h after HCG injection and freed from
cumulus cells by gently pipetting in 0.1% hyaluronidase and
then washed thrice in modified TYH medium (mTYH)[26].
The oocytes were divided into two groups. Group A was
transferred into mTYH containing 0.2 g/mL pBR322HBV DNA plasmids and group B into HBV DNA-free
mTYH. The oocytes of two groups were kept in a CO2
incubator (37 ℃, 50 mL/L CO2 in air) for 2 h and then
washed with mTYH eight times. The oocytes and washing
solutions of the last three times were collected respectively.
Labeling of HBV DNA probe for Southern blot and dot
hybridization
Recombinant plasmids, pBR322-HBV containing full length
(3.2 kb) HBV genomic DNA, were taken to be amplified
according to the routine PCR method. The PCR products,
591-bp HBV DNA fragments containing HBx coding
region, were labeled with biotin using random primer biotin
labeling of DNA (NEB Phototope Kit). Unincorporated
nucleotides were separated by cold ethanol precipitation
method.
Labeling of HBV DNA probe for FISH
Recombinant plasmids, pBR322-HBV containing full length
(3.2 kb) HBV genomic DNA, were taken to be amplified
according to the routine transformation method. The 3.2 kb
HBV DNA probe was labeled with biotin-14-dATP by nick
translation (BioNick DNA Labeling System, GIBCO BRL).
Unincorporated nucleotides were separated by cold ethanol
precipitation method.
DNA extraction
Cumulus-free oocytes from groups A and B were treated
with 0.1% trypsin to remove the zona pellucida, then washed
twice immediately in fresh mTYH. Genomic DNA was
isolated from the zona-free oocytes through the digestion
of lysis buffer, proteinase K and RNase I; the extraction
of phenol-chloroform and the precipitation of ethanol.
Polymerase chain reaction (PCR)
The tested DNA samples were from group A oocytes in
eight experiments. The positive and negative controls were
from recombinant plasmids, pBR322-HBV and group B
oocytes respectively.
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Primers used for PCR amplification (Sangon Company,
Shanghai, China) were as follows: P1 (up) (5’-gaactcctagcagcttgttt-3’); P2 (down) (5’-tgaacagtaggacatgaaca-3’). The
expected size of the product was 591 bp and this fragment
contained region X of HBV genome. A total of 50 L
reaction included 41.5 L ddH2O, 5 L 10× buffer, 1 L
dNTPs (10 mmol/L), 0.5 L primer 1 (100 pmol/L), 0.5 L
primer 2 (100 pmol/L), 0.5 L Taq DNA polymerase
(5 IU/5 L), 1 L DNA template (1 g/L). The thermocycling conditions were at 94 ℃ for 5 min, and 35 cycles
each at 94 ℃ for 1 min, at 50 ℃ for 1 min, at 72 ℃ for
1 min, and finally at 72 ℃ for 10 min in a Peltier thermal
cycler (PTC 100). The amplification products were visualized
by staining with ethidium bromide, after electrophoresis on
1% agarose gel.
Southern blot hybridization
Each 15 L amplification product from PCR assays was
separated by electrophoresis on 1% agarose gel and blotted
onto a nylon membrane (Schleicher & Schuell BioScience,
Inc., USA). Southern blot analysis was carried out using
biotin DNA labeling and detection kits (New England
Biolabs, Inc., USA) with the biotin-labeled HBV DNA
sequence containing HBx coding region as a probe.
Dot hybridization
The tested samples were from the solutions of the last three
washings of group A in each experiment. All of the 24
tested samples in eight experiments were collected for dot
hybridization. The positive and negative controls were from
recombinant plasmids, pBR322-HBV and the washing
solutions of group B respectively.
Each 2 µL of the samples of washing solution was
subjected to denaturing in boiling water bath for 5 min
and dotted onto a nylon membrane (Schleicher & Schuell
BioScience, Inc.). The blots were dried and baked for 2 h
at 80 ℃. Dot hybridization was carried out using the
biotin-labeled HBV DNA sequence containing HBx
coding region as a probe. After an overnight hybridization
at 68 ℃, the blots were treated successively with SSC,
sodium dodecyl sulfate, blocking reagent, streptokinase,
alkaline phosphatase, CDP-star assay buffer, followed by
the procedures of exposure, development and fixation,
and analysis.
Preparation of oocyte metaphases
Oocyte metaphases were prepared using a gradual fixation
air-dry method[27]. In brief, oocytes were first exposed to a
hypotonic solution containing 0.068 mol/L potassium
chloride with 0.1% bovine serum albumin for about 30 min.
The swollen oocytes were transferred to the bottom of a
glass spot well pre-filled with fixative I (methanol:acetic
acid:distilled water 5:1:3). When the color of oocytes
changed from brown to white and subtransparent (after
about 5-7 min), the oocytes were aspirated and then released
gently onto the slide. Then fixative II (methanol:acetic acid
3:1) was dispensed carefully over the surface of the slide
until it covered the oocytes. The slide was immersed in a
Coplin jar containing fixative II for about 5 min or more.
After that it was gently removed and placed in a Coplin jar
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containing fixative III (methanol:acetic acid:distilled water
3:3:1) for 1 min. The slide was slowly removed and dried
gradually with a steam of moist air.
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control and no signal was observed in the negative control
(Figure 3).

FISH of oocyte chromosomes
FISH and detection of signals were performed with the
procedures described previously.
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RESULTS
PCR of the DNA from oocytes
The positive bands for HBV DNA in eight samples from
group A oocytes were observed. A bright positive band was
seen in the positive control and no band in the negative
control was seen (Figure 1).

Figure 3 Dot hybridization for the washing solution. Dots (1,1): negative control;
Dots (4,6): positive control; Dots (1,2) to (1,7), (2,1) to (2,7), (3,1) to (3,7), (4,1) to
(4,4): the washing solution samples from group A in eight experiments.

9 10 11

FISH of oocyte chromosomes
Using specific whole length HBV DNA as a probe to
perform FISH with oocyte chromosomes, 36 of 1 000
metaphases from group A oocytes presented positive signals
for HBV DNA and no signal was found in 500 metaphases
from group B oocytes (Figure 4).

Figure 1 Electrophoresis of amplification products of DNA from mouse oocytes.
Lane 1: markers; lane 2: negative control; lane 11: positive control; lanes 3-10:
amplification products of DNA from group A oocytes in eight experiments.

Southern blot hybridization
Consistent with electrophoresis of amplification products,
Southern blot analysis revealed that the hybridization
signals for HBV DNA in each of eight samples from group
A oocytes were observed. A strong signal was seen in the
positive control and no signal was found in the negative
control (Figure 2).
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Figure 4 FISH results. A: No signal of HBV DNA integration in the metaphase
from group B oocytes. B-D: Clear signals of HBV DNA integration in the
metaphases from group A oocytes (arrow).

Figure 2 Southern blot results of amplification products of DNA from mouse
oocytes. Lane 1: Markers; lane 2: negative control; lane 11: positive control;
lanes 3-10: amplification products of DNA from group A oocytes in eight
experiments.

Dot hybridization for washing solutions
No signal for HBV DNA was observed in all of the 24
tested samples. A strong signal was seen in the positive

DISCUSSION
To confirm vertical transmission of HBV from mother to
children via oocytes is an exciting program and of substantial
importance. However, such studies have been hampered
since neither experimental animals nor cell culture systems
have been available. Thus it is very crucial to establish a
model system for study on HBV transmission via oocytes.
Zona pellucida is a glycoprotein coat surrounding the egg
proper. It protects the fragile eggs and embryos from physical
damage[28]. Can zona become a barrier to the entry of HBV
DNA sequence into the oocytes? This is a key question for
establishing such a model system, which we primarily have
to answer.
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In our study, the PCR products were visualized after
electrophoresis on 1% agarose gel. A bright specific band
for HBV DNA and no specific band were detected in the
positive and negative controls respectively. The specific
bands for HBV DNA were observed in all the samples
from group A oocytes that were cocultured with HBV DNA
in eight experiments (Figure 1). Consistent with PCR results,
Southern blot analysis revealed that the hybridization signals
for HBV DNA in all the amplification products from group
A oocytes were observed. A strong signal was seen in the
positive control and no signal was found in the negative
control (Figure 2). It was impossible that the contamination
of washing solutions gave rise to such positive results of
PCR and Southern blot in the tested oocytes because they
were washed eight times in each experiment and dot
hybridization showed negative results in the last three of
eight washing solutions in our study (Figure 3). Two reasons
might contribute to the positive results in the tested oocytes.
One was that some samples contained HBV-plasmid DNA
that stuck firmly to the zona surface, the other was that
some samples contained HBV DNA fragments that passed
through the zona and oolemma and entered into the oocytes.
The latter has been confirmed by our FISH experiments,
the former was not excluded.
Although HBV replication is restricted to a more or less
stringent host cell range, it is clear that viral integration is
not restricted to any particular organ but occurs in many
tissues including host somatic cells and spermatozoa[21,29-32].
However, so far no study on its integration into chromosomes
of mammalian oocytes has been reported. We prepared
metaphases of mouse oocytes cocultured with HBV DNA
and performed FISH with a full length HBV DNA as a probe.
Thirty-six of thousand metaphases presented positive signals
and no FISH signal was detected in all the metaphases from
500 oocytes not cocultured with HBV DNA (Figure 4).
This result indicated that the zona could not become a
barrier to the entry of HBV DNA sequences into the
oocytes and the oocytes cultured in vitro could passively
take up exogenous DNA fragments. This result also
indicated that HBV DNA fragments were able to enter
into oocytes and integrate into their chromosomes. It is
undoubted that HBV DNA sequences could be brought
into embryos when the oocytes with the presence and
integration of HBV DNA were fertilized with normal
spermatozoa. So the in vitro culture system bringing HBV
DNA into embryos via oocytes might be used as a model
system for study on the exact vertical transmission of HBV
via oocytes. Tsurimoto et al [33] , demonstrated that HBV
genome in an integrated state could act as a template for
viral gene expression and replication. It would provide direct
evidence for HBV transmission via oocytes if we could
demonstrate the replication and expression of such genes
of HBV in embryonic cells.
Hepatotropism is a prominent feature of HBV infection.
It has been reported that cell lines of nonhepatic origin do
not independently support HBV replication[34]. The reason
why viral tropism was restricted to hepatocytes is largely
unknown, although some investigations have indicated that
HBV DNA methylation[35,36], liver-enriched transcription
factors[37-39] and some receptors of hepatocytes[40,41] contribute
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to hepatotropism. Moreover, replication of HBV was found
in transfected nonhepatic cells by ectopic expression of liverenriched transcription factors[42]. DNA methylation is a very
important manner for cells to regulate the expression of
host genes and viral genes entering into cells. These genes
would be almost fully methylated in sperms and probably
the female germ line[43]. It was reported that DNA methylation
patterns of the male and female pronuclei were erased in
morula and early blastulae, when blastocysts formed, most
of DNAs were demethylated. Following implantation,
however, there was a surge of de novo methylation affecting
the entire genome. During subsequent development, tissuespecific genes underwent programmed demethylation, which
might cause their activation[44]. Preimplantation embryonic
cells are non-specialized cells that are different from hepatic
cells as well as specialized nonhepatic cells. It might be
helpful for exploring the mechanism of hepatotropism and
HBV vertical transmission to study on the contribution of
methylation of HBV DNA, individual and multiple liverenriched transcription factors and some membrane receptors
in preimplantation embryonic cells with HBV sequences
brought via oocytes in vitro culture system. This would be
our further study in the future projects.
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Abstract
AIM: To investigate the evaluation of hepatitis C virus
(HCV) quasispecies in the envelope region and its
relationship with the outcome of acute hepatitis C.
METHODS: HCV quasispecies were characterized in
specimens collected every 2-6 mo from a cohort of acutely
HCV-infected subjects. We evaluated two individuals who
spontaneously cleared viremia and three individuals with
persistent viremia by cloning 33 1-kb amplicons that
spanned E1 and the 5’ half of E2, including hypervariable
region 1 (HVR1). To assess the quasispecies complexity
and to detect variants for sequencing, 33 cloned cDNAs
representing each specimen were assessed by a combined
method of analysis of a single-stranded conformational
polymorphism and heteroduplex analysis. The rates of
both synonymous and nonsynonymous substitutions
for the E1, HVR1 and E2 regions outside HVR1 were
analyzed.
RESULTS: Serum samples collected from chronic phase
of infection had higher quasispecies complexity than those
collected from acute phase of infection in all individuals
examined. The genetic diversity (genetic distance) within
HVR1 was consistently higher than that in the complete
E1 (0.0322±0.0068 vs -0.0020±0.0014, P<0.05) and E2
regions outside HVR1 (0.0322±0.0068 vs 0.0017±0.0011,
P<0.05) in individuals with persistent viremia, but did not
change markedly over time in those with clearance of
viremia. For individuals with persistent viremia, the rate
of nonsynonymous substitutions within the HVR1 region
(2.76×10 -3 ±1.51×10 -3 ) predominated and gradually
increased, as compared with that in the E1 and E2 regions
outside HVR1 (0.23×10-3±0.15×10-3, 0.50×10-3±0.10×10-3).
By contrast, the rates of both nonsynonymous and
synonymous substitutions for the E1 and E2 regions
including HVR1 were consistently lower in individuals with
clearance of viremia.

INTRODUCTION
Hepatitis C virus (HCV), a member of the Flaviviridae family,
is the major cause of chronic liver disease worldwide[1]. HCV
is a positive-sense single-strand RNA virus with a genome
that encodes one large polyprotein in which putative
structural proteins are located at the N-terminal end, and
the putative nonstructural proteins are located at the Cterminal end[2]. One of the important characteristics of HCV
is that its genome exhibits significant genetic heterogeneity
as a result of the accumulation of mutations during viral
replication. The genetic sequences of HCV variants are
very heterogeneous, varying by more than 30% across the
entire genome among the six major genotypes, 20% among
subtypes, and up to 10% within a subtype[3]. Analogous to
other RNA viruses, HCV circulates in an infected individual
as a population of close-related, yet heterogeneous,
sequences: the quasispecies[4-6]. The quasispecies distribution
of HCV might have important biological consequences. It
has been proposed that this genetic heterogeneity allows
HCV to escape immune pressure and to establish chronic
infection[7-9]. Furthermore, the existence of a heterogeneous
population of HCV may influence the outcome of antiviral
therapy; and resistance to treatment might result from
selection of minor viral populations during this therapy[10].
Therefore, it is important to define accurately quasispecies
populations of HCV.
Many analyses of viral quasispecies of HCV have been
published. The majority of these studies have focused on
the most variable part of the HCV genome, hypervariable
region 1 (HVR1) of glycoprotein E2[11-13]. Mutation of this
region of the genome is believed to be associated with viral
persistence via immune escape mechanisms[14,15]. It is well
known that genetic heterogeneity of HCV extends
throughout the entire genome. However, it is still not known
whether significant mutation occurred in other regions of
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the HCV envelope genes during the chronic infection. In
addition, most studies assessing the diversity of HCV
quasispecies have been conducted by amplifying selected
portions of the genome by PCR, isolating individual
subgenomic fragments by a cloning product, and then
characterizing the nucleotide sequence of each clone[16-18].
Evaluating the diversity of HCV quasispecies in clinical
samples often requires the sequencing of a large number
of clones, but because of the effort and expense, published
studies have obtained sequence information from a small
number of colonies per subject.
Two recent developments enabled us to investigate
genetic variation of the HCV envelope genes and its
relationship with the outcome of acute hepatitis C. First,
we identified and characterized the long-term virologic
outcomes for five individuals with acute HCV infection.
Second, we developed a method for efficiently and
accurately characterizing the HCV quasispecies[19-21]. In this
study, these resources were used to examine viral complexity
and distortion in amino acid sequences of subjects with
persistent viremia vs those with clearance of viremia.

MATERIALS AND METHODS
Patients and samples
From November 1998 to January 2002, 284 current
injection drug users (IDUs) totaling 125 HCV-infected
individuals have been monitored in Chongqing. Five
individuals were identified as HCV seroconverters when a
sample tested positive for antibody to HCV following at
least one negative result. After more than 3 years of
semiannual follow-up subsequent to seroconversion, two
distinct patterns of viremia were noted. For two subjects,
HCV RNA was undetectable for a minimum of 2 years in
at least two serum samples from each person. In contrast,
for three subjects, HCV RNA remained detectable in the
last sample tested. Clinical and virological backgrounds of
the subjects studied are summarized in Table 1.
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Detection of serum virological parameters
These samples were tested for antibodies to HCV (HCV
EIA 2.0; Ortho Diagnostics Raritan, NJ) and, if these results
were positive, by a strip immunoblot assay (RIBA HCV
2.0; Chiron Corporation, Emeryville, CA). HCV RNA
was detected by a quantitative reverse transcriptase PCR
(RT-PCR) assay (AMPLICOR HCV MONITO, Roche
Diagnostic Systems, Branchburg, NJ), the linear range of
which was determined to be 500-500 000 copies/mL of
serum by our and other laboratories [22,23]. Liver tests,
including alanine aminotransferase (ALT) levels in serum,
were performed at the first clinical examination and repeated
during follow-up. Hepatitis B surface antigen, anti-HBc,
anti-HBe and anti-HIV IgM were negative in all subjects
detected by ELISA. HCV subtype was determined by the
RT-PCR-restriction fragment length polymorphism analysis
targeted to the 5’ non-coding region of the HCV[24].
Envelope region amplification
HCV RNA characterization was based on examination of
33 cloned cDNAs spanning the 1 025-nucleotide (nt) region
thought to encode envelope protein E1 and a segment of E2,
including HVR1. Total RNA was extracted from 100 µL
serum using 500 µL of TRIzol LS Reagent (Life Technologies,
Gaithersburg, MD) at room temperature, followed by
chloroform extraction and isopropanol precipitation in the
presence of 20 µg of glycogen (Boehringer Mannheim,
Indianapolis, IN). The RNA pellet was washed with 75 mL/L
ethanol and then air dried briefly and redissolved in 50 µL
of diethyl pyrocarbonate-treated water with 10 mmol/L
dithiothreitol (Promega, Madison, WI) and 5 U of RNasin
ribonuclease inhibitor (Promega). After incubation at 65 ℃
for 5 min, 5 µL purified RNA was used to generate cDNA
in a 20-µL reaction mixture at 37 ℃ for 1 h with 20 U of
Moloney murine leukemia virus reverse transcriptase
(Promega) and first-round PCR reverse primer.
The entire 20-µL cDNA synthesis reaction mixture was

Table 1 Molecular, biochemical, and serological characterization of five HCV primary infections
Subjects
A

B

C

E

F

Samples

Age (yr)
/sex

Duration of
infection (mo)

A1
A2
A3
B1
B2
B3

30/M

0
6
14
0
6
12

3b

C1
C2
C3
E1
E2
E3
E4
F1
F2
F3
F4

33/M

0
24
34
0
3.5
9
24
0
2
7
18

1b

28/F

20/M

28/M

Genotype

3b

1a

1b

Log10
[HCVRNA]1

HCV RNA

ALT level
(nkat/L)2

Result of
ELISA

7.30
6.20
5.30
7.50
6.40
6.90

++++
+++
+++
++++
+++
+++

1 833.70
583.45
616.79
1 933.72
1 150.23
1 533.64

+
+
+
+

6.41
5.25
4.16
6.80
4.20
0
0
6.00
5.60
0
0

+++
+++
++
+++
++
–
–
++++
+++
–
–

683.47
383.41
166.70
4 017.47
766.82
583.45
400.08
3 067.28
1 066.88
666.80
483.43

+
+
+
+
+
+
+
-

1
Number of HCV RNA molecules per milliliter plasma. Time zero is the time where the first sample was available; others indicate are times after time zero. 2Normal value,
<666.80 nkat/L.
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used for the first-round PCR in a 25-µL reaction mixture
containing 0.75 U Expand HF polymerase mixture
(Boehringer Mannheim), 1.5 mmol/L MgCl2, 0.2 mmol/L
concentration of deoxynucleoside triphosphates, and
500 µmol/L concentrations of primers. The mixed
oligonucleotides primers were used for RT-PCR (Table 1).
Degenerate bases are indicated with standard codes of the
International Union of Pure and Applied Chemistry.
Nucleotide positions were numbered according to the HCVJ6 sequence. One microliter of the first-round reaction
mixture was added to the second-round PCR, which had
the same reagents as in the first round except for primers.
Thermal-cycling conditions for the inner and outer reactions
were pre-denaturation for 120 s at 94 ℃, followed by 35
amplification cycles of 45 s at 94 ℃, 45 s at 60 ℃, and
120 s at 72 ℃ (during the last 25 cycles, the elongation
time was increased by 20 s per cycle).
Cloning of cDNA and complexity analysis of 33 cloned cDNAs
by gel shift
The 1-kb HCV cDNA product was ligated into vector pTadv and used to transform Escherichia coli TOP 10F’
competent cells (TA Cloning kit; CLONTECH Laboratories,
Inc.). Transformants were detected according to the
manufacturer’s protocol, and cloning efficiency was >90%.
Then 80 g/L polyacrylamide gel electrophoresis was
carried out with the addition of 150 g/L urea to increase
the resolution. For each subject, the gel shift patterns of 33
cloned cDNAs were examined by amplifying a 470-bp
sequence spanning E1 gene and 570-bp sequence including
HVR1, responsively, and by a nonradioactive method that
detected distinct variants within a sample by using a
combination of heteroduplex analysis (HDA) and singlestranded conformational polymorphism (SSCP) on a single
gel (SSCP+HDA) [19] . Sequences obtained from the serial
passage were analyzed by a divergent variant from the acutephase sample from each subject. A clonotype is defined as
two or more cloned cDNAs that have indistinguishable
patterns of electrophoretic migration by SSCP+HDA.
The complexity of the quasispecies was characterized
by the clonotype ratio, calculated as the number of
clonotypes divided by 33, the number of cloned cDNAs
examined[20]. The clonotype ratio therefore varied from
0.03 (homogenous) to 1.
Nucleotide sequencing
To examine each subject’s quasispecies for signature sequences
(motifs uniquely shared by a group of sequences) and for
evaluations in the sensitivity of the SSCP+HDA method, a
subset of cloned cDNAs was identified. For each subject,
at least two cloned cDNAs were selected for sequencing
based on gel shift patterns: one from the majority clonotype,
another from each clonotype consisting of the cloned
cDNAs with the largest heteroduplex gel shift. Sequences
were positively determined from the M13 reverse primer
and negatively from T7 promoter binding sites of plasmid
clones by using a PRISM 377 DNA Sequencer (version
3.3; Applied Biosystems, Inc., Foster City, CA). Sequences
were assembled by using the ESEE3s program, and primer
sequences were removed prior to analysis.
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Phylogenetic analysis
DNA distance matrices were calculated by using the
DNADIST program, maximum-likelihood, with a transitionto-transversion ratio of 4.25[25], and phylogenetic trees were
generated by the Neighbor-joining program with random
addition. Subtype reference sequences used for phylogenetic
analysis had the following GenBank accession numbers: 1a,
M62321; 1b, D10934; 2a, D00944; 2b, D10988; 3a,
D17763; 4a, Y11604; 5a, Y13184; 6a, Y12083.
Nonsynonymous substitutions per potential nonsynonymous
site (dN) and synonymous substitutions per potential
synonymous site (dS) were calculated by the method of
Nei and Gojobori[26].
Statistical analysis
Quantitative values were compared using the Student’s
t test, the Kruskal-Wallis test or the analysis of the variance
when necessary. P values lower than 0.05 were considered
statistically significant. All statistical calculations were
performed by using the SPSS for Windows, version 8.0
software package.

RESULTS
Clonotypes detected by SSCP+HDA method
The SSCP+HDA used in this investigation showed that each
specimen contained a swarm of distinct but related variants
represented by clonotypes. The number of clonotypes within
the E1 region varied from 2 to 6 per sample, and within the
E2/HVR1 region changed from 3 to 21 per sample. A
subset of clonotypes always persisted in E1 during serial
passages from each subject. In E2/HVR1 derived from
five individuals, the subjects with self-limited viremia had
the persistence of clonotypes during serial passages, whereas
acute and chronic samples from persistent-infected cases
shared no clonotype (Figure 1).
The quasispecies complexity was examined by assessing
33 cDNA clones from each specimen using the clonotype
ratio of E2/HVR1. Serum samples collected from chronic
phase of infection had higher quasispecies complexity than
those collected from acute phase of infection (Figure 2),
but no trends were observed as clonotype ratio values changed
with the changes in circulating viral load (Figure 3).
Representative sequence analysis
Using SSCP+HDA to select representative cloned cDNAs,
we identified 26 distinct cloned cDNAs for sequencing
(Figure 4). The sequences of single variants from two
subjects (A and B) were 1 022 bp and the sequences from
two other subjects (C and F) were 1 021 bp, which had a
1-bp deletion, and those of subject E was 1 019 bp, which
had a 3-bp deletion. To determine the genetic identity of
cDNA clones of the same clonotype, two representative
sequences representing the majority clonotype were compared
for each specimen. No two-cloned cDNAs identified as
being distinct by SSCP+HDA analysis had identical
sequences, underscoring that the SSCP+HDA method was
both highly sensitive and specific in detecting differences
among cDNA clones, as previously reported. For each
majority clonotype, which of the two sequences was free
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0 mo
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34 mo

1 375
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947
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Figure 1 Analysis by SSCP+HDA of the E2 region (including the HVR1) of HCV
in two HCV-positive IDU s. C lonotypes (groups of elec trophoretically
indistinguishable cloned cDNAs) were assigned sequential letter designations
(a-p). As can be seen, the number of clonotypes in patient with clearance of
viremia (PA) E did not differ significantly after antibody seroconversion compared

HD

HD

830
564
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with the pre-antibody seroconversion sample, and the clonotypes composition
remained largely unchanged during the follow-up. In contrast, the number of
clonotypes increased in patient with persistent viremia (PC) C, and the clonotypes
composition showed constant evolution during the follow-up.

P<0.05
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0.7
0.6
Clonotype ratio

0.6
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0.5
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0.5
0.4
0.3
0.2
0.1

0.1

0.0

0.0
Acute
phase

Infectous Chronic
phase
phase
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Viral load

Figure 2 Clonotype ratio and outcome. Clonotype ratio values obtained for the
samples from five individuals at each time point were calculated as described
in Materials and methods.

Figure 3 Correlation between HCV clonotype ratio and serum HCV RNA load.
No correlation was found between them (r = 0.2).

of sporadic substitutions, one was used in all subsequent
analyses to represent that clonotype (Table 2).
Figure 5 displays a dendrogram illustrating E2 sequence
diversity in individuals from the two study groups. Sequences
from each individual tended to cluster tightly, segregated
away from clusters of sequences from other individuals in
the same genotype.

quasispecies were assessed by examining viral sequences
spanning the envelope genes both within and outside the
HVR1 for intrahost evolutionary analysis (Table 3). Results
of these analyses revealed a difference in virus evolution
according to the outcome of the disease. During serial
passages, individuals who cleared viremia did not change
significantly in the genetic diversity, whereas those with
persistent viremia showed a marked increase in diversity.
When the genetic diversity both in the complete E1 and the
E2 regions outside HVR1, based on the analysis of 102
predicted amino acids, was analyzed, the viral diversity was

Genetic evolution of viral quasispecies and outcome of acute
infection
The genetic distances (genetic diversity) of the HCV

Table 2 Primers for amplification of E1 and E2 regions of HCV genome1
Region

Sequence

5’ to 3’
polarity

P1
P2

GCAACAGGGAAYYTDCCCGGTTGCTC
TTCATCCASGTRCAVCCRAACCA

Outer sense
Outer antisense

P3

CCATGTGCTCYTTYTCTATCTTC

Inner sense

P4

GTTTAAARCARTACACYGGRCCRCANAC

Inner antisense

1 882–1 857

C/E1

P3
P5

CCATGTGCTCYTTYTCTATCTTC
GTRGGBGACCAGTTCATCATCAT

Sense
Antisense

855–874
1 333–1 311

E2

P6

GGGAYATGATGATGAACTGGTC

Sense

1 306–1 327

P4

GTTTAAARCARTACACYGGRCCRCANAC

Antisense

1 882–1 857

C/E2

Designation

Position of 5’
base2
837–862
2 020–1 998
855–874

1
Degenerate bases are indicated with standard codes of the international union of Pure and Applied Chemistry. 2Position of 5’ base relative to the HCV genomic sequence
of the HCV J6 strain.
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Table 3 Comparison of changes in genetic diversity of viral strains in individuals with self -limited and persistent viremia1
Change in genetic diversity (×10–2)
Patient group

Number of
patients

Time
points2

Interval
(wk)

Clearance

2

B vs A

3.75±0.35

Persistence

3

B vs A

12.67±9.86

E1

HVR1

E2

0.08±0.20

0.30±0.71

–0.37±0.04

–0.20±0.14

3.22±0.68a

0.17±0.11

C vs A

20.0±12.16

0.06±0.23

4.10±2.35

0.21±0.39

B vs C

7.33±3.03

–0.26±0.11

–0.89±1.81

0.15±0.71

1
Genetic diversity was assessed by using the DNADIST program, maximum-likelihood. The data are represented as mean±SE. Negative values indicate a reduction in
genetic diversity of viral strains; positive values indicate an increase in genetic diversity of viral strains. 2The first time point (A) corresponds to the baseline, the second
(B) and the third (C) after antibody seroconversion. aP<0.05 time points B vs A of self-limited vs persistent viremia by unpaired Welch’s t test.

Nucleotide sequences of envelope region at 3.5-mo serial samples from the subject E
E1.1
E1.2
E2.1
E2.2
E1.1
E1.2
E2.1
E2.2
E1.1
E1.2
E2.1
E2.2
E1.1
E1.2
E2.1
E2.2
E1.1
E1.2
E2.1
E2.2
E1.1
E1.2
E2.1
E2.2
E1.1
E1.2
E2.1
E2.2
E1.1
E1.2
E2.1
E2.2
E1.1
E1.2
E2.1
E2.2
E1.1
E1.2
E2.1
E2.2
E1.1
E1.2
E2.1
E2.2

855

952

1 049

1 146

1 243

1 340

1 437

1 534

1 631

1 728

1 825

ATGTGCTCTTTCTCTATCTTCCTCCTAGCCCTGCTTTCCTGCCTGACTGTGCCCGCTTCAGCCTACCAAGTGCGCAACTCCACGGGGCTTTATCATG
--------C-----------------------------------------------------------------------------------------------C-----------------------------------------------------------------------------------------------C--T------------------------------------------------------------------------------------TCACCAATGACTGCCCTAACTCGAGCATTGTGTACGAGGCAGCTGATGCCATCCTGCACACTCCGGGGTGCGTCCCTTGCGTTCGCGAGGGTAACAC
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------CTCGAGGTGTTGGGTGGCGGTGACCCCCACGGTGGCCACCAGGGATGGCAAACTCCCCACAACGCAGCTTCGACGTCACATCGATCTGCTTGTCGGG
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------AGTGCCACCTTCTGCTCGGCTCTTTACGTGGGGGACTTGTGCGGGTCCGTCTTTCTTGTCGGTCAGCTGTTCACCTTCTCTCCCAGGCGCCACTGGA
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------A----------CGACGCAAGACTGCAATTGTTCTATGTATCCCGGCCATATAACGGGTCATCGCATGGCATGGGATGTGATGATGAACTGGTCCCCTACGACGGCATT
-----------------------------------------------------------------A-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------A------------------------------GGTAGTGGCTCAGCTGCTCCGGATCCCACAAGCCATCTTGGATATGATCGCTGGTGCCCACTGGGGAGTTCTAGCGGGCATAGCGTATTTCTCCATG
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------GTGGGGAACTGGGCGAAGGTCGTGGTGGTGCTGCTGCTATTCGCCGGCGTTGACGCGGATACCTACGTCACCGGGGGAACTGCCGGGCACACCGTAT
----------------------------------------------------------------------------------G-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------CGAGACTCAGCAGACTGCTCTCACCGGGCGCAAAGCAGAATATCCAGCTGATCAACTCCAACGGCAGCTGGGACATCAATAGGACAGCCCTGAACTG
--G----------G---------------------------------------------------------C--------------------------G----------G---------------------------------------------------------C--------------------------G--------------------------------------------------------------------C------------------------TAACGACAGCCTCAACACCGGCTGGATAGCAGGGCTCTTTTACCACTACAAATTCAACTCTTCAGGCTGCCCCGAGAGAATGGCCAGCTGTCATCCT
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------CTTACCGATTTTGCCCAGGGCTGGGGCCCTATCGGGTACGCCAATGGAAGCGGCCCCGACCATCGCCCCTACTGCTGGCACTACCCCCCAAGACCTT
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------T---------------------------------------------------------------------------------------------------------------GTGGTATTGTTCCGGCACAGAGTGTCTGTGGCCCGGTGTACTGTTTTAA 1 873 (26)
----------G--------------G----------------------(4)
----------G--------------G----------------------(29)
----------G-------G------G----------------------(3)

951

1 048

1 145

1 242

1 339

1 436

1 533

1 630

1 727

1 824

(26)
(4)
(29)
(3)
(26)
(4)
(29)
(3)
(26)
(4)
(29)
(3)
(26)
(4)
(29)
(3)
(26)
(4)
(29)
(3)
(26)
(4)
(29)
(3)
(26)
(4)
(29)
(3)
(26)
(4)
(29)
(3)
(26)
(4)
(29)
(3)
(26)
(4)
(29)
(3)

Nucleotide sequences of envelope region at 2-mo serial samples from the subject F
F1.1
F1.2
F2.1
F2.2
F1.1
F1.2
F2.1
F2.2
F1.1
F1.2
F2.1
F2.2
F1.1
F1.2

855

952

1 049

1 146

ATGTGCTCTTTCTCTATCTTCCTTTTAGCCTTGCTATCCTGTTTGACCACCCCAGCTTCCGCTTACGAAGTGCGTAACGTGTCCGGGATATACCATG
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------TCACGAACGACTGCTCCAACTCAAGCATTGTGTATGAGGCAGCGGACCTGATCATGCATACCCCTGGGTGCGTGCCCTGCGTTCGGGAAGGCAACTC
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------CTCCCGTTGCTGGGTAGCGCTCACTCCCACGCTCGCGGCCAGGAACGCCACGATCCCCACTGCGACAGTACGACGGCATGTCGATCTGCTCGTTGGG
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------GCGGCTGCTTTCTCTTCCGCCATGTACGTGGGGGATCTCTGCGGATCTGTTTTCCTTGTCTCTCAGCTGTTCACCTTCTCGCCTCGCCGGTATGAGA
-------------------------------------------------------------------------------------------------

951

(21)
(2)
(23)
(1)
1 048 (21)
(2)
(23)
(1)
1 145 (21)
(2)
(23)
(1)
1 242 (21)
(2)
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F2.1
F2.2
F1.1
F1.2
F2.1
F2.2
F1.1
F1.2
F2.1
F2.2
F1.1
F1.2
F2.1
F2.2
F1.1
F1.2
F2.1
F2.2
F1.1
F1.2
F2.1
F2.2
F1.1
F1.2
F2.1
F2.2
F1.1
F1.2
F2.1
F2.2

1 243

1 340

1 437

1 534

1 631

1 728

1 825

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------CAATACAGGACTGCAATTGCTCAATCTATCCCGGCCACGTAACAGGTCACCGCATGGCTTGGGATATGATGATGAACTGGTCGCCTACAACAGCTCT
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------AGTGGTGTCGCAGTTACTCCGGATCCCTCAAGCCGTCATGGACATGGTGGTGGGGGCCCACTGGGGAGTCCTGGCGGGCCTTGCCTACTATGCCATG
---A-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------A--A-----------------------------------------------------------------------------------------TCCATGGTGGGGAATTGGGCTAAGGTTTTGATTGTGATGCTACTCTTCGCCGGCGTTGATGGGGATACCTACGCGTCTGGGGGGGCGCAGGGCCGCT
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------T---------------------------------------------------------------------------G--------------------CCACCCTCGGGTTCACGTCCCTCTTTACACCTGGGGCCTCTCAGAAGATCCAGCTTATAAATACCAATGGTAGCTGGCATATCAACAGGACTGCCCT
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------C----------------------------------------------------------------------CAACTGCAATGACTCCCTCAATACTGGGTTTCTTGCCGCGCTGTTCTATACACACAGGTTCAACGCGTCCGGATGCGCAGAGCGCATGGCCAGCTGC
G---------------------------------------------------A-------------------------------------------G-----------------------------------------------------------------------------C-----------------G---------------------G-------------------------------------------------------------------------CGCCCCATTGATACATTCGATCAGGGCTGGGGCCCCATCACTTATACTGAGCCAGATAGCTCGGACCAGAGGCCTTATTGCTGGCACTACGCGCCTC
-----------------------------------------------------T-----------------------------------------------------------------------------------------------T-----------------------------------------------------------------------------------------------T------------------------------------------GAAAGTGCGGCATCGTACCTGCGTCGTGTGCGGTCCAGTGTATTCTTTTAA 1 875 (21)
--------------------------------------------G-----(2)
--------------------------------------------G-----(23)
-------------T------------------------------G-----(1)

2879

1 339

1 436

1 533

1 630

1 727

1 824

(23)
(1)
(21)
(2)
(23)
(1)
(21)
(2)
(23)
(1)
(21)
(2)
(23)
(1)
(21)
(2)
(23)
(1)
(21)
(2)
(23)
(1)
(21)
(2)
(23)
(1)

Nucleotide sequences of envelope region at 14-mo serial samples from the subject A
A1.1
A1.2
A2.1
A2.2
A3.1
A3.2
A1.1
A1.2
A2.1
A2.2
A3.1
A3.2
A1.1
A1.2
A2.1
A2.2
A3.1
A3.2
A1.1
A1.2
A2.1
A2.2
A3.1
A3.2
A1.1
A1.2
A2.1
A2.2
A3.1
A3.2
A1.1
A1.2
A2.1
A2.2
A3.1
A3.2
A1.1
A1.2
A2.1
A2.2
A3.1
A3.2
A1.1
A1.2
A2.1
A2.2
A3.1

855

952

1 049

1 146

1 243

1 340

1 437

1 534

ATGTGCTCCTTTTCTATCTTCCTCCTCGCTCTCTTCTCCTGCTTGACTTGCCCCGCGTCTGGTCTAGAGTACAGGAACACGTCCGGCCTATACATAC
-----------C-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------C------------------------------------------------------------------------------------TTACCAACGACTGCTCTAACAAGAGCATTGTGTATGAGGCCGACGATGTAATCTTGCACTCACCCGGATGTGTGCCCTGCACCGCGACCGGCAACAA
-------------------------------------------------------------------------------------A-----------------T-----------------------------------------------------------------------------A---------C-------T-----------------------------------------------------------------------------A---------C--------------------G--------------------------------------------------------------------------C-------T------------G----------------------------------------------------------------A----------GACATCGTGCTGGACACCAGTGTCACCAACAGTGGCCGTCAGATATCCTGGCGCGACCACCGCATCGATCCGCGGTCACGTGGATATGCTGGTGGGC
------------------------------------------------------------------------------T---------T-------------------------------------------------------------------------------------T-----------------------------------------------------------------------------------------------T------------------------------------------------------------C-------------------------------------------------------------T---------------------------------C----------------------------------T------G--T-------GCGGCCACGTTGTGCTCAGCACTATACGTCGGGGACCTCTGCGGGGCCGTGTTCCTTGTGGGGCAAGCATTCACCTTCAGGCCTCGCCGACACGCGA
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------C--------------A------------------------A-------------------------------------------------------C------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------CTGTACAGACGTGCAACTGCTCAATCTACCCAGGCCACATTTCAGGACATCGTATGGCGTGGGATATGATGATGAACTGGTCTCCTGCAGTCGGGCT
----------------------------------------------------------------------------------C-----------------------------------------------------------------------------C-----------------C------A----------------------------------------------------------------------C-----------------C------A----------------------------------------------------------------------------------------C--C---A-------------------------------T--------------------------------------------------------C--C---A------GTTAATATCACACTTAATGCGGTTGCCCCAAACCTTCTTTGACCTGGTCACAGGGGCCCACTGGGGCGTAATGGCAGGCCTCGCCTATTTTTCCATG
----G--------C-G-----------------------------------------------------------------------------------------------G-----------------------------C----T------------------G-----------------C--C--------------------G--------------------------T--C----T------------------G-----------------C--C---------G----------G-----------T---------------------GT------------------G--------------------C--------------------G-----------T---------------------GT------------------G--------------------C-----CAAGGTAACCGGGCCAAGGTCGGCATCGTGCTGATCATGTTCTCGGGAGTGGATGCGGGCACGTACACCACTGGTGGCTCCGCGGCCCGCACTGCTT
---------T--------------------------------------------------------------------------------T--------------T-------A--------------------------------------------A--------C--C---A-------T---CA-G----G------T-------A--------------------------------------------A--------C--C---A-------T---CA-A-----------T----------------T--------T------A-------------------A-----------C---AA-AT-------G--------------T----------------T--------T---------------------AC---A-------G---C---AA--T-------GG----CCGGGCTTGTGGGCCTGTTCTCCTCGGGCCCGCAACAGAACCTGCACTTAGTGAATTCCAACGGGTCGTGGCACATCAATAGCACTGCCCTGAATTG
----------------------------------------------T------------------------------------------------------T-----C----------TC--------AGC-----------G--G--------T--------------------C---------------------T----------A-----TG--------AGC-----------G--G--------T--------------------C---------------------A-----C--------A----A-------G------------G--G------A-T--------A-----------C---------T-------

1

1

1

1

1

1

1

951 (27)
(1)
(15)
(2)
(12)
(2)
048 (27)
(1)
(15)
(2)
(12)
(2)
145 (27)
(1)
(15)
(2)
(12)
(2)
242 (27)
(1)
(15)
(2)
(12)
(2)
339 (27)
(1)
(15)
(2)
(12)
(2)
436 (27)
(1)
(15)
(2)
(12)
(2)
533 (27)
(1)
(15)
(2)
(12)
(2)
630 (27)
(1)
(15)
(2)
(12)

2880
A3.2
A1.1
A1.2
A2.1
A2.2
A3.1
A3.2
A1.1
A1.2
A2.1
A2.2
A3.1
A3.2
A1.1
A1.2
A2.1
A2.2
A3.1
A3.2
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1 631

1 728

1 825
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-----------C--------A----A-------G------------G--G------A-T--------A-----------C---------T------(2)
CAACGATTCCTTAAACACCGGGTTCATAGCAGGGCTCTTCTACTATCATAAGTTCAACTCCACGGGGTGTCCAGATCGAATGTCCAGATGCAAGCCC 1 727 (27)
------------------------------------------------------------------------------------------------(1)
---T------C-------------------------TA----------C-------------------------CG-----------C----G---(15)
---T------C-------------------------TA----------C-------------------------C------------C--------(2)
----------A-------------T------------A-------C--C-----------------A---T---C------------C--------(12)
----------A-------------T------------A-------C--C-----------------A---T---C------------C--------(2)
ATCACAGCTTTCGAGCAGGGGTGGGGTTCACTGACAGATGTCAACGTGTCTGGTTCCAGTGAGGACAGACCATATTGCTGGCACTACCCACCCAGGC 1 824 (27)
------------------------------------------------------------------------------------------------(1)
------------A--------------------------------A-T--------------A-----------C--------------------A(15)
------------A--------------------------------A-A--------------A-----------C--------------------A(2)
-------A------------------G------------------A-A--------------------------C---------------------(12)
-------A------------------G--------------------A--------------------------C---------------------(2)
CCTGCGAGACAGTCAAGGCACCGACAGTCTGCGGCCCGGTGTACTGCTTTAA 1 876 (27)
----------------------------------T--A-------------(1)
-----A-C--G---C----------------------A-------------(15)
-----A-C--G---C------------------------------------(2)
-----A-C------C-A--GTT------A-----T----------------(12)
-----A-C------C-A--GTT------A--------A-------------(2)

Nucleotide sequences of envelope region at 12-mo serial samples from the subject B
B1.1
B1.2
B2.1
B2.2
B3.1
B3.2
B1.1
B1.2
B2.1
B2.2
B3.1
B3.2
B1.1
B1.2
B2.1
B2.2
B3.1
B3.2
B1.1
B1.2
B2.1
B2.2
B3.2
B1.1
B1.2
B2.1
B2.2
B3.1
B3.2
B1.1
B1.2
B2.1
B2.2
B3.1
B3.2
B1.1
B1.2
B2.1
B2.2
B3.1
B3.2
B1.1
B1.2
B2.1
B2.2
B3.1
B3.2
B1.1
B1.2
B2.1
B2.2
B3.1
B3.2
B1.1
B1.2
B2.1
B2.2
B3.1

855

952

1 049

1 146

1 243

1 340

1 437

1 534

1 631

1 728

ATGTGCTCTTTTTCTATCTTCCTCCTCGCTCTCTTCTCCTGCTTGACTTGCCCCGCGTCTGGTCTGGAGCACAGGAACGCGTCTGGCCTATACATAC
------------------------------------------------------------------------------A-------------------------C------------------------------------------------------------C--------A-------------------------C--------------------------------------------------------A--------------------------------------------------------T-----------T--------------------------A---------------------------G----------------------------T-----------T--------------------------A------------A--------------G--TTACTAATGACTGCTCTAACGGCAGCATTGTGTATGAGGCCGACGAGGTGATCTTGCACCTACCCGGATGTGTGCCCTGCACCGCAACCGGCAACCA
----------------------------------------------------------------------------------------------------C-----------------G-----------------------------------------------------------------------------C-----------------G-----------------------------------------------------------------------------C--C--T--------T--G-------------------------------------------------------------T---------------C--C--T--------T--G-------------------------------------------------------------T-----------GACATCGTGTTGGACACCAGTGTCACCAACAGTGGCCGTCAGGCATCCTGGCGCGACCACCGCGTCGATCCGCAACCATGTGGATATGCTGGTGGGC
A-----------------------------------------------------------------------------------------------A--------------------------------------------------------------A-----------T---------G-------------------------------------------------------------------------------------T---------G----------A--------C--------------------G-----T--------------T-----------A--C--------T---------G----------A--------C--------------------G-----T------T-------T-----------A--C--------T---------G----------GCAGCCACGTTGTGCTGTGCACTATACATCGGGGACCTCTGCGGGGCCGTGTTCCTTGTGGGACAAGCATTCACCTTCAGGCCCCGCCGACACACGA
----------------CA----------------------------------------------------------------------------------------------CA---------G-------------------------------------------------------T---------G------------------CA---------G-----------------------------------------------------------------G------------------CG---------G-T-----------------------T-----------------------------T---------G--CTGTACAGACGTGCAACTGCTCAATTTACCCAGGCCACATTTCAGGACATCGTATGGCGTGGGACATGATGATGAACTGGTCCCCTGCAATCGGGCT
----------------CA-------------------------------------------------------------------------------------------------------------------A---------------------------------------------------G-------------------------------------------A--------------------------T--------------------------------------------T-----------------------A--------------------------T--------------------------------------------T-----------------------A--------------------------T-------------------------------GTTAATATCACACTTGATGCGGTTGCCTCAAACCTTCTTTGACCTGGTCATAGGGGCCCACTGGGGCGTGATGGCAGGCCTCGCTTACTTCTCTATG
---------------------------------------------------------------------------------------------------------------------------C------------------A---C------------------A-----G--------C--T--T--C-----------------------------C----------------------C------------------A-----G--------C--T--T--C-----------------------------C---------------------C----------------------------------C--T-----C-----------------------------C---------------------C----------------------------------C--T-----C--CAAGGCAACTGGGCCAAAGTCTGCATCGTGCTGATCATGTTCTCGGGAGTGGATGCGGGCACACACACCACCGGCGGTGCCGCGGCTTACTCTACTT
---------------------------------------------------------A-------------------------------------------T-----------G---G-----------------------------------A----GT------GT--T--CT--------CG-A--G-C-----T-----------G---G-----------------------------------AA---GT-------T--T--CT--------CG------C-----T-----------G---G-------------T---------------------AC----T------G--A--CC---------CG-A--G桝
-----T-----------G---G-------------T---------------------AC----T------A------C---------CG-A--G桝
CCGGGCTTGCGAGCCTGTTCACTCAGGGCCCGAAACAGAACCTGCACTTGGTGAATTCTAACGGGTCATGGCACATCAACAGCACTGCCCTGAGTTG
---------C------------C-----------------------------------------------------------T------------------T---T----------T-C-C-------C-------------T-----------C--------G-----------T-------------A-------T---T----------T-C-C-------C-------------T-----------C--------G-----------T-------------A--AA------A-------------CTCA------C----------T-------------------------------------------------A--AA---A-CA-------------CTCA------C----------T-------------------------------------------------A--CAATGATTCCCTAAACACCGGGTTCATAGCAGGGCTCATCTACCATCACAAGTTCAACTCCACGGGGTGTCCAGCCCGAATGTCCAGCTGCAAGCCC
---------------------------------------------------------------------------------------------------C------T--------------------------T-----T----T---------------------T----T-----------------------C------T--------------------------T-----T----T---------------------T----T-------------A---------C------A-------------T------------T-----T-C--T-----------------A--------------------------------C------A-------------T------------T-----T-C--T-----------------A-----------------------------ATCACTGCTTTCAAGCAGGGGTGGGGTTCACTGAAAGATGTCAACATATCTGGTCCCAGTGAAGACAGACCATACTGCTGGCACTACCCACCCAGAC
-----------------------------------------------------------------------------------------------------A----------------------------C------------G--------------G--------------------------------G-----A----------------------------C------------G--------------G--------------------------------G-----A----------------------------C------------G--------------G--------------------------------G-

1

1

1

1

1

1

1

1

1

951 (21)
(2)
(19)
(2)
(10)
(1)
048 (21)
(2)
(19)
(2)
(10)
(1)
145 (21)
(2)
(19)
(2)
(10)
(1)
242 (21)
(2)
(19)
(10)
(1)
339 (21)
(2)
(19)
(2)
(10)
(1)
436 (21)
(2)
(19)
(2)
(10)
(1)
533 (21)
(2)
(19)
(2)
(10)
(1)
630 (21)
(2)
(19)
(2)
(10)
(1)
727 (21)
(2)
(19)
(2)
(10)
(1)
824 (21)
(2)
(19)
(2)
(10)
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B3.2
B1.1 1 825
B1.2
B2.1
B2.2
B3.1
B3.2

2881

-----A------G---------------------C------------G--------------G--------------------------------GCCTGCGACACAGTCCAGGCGTTGAAAGTCTGTGGTCCGGTGTACTGTTTTAA 1 876 (21)
----------------------------A--C-------------------(2)
-----AGG------------CC---------C--------------C----(19)
-----AGG------------CC------T--C--------------C----(2)
-----AG--------------C------T--C--C--A-----T-------(10)
-----AG-------A-T----C---------C--C-----------C----(1)

(1)

Nucleotide sequences of envelope region at 34-mo serial samples from the subject C
C1.1
C1.2
C2.1
C2.2
C3.1
C3.2
C1.1
C1.2
C2.1
C2.2
C3.1
C3.2
C1.1
C1.2
C2.1
C2.2
C3.1
C3.2
C1.1
C1.2
C2.1
C2.2
C3.1
C3.2
C1.1
C1.2
C2.1
C2.2
C3.1
C3.2
C1.1
C1.2
C2.1
C2.2
C3.1
C3.2
C1.1
C1.2
C2.1
C2.2
C3.1
C3.2
C1.1
C1.2
C2.1
C2.2
C3.1
C3.2
C1.1
C1.2
C2.1
C2.2
C3.1
C3.2
C1.1
C1.2
C2.1
C2.2
C3.1
C3.2
C1.1
C1.2
C2.1
C2.2
C3.1
C3.2

855

952

1 049

1 146

1 243

1 340

1 437

1 534

1 631

1 728

1 825

ATGTGCTCTTTTTCTATCTTCCTTTTGGCCTTGCTATCCTGTTTGACCACCCCAGCTTCCGCCTACGAAGTGCATAACTCGTCCGGGGCGTACCATG
-----------C-----------------------------------------------------------------------------------------------C-----------------TC--T----T-----------------------T----------G----GT--------TA-----------------C-----------------T--------T-----------------------T----------G----GT--------TA-----------------C------------------C-------------------------------T----------G----GT-------ATA-----------------C------------------C-------------------------------T----------G----GT-------ATA------TCACGAACGACTGCTCCAACTCAAGTATTGTGTATGAGGCAGCGGACATGATCATGCATACCCCTGGGTGCGTGCCCTGCGTCCGGGAGAACAATTC
-------------------------------------------------------------------------------------------------------------------------C-----------------------C---------------------A----------G------G----CAT
-------------------------C-----------------------C---------------------AC---------G------GG---CAT
-------------------------C---------------------G----------------------------------T-------G---C--------------------------C---------------------G----------------------------------T-------G---C-CTCCCGCTGCTGGGTGGCGCTCACCCCTACGCTCGCGGCCAGGAACAGCAGTATCCCCACTGCGACAATACGACGCCATGTCGATTTGCTCGTTGGG
------------------------------------------------------------------------------------------------------T--------A-----------C--------A----------T----G----T---A----------------C-----C-----------------T--------A-----------C--------A----------T----G----T---A----------------C-----C-----------------T--------A--------T--C-----A-----------TGC---C--------------------------C-----C-----------------T--------A--------T--C-----A------------GC---CG-------------------------C-----C-----------GCGGCTGCTTTCTGTTCCGCCATGTACGTGGGGGATCTCTGCGGATCTGTCTTCCTTGTTTCTCAGCTGTTCACCTTCTCGCCTCGCCGGTATGAGA
--------------C-----------------------------------------C---------------------------------------A----------T--C--T--T-----------------------------------C--C--------------------A---------C-----A----------T--C--T--T-----------------------------------C--C--------------------A---------C-----A-------------C--------------------C--------------T-----CA-C------------------------------C-C---A-------------C--------------------C--------------T-----CA-C------------------------------C-C---CGGTGCAGGACTGCAATTGCTCAATCTATCCCGGCCACGTAACAGGTCACCGCATGGCTTGGGATATGATGATGAACTGGTCGCCTACAGCGGCCAT
-------------------------------------------------------------------------------------------------A--A--------------------------T---------T-------------------------------------------------A---C-A--A--------------------------T---------T-------------------------------------------------A---C-A-----------------T---------------------T-------T---------------------------------------A-A--TC-A-----------------T---------------------T-------T---------------------------------------A-A--TCAGTGGTATCGCAGCTACTCCGGATCCCTCAAGCCGTCATGGACATAGTGGTGGGGGCCCACTGGGGAATCCTGGCGGGCCTTGCCTACTATGCCATG
-------------T----------------------------------------------------------------------------C-----------G------T-G-----------------------------G---------------------G----A-----------------------------G------T-G-----------------------------G---------------------G----A-----------------------G--A--G------T-------------------------------G---------------------G----A-----------------------G--A--G------T-------------------------------G---------------------G----A-----------------------GTGGGGAACTGGGCTAAGGTCTTGATTGTGATGCTACTCTTCGCCGGCGTCGATGGGAATACCCACGCGACGGGGGGGCAGTCAGCCCAGATCACCA
---------------------------------------------------------------------------------------A--C-------------------------T--------------G--T--T-----T--T-------CC-------T----------AC-CAG----GC-G-G桟
--------------------T--------------G--T--T-----T--T-------CC-------T----------GC-CAG-----C-G-G桟
-C------T-----------T--------------------T--------T------------T-----T-A-----AGT-GT--G-AG-CAG---T
-C------T-----------T-----------------------------T------G-A-----------A------GC-GT-AG-AG-CA----T
GAGGCTTTGTGTCTCTTTTCACCCCCGGCCCGACTCAGAAGATCCAACTTATTAATACCAACGGTAGCTGGCATATCAACAGGACTGCCCTGAACTG
----------------------------------------------------------------------------------------------T-ACATAC-CAC----T--C-T--AGTT--G--AT-------A-----G---G-G--------T----------------------------------ACACGC-CA-----T----T--AGTT--G--AT-------A-----G---G-G--T-----T----------------------------------CC--GC-CAC---C--C---T-AGTT--GG--T-C-----A-----G-----A--------T-----T----------------------------ACA-G--C-C---C--C---T-AGTT--GG-AT-C-----A-----G-----A--------T-----T-----------------C----------CAATGACTCTCTCAAGACTGGGTTCATTGCCGCGCTGTTCTACACACACAAGTTCAACTCGTCTGGATGCGCAGAGCGCATGGCTAGCTGCCGCCCC
---------------------------------------------------------------------------------------------------------C---------------C------------------------G-------G----C------C----A--T-----C--T-----T-----------C---------------C------------------------G-------G----C------C----A--T-----C--------T--------------------C-----TC------------------------G-------G----C--G-------G---T-----C--------------------C--------C------C------------------------G-------G----C--G-------G---T-----C-----------ATTGATGAATTCGATCAGGGGTGGGGCCCCATCACTCATACTGTGCCTAACATCTCGGACCAGAGGCCTTACTGCTGGCACTACGCGCCTCGACCGT
------------------------------------------------------------------------------------------------------AC------------A---------------T------A--------ATC----------------T--------------A---------------AC------------A---------------T------A--------GTC----------------T--------------A-----------C---A-------------A---------------T------A----G---G-C----------------T------------------AA----------A-------------A---------------T------A--A-G---G-C----------------T------------------AA----GCGGCATCGTACCTGCGTCGCAGGTGTGCGGTCCAGTGTATTGCTTCATAA 1 875 (17)
--------------------------------------------------(2)
-T-------A----------A-----------------------------(14)
-T-------A----------A-----------------------------(2)
--------------------G----------------------T------(7)
--------------------G----------------A-----T------(1)

Figure 4 Alignment of nucleotide sequences of E1 and the 5’ half of E2 including
HVR1 for the majority sequences and each sequence from each subject A, B,
C, E and F at different time points. In the first column, alphabetical labels indicate

951

1 048

1 145

1 242

1 339

1 436

1 533

1 630

1 727

1 824

(17)
(2)
(14)
(2)
(7)
(1)
(17)
(2)
(14)
(2)
(7)
(1)
(17)
(2)
(14)
(2)
(7)
(1)
(17)
(2)
(14)
(2)
(7)
(1)
(17)
(2)
(14)
(2)
(7)
(1)
(17)
(2)
(14)
(2)
(7)
(1)
(17)
(2)
(14)
(2)
(7)
(1)
(17)
(2)
(14)
(2)
(7)
(1)
(17)
(2)
(14)
(2)
(7)
(1)
(17)
(2)
(14)
(2)
(7)
(1)

different samplings, while in the last column the numbers indicate the number of
cloned cDNAs (out of 33 assessed for each sample) with SSCP+HD pattern.
Dashes indicate identity to the nucleotide at the position in the first sequence.
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c1.1
c1.2
c2.1
c2.2
c3.1
c3.2
f1.1
f1.2
f2.1
f2.2
e1.1
e1.2
e2.1
e2.2
HCV-3a

HCV-H77
HCV-2b
HCV-J6

HCV-5a
HCV-3b
a1.1
a1.2
a2.1
a2.2
a3.1
a3.2
b1.1
b1.2
b2.1
b2.2
b3.1
b3.2

0.1

Figure 5 Unrooted tree showing the diversity of 384-nt E2 sequences from
subjects. Letters represent individuals who cleared viremia (e and f) and those
with persistent viremia (a-c), and lowercase numbers indicate the different
clones obtained. The number and line at the bottom denote the proportion of
nucleotides substituted for a given horizontal branch length. Dendrograms were
produced using the Neighbor-joining program.

Substitution rate (per site per yr)

consistently lower than within HVR1 in individuals with
persistent viremia. To investigate whether the different
patterns of viral variation were due to positive selection,
dN and dS both within and outside HVR1 were measured
by comparing the sequences obtained at each time point
from each subject with the sequence of the first time point
(Figure 6). For individuals with persistent viremia, the mean
number of dN within HVR1 predominated and gradually
increased, compared to that in the E1 and E2 regions
outside HVR1. However, these differences did not reach
significance. By contrast, both dN and dS for the E1 and
E2 regions including HVR1 was consistently lower in
individuals with clearance of viremia. These data indicated
that HCV persistence was associated with genetic evolution
of the viral quasispecies and positive selection of HVR1
by the host immune system.

0.007

dN

0.006

dS

0.005
0.004
0.003
0.002
0.001
0.000

E1

HVR1 E2 outside
HVR1

E1 HVR1 E2 outside
HVR1

Figure 6 Nonsynonymous rate and synonymous rates of mutations for the E1,
HVR1 and E2 regions outside HVR1 from five individuals.
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DISCUSSION
This study, using PCR clones derived from two regions of
the HCV envelope sequence E1, and E2/HVR1, which
possessed different degrees of nucleotide sequence variability,
showed that the SSCP+HDA might be applicable to the
investigation of HCV genetic diversity at the intrahost level.
Sequence differences in a relatively large number of clones
from a subgenomic fragment (33 per sample) could be
screened during a single procedure. Clones yielding differing
gel migratory positions were rapidly identified to be processed
further for nucleotide sequencing analyses if required. In
each individual there was a major variant (most commonly
observed) examined in E1, accompanied by minor variants,
which were nearly always found in subsequent specimens
in serial infection. The persistence of some variants through
serial passage might indicate that E1 had functional
constraints on genetic variation, such as RNA secondary
structure or binding sites factors that regulated replication
or translation[20] . However, two different patterns of the
evolution of quasispecies in E2 emerged during the acute
phase of HCV infection: in subjects with clearance of
viremia, the number of viral variants within quasispecies
was reduced and the quasispecies composition remained
largely unchanged during the follow-up, while in subjects
with persistent viremia, the number of viral variants increased
during persistent infection and quasispecies showed constant
evolution thereafter, suggesting that the dynamics of viral
quasispecies during HCV primary infection might contribute
to the outcome of HCV infection. These data showed that
the interplay between different HCV strains and hosts might
result in different, perhaps unique, quasispecies compositions.
The assessment of quasispecies diversity, as opposed to
complexity, requires sequencing procedures to be carried
out. These are particularly necessary to define sequence
changes in the minority variants. Sequencing of inserted
E1 and E2/HVR1 clones derived from all five subjects
showed that variation in sequences of the minority variants
involved single-nucleotide substitutions from majority
variant, accounting for the tight clustering of sequences
seen in a dendrogram. These data were consistent with
quasispecies evolution from a single HCV founder strain
and again pointed to the rarity of multiple HCV carriage in
IDUs[27]. Despite the vulnerability of IDUs to HCV multiple
transmission through a variety of unknown routes, we found
no evidence of mixed HCV genotype infection, neither did
we find higher quasispecies complexity nor genetic distance
values in the first samples from the subjects with persistent
viremia compared to the subjects with clearance of viremia.
These findings demonstrated that the multiple HCV
transmission events hypothesized to occur in IDUs, for
various reasons, might not be associated with an increase in
genetic complexity.
From a mechanistic perspective, variation with the
HCV genome is assumed to be caused by random mutation
and selection of variants, which are most fit to propagate
in a given host. For example, in the immunocompetent
host, antibodies directed against envelope gene product
appear to play an important role in shaping quasispecies
repertoires [28-30]. However, in protein-coding regions,
multiple forces affect the balance between fixation of silent
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(synonymous) mutations vs those that alter amino acid
sequence (nonsynonymous). Synonymous mutations are often
thought to represent a molecular clock, independent of
external pressure and expected to occur at a rate proportional
to the organism’s reproductive rate, whereas nonsynonymous
mutations are selected by immune pressure[31] . We also
evaluated the E1, HVR1, and E2 regions outside HVR1
for synonymous and nonsynonymous substitutions. As
shown in Figure 3, the rates of synonymous substitutions
predominated and increased over time in the E1 and E2
regions. In contrast to the rates of substitutions found
in the E1 and E2 regions outside HVR1, the rate of
nonsynonymous substitutions predominated in the HVR1
region. A higher accumulation rate of nonsynonymous
substitutions seen in individuals with persistent viremia was
correlated with the greater genetic diversity, being consistent
with a positive selection for change within HVR1. Published
data from acute hepatitis C showed that viral genetic diversity
in resolving patients was considerably less than in those
who progressed to chronic disease, and crucially, that
nonsynonymous substitutions in HVR1 were more common
in rapid and slow progressors, compared with the resolving
cases[9]. The data of this study confirmed further that this
region might be under selective pressure by the host immune
system.
No correlation between the quasispecies complexity and
serum viral RNA levels demonstrated in this study does
not support the concept that viral quasispecies arise as a
consequence of the limited fidelity of HCV replication.
Although our data demonstrates the importance of immune
pressure in the evolution of HCV quasispecies, selection
of quasispecies in hepatocytes, both in vivo and in vitro, may
result from the replication of a small subset of viruses due
either to random sampling or to selection of only a few fit
variants[32,33] . Direct competition between virus strains,
resulting in interference preventing simultaneous continuous
infection by closely related variants, could also be possible.
In summary, the current study demonstrates the
adaptation of the SSCP+HDA method or characterizing
and tracking HCV quasispecies by analyzing multiple regions
of the HCV genome in individuals with different outcomes
of acute hepatitis C. This approach allows a larger number
of patients and a larger proportion of the HCV genome to
be analyzed than prior longitudinal studies of quasispecies
diversity. We conclude that HCV persistence may be
associated with a complexity of quasispecies and positive
selection of HVR1 by the host immune system, and we
postulate that both host and viral factors can play important
roles in the pathogenesis of chronic hepatitis C in human
populations. Further research is necessary to determine the
extent to which the observed results are due to a different
type of immune response in immunosuppressed patients
compared with the immunocompetent host, a replicative
advantage of quasispecies populations for certain HCV
subgenotypes, and/or tropism of quasispecies variants for
hepatic vs nonhepatic compartments.
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Abstract
AIM: To translate Tet-on system into a conditional mouse
model, in which hepatitis B or C virus (HBV or HCV) gene
could be spatiotemporally expressed to overcome
“immune tolerance” formed during the embryonic
development and “immune escape” against hepatitis virus
antigen(s), an effector mouse, carrying the reverse
tetracycline-responsive transcriptional activator (rtTA)
gene under the tight control of liver-specific human apoE
promoter, is required to be generated.
METHODS: To address this end, rtTA fragment amplified
by PCR was effectively inserted into the vector of pLiv.7
containing apoE promoter to create the rtTA expressing
vector, i.e., pApoE-rtTA. ApoE-rtTA transgenic fragment
(-6.9 kb) released from pApoE-rtTA was transferred into
mice by pronucleus injection, followed by obtaining one
transgene (+) founder animal from microinjection through
PCR and Southern blot analysis.
RESULTS: rtTA transgene which could be transmitted to
subsequent generation (F1) derived from founder was
expressed in a liver-specific fashion.
CONCLUSION: Taken together, these findings demonstrate
that rtTA transgenic mice, in which rtTA expression is
appropriately targeted to the murine liver, are successfully
produced, which lays a solid foundation to ‘off-on-off’
regulate expression of target gene (s) (e.g., HBV and/or
HCV) in transgenic mice mediated by Tet-on system.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatitis C virus (HCV) infection is a global public health
problem, with approximately 3% of the world population
now infected; HCV infection is the major cause of posttransfusion non-A non-B hepatitis; persistent HCV infection
often progresses to chronic hepatitis, liver cirrhosis, and
hepatocellular carcinoma (HCC), usually more than a decade
after initial infection[1,2]. Thus, the development of adequate
treatment and prophylactics for HCV infection has been
important. Nonetheless, HCV is not infectious in vivo except
in primates, a phenomenon that has resulted in the lack of
a proper HCV culture system and inbred animal model,
which has in turn hampered detailed analysis of viral life
cycle and pathogenesis of HCV infection[1,2] . Therefore,
establishing in vitro and in vivo valuable models for human
HCV infection is of great importance.
Since the first report of transgenic mice generated by
injecting DNA into the pronucleus of one-cell mouse
embryos, this technique has been immensely useful in
creating model organisms for research purposes[3]. A great
number of transgenic mouse models created by conventional
transgene technology for human viral hepatitis [e.g., hepatitis
B virus (HBV) and HCV] have already been established
and provided new insights into the pathogenesis of hepatitis
and HCC[4-7]. However, one biggest shortcoming of the
consistent gene expression system is that the conventional
transgene systems provide only “immune tolerant” mice for
transgene products, e.g., viral antigene (s), that is to say, the
transgenic animals for HBV or HCV are not immunocompetent
for the transgene product (s). In the consistent gene
expression system, once transferred into embryos, the target
gene immediately begins to express viral protein (s) at the
early stage of embryo development under the control of
the promoter before the formation of immune system.
During embryo development, immune cells are stimulated
by viral antigen (s) to progressively develop maturation with
concurrent “immune tolerance” to virus antigen (s), which
makes hepatocyte injury uncertain. Thus, after birth the
immune system of organisms cannot recognize the exotic
identity of viral antigen (s) and not only in theory but also
in fact the liver damage in transgenic mice is not ascertained.
In human chronic hepatitis C, hepatocyte injury is not directly
caused by HCV infection, but is a consequence of the
destruction of infected hepatocytes by cytotoxic lymphocytes[8].
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In fact, the immune system plays pivotal roles in pathogenesis
of HCV infection [9-15]. The traditional HBV and HCV
transgenic mice were assayed to find that antigen gene (s)
could express normally, but obviously pathologic changes
are not observed in the liver and the serum alanine
aminotransferase levels were basically normal, indirectly
suggesting that the immune system plays a rather important
part in hepatitis pathogenesis[4-7]. So this kind of HCV or
HBV transgenic mice is not extremely ideal models suitable
for investigating host immune response against HBV or
HCV infection and pathogenesis of HBV or HCV infection.
One expected goal of transgene technology is conditional
control of target gene, e.g., viral gene (s), expression in a
specific tissue/organ during a particular stage of development
to mimic viral infections in humans. Therefore, by integrating
with the conventional transgene technology, the inducible
expression systems for temporal, spatial, and cell-specific
control of gene expression in mice provide an approach to
tide over the limitation of the stable expression system described
above and may be employed to generate immunocompetent
transgenic mice with hepatitis B or C.
Heretofore, among the inducible overexpression
transgenic systems, the tetracycline-inducible systems, as a
reliable excellent tool for stringently reversible (on  off;
‘off-on-off’ or ‘on-off-on’ regulation is more attractive when
verifying the function of a given gene, and would be valuable
for stage-specific serial gene regulation in developmental
studies), temporal and spatial control of transgene expression,
have been successfully and most frequently used in
transgenic mouse modeling [16-18]. There are two basic
variants: one is the tTA (tetracycline-controlled transactivator)
system (“Tet-Off”system)[19] and the other is rtTA (reverse
tTA) system (“Tet-On” system)[20]. Based on the characteristics
of two systems that work through the opposite mechanism,
if a gene is to be kept inactive most of the time and turned
on only occasionally, Tet-on system appears to be more
appropriate.
Therefore, to well elucidate host immune response against
HBV or HCV infection and pathogenesis of HBV or HCV
infection, we plan to employ Tet-on system to establish a
binary transgenic mouse model in which the conditional
expression of HBV or HCV transgene can be tightly regulated
in the liver by administration of doxycycline (Dox). To use
this system in vivo, it is necessary to generate two sets of
transgenic animals. One mouse line expresses the activator
rtTA under the control of a liver-specific promoter that
targets rtTA expression at the liver. Another set of transgenic
animals, in which HBV or HCV transgene expression is
under the control of the target sequence for rtTA, harbors
the “acceptor” transgenic construct, i.e., TRE-PminCMVHBV or TRE-PminCMV-HCV. Mating two strains of mice
will and should result in the birth of bi-transgenic offspring,
allowing in vivo reversible and spatiotemporal control of
HBV or HCV transgene expression through addition or
without addition of Dox to the food or drinking water of
the double-transgenic mice.
The rtTA system has been used successfully in numerous
transgenic animal models with a variety of transgenes
targeted at various tissues and organs; in Tet-regulated
transgenic mice, tissue specificity of target gene expression
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is conferred by the promoter driving rtTA expression, in
other words, defining the site of expression of rtTA
determines the site of transgene expression, because the
minimal promoter (e.g., tetO-PminCMV in responsive
element) itself confers no tissue specificity[16-18,21]. Unfortunately,
there is lack of one transgenic mouse line expressing rtTA
in a liver-specific manner (http://www.zmg.unimainz.de/
tetmouse/) [16-18,21]. Thus, this study was undertaken to
generate the transgenic mice expressing regulatory protein
rtTA under the control of a liver-specific apoE promoter
to lay a solid base for spatiotemporal expression of HBV
and/or HCV in transgenic mouse modeling.

MATERIALS AND METHODS
Plasmid construction
For liver-specific expression of rtTA in vivo, the transgenic
construct ApoE-rtTA, containing rtTA under the control
of the liver-specific apoE promoter, was constructed
(Figure 2). rtTA fragment (774-1 781) was amplified by
PCR using pTet-on DNA (Clontech), which encodes the
regulatory protein rtTA, as template and the rtTA specific
primers corresponded to the plasmid pTet-on with the
suitable restriction sites KpnI and HpaI incorporated into
the forward and reverse primers, respectively. The primers
specific for rtTA were rtTA forward primer (rtTA-FP): 5’CCGGGGTACC ATG TCT AGA TTA GAT AAA AGT3’ and rtTA reverse primer (rtTA-RP): 5’-TATAGTTAAC
CTA CCC ACC GTA CTC GTC-3’ (added restriction sites
of KpnI and HpaI were underlined sequentially). PCR
reaction conditions were: 30 cycles of 94 ℃ for 50 s, 58 ℃
for 50 s, and 72 ℃ for 1 min 30 s. PCR product (1 008 bp)
of amplified rtTA was first cloned into pMD18-T (Tvector; Takara) by T/A cloning to give pMD18-T-rtTA,
and thereafter sequenced with general sequencing primers
M13-47/RV-M (Takara). After confirmed to be identical
to the published rtTA sequences (Genbank accession no.
U89930), rtTA fragment was released from pMD18-T-rtTA
using KpnI and HpaI, and then directionally subcloned into
the KpnI and HpaI sites in the polylinker of the expression
vector pLiv.7 (9.3 kb) containing a liver-specific human
apolipoprotein E promoter (apoE promoter)[22], designated
as pApoE-rtTA, followed by identification of PCR and
enzyme digestion analysis.
Production of ApoE-rtTA transgenic mice
Transgenic mice were generated in F1 zygotes using standard
pronuclear injection as previously described[23]. The Kunming
mouse line, supplied by Center of Experimental Animals,
Zhongshan University, was used as the source of embryos
for the micromanipulation and subsequent breeding trials.
All transgenic lines were created on the Kunming mouse
background. For microinjection, the -6.9-kb fragment of
transgene ApoE-rtTA (Figure 2) was separated free from
the vector backbone of pApoE-rtTA by NotI and SpeI
double digestion. The injected fragments of ApoE-rtTA
were isolated and purified using the QIA quick gel extraction
kit (Qiagen), diluted to a final concentration of 2 g/mL
DNA injection buffer (10 mmol/L Tris/0.1 mmol/L EDTA,
pH 7.4), and microinjected into the pronuclei of one cell-
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stage fertilized embryos [Kunming mouse (♀)×Kunming
mouse (♂)]. Then 20-25 injected DNA fertilized eggs that
survived microinjection were implanted into the oviducts
of one pseudopregnant recipient Kunming mouse as
described[23] 2-3 h after injection or on the next day. Potential
transgenic founder animals were weaned at 3 wk of age,
and identified by screening mouse tail genomic DNA
prepared with standard protocols[24] for the presence of
ApoE-rtTA transgene using PCR, and confirmed by
standard Southern blotting analysis with horseradish
peroxidase (HRP)-labeled rtTA DNA as a probe.
Polymerase chain reaction (PCR) analysis for genotyping
PCR was performed on tail genomic DNA preparations to
screen which mice had ApoE-rtTA integrated into their
genome. Amplification reactions for genotype animals used
the oligonucleotide pairs rtTA-FP/rtTA-RP (see above)
specific for rtTA coding region (see Figure 2 for their
positions) to amplify a -1-kb fragment. Reaction conditions
were: 30 cycles of 94 ℃ for 50 s, 62 ℃ for 50 s, and 72 ℃
for 1 min 30 s. The positive control for each PCR reaction
used 100 ng of ApoE-rtTA construct DNA. Genomic DNA
from wild-type mice was amplified as a reaction control
(e.g., negative control). DNA samples were considered
positive for a particular transgene, if a band of the predicted
size in the test sample was present with no amplification
occurring in the control sample.
Southern blot analysis for genotyping
The north2south® direct HRP labeling and detection kit
(Pierce) is a complete system for labeling and chemiluminescent
detection of nucleic acids in Northern and Southern blot
applications. This one-step labeling and hybridization system
combined with a novel enhanced luminol substrate for HRP
ensures rapid and consistent results with sensitivity equal to
or exceeding 32P.
To further confirm presence of ApoE-rtTA in the
transgenic mouse genome, Southern blots were performed
by standard techniques[24] and following the manufacturer’s
instructions of north2south ® direct HRP labeling and
detection kit. Briefly, 10 g of tail genomic DNA from
PCR-positive pups was digested overnight with PstI,
fractionated by electrophoresis through 0.8% agarose gels
in Tris-borate-EDTA (TBE) buffer (90 mmol/L Tris-borate,
2 mmol/L EDTA, pH 8.0), transferred onto a positively
charged nylon membrane (Schleicher & Schuell, Keene,
NH), which was not fixed with UV crosslinking, by alkaline
transfer, and subjected to prehybridization and hybridization
with probe (see Figure 2 for its position) of -1-kb HRPlabeled KpnI–HpaI fragment from pApoE-rtTA synthesized
according to the protocol of probe labeling in kit. After
stringent washes, the membranes were then subjected to
chemiluminescence analysis with a commercial north2south®
direct HRP labeling and detection kit. The chemiluminescencetreated membranes were then exposed to X-ray film (XOmat AR-5, Eastman Kodak Company, Rochester, NY),
usually for 1-10 min at room temperature. Genomic DNA
from normal Kunming mice was used as a negative control,
while a 3.9-kb fragment excised from the 6.9-kb transgenic
ApoE-rtTA by PstI digestion was employed as the positive
control for Southern blots.
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Mouse propagation and transmission
At 6-8 wk of age, founder mice were backcrossed with
normal Kunming mice to generate F1. The genotypes of
the founder progeny were analyzed for inheritance of the
transgene by PCR performed using the rtTA-FP/RP
primers (see above for details) and genomic DNA isolated
from tail biopsy samples of 4-wk founder progeny. The
PCR protocols for rtTA were noted above.
Analysis of reverse transcription-PCR (RT-PCR)
RNA extraction The isolation of total RNA from the
different tissues of 5-6-mo old F1 PCR-positive offspring
of founder (s), and non-transgenic littermates of F1 PCRpositive transgenic pups and normal mice as negative controls
was performed using the RNeasy Mini Kit (Qiagen) following
the manufacturer’s recommendations. Purified RNA was
eluted in a final volume of 50 L DNA-free water and
aliquots were stored at -80 ℃ with 2 L of RNasin.
RT-PCR
RT-PCR is thought to be the most sensitive method for the
detection of RNA, but contamination of DNA originated
from animal genome results in false positivities. In this study,
we used one-step mRNA selective PCR kit (Version 1.1)
(TaKaRa) that could only detect target mRNA distinguished
from genomic DNA of host cells, by using dNTP analogs[25,26].
The dNTP/analogs were incorporated into cDNA formed
with mRNA as a template at the reverse transcription (RT)
step. The cDNA/mRNA hybrid was denatured at about
85 ℃, but genomic DNA was not. The dNTP/analog
incorporated into cDNA was selectively amplified at the
next PCR step. Using this system, there is the possibility that
only target mRNA is detected, even if there is contamination
by genomic DNA.
A specific system for the amplification of mRNA
used was one-step mRNA selective PCR kit (version 1.1)
(TaKaRa). RT-PCR was carried out as recommended by
the manufacturer (Takara) with minor modifications. Briefly,
it was carried out in a volume of 50 L including 25 L 2×
mRNA selective PCR buffer I, 10 L 25 mmol/L MgCl2,
5 L 1 mmol/L dNTP/analog mixture each, 1 L RNase
inhibitor (40 U/mL), 1 L AMV reverse transcriptase XL
(5 U/mL), 1 L AMV-optimized Taq (5 U/mL). In the
reaction volume of 50 L, -1 g total RNA was used to
synthesize the single-stranded cDNA with AMV reverse
transcriptase XL (Takara) in one-step RT-PCR. The
oligonucleotide primers used for RT-PCR were rtTA-FP/
RP primers (see above for details) (PCR product size: -1 kb).
RT-PCR amplification was carried out as follows: 30 min at
50 ℃ for RT, denaturation for 5 min at 85 ℃ and then a
succession of 35 cycles as follows: 1 min at 85 ℃, 1 min at
58 ℃, 90 s at 72 ℃, and a final extension at 72 ℃ for 10 min.
The integrity of each tissue RNA sample was checked
by RT-PCR with primers for the human -actin gene, used
as an internal standard (sense: 5’- GAT ATC GCT GCG
CTG GTC GT -3’ and antisense: 5’- CGG AAC CGC TCG
TTG CCA AT -3’), which produced a 758-bp fragment.
For the detection of -actin mRNA, 30 cycles of one-step
RT-PCR were carried out (30 min at 50 ℃ for RT, and
then a succession of 30 cycles as follows: 85 ℃ for 1 min,
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62 ℃ for 1 min, and 72 ℃ for 1 min).
Equal quantities (-1 g) of total RNA were tested in
each reaction of RT-PCR. The negative control reactions
including reagent control without reverse transcriptase to
ensure that RT-PCR was RNA-dependent, negative control
I (total RNA from the normal Kunming mouse), and
negative control II (total RNA from the non-transgenic
littermates of F1 PCR-positive offspring derived from
founder (s)) were performed simultaneously under identical
conditions. All experiments were performed in triplicate.

RESULTS
Construction of regulatory protein rtTA expression vector
To express rtTA in a liver-specific fashion in vivo, we
constructed a fusion gene of the apoE promoter (3.0 kb),
which targeted expression of rtTA transgene at the murine
liver, and rtTA gene (1 008 bp) (Figure 2) to prepare the
rtTA expression vector, i.e., pApoE-rtTA.
rtTA fragment (-1 kb) was amplified by PCR (data not
shown), subsequently inserted into pMD18-T (T-vector) to
prepare pMD18-T-rtTA screened from many clones by
PCR (data not shown), and thereafter sequenced (data not
shown). After confirming its sequence, rtTA fragment was
removed from pMD18-T-rtTA using KpnI and HpaI,
isolated and purified (Figure 1), and then directionally
subcloned into KpnI and HpaI sites of the expression vector
pLiv.7 (8.3 kb) linearized with KpnI and HpaI (Figure 1) to
generate pApoE-rtTA. The desired recombinant pApoErtTA (9.3 kb) would also be confirmed by electrophoresis
map of enzyme digestion (Figure 1) and by sequencing of
the sequence in the frame of ApoE-rtTA transgene (data
not shown). The expected pApoE-rtTA would release two
fragments of -1 and 8.3 kb after digested by KpnI and
HpaI (Figure 1). In addition, two predicted fragments, -6.9 kb
ApoE-rtTA transgene and 2.4 kb vector backbone, were
excised from pApoE-rtTA with NotI and SpeI (Figure 1).
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expression, the construct ApoE-rtTA was generated to
express target gene under the control of the liver-specific
apoE promoter. A 6.9-kb transgenic construct used for
microinjection was released from pApoE-rtTA via digestion
with NotI and SpeI. The transgenic construct contains the
human apoE regulatory region (3.0 kb), i.e., an apoE
promoter for liver-specific expression of gene, followed by
an apoE intron (0.9 kb), and human apoE gene poly(A)
signal (apoE pA, 254 bp) and a liver element (1.7 kb) ensuring
efficient transgene transcription in the liver. The 1 008-bp
rtTA fragment [encoding the regulatory protein rtTA with
the indicated translation initiation (ATG) and termination
(TAG) sites] was inserted just after the intron, followed by
the downstream regulatory sequence of human apoE pA
and a liver element. The restriction sites are: H, HpaI; K,
KpnI; M, MluI; P, PstI; N, NotI; S, SpeI; X, XhoI. The
restriction enzyme(s) used in Southern blot hybridization
are shown in boldface. The positions of the hybridization
rtTA probe (black bar) and predicted size of fragment
detected by the probe of HRP-labeled rtTA fragment (-1 kb),
the primers specific for the rtTA used in PCR amplification
(small arrows) and expected size of the PCR products are
indicated. For Southern blot analysis, the genomic DNA
samples were digested with PstI; as the probe, -1 kb HpaIKpnI fragment of ApoE-rtTA construct was used. At the
bottom of diagram, the fragment size of the individual
sequence in the transgenic construct is shown. The construct
map is not drawn to the scale.

6.9 kb
3.8 kb
rtTA probe
M
N

P

K

H X
rtTA

apoE promoter
ATG
3.0 kb

0.9
kb

P
apoE pA

PS

P

liver element

TAG
1.0 kb

2.0 kb

1 008 bp

bp
15 000
10 000
7 500
5 000

M3

1

2

3

4
Figure 2 Schematic illustration of the ApoE-rtTA transgenic construct used to
generate ApoE-rtTA transgenic mice.

2 500
2 000
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100

Figure 1 Identification of pApoE-rtTA. Lane M3: DL2 000 + DL15 000 (TaKaRa);
Lane 1: pLiv.7 cut by KpnI and HpaI; Lane 2: purified rtTA fragment; Lane 3:
pApoE-rtTA cut by KpnI and HpaI; Lane 4: pApoE-rtTA digested by NotI and SpeI.

Generation and genotyping of ApoE-rtTA transgenic mice
For microinjection, a -6.9-kb fragment of ApoE-rtTA
transgene was excised from pApoE-rtTA with NotI and
SpeI, isolated and purified (data not shown). The structure
and components of ApoE-rtTA transgene construct are
fully demonstrated in Figure 2. For the liver-specific rtTA

The -6.9 kb ApoE-rtTA was transferred into mice by
pronucleus injection. Of 357 embryos transferred to recipient
females, 55 embryos developed to term. Among 55 potential
founders PCR analysis revealed two positivities (Figure 3A),
i.e., C1 and A1, but Southern blot analysis showed one
positivity (e.g., C1) (Figure 3B), carrying ApoE-rtTA
transgene. Therefore, one founder animal was attained. Fiftyfive offspring were individually analyzed by PCR for the
genomic integration of transgene with tail biopsy-derived
DNA of the potential transgenic founder mice and rtTA
primers shown in Figure 2. The results were compared with
those obtained with DNA from a negative control (NC)
wild-type mouse (lane NC) and positive control (PC) ApoErtTA DNA (lane PC). Lanes 1-5, the genomic DNA of the
representative five animals were analyzed out of 55 F0
pups born in PCR reaction, the data on the rest of non-
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transgenic littermates were not shown. The molecular weight
of amplified rtTA fragment band was ascertained as -1 kb
calculated by the amplified band in lane PC and by the
migration of standard DNA molecular weight markers
[DL2 000 DNA marker (2 000, 1 000, 750, 500, 250, 100 bp)
(TaKaRa)] (lane M1), size markers are shown to the left.
The arrow indicates the positions of PCR products amplified
by the primers shown in Figure 2. Lanes 3 (C1) and 5 (A1)
show the amplified 1 008-bp band. Genomic DNA (10 g)
from PCR positive founder mice (e.g., C1 and A1) and a
negative control (NC) normal mouse (lane NC) was digested
with Pst I and used for Southern analysis with an rtTA probe
shown in Figure 2. A 3.8-kb fragment (Figure 2) isolated
from transgenic ApoE-rtTA construct by Pst I digestion
was used as a positive control (lane PC). Desired fragment
size detected by rtTA probe, as calculated by the hybridized
band in lane PC and the relative positions of fragments of
known size in bp [M4:  - EcoT14 I digest Marker (TaKaRa)]
(data not shown), was indicated at the right of the blot.
This is a representative Southern blot from three separate
experiments that yielded similar results.
In addition, to determine whether the transgene ApoErtTA was passaged to the next generation, founder (C1)
was back-crossed to the parental mouse strain to give F1
generation. PCR analysis of F1 offspring (8), derived from
founder C1, showed that the percentage of transgenic
animals in the progeny was 37.5% (3/8) (Figure 3C). PCR
analysis was performed to examine the possibility that the
foreign transgene ApoE-rtTA was transmitted from founder
C1 to subsequent generation (F1, eight littermates) from
the mating of founder C1 (♀) and normal Kunming mouse.
Lanes 1-8, genomic DNA from F1 offspring derived from
mating mentioned above. Lanes 3, 4 and 7 demonstrated
the 767-bp specific band amplified from genomic DNA of
F1 offspring. Thus these data demonstrated that founder C1
would transmit the foreign transgene to subsequent generation.
A
bp

M1 PC

1

2

C1
3

4
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Expression of regulatory protein rtTA in transgenic mice
The regulatory sequence of the human apoE gene was used
to achieve liver-specific expression of rtTA in one set of
transgenic mice. RT-PCR of whole liver RNA was used to
evaluate rtTA gene expression in the transgenic mice. rtTA
mRNA was readily detected in total liver RNA from one F1
transgenic (+) animal derived from founder C1 (Figure 4A),
and not detected in liver RNA from non-transgenic (-)
littermate control (Figure 4A) and normal animal control
(data not shown). A typical analysis of the PCR products
by agarose gel electrophoresis from a positive-control ApoErtTA plasmid DNA (lane PC), RNA from one transgenic
F1 offspring from founder C1 (lane 1), and RNA from a
non-transgenic littermate (lane NC) is shown, while the result
from RNA of a normal Kunming mouse is not indicated.
-actin served as an internal control to check the integrity
of each tissue RNA sample and normalize for the quantity
of input total RNA. Data were representative of three
independent RT-PCRs that yielded similar results. Female
offspring (F1) of founder C1 was surveyed for transgene
(rtTA) expression in the different tissues by RT-PCR. A
typical analysis of the RT-PCR products by agarose gel
electrophoresis from RNA of brain (lane 1), heart (lane 2),
lung (lane 3), kidney (lane 4), spleen (lane 5), muscle (lane
6), intestine (lane 7), stomach (lane 8), eye (lane 9), liver
(lane 10), gonad (lane 11) and a non-transgenic littermates
(lane NC) is shown. Results from reagent control (lane 12)
and a positive-control ApoE-rtTA plasmid DNA (lane PC)
are also indicated, while the result from RNA of a normal
Kunming mouse is not shown. Furthermore, the transgenic
animals were phenotypically similar to their non-transgenic
(-) littermates and normal animals, and did not exhibit a
detectable histologic change in the liver (data not shown).
The results apparently suggested that rtTA gene integrated
into the genome of one line from founder C1 could be
normally expressed in the liver of transgenic mice.
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1 008 bp
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100
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Figure 3 Mouse genotyping for the potential ApoE-rtTA transgenic founders (A
and B) and subsequent generation(s) (C). A: Diagnostic PCR results for the
presence and absence of ApoE-rtTA gene from genomic DNA of the potential
transgenic founders; B: Southern blot analysis for detection of integrated ApoErtTA transgene within founder mouse genome; C: Genotyping for the subsequent
generation (F1) derived from transgenic founder C1.
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Figure 4 mRNA expression in ApoE-rtTA transgenic mice. A: RT-PCR analysis
was performed to examine expression of rtTA in transgenic mouse liver; B:
Tissue-specificity of rtTA transgene expression in transgenic animals.
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To confirm the tissue-specificity of transgene expression,
an initial survey of transgene expression in a variety of
tissues was performed on one mouse line from C1 by RTPCR. RNA isolated from brain, heart, lung, kidney, spleen,
muscle, intestine, stomach, eye and gonad of a female
progeny (F1) from C1 did not demonstrate rtTA expression
by RT-PCR, suggesting that the transgene expression was
tightly restricted to the liver (Figure 4B).
Together, these findings demonstrate that apoE promoter
appropriately drives rtTA expression in the murine liver.

DISCUSSION
Recent advances in molecular biolog y have enabled
examination of the function of genes of interest by raising
stable cell lines or transgenic animals with consistent gene
expression[16-18] . However, if the transgene is harmful or
disadvantageous for cell growth or embryogenesis, the
resultant cell lines or animals may be already genetically
changed to tolerate the effects of the transgene products
because the transgene behaves as a self antigen, inducing
negative selection of reactive T cells in the thymus[16-18] .
Therefore, the immunologic response to the transgene
cannot be easily studied without special manipulation. This
is particularly obvious in models of autoimmune or viral
disease. To circumvent these problems, it is necessary to
develop a system by which the expression of a transgene
can be induced at desired time points and otherwise be
kept completely silent for an extended period of time. Such
a model may also allow a viral or self-antigen to escape the
thymic selection process so the immunologic response can
be studied. Using conditional gene expression technology, it
is possible to override such restrictions mentioned above to
achieve temporal and tissue-specific manipulation of gene
expression in vivo. Conditional gene expression in vivo has
been achieved using a variety of model systems[16-18]. One
of them takes advantage of the Cre/lox P recombination
system by which a transgene can be activated in a tissuespecific and time-dependent manner; however, this system
requires the exogenous delivery of Cre gene (usually by
Cre transgenic mice or an adeno- or retrovirus), and the
induction is irreversible, that is to say, these strategies of
transgene regulation can only be carried out once, i.e., ‘off
to on’ or ‘on to off’, when manipulated by Cre alone;
however, sequential gene regulation such as a ‘off-on-off’
or ‘on-off-on’ strategy may be a valuable tool, especially in
time-course experiments, to obtain further functional
information [16-18,27,28]. The Tet-on/Tet-off expression
systems, which are the most widely used inducible regulation
system as a reliable excellent tool for stringent reversible,
temporal and spatial control of transgene expression, are
another choice to overcome the limitation(s) in vivo[19,20].
The availability of the Tet-on/Tet-off systems raises
questions concerning under which conditions one should
be preferred over the other. Based on the characteristics
of two systems, the Tet-on system seems more appropriate
for this project if a transgene is to be kept inactive most of
the time and turned on only occasionally[19,20]. Though this
system and other rtTA-based systems face the disadvantage,
i.e., basal transgene leak in vivo, several approaches have
been developed to effectively avoid this limitation[21,29].
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In this study, the liver-specific promoter systems were
employed to drive the viral proteins expression at the
physiologically relevant site of hepatocytes. Presently the
liver-specific promoters mainly include human serum
albumin (Alb) promoter[9,30], MUP promoter (mouse major
urinary protein promoter)[9,12], hSAP promoter (human
serum amyloid P component promoter) [31], and apoE
promoter (human apolipoprotein E promoter)[22,32-34]. In our
laboratory, the vector of pLiv.7, containing apoE promoter,
is used as the basic vector backbone to prepare the transgenic
construct. Actually, when the target gene(s) is/are placed
downstream of the human apoE promoter/intron for a
liver-specific expression manner of gene, and upstream of
the apoE polyadenylation sequences/liver element, which
has been shown to ensure the high expression of target
gene (Figure 2)[22,32-34], high-level expression of target gene
(s) in transgenic mouse liver without interfering with mouse
development has been often seen[22,32-34]. These points on
the characteristics of the pLiv.7 and apoE promoter were
also verified by the present study.
In Tet-on regulated transgenic mice, tissue specificity
of target gene expression was conferred by the promoter
driving rtTA expression[16-18] . Thus, rtTA expression in
transgenic mouse liver was controlled by apoE promoter,
which in turn determined the site(s) of HBV and/or HCV
transgene expression in double-transgenic mice.
Studies on the fate of foreign DNA introduced into an
established mammalian genome are of considerably general
interest. In almost all instances, transgenic DNA is stably
maintained once it has integrated into the genome; even
when there are multiple copies if DNA integrated in a tandem
head-to-tail array, the transgenic DNA is transmitted
stably from one generation to the next without genomic
rearrangements and without deletions [35,36]. However,
examples of transgenic families with genetic instability under
selective pressure have been identified[37]. The tyrosinase
transgenic families have all displayed stable Southern
hybridization patterns, and those families with stable
pigmentation have maintained a uniform pigmentation
intensity over more than 10 generations of mating[37]. Because
alterations of the integration site would be expected to change
both tyrosinase expression and pigmentation, these results
imply that genetic instability is very rare for these transgenic
inserts[37]. In the rtTA transgenic mice, the rtTA transgene
have been already stably carried over from founder to its
progeny (F1).
In summary, in the present study, we successfully
generate the effector transgenic mice, e.g., ApoE-rtTA
transgenic mice, in which rtTA expression can be tightly
targeted at the murine liver.
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Abstract
AIM: To study the efficacy and safety of Fuzhenghuayu
capsule (FZHY capsule, a capsule for strengthening body
resistance to remove blood stasis) against liver fibrosis
due to chronic hepatitis B.
METHODS: Multicenter, randomized, double blinded and
parallel control experiment was conducted in patients
(aged from 18 to 65 years) with liver fibrosis due to chronic
hepatitis B. Hepatic histologic changes and HBV markers
were examined at wk 0 and 24 during treatment. Serologic
parameters (HA, LM, P-III-P, IV-C) were determined and B
ultrasound examination of the spleen and liver was
performed at wk 0, 12 and 24. Liver function (liver function
and serologic parameters for liver fibrosis) was observed
at wk 0, 6, 12, 18 and 24. Blood and urine routine test,
renal function and ECG were examined before and after
treatment.
RESULTS: There was no significant difference between
experimental group (110 cases) and control group (106

cases) in demographic features, vital signs, course of
illness, history for drug anaphylaxis and previous therapy,
liver function, serologic parameters for liver fibrosis, liver
histologic examination (99 cases in experimental group,
96 cases in control group), HBV markers, and renal function.
According to the criteria for liver fibrosis staging, mean
score of fibrotic stage(s) in experimental group after treatment
(1.80) decreased significantly compared to the previous
treatment (2.33, P<0.05), but there was no significant
difference in mean score of fibrotic stage(s) (2.11 and 2.14
respectively). There was a significant difference in reverse
rate between experimental group (52%) and control group
(23.3%) in liver biopsy. With marked effect on decreasing
the mean value of inflammatory activity and score of
inflammation (P<0.05), Fuzhenghuayu capsule had rather
good effects on inhibiting inflammatory activity and was
superior to that of Heluoshugan capsule. Compared to
that of pretreatment, there was a significant decrease in
HA, LM, P-III-P and IV-C content in experimental group
after 12 and 24 wk of treatment. The difference in HA,
LM, P-III-P and IV-C content between 12 and 24 wk of
treatment and pretreatment in experimental group
was significantly greater than that in control group
( P <0.01-0.05). The effect, defined as two of four
parameters lowering more than 30% of the baseline,
was 72.7% in experimental group and 27.4% in control
group (P<0.01). Obvious improvement in serum Alb,
ALT, AST and GGT was seen in two groups. Compared
to that of control group, marked improvement in GGT
and Alb was seen in experimental group (P<0.05). The
effective rate of improvement in serum ALT was 72.7%
in experimental group and 59.4% in control group. No
significant difference was seen in blood and urine
routine and ECG before and after treatment. There was
also no significant difference in stable rate in ALT and
sero lo gic param eters f or liver f ibro sis between
experimental group and control group after 12 wk of
withdrawal.
CONCLUSION: Fuzhenghuayu capsule has good therapeutic
effects on alleviating liver fibrosis due to chronic hepatitis
B without any adverse effect and is superior to that of
Heluoshugan capsule.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Liver fibrosis, characterized by overproduction and deposition
of extracellular matrix in liver tissue, is a healing response
to chronic injuries, and through which, chronic hepatitis
develops into cirrhosis. Nowadays prevention and reverse
of liver fibrosis are a rather important therapeutic strategy,
since we still lack the special and effective therapy for primary
diseases with liver fibrosis. In the past 20 years, based on
the pathogenesis of chronic hepatitis as a dual deficiency
of Qi and Yin, static blood blocking vessels and pestilent
damp-heat lingering, we composed Fuzhenghuayu recipe
directed by the therapeutic method of invigorating blood
transforming stasis and boosting essence supplementing
deficiency. The previous clinical trials revealed that the recipe
could significantly improve clinical symptoms in patients
with liver fibrosis due to chronic hepatitis B, improve liver
functions, decrease portal pressure and effectively reverse
tissue fibrosis[1]. Also, it has been shown that the recipe could
enhance serum albumin level in patients with post-hepatitis
cirrhosis, improve serum fibrotic markers and adjust immune
function[2]. In this study, we conducted a multicenter,
randomized, double blinded and parallel control experiment
on 216 patients with liver fibrosis due to chronic hepatitis
B (110 cases in experimental group, 106 in control group,
among them 99 cases in experimental and 96 in control
group received histologic diagnosis) in five centers to
confirm the efficacy and safety of Fuzhenghuayu recipe
against liver fibrosis due to chronic hepatitis B.
MATERIALS AND METHODS
Trial design
Multicenter, randomized, double blinded and parallel control
(Heluoshugan capsule) clinical experiment was conducted
to investigate the efficacy and safety of Fuzhenghuayu
capsule against liver fibrosis due to chronic hepatitis B.
Volunteers were selected and enrolled for 24-wk observation.
All endpoints were evaluated before and 6, 12, 18 and 24 wk
after administration of Fuzhenghuayu capsule respectively.
Case selection
Patients were diagnosed as liver fibrosis due to chronic
hepatitis B according to diagnostic standard as follows[3] :
(1) History with chronic hepatitis B ≥6 mo, abnormal ALT
≥10-folds of normal level and TBil ≤54 µmol/L; (2)
Serum markers for liver fibrosis, including hyaluronic acid
(HA), laminin (LM), type III procollagen (P-III-P) and type
IV collagen (IV-C) were ≥normal value±2SD; (3) B ultrasound
examination accorded with changes in chronic hepatitis,
including increased dense, coarse and enhanced echo of
liver; (4) Liver histologic examination accorded with diagnostic
criteria for chronic hepatitis, including inflammatory grading
degrees (G1-G4) and liver fibrosis staging scores (S1-S4);
and (5) symptoms, including pain in hepatic region, fatigue,
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poor appetite, abdominal distension, liver and spleen
tumescence, facies hepatica, liver palm, and spider angioma.
Those satisfied the 1st item and the 2 nd item, or the 1 st
item and the 4th item, or the two positive parameters in the
2nd item could be diagnosed as liver fibrosis due to chronic
hepatitis B.
Subject inclusion criteria Patients satisfied diagnostic
standard and simultaneously met the qualifications including
age (range from 18 to 65 years, no sex limitation) and signing
of informed consent form.
Subject exclusion criteria The patients were excluded
under the following conditions: (1) TBil ＞54 µmol/L,
diagnosed as severe hepatitis B or had the tendency to
develop fulminant chronic hepatitis B; (2) Complicated by
serious cardiovascular, renal, endocrine, hematologic,
nervous and mental disease; (3) Alcoholic, drug induced,
infectious, inherited, immune and other viral liver diseases;
(4) Women with pregnancy or during lactation; (5) Decompensated post-hepatitis cirrhosis; and (6) Received interferon-,
antiviral or immunomodulator treatment in the latest 3 mo.
Subject withdrawal criteria Patients failed to follow
instructions for administration and observation, or
withdrew from therapy without medical reasons, or had
incomplete data.
Experimental protocol
Case resource All cases were from inpatient and outpatient
department, and various factors for outpatients should be
controlled strictly to guarantee planned administration and
observation.
Randomization methods Complete randomized principles
were employed. Cases were numbered from the 1st to the
240th and divided randomly by SAS software into experimental
and control groups. Cases were assigned to five centers
according to the admission order.
Protocol for administration With specification of 1.6 g
per capsule and Lot# 9912220002 and used as an experimental
drug, consisted of Cordyceps sinesis, Peach kernel, Salvia,
Gynostemma, etc., Fuzhenghuayu capsule was provided by
Shanghai Sundise Medicine Technology Development Co.
Ltd. With specification of 0.93 g per capsule and used as a
control drug, Heluoshugan capsule consisted of largehead
atractylodes rhizome, white peony, nutgrass galingale rhizome, Chinese
angelica, papaya, common burreed rhizome, zedoary, turtle shell,
Dung beetle, etc.
Experimental and control drugs were same in appearance,
shape, size, color and luster, package and label, etc. Two
drugs were numbered randomly and five capsules were
taken orally once, thrice a day. After 24 wk of treatment,
patients were followed up for 12 wk. Patients were forbidden
to take any kind of medications that could affect therapeutic
effect on liver fibrosis.
Blinding method
Blinding methods included double blind, results were
disclosed blindly twice and medications were dispensed
according to randomization charts.
Parameters observed
In this study, efficacy and safety assessment were performed.
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Assessment of efficacy
Efficacy was assessed from the following aspects:
Primary parameters
Histologic examination Liver biopsy was conducted before
and after treatment. Grade and stage scoring were conducted
in accordance with “1995 viral hepatitis preventing and
treating protocol”[1] and “protocol for scoring activity and
degree of fibrosis due to chronic hepatitis”[2]. Liver tissues
were embedded in paraffin and stained with HE, reticular
fiber staining and collagen staining (VG) were microscopically
observed by three pathologists respectively, then histologic
diagnosis was established if at least two experts reached an
agreement.
Serum markers for hepatic fibrosis Serum markers
including HA, LM, P-III-P, and IV-C were measured before
treatment, after 12 and 24 wk of treatment and at 12 wk of
follow up. Serum samples were assayed with the same batch
kit at the same clinical center. HA and LM were assayed by
radioimmunoassay (RIA) with the kit from Institute of
Naval Medicine, IV-C by ELISA with the kit produced by
Shanghai Shigao Biotech Company and P-III-P by RIA with
the kit from Orion Company (Finland).
Second parameters
B ultrasound examination and liver function B ultrasound
examination and serum parameters of liver function,
including AST, ALT, GGT and ALP activity, Alb and
TBil/Dbil content determination, were performed before
and after 12 and 24 wk of treatment, and at the end of
12 wk of follow up. Serum HBV markers, including
HBeAg, HBeAb and HBcAg, were detected with RIA and
ELISA, and HBV-DNA with dot blot or PCR.
Safety assessment
Clinical findings manifested as rash, fever, diarrhea,
nausea and poor appetite due to administration were
carefully evaluated. Blood and urine routine, renal function (BUN and Cr) and ECG were examined before and
after treatment.
Requirements for observation and record
Personnel carrying out clinical test should have substantial
clinical and research backgrounds in this field and at least
intermediate professional title. Appointed technicians performed the laboratory assays. Except for routine examination,
blood and liver tissue samples with the size of 0.2 cm×1.5 cm
or five hepatic lobules should be obtained before and after
treatment. Liver samples were fixed in 100 mL/L neutral
formalin. Patients with 10-folds of ALT activity than the
upper threshold of normal level after 4 wk of treatment
should take enzyme-deactivating drugs, which had no effect
on liver fibrosis until termination of treatment. Patients
with high ALT levels (10-folds of the upper threshold of
normal level) and high TBil contents (more than 85.5 mol/L)
after 1.5 mo should withdraw from therapy and their treatment
protocol should be modified.
Summarization of data
At the end of trial, all original data were submitted to statistical
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experts for further analysis.
Criterion for short-term therapeutic effect Very effective
after treatment, liver fibrotic stage decreased by two or more
scores, two among the four serum fibrotic markers (IV-C,
HA, LM and P-III-P) decreased by more than 30% of the
values before treatment and serum ALT returned to normal.
Effective: After treatment, liver fibrotic stage decreased by
one score, two out of the four serum fibrotic markers (IV-C,
HA, LM and P-III-P) decreased by more than 20% of the
values before treatment and ALT lowered to 50% of the
value before treatment. Ineffective: No obvious improvement
was seen.
Criterion for assessing long-term therapeutic effect
After 12 wk of follow up, fibrotic markers, liver function
and TCM syndromes were observed, long-term therapeutic
effect was defined as stability or instability. Stability referred
to the increase of fibrotic markers and serum ALT level
being less than 20% at the end of treatment, while instability
meant that the fibrotic markers and ALT levels increased
more than 20% at the end of treatment.
Statistical analysis
Statistical analysis was performed with 6.12 SAS software.
2 test, t test and non-parametric statistical test were employed
for comparison between two groups before experiment. For
self-comparison in each group, variance and non-parametric
statistical test were employed to compare therapeutic effect
before and after administration in experimental and control
groups. For comparison between two groups including
comparison of efficacy and safety, central effect oriented
variance analysis model (double factors) was employed for
quantitative data and central effect-oriented CMH method
was employed for classified data. Descriptive analysis was
used for safety analysis.
Drugs in each group were known only after statistical
analysis was finished.

RESULTS
General condition of the subjects
Enrolment and fulfilment The withdrawal rate of patients
(six patients) was 2.7%, a total of 222 subjects were enrolled
according to the protocol and among them 216 fulfilled the
trial. All the subjects enrolled were eligible for the entry
criteria.
Comparison between two groups before treatment
There was no significant difference between experimental
group (110 cases) and control group (106 cases) in demographic
features, vital signs, disease history and seriousness (liver
function, serum fibrotic markers, liver histological examination,
HBV markers, and ultrasound scores, etc.). Blood, and urine
routine and ECG were normal in all subjects before treatment
(Tables 1-4).
Histologic changes
Variation of inflammation and fibrosis in liver biopsy
A total of 195 cases received liver biopsy (99 in experimental
group and 96 in control group) before treatment, among
them 93 cases received the second biopsy after therapy (50 in
trial group, 43 in control group). There was no difference
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Table 1 General information in two groups before treatment (mean±SD)
Group

n

Sex
M/F

Experimental

110

95/15

Control
P

106

89/17
0.848

Age (yr)

Marriage
single/married

Weight
(kg)

Previous
treatment (case)

Treated with
other drugs (case)

37.7±9.2

21/89

64.30±8.25

11

26

38.5±8.9
0.512

15/91
0.361

64.09±6.64
0.844

17
0.155

26
0.174

Table 2 Blood and renal routine and PT in two groups before treatment (mean±SD)
Group
Experimental
Control

n

RBC (1012/L)

Hemoglobin (g/L)

WBC (109/L)

Platelet (109/L)

BUN (mmol/L)

Cr (mol/L)

PT (s)

110
106

4.6±0.7
4.5±0.7

139.8±16.7
138.9±16.5

5.1±1.4
5.0±1.4

137.1±86.0
117.8±48.1

4.4±1.3
4.7±1.6

84.1±17.4
86.9±21.0

13.6±1.9
13.5±1.7

0.499

0.761

0.499

0.054

0.193

0.441

0.168

P

PT: prothrombin time, BUN: blood urea nitrogen, Cr: creatinine.

in inflammation grade and fibrosis stage between two groups
before treatment (Table 5). However, in experimental group,
liver inflammation grades and fibrosis stage decreased
markedly after treatment, whereas no obvious improvement
was seen in control group.
Score of liver inflammation and fibrosis Half-quantitative
scoring of inflammation activity and fibrosis in liver biopsy
in 68 cases (37 cases in experimental group and 31 cases in
control) was carried out. There was no difference in grading
and staging scores between two groups before treatment
(Tables 5 and 6). However, in experimental group, liver
inflammation and fibrosis scores decreased markedly after
treatment, but no obvious improvement was observed in
control group (Tables 7 and 8).
Efficacy on histologic changes The total effective rate
was 52% in experimental group and 23.2% in control group
according to the set criteria (Table 9).
Changes of serum markers for liver fibrosis There was no
significant difference in serum HA, LM, P-III-P and IV-C contents
between two groups before treatment, while compared to previous
treatment, HA, IV-C, LM and P-III-P decreased significantly
in experimental group after treatment (Tables 10-1-3).
Effective rate for fibrosis The effective rate for liver fibrosis
was significantly higher in experimental group (72.7%) than
in control group (27.4%) (P<0.01) (Table 11).
Liver function parameters Experimental group, with a
total effective rate of 72.7%, showed a better improvement

in liver function than control group with an effective rate
of 59.4% (2 = 4.263, P<0.05) (Tables 12 and 13).
Changes in ultrasound examination before and after
treatment There was no significant difference in B
ultrasound scoring, liver size, diameter of stem hepatic portal
vein, thickness of spleen, diameter of splenic vein and size
of gallbladder in two groups. But compared to those before
treatment, there was a significant decrease in hepatic portal
vein (after 12 and 24 wk of treatment) in experimental
group, diameter of spleen (after 12 wk of treatment in
experimental group and 24 wk treatment in control group)
and diameter of splenic vein (after 24 wk of treatment in
experimental group and 12 and 24 wk of treatment in
control group) (P<0.05-0.01) (Table 14).
Changes in serum viral markers The positive rates of
HBsAg, HBeAg, HBc-IgM and HBV-DNA in experimental
and control groups were 100%/100%, 43.64%/45.28%,
40.40%/36.46% and 34.55%/30.91% before treatment,
and the negative reverse rates of the above markers
were 4.55%/4.76%, 11.82%/11.43%, 11.1%/8.42% and
12.84%/13.33% after treatment. There was no significant
difference between two groups before and after treatment.
Efficacy evaluation in follow up
One hundred and four patients were followed up for 12
wk after treatment and emphasis was on observing serum
markers for liver fibrosis, ALT and TCM patterns. Results

Table 3 Inflammation grading and fibrosis staging of biopsies in two groups before treatment
Group

Inflammation (G)

n

Fibrosis (S)

1

2

3

4

1

2

3

4

Experimental

99

12

49

29

9

22

39

21

17

Control

96

22

39

27

8

33

31

20

12

0.277

P

0.121

Table 4 Serum viral markers in two groups (cases) before treatment
Group
Experimental
Control
P

n

HBsAg

HBsAb

HBeAg

HBeAb

HBcAb

HBcAb-IM

HBV-DNA

110
106

110
106

3
2

48
48

48
56

105
100

40
35

38
37

1.000

0.891

0.220

0.765

0.659

1.000
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Table 5 Comparison of inflammation activity (G) in two groups in liver biopsy
Group

Experimental
Control
P

Pretreatment

n

50
43

Post-treatment

P

1

2

3

4

mean

1

2

3

4

mean

5
10

25
19

15
12

5
2

2.40
2.14

18
11

20
17

11
10

1
5

1.9
2.21

0.277

0.001
0.583

0.004

Table 6 Comparison of liver fibrosis staging (S) in two groups in liver biopsy
Group

Experimental
Control
P

Pretreatment

n

50
43

After treatment

0

1

2

3

4

mean

0

1

0
0

8
11

23
20
0.121

10
7

9
5

2.40
2.14

1
2

23
8

P

2

3

4

mean

14
22
0.001

9
4

3
7

1.80
2.14

0.001
1.000

Changes of safety parameters
Blood routine and renal function There was an increase
in count of RBC, WBC and platelets in two groups after
treatment. There was a significant difference in count of
RBC in control group, content of Hb in experimental group
and count of WBC in two groups after treatment (P<0.05).
There were changes in BUN in experimental group, Cr and
PT after treatment in control group before and after treatment.
However, all changes were within normal range and of no
clinical significance.
Urine routine, ECG and -fetoprotein (AFP) No
abnormality was seen in urine routine, ECG and X-ray
examination in two groups before and after treatment. There
was a slight increase in serum AFP in some cases in the two
groups. However, the change was in accordance with the
characteristics of chronic hepatitis and of no clinical significance.
Adverse reaction No obvious adverse reaction was observed
in experimental group, mild reaction (increased exhaust
which disappeared after withdrawal) was seen in one case in
control group and the adverse reaction rate was 0.9%.

endangering people’s health seriously in China[4,5] . Liver
fibrosis, through which chronic hepatitis B develops into
cirrhosis, is a common pathologic process for almost all
chronic liver diseases, so searching for new medications to
prevent and reverse liver fibrosis is an urgent task for
hepatologists.
Fuzhenghuayu capsule is a new medication formulated
on the basic pathogenesis of liver fibrosis and cirrhosis-body
resistance weakness and stasis blocking vessels. Previous studies[6-9]
have revealed that this medication has good effects on improving
liver function and serum fibrotic parameters and cirrhosis,
decreasing portal pressure, regulating immune function and
amino acids balance. In vitro study showed that the underlying
mechanism of the medication against liver fibrosis was to
inhibit of stellate cell proliferation, collagen synthesis, lipid
peroxidation, collagen and transforming growth factor-1
gene expression and improvement in matrix metalloproteinases
activity.
In this study, a multicenter, randomized, double blinded
and parallel control method was employed to observe the
efficacy and safety of Fuzhenghuayu capsules on 216 cases
of liver fibrosis due to chronic hepatitis B at five centers. In
accordance with previous trials, a rather good reproducible
result is expected.

DISCUSSION
Chronic hepatitis B is a common and prevalent disease

Fuzhenghuayu capsule can effectively alleviate liver fibrosis
in chronic hepatitis B
Liver biopsy examination is a gold standard for diagnosis

Table 7 Inflammation activity scoring in liver biopsy before and after
treatment (mean±SD)

Table 8 Fibrosis scoring in liver biopsy before and after treatment
(mean±SD)

Group

n

Pretreatment

Group

n

Pretreatment

Post-treatment

P

Experimental
Control
P

37
31

8.8±3.9
7.3±4.1
0.185 (P1)

Experimental
Control
P

37
31

8.1±5.6
7.2±5.5
0.433 (P1)

6.0±5.4
8.1±6.3
0.007 (P2)

0.001
0.413

showed that serum ALT and some markers for liver fibrosis
were stable, there was no significant difference between the
two groups (Table 15).

Post-treatment
6.6±4.7
7.4±4.1
0.036 (P2)

P
0.001
0.978

Table 9 Efficacy in two groups in histologic changes of liver fibrosis
Group

n

Very effective cases (%)

Effective cases (%)

Ineffective cases (%)

Experimental

50

4 (8.0)

22 (44.0)

24 (48.0)

Control

43

1 (2.4)

9 (20.9)

33 (76.7)

P

0.008
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Table 10-1 Changes in serum HA, LM, P-III-P and IV-C contents (mean±SD)
Parameter

Group

n

Pretreatment

12 wk of treatment

24 wk of treatment

HA (g/L)

Experimental
Control

110
106

303.6±235.7
276.3±234.9

178.9±158.0b
258.9±243.2a

147.9±131.3b
261.8±253.6b

Trial

110

137.0±84.6

127.5±92.7a

122.4±96.5b

Control

106

134.1±98.6

128.4±55.7

121.2±48.9

Experimental
Control

110
106

11.1±5.0
9.6±5.6

8.8±4.9b
9.7±6.6

7.4±4.4b
9.4±6.9

Trial

110

119.1±132.5

74.5±88.4b

64.5±82.5b

Control

106

91.8±76.7

71.4±57.8

62.4±54.7b

LM (g/L)
P-III-P (g/L)
IV-C (g/L)

a

P<0.05, bP<0.01 vs the same group.

Table 10-2 Difference in serum HA, LM, P-III-P and IV-C contents between two groups before and after treatment
HA (g/L)
Time points

Group

12-wk treatment Experimental
Control
24-wk treatment Experimental
Control
a

n

Median of
difference

Standard
deviation

110

-75.6b

106

-19.8

110
106

-96.1b
-26.0

201.5
254.6

LM (g/L)
Percent of
difference

Median of
difference

Standard
deviation

Percent of
difference

196.5

-36.3

222.6

-12.8

-10.0a

58.3

-8.1

3.0

102.2

-48.5
-15.9

2.0

-17.0
-4.5

69.3
108.0

-13.0
-4.5

P<0.05, bP<0.01 vs control.

Table 10-3 Changes in serum P-III-P, IV-C contents between two groups before and after treatment
Time points

Group

n

P-III-P (g/L)

IV-C (g/L)

Median of
differential

Standard
deviation

Percent of
difference

Median of
difference

Standard
deviation

Percent of
difference

5.0
5.0

-20.1
-1.3

-25.0a
-6.5

128.2
87.0

-39.3
-9.1

12-wk treatment Experimental
Control

110
106

-2.2b
-0.0

24-wk treatment Experimental

110

-2.9b

4.6

-33.9

-33.0a

139.1

-48.3

106

-0.3

5.5

-3.0

-14.0

80.4

-18.6

Control
a

P<0.05, bP<0.01 vs control.

and evaluation of efficacy on liver fibrosis. In this study,
liver biopsies showed that Fuzhenghuayu capsule was
superior to Heluoshugan capsule in reversing liver fibrosis.
Histologic examination also revealed that Fuzhenghuayu
capsule had rather good effects on inhibiting hepatic
inflammation. Superior to that in control group, a significant
decrease in mean value of degree of inflammatory activity
and inflammatory score was seen in experimental group
after treatment. This reveals that Fuzhenghuayu capsule
has good effects on alleviating inflammatory infiltration
and/or hepatic cell necrosis.
Fuzhenghuayu capsule can significantly improve serum fibrotic
markers in liver fibrosis due to chronic hepatitis B
It has been widely accepted that serum HA, LM, P-III-P
and IV-C are useful markers to evaluate liver fibrosis,

especially serum HA and IV-C contents, so multi-parameter
determination is advocated for diagnosing and evaluating
liver fibrosis in clinic[10-13]. In this study, there was no significant
difference in serum HA, LM, P-III-P and IV-C contents
between the two groups before treatment. All markers in
experimental group showed a consistent and stepwise
decrease after 12 and 24 wk of treatment, and before and after
treatment, the difference in serum HA and IV-C contents
in experimental group were obviously greater than that of
control group.
The effective rate was 72.7% in experimental group and
27.4% in control group, indicating that there was a significant
difference between the two groups. From this point of view,
we conclude that Fuzhenghuayu capsule is superior to
Heluoshugan capsule in inhibiting liver fibrosis due to chronic
hepatitis B.

Table 11 Efficacy on liver fibrosis in two groups
Group

n

Very effective cases (%)

Effective cases (%)

Ineffective cases (%)

Experimental

110

80 (72.7)

2 (1.8)

28 (25.5)

Control

106

29 (27.4)

2 (1.9)

75 (70.7)

P

0.001

Central effect-oriented CMH method was employed in comparison of efficacy between two groups, Q of statistics was QCMH.
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Table 12 Changes in liver function of two groups before and after treatment (mean±SD)
Parameter
Alb (g/L)
Glo (g/L)
ALT (U/L)

Group

Pretreatment

Experimental

ALP (U/L)

DBil (mol/L)

a

43.2±4.7

b

43.3±5.3

b

18 wk of treatment
43.3±4.3

24 wk of treatment

bc

43.5±5.7bc

b

43.1±5.2b

41.0±5.9

42.6±5.3

30.1±6.4

29.8±6.1

30.8±6.5

31.3±5.7

31.3±5.8

Control

29.2±5.1

30.9±5.7b

30.9±6.0a

31.9±5.6b

31.9±6.6b

Experimental

116.0±74.6
96.7±55.0

Experimental

78.4±59.3
68.5±53.1

57.5±56.0b,c
59.5±52.0

b

55.5±47.7

b

53.8±39.1

b
b

Experimental

92.0±71.4

75.3±64.9

Control

86.8±68.6

68.6±52.9b

Experimental
Control

TBil (mol/L)

b

12 wk of treatment

Control

Control
GGT (U/L)

42.6±5.0

b

Experimental

Control
AST (U/L)

40.1±5.2

6 wk of treatment

100.6±38.2
95.1±41.9

42.8±4.9

50.9±39.0b,c
58.9±54.4

b

54.2±47.4

b

59.3±50.2

a

67.9±75.8

b

50.1±43.6b,c

51.2±39.0b

b,c

48.2±35.0b

55.8±39.4

a

51.9±51.6b

67.4±70.1

b

61.8±58.5
46.2±29.2

67.7±59.9b

49.4±41.2b,c

b

56.4±51.8b,d

70.4±48.0a

67.3±58. 2b

96.4±47.3a

100.3±52.2

97.9±47.1

93.5±38.8a

97.0±43.6

93.1±42.1

91.1±36.5

92.9±41.5

Experimental

17.8±7.9

15.8±5.9b

15.9±6.4b

15.5±9.5b,c

15.5±5.8b,c

Control

16.9±8.4

16.4±8.2

17.1±8.6

18.5±12.1

18.5±13.5

Experimental

5.9±5.5

4.7±3.0b

4.6±3.0b,c

4.5±2.5b,c

4.6±2.7b,d

Control

5.2±4.4

4.8±3.7

5.1±3.7

5.3±3.6

5.9±5.4

P<0.05, bP<0.01 vs the same group; cP<0.05, dP<0.01 vs difference between different time points value and previous treatment in two groups.

Table 13 Efficacy in ALT activity between two groups before and after treatment
Group

n

Effectual (%)

Effective (%)

Noneffective (%)

Experimental

110

64 (58.2)

16 (14.5)

30 (27.3)

Control

106

54 (50.9)

9 (8.5)

43 (40.6)

P
0.105

In comparison of efficacy between two groups, central effect-oriented CMH method was employed. Q of statistics was QCMH.

Fuzhenghuayu capsule can significantly improve liver function
in liver fibrosis due to chronic hepatitis B
Parameters of liver function improved significantly in both
groups after treatment, indicating that both medications have
protective effects on liver injury. Compared to those of
pretreatment, there was a significant decrease in TBil and
DBil in experimental group at different time points after

treatment. The difference in TBil and DBil between 18
and 24 wk of treatment and pretreatment in experimental
group was significantly higher than that in control group.
Comprehensively, compared to Heluoshugan capsule, we
draw a conclusion that Fuzhenghuayu capsule has some
advantages in improving liver function in patients with chronic
hepatitis B.

Table 14 Changes in diameter of stem hepatic portal vein, thickness of spleen and diameter of splenic vein before and after treatment in two
groups (mean±SD)
Parameters

Group

n

Pretreatment

12-wk treatment
b,d

24-wk treatment
12.03±1.61a

Diameter of stem

Experimental

110

12.34±1.94

11.96±1.69

hepatic vein (mm)

Control

106

12.30±1.75

12.37±1.76

12.06±1.51

Diameter of

Experimental

110

42.77±9.23

41.10±8.11b

41.77±7.88

spleen (mm)

Control

106

42.45±9.94

42.12±9.90

41.32±8.28a

Diameter of

Experimental

110

7.57±1.86

7.41±1.84

splenic vein (mm)
a

Control

106

7.67±1.94

7.43±1.80

7.28±1.52a
a

7.39±2.00a

P<0.05, bP<0.01 vs treatment, dP<0.01 vs different time point and pretreatment between groups.

Table 15 Comparison of stable rate (%) between two groups in follow up
Group

Stable cases/follow up cases (stable rate%)
HA

LM

P-III-P

IV-C

ALT

Experimental

18/29 (62.07)

29/34 (85.29)

14/29 (48.28)

30/34 (88.24)

49/50 (98.00)

Control

16/28 (57.14)

25/37 (67.57)

15/25 (60.00)

34/37 (91.89)

54/54 (100.00)

0.790

0.100

0.425

0.703

0.481

P

Fisher precise probability calculation was employed in comparison of stable rates between the two groups.
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No obvious anti-virus effect of Fuzhenghuayu capsule
was found. Based on the results available from serum parameters for liver fibrosis and ALT activity in follow-up cases,
there was no obvious difference in stable rate 12 wk after
withdrawal of the drug in two groups.
No change in laboratory examination and ECG after
24 wk of treatment was seen in two groups. No obvious
adverse reaction was seen in experimental group. Digestive
tract reaction disappeared after withdrawal of the drug was
seen in one case only (0.9%) in control group. These indicate
that both medications are rather safe.
In conclusion, Fuzhenghuayu capsule can effectively
alleviate hepatic fibrosis and decrease serologic fibrotic
parameters due to chronic hepatitis B. Since the reverse
rate of Fuzhenghuayu capsule is higher than that of
Heluoshugan capsule, the medication has excellent effects
on reversing liver fibrosis. Thus, Fuzhenghuayu capsule is
a safe and effective medication against liver fibrosis due to
chronic hepatitis B.
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Abstract
AIM: To investigate the characteristics of the progression
of islet  cell function in Chinese latent autoimmune
diabetes in adult (LADA) patients with glutamic acid
decarboxylase antibody (GAD-Ab) positivity, and to explore
the prognostic factors for  cell function.
METHODS: Forty-five LADA patients with GAD-Ab
positivity screened from phenotypic type 2 diabetic (T2DM)
patients and 45 T2DM patients without GAD-Ab matched
as controls were followed-up every 6 mo. Sixteen patients
in LADA1 and T2DM1 groups respectively have been
followed-up for 6 years, while 29 patients in LADA2 and
T2DM2 groups respectively for only 1.5 years. GAD-Ab
was determined by radioligand assay, and C-peptides (CP)
by radioimmune assay.
RESULTS: The percentage of patients whose fasting CP
(FCP) decreased more than 50% compared with the
baseline reached to 25.0% at 1.5th year in LADA1 group, and
FCP level decreased (395.8±71.5 vs 572.8±72.3 pmol/L,
P<0.05) at 2.5th year and continuously went down to the
end of follow-up. No significant changes of the above
parameters were found in T2DM1 group. The average
decreased percentages of FCP per year in LADA and T2DM
patients were 15.8% (4.0-91.0%) and 5.2% (-3.5 to 35.5%,
P = 0.000) respectively. The index of GAD-Ab was negatively
correlated with the FCP in LADA patients (rs = -0.483,
P = 0.000). The decreased percentage of FCP per year

in LADA patients were correlated with GAD-Ab index, body
mass index (BMI) and age at onset (rs = 0.408, -0.301
and -0.523 respectively, P<0.05). Moreover, GAD-Ab was
the only risk factor for predicting  cell failure in LADA
patients (B = 1.455, EXP (B) = 4.283, P = 0.023).
CONCLUSION: The decreasing rate of islet  cell function
in LADA, being highly heterogeneous, is three times that
of T2DM patients. The titer of GAD-Ab is an important
predictor for the progression of islet  cell function, and
age at onset and BMI could also act as the predictors.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Latent autoimmune diabetes in adults (LADA), screened
from phenotypic type 2 diabetic (T2DM) patients by
glutamic acid decarboxylase antibody (GAD-Ab) and
characterized by slowly progressive islet  cell dysfunction,
initially presents as non-insulin-dependent and easily
misdiagnosed as T2DM[1-4]. Studies have shown that islet 
cell function of LADA patients decreases with different
velocity until being insulin-dependent and some factors can
predict the failure rate of islet function[5-9]. However, the
characteristics and risk factors of progression of  cell
function in LADA remain unclear in Chinese. We measured
GAD-Ab, as markers of autoimmunity, and fasting Cpeptide (FCP), as a marker of  cell destruction in LADA
patients and studied them prospectively for 6 years in order
to unveil the unknown changes of  cell function in LADA
patients. In this way we can offer suitable therapy including
insulin or immune intervention for LADA at an early time
to preserve their islet function.
MATERIALS AND METHODS
Subjects
We screened phenotypic T2DM, from endocrine ward and
outpatient clinic in our hospital, with GAD-Ab. We would
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diagnose a phenotypic T2DM as LADA according to the
criteria[10] of diagnosis of LADA as follows: (1) >25 year of
age at onset; (2) no ketosis within half a year after diagnosis;
(3) GAD-Ab positive. If the LADA patient still preserved
some  cell function (defined as FCP>100 pmol/L), the
patient would be enrolled in our follow-up study. From 1996
to 2001, we had screened 45 LADA patients, including 28
males and 17 females, with a mean age of 48.5±11.6 years
(range 28-68 years). Mean FCP and 2-h-postprandial C-peptide
(CP) level was 546.1±284.7 pmol/L (111-1 194 pmol/L)
and 1 098.0±669.0 pmol/L (186.0-2 317.0 pmol/L)
respectively and median of GAD-Ab was 0.49±0.08
(0.05-1.91) at the beginning of the follow-up. Twenty-seven
patients received insulin therapy, 13 were given sulfonylurea
and biguanide, 4 were given biguanide alone and 1 was
on diet control. Six patients were with family history of
T2DM. Meanwhile, 45 other T2DM patients (included 31
males and 14 females), with a mean age of 48.3±10.2 years
(range 26-68 years), with no history of ketosis or ketonic acidosis
and was GAD-Ab negative were enrolled in this study as
matched controls. Their mean FCP and 2-h-postprandial
CP level were 753.0±401.2 pmol/L (270.7-2 356.6 pmol/L)
and 1 469.8±462.0 pmol/L (540.0-3 972.0 pmol/L)
respectively. Twenty-one of these patients received insulin
therapy, 20 were given both sulfonylurea and biguanide, 4
were given biguanide alone. Five patients were with family
history of T2DM. LADA and T2DM patients were followed
every 6 mo (except the 24 th mo). Fasting blood glucose,
2-h-postprandial glucose, HbA1c, FCP, 2hCP and GADAb index were determined for all patients at each visitation.
LADA1 (n = 16) and T2DM1 (n = 16) group patients had
been followed for 72 mo (entered in 1996-1998), while
LADA2 (n = 29) and T2DM2 (n = 29) for 18 mo (entered
in 1999-2001). The patients with undetectable FCP/2hCP
during the follow-up were excluded.
We established a healthy control group from epidemiological
surveys in Changsha and sampled 188 healthy individuals
to define the normal range of islet autoantibodies including
GAD-Ab. One hundred and eighty-eight subjects were
without family history of diabetes or autoimmune diseases
(99 males and 89 females) with a mean age of 35.2±13.5
years (range 1.5-68.0 years) and with normal fasting and
postprandial blood glucose levels.
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positive control CPM-index negative control CPM). The
inter-assay coefficients of variation were 7.1-10.8% (n = 5),
and the intra-assay CV were 4.9-8.3% (n = 5) respectively.
Based on the data from 188 healthy blood donors whose
GAD-Ab indices ranged from -0.118 to 0.052, the cut-off
for positivity was 0.052 (99.5 percentile).
CP was determined by radioimmune assay using a
commercial kit (DePu Company, Germany). The inter-assay
coefficients of variance were 9.1-15.0% (n = 3), and the
intra-assay coefficients of variance were 3.7-8.6% (n = 3).
Statistical analyses
All data were expressed as mean±SD. All statistics were
performed by using statistical procedure of social science
(SPSS), including Student’s t test, Mann-Whitney U test,
ANOVA or Friedman test, Pearson or nonparametric
correlation analyses, stepwise multiple linear regressions in
multivariate analysis, survival and Cox stepwise regression
analysis. P values less than 0.05 were considered significant.

RESULTS
Baseline data
Baseline characteristics of the subjects are summarized in
Table 1. LADA and T2DM patients were matched with
age, sex, age at onset, duration, body mass index (BMI) and
HbA1c. Two-hour-postprandial CP was significantly lower
in LADA1 than T2DM1 group (P<0.05) and FCP and 2hCP
were both lower in LADA2 than T2DM2 group (P<0.05,
P<0.01).
Table 1 Baseline data of LADA1, two group and T2DM1, two group
(mean±SD)
LADA1
Number
Sex (male/female)

LADA2

T2DM2

16

16

29

29

11/5

12/4

18/11

19/10

Age (yr)

47.7±11.2

47.0±7.9

49.0±12.0

52.2±10.9

Age at onset (yr)
Duration (yr)

44.9±10.5
2.7±0.9

44.2±7.4
2.8±0.5

46.0±11.1
3.0±0.6

49.9±10.1
2.2±0.4

BMI (kg/m2)

20.7±2.9

21.8±1.7

21.4±3.3

22.5±1.9

FBG (mmol/L)

14.5±5.3

13.7±1.7

14.2±5.6

13.5±3.1

HbA1c (%)
Family history (%)

10.1± 0.6
18.8

9.9±1.9
12.5

9.2±2.2
10.3

8.6±2.0
10.3

Insulin therapy (%) 56.3 (9/16)

GAD-Ab and C-peptide radioimmune assay
GAD-Ab is determined by radioligand assays[11,12] in our
laboratory and the assay was evaluated in the 3rd Diabetes
Autoantibody Standardization Program (DASP 2003)
sponsored by the Immunology of Diabetes Society (IDS)
with 82% sensitivity and 98% specificity. The GAD65-Ab[13]
plasmid (kindly provided by Dr. W.A. Hagopian, Seattle,
WA, USA) is used in coupled in vitro transcription and
translation (TnT, Promega, Madison, WI, USA) in the
presence of 35 S-methionine as previously described[14] . A
human serum with high levels of immunoprecipitating
autoantibodies was used as index positive control, and healthy
serum from screening is used as negative control. All samples
are tested in duplicate. Results are expressed as a normalized
index, which is calculated using the formula: index =
(unknown sample CPM-index negative control CPM)/(index

T2DM1

37.5 (6/16)

65.5 (19/29)

51.7 (15/29)

FCP (pmol/L)
Postprandial-2-h
572.8±72.3
714.6±63.7
531.3±53.2b
772.7±86.1
C-peptide (pmol/L) 885.1±147.7a 1 196.7±104.2 1 240.0±140.5b 1 659.9±188.5
a

P<0.05 vs T2DM group, bP<0.01 vs T2DM group.

Serum C-peptide changes in LADA and T2DM patients during
the follow-up
Patients in the LADA1 group were followed for 5 years
(from 4 to 6 years), LADA2 for 1.3 years (from 0.5 to
1.5 years).
The change of absolute C-peptide in LADA1 patients
Figure 1 shows that FCP levels were not significantly different
between LADA1 and T2DM1 patients at entry (P>0.05). In
the LADA1 patients, CP levels did not change significantly
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during the 1st year of follow-up, but FCP declined from the
30 th mo (P<0.05). T2DM1 patients did not show any
significant decrease during the follow-up period (P>0.05).

LADA1

Fasting C-peptide
(pmol/L)

1 000
T2DM1
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30 36 42 48 54 60 66 72
Follow-up time (mo)

The change of absolute C-peptide in LADA2 patients
The FCP, which was always lower in LADA2 than T2DM2
patients, did not change significantly, compared with their
baseline data during their 1.5-year follow-up period in the
two groups (P>0.01 and 0.01).
The change of relative C-peptide value
The proportion of LADA1 patients with islet function
decreased more than 50% (Figure 2) The proportion
of LADA1 patients whose islet function decreased by larger
than 50% went up with time. This proportion in FCP
increased from 6.25% at the 6th mo to 25.0% at the 18th mo
(P<0.05) and reached to 93.8% at the 5.5th-6th year (P<0.01).
While in T2DM1 patients, only 30.0% at the 5.5th-6 th year
(P<0.05).
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Figure 2 The percentage of patients whose FCP decreased more than 50%
compared with the baseline during the follow-up time. Black bar graph representing
the percentage of LADA patients, which showed us a much quicker increase
from 6.25% at 6th mo to 25.0% at 18th mo until 93.8% at 72th mo. Meanwhile in the
white bar of T2DM group, the percentage increased much slower and only to
30.0% at the end of follow-up.
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Figure 3 The failure of islet function during the follow-up in LADA patients. The
number of patients with  cell failure increased from 0/9 (new onset) to 1/18
(2-year duration), 2/15 (3-year duration), 5/24 (4-year duration), 5/20 (5-year
duration), 6/12 (6-year duration) and 8/11 (7-year duration). The average time
for  cell failure was 4.4±1.9 years.

Correlation analysis of islet  cell function in LADA patients
The relation between FCP and GAD-Ab index in LADA
patients Baseline FCP levels of 45 LADA patients were
negatively correlated with GAD-Ab index (r = -0.483,
P = 0.001) (Figure 4), which indicated that the much higher
titer of GAD-Ab that the LADA patient had, the more
faster the failure of islet  cell function would occur.

1 000

r = -0.483 (P = 0.001, n = 45)

750
500
250
0.0

60

0

Volume 11

Not failure cases
d

Figure 1 Changes of FCP level in LADA1 and T2DM1 patients during the 6-year
follow-up time. Values are mean±SE of 16 patients respectively. The lower line
shown here is representative of LADA patients and the upper one of T2DM
group’s. The FCP of LADA1, decreasing much quicker than that of T2DM1
patients, declined significantly from the 30th mo compared with the entry (aP<0.05,
b
P<0.01). And from the 12th mo, the difference of FCP between LADA1 and
T2DM1 patients became significant until the end of follow-up time (cP<0.05, dP<0.01).
Meanwhile T2DM1 group did not show any significant decrease during the
follow-up period (P>0.05).
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The relation between complete  cell failure and
duration (Figure 3) There were eight LADA patients
who progressed complete  cell failure (undetectable FCP)
for about 4.4±1.9 years (2-6.8 years) after diagnosis until
now. The frequency of  cell failure increased from 0 of 9
(0/9) patients at diagnosis to 8 of 11 (8/11) patients after
7 years. None of the T2DM patients developed complete
 cell failure during the follow-up.

Fasting C-peptide (pmol/L)
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1.0
1.5
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Figure 4 Correlation of FCP level and GAD-Ab index in LADA patients. The Xaxis represented GAD-Ab index that ranged from 0.05 to 1.91 and the Y-axis
showed the FCP that ranged from 111 to 1 194 pmol/L of 45 LADA patients at
enrollment. The scatter diagram showed us that these two factors were negatively
correlated (r = -0.483, P = 0.001), which meant that the LADA patients with much
higher GAD-Ab titer would face more risk of islet function failure.

Correlation analysis of the average decreased percentages
of FCP per year in LADA patients (Table 2) We could
calculate the average decreased percentages of FCP per
year in 45 LADA patients through dividing the decreased
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Table 2 Correlation analysis of the average decreased percentages of FCP per year in LADA patients
GAD-Ab
Index

Age at onset
(yr)

BMI
(kg/m2)

Sex
(m/f)

Duration
(yr)

Family
history

FBG
(mmol/L)

HbA1c
(%)

Correlation efficient

0.408

–0.301

–0.523

0.19

–0.084

–0.198

0.132

–0.035

P

0.006

0.047

0.000

0.216

0.590

0.197

0.430

0.835

The correlations between variables at entry including GAD-Ab index, age at onset, BMI, sex, duration, family history, FBG, HbA1c and the average decreased
percentages of FCP per year in LADA patients were analyzed. And GAD-Ab index, age at onset and BMI were found to be the three significant variables (r = 0.408,
-0.301 and -0.523, P = 0.006, 0.047 and 0.000).

Cumulative  cell failure rate

value of FCP during the follow-up period with their initial
FCP. As the follow-up times of LADA1 and LADA2 group
were different, we further divided the above percentage
with corresponding follow-up time for each patient. Then
we got 15.8%/year (4.0-91.0%/year) as the average
decreased percentage of FCP per year for LADA patients
and 5.2%/year (-3.5 to 35.5%/year) for T2DM and their
difference was significant (P<0.001). We also analyzed the
correlation between the variables at entry with the above
percentage in LADA group and found that the decreased
percentage of FCP per year were correlated with GAD-Ab
index, BMI and age at onset (rs = 0.408, -0.301 and -0.523
respectively, P<0.05).
Multivariate analysis for  cell function in LADA
patients A multiple stepwise regression analysis was used
to identify the factors (age at onset, duration of disease,
BMI, sex, HbA1c, FBS, family history and therapy protocol)
to predict  cell failure in LADA patients. In analysis,
duration of disease, GAD-Ab index, age at onset, and BMI
by turns (according to their effects on FCP) were significant
risk factors and the regression equation was as follows:
y = -3.390*duration-3.153*GAD-Ab index+2.834*age at
onset+2.264*BMI (F = 8.978, P = 0.000).
Survival analysis of  cell failure in LADA and T2DM
patients (Figure 5) In order to further characterize the
different prognosis of  cell function between LADA and
T2DM patients, survival analysis was introduced to our
study. We supposed the patient that developed  cell failure
as “dead”, otherwise, as “survival” at different period of
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Figure 5 Survival analysis of the cumulative failure rates of islet  cell function
in LADA and T2DM patients during the follow-up period. The X-axis represented
the duration of diabetes and Y-axis meant the cumulative proportion of  cell
failure in these patients. Patient that developed  cell failure would be supposed
as “dead”, otherwise, as “survival” at different period of duration (called “survival
time”). The dotted and the solid line represented LADA and T2DM patients
respectively. The  cell failure cumulative rate increased from 0.074 at the
2nd year to 0.462 at the 8th year of duration in LADA patients; however, that of
T2DM remained unchangeable in the whole period.

duration of disease (called “survival time”). We found two
significantly different survival curves in the two groups and
the cumulative proportion of  cell failure increased from
0.074 at the 2nd year to 0.462 at the 8th year of duration in
LADA patients that was gradually rising with the duration;
however, that of T2DM remained unchangeable in the whole
period.
Risk factor analysis for  cell failure with Cox stepwise
regression model GAD-Ab titer, age at onset, sex, BMI,
FBS and HbA1c of patients at the diagnosis were introduced
as covariates with “survival time” (defined as “the time
before  cell failure”) and Cox setpwise regression model
was used to identify the risk factor for  cell failure in
LADA patients. With forward stepwise method, most factors
were excluded and GAD-Ab titer was the only variable
that entered the equation (B = 1.455, EXP (B) = 4.283,
P = 0.023), which meant that the odds of  cell failure will
increase 4.283 times with the increase of the GAD-Ab titer.

DISCUSSION
There has been four prospective studies with follow-up
time for more than 5 years on LADA patients, including
Finland’s 10-year study reported by Niskanen et al[5], in 1995,
UKPDS’ 6-year by Turner et al [15] , in 1997, Goetz et al’s
[6]
, 5-year report on Americans in 2002 and 12-year study in
Sweden by Borg et al[7], in 2002. Among the above studies,
only the latter two were focusing on the relationship between
 cell function and islet autoantibodies. Compared with the
above reports, although there were some disadvantages such
as small sample, we could still find some priorities in the
study which included (1) more frequent, which meant more
accurate to reflect the tiny change of islet  cell function;
(2) analyze  cell function with different parameters, such as
the changes of FCP value and its proportion, the changes
from overall and from individual separately, correlation,
multivariate regression analysis, survival analysis and Cox
regression analysis; (3) using new index to assess the change
of islet function such as “the proportion of LADA patients
with islet function decreased more than 50%” and “the
average decreased percentage of FCP per year”.
We found that FCP and 2-h PCP of LADA patients
declined slowly during the follow-up. Though T2DM
patients also showed a decreasing trend, there were no
significant changes. Borg et al[7], reported that FCP of
diabetics with GAD-Ab positivity decreased obviously, while
those without GAD-Ab did not show any change during
the 12-year prospective study, corresponding well with our
results. We have observed that (1) the change of FCP
value, which showed that FCP remained stable during the
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1.5th year of follow-up, but began to decrease at the 2.5 th
year in LADA1 group; (2) the proportion of LADA patients
with islet function decreased more than 50%, which already
reached to 37.5% at 1.5 th year (equivalent 3-5 years after
diagnosis) in LADA patients, and the difference was
significant compared with the baseline, while the T2DM
patients did not show such changes until the 5.5-6 th year
(equivalent 8-9 years after diagnosis). In a word, the declining
of  cell function developed about 3-4 years earlier in LADA
than in T2DM patients.
LADA patients also showed heterogeneous descending
rates of  cell function in the study. Firstly, the FCP in
some patients presented a linearly decreasing way and even
decreased to lower than 121.0 pmol/L (decreased 63.2%)
in half a year and some progressed slowly that FCP maintained
680.0 pmol/L with 9-year duration and decreased more
than 50% (65.4%) compared with baseline until 12.5 years
later. Secondly, “the average decreased percentages of FCP
per year (%/yr)” was calculated to reflect the decreasing
rate of islet function. FCP of 45 LADA patients decreased
15.8%/year averagely and with the quickest 91%/year, the
slowest 5.2%/year. However, that of T2DM patients was
5.2%/year which amount to one-third (1/3) of LADA’s
and was similar with 4.5%/year in 6 years after diagnosis
reported by UKPDS[16]. Thirdly, undetectable FCP was
defined as  cell failure[7] and no one developed at entry,
but the failure frequency increased to 1/18 at the 2nd year
and to 8/11 at the 7th year. The fastest declining one needed
only 2 years to lose insulin secretion function; nevertheless
some patients still preserved  cell function even 15 years
after diagnosis. The  cell failure in LADA patients
experienced 4.4±1.9 years averagely and no one failed in
T2DM patients during our current study. In addition, 
cell failure was supposed as “dead” (otherwise “survival”)
and then, we made a survival analysis in the two groups
and found that  cell cumulative failure rate was rising with
duration in LADA patients. In contrast,  cell failure did
not occur with any T2DM patient at all times.
GAD-Ab, as the major immune marker for the diagnosis
of LADA, and its predictive value for the failure of  cell
function had been confirmed in many studies[2,5-8,15,17-20] .
Moreover, the predictive value was related with the titer of
GAD-Ab[7,8,15,17,19]. Borg et al[7], and Gottsater et al [17], found
that GAD-Ab in high levels usually predicts much faster
decrease of  cell function. The predictive value, highest
with GAD-Ab titer more than 60 U, the second with titer
from 20 to 60 U/L and worst with titer less than 20 U/L
had been reported by UKPDS[15]. While there were still some
studies[21] that suggested that GAD-Ab did not directly
induce  cell failure. With GAD-Ab assay we identified the
two groups of patients, and they showed completely different
characteristics in the progression of  cell function,
confirming the predictive value of GAD-Ab for islet
function in LADA patients. We found that the initial GADAb levels were negatively correlated with FCP, and antibody
levels were positively associated with the average decreased
percentages of FCP per year (%/yr). At last, the risk factor
analysis of  cell failure in LADA with Cox stepwise regression
model also revealed that GAD-Ab titer was the only factor
responsible for  cell failure. All these suggested that GAD-
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Ab, as the most classic marker for diagnosing LADA, also
provided the most important predictive value for the loss
or failure of  cell function. It suggested that stronger
immune damage results in faster loss of islet  cell function.
Of 16 LADA1 patients, 56.3% (9/16) used insulin at the
beginning of follow-up, and the proportion rose to 90%
(9/10) at the end of follow-up, while only 37.5% (6/16)
used insulin in T2DM1 subjects at entry and 44.4% (4/9)
turned to insulin dependency at the end of follow-up. This
not only reflected some different characteristics of two
groups in progression of islet beta-cell function, but also
demonstrated the predictive value of GAD-Ab for insulin
requirement in LADA patients[6,12,17,18,22,23].
In this study, age at onset, BMI of LADA patients were
negatively correlated with the average decreased percentages
of FCP per year, which meant that much younger and
thinner the patients were, much faster decrease of islet
function would happen. It was similar with UKPDS and
other reports[15,17,21,24] that the patients with younger age and
smaller BMI at onset may present a linear and fast failure
of  cell function, otherwise much slower. But someone[15]
also pointed out that BMI was of no prognostic importance
for islet function in LADA patients older than 45 years.
Other factors including sex, family history, FBS and HbA1c
did not show any significant relation with FCP in our study,
which indicated that they were not key points for the  cell
failure. To search for the major factors to predict islet
function in LADA, a multiple regression analysis[25-27] had
been applied. We identified GAD-Ab, age at onset, BMI
and duration of disease as the best predictors. Duration,
which was not linearly related with  cell function, entered
the regression equation and it suggested that duration could
predict  cell function in coordination with other factors.
This also indicated the importance of assessing islet function
with all the parameters combined together. Nevertheless,
Cox stepwise regression model suggested that, among the
above factors, only GAD-Ab could truly predict  cell failure
in LADA patients, which further testified that this antibody
not only was an important marker for the diagnosis of LADA
but its titer could also predict the progress and prognosis
of islet  cell function in LADA patients.
As  cell function of LADA was in a relatively steady
state at early 3-5 years after diagnosis and duration was the
important predictor for the deterioration of islet function,
immune interventions, including insulin therapy, should be
carried out as early as possible, especially for the patients
with high titer of GAD-Ab, lower BMI and younger age at
onset to delay the failure of  cell function[28-31].
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CONCLUSION: Nestin-positive cells isolated from human
fetal pancreas possess the characteristics of pancreatic
progenitor cells since they have highly proliferative
potential and the capability of differentiation into insulinproducing cells in vitro. Interestingly, the nestin-positive
pancreatic progenitor cells share many phenotypic
markers with mesenchymal stem cells derived from bone
marrow.

Abstract
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AIM: To isolate nestin-positive progenitor cells from human
fetal pancreas and to detect their surface markers and
their capability of proliferation and differentiation into
pancreatic islet endocrine cells in vitro.
METHODS: Islet-like cell clusters (ICCs) were isolated
from human fetal pancreas by using collagenase digestion.
The free-floating ICCs were handpicked and cultured in
a new dish. After the ICCs developed into monolayer
epithelium-like cells, they were passaged and induced
for differentiation. Reverse transcription polymerase chain
reaction (RT-PCR), immunofluorescence stain, fluorescenceactivated cell sorting (FACS) and radioimmunoassay (RIA)
were used to detect the expression of cell markers.
RESULTS: (1) The monolayer epithelium-like cells had
highly proliferative potential and could be passaged
more than 16 times in vitro ; (2) RT-PCR analysis and
immunofluorescence stain showed that these cells
expressed both nestin and ABCG2, two of stem cell
markers; (3) FACS analysis revealed that CD44, CD90
and CD147 were positive, whereas CD34, CD38, CD45,
CD71, CD117, CD133 and HLA-DR were negative on the
nestin-positive cells; (4) RT-PCR analysis showed that the
mRNA expression of insulin, glucagon and pancreaticduodenal homeobox gene-1 was detected, whereas the
expression of nestin and neurogenin 3 disappeared in
these cells treated with serum-free media supplemented
with the cocktail of growth factors. Furthermore, the intracellular insulin content was detected by RIA after the
induction culture.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Pancreatic -cell replacement therapy via islet transplantation
has become a subject of intense interest again, because the
recent success rate of the procedure is largely improved by
using the Edmonton protocol. However, this successful new
protocol utilizes the islets isolated from at least two human
cadaveric pancreata[1] . In order to make such a therapy
available to more than a few of thousands of patients
with diabetes, new sources of insulin-producing cells must
be identified. Pancreatic stem cells have the capacity to
expand and differentiate into pancreatic islet cells, and are
therefore considered as the potential donor source for islet
transplantation.
A definitive molecular marker of pancreatic stem cells
remains obscure. One recent study demonstrated that nestinpositive cells resided in adult human and rat islets had the
characteristics of stem cells and could be differentiated into
pancreatic endocrine, exocrine and hepatic cell phenotypes
in vitro[2]. Therefore, it has been firstly proposed that nestin
is a maker for pancreatic stem cells. Another more recent
report showed that nestin-positive precursors derived from
human fetal pancreas could differentiate into pancreatic
endocrine cells, which displayed the ability to reverse
hyperglycemia in diabetic mice[3]. On the other hand, several
other publications have recently suggested that nestinpositive cells in either adult or fetal pancreata were unable
to generate pancreatic islet -cells in vitro[4-6]. This controversy
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may reflect that nestin-positive pancreatic cells may be a
heterogeneous cell population, or the protocol for inducing
their differentiation must be optimized.
In this study, nestin-positive cells were isolated from
human fetal pancreata, and then reverse transcription
polymerase chain reaction (RT-PCR), immunofluorescence
stain, fluorescence-activated cell sorting (FACS) and
radioimmunoassay (RIA) were used to determine whether
the nestin-positive pancreatic cells had the characteristics
of stem cells.

MATERIALS AND METHODS
Isolation, culture and induction of pancreatic progenitor cells
Human fetal pancreata at 20 th gestational weeks were
provided by Department of Obstetrics and Gynecology,
Peking University First Hospital after the termination of
pregnancy. Informed consent for tissue donation was
obtained by the procurement centers. In addition, our
institutional review board had reviewed and approved the
use of fetal tissue for these studies. The pancreata were
received within 8 h after procurement and enzymatically
digested as previously described[7]. The digested tissue
was washed twice in cold HBSS and placed on 100-mm
bacteria Petri dishes in RPMI 1640 media (Hyclone, Logan,
UT, USA) supplemented with 10% fetal bovine serum
(Hyclone), 10 mmol/L HEPES, 1 mmol/L sodium pyruvate
and 71.5 µmol/L -mercaptoethanol (Merck, Darmstadt,
Germany). After incubation for 96 h, the floating islet-like
cell clusters (ICCs) were pipetted out and cultured in new
dishes with fresh media supplemented with 20 ng/mL basic
fibroblast growth factor and 20 ng/mL epidermal growth
factor (both from Invitrogen, Carlsbad, CA, USA). The ICCs
attached to the bottom and a monolayer of epithelium-like
cells started the outgrowth from the ICCs within 24 h. After
confluence, the cells were repeatedly passaged. After about
80% confluence in the cells passaged 10 times, a serumfree medium supplemented with 100 pmol/L hepatocyte
growth factor (Chemicon, Temecula, CA, USA), 2 nmol/L
activin A (R&D Systems, Minneapolis, MN, USA),
500 pmol/L betacellulin, 10 nmol/L exendin-4 (glucagonlike peptide-1 analog) and 10 mmol/L nicotinamide (all
three from Sigma, St. Louis, MO, USA) in a low-glucose
concentration (5 mmol/L) was changed, and the cells were
further cultured for another 6 d.
Immunofluorescence
The expanded pancreatic progenitor cells were grown on
coverslips and processed as previously described[8]. Briefly,
the cells were fixed in 4% paraformaldehyde in PBS for
15 min at room temperature. The cells were rinsed with
PBST (PBS with 0.5% Triton X-100) thrice and incubated
in PBS containing 10% goat serum and 0.01% Triton X100 for blocking, and then incubated overnight at 4 ℃
with mouse anti-human nestin monoclonal antibody (1:100;
BD Transduction Laboratories, Lexington, KY, USA). After
washing thrice with PBST, the cells were incubated with FITCconjugated goat anti-mouse IgG (1:100; BD Transduction
Laboratories) for 1 h at room temperature. Following three
washes with PBS, the samples were mounted on slides and
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examined with an Olympus BX51 fluorescence microscope
(Olympus Optical, Tokyo, Japan) equipped with a Micro
Color RGB-MS-C CCD camera (CRI, Woburn, MA, USA).
Identification of cell surface markers by FACS
2×105 of the cells passaged 10 times were resuspended in
100 µL of PBS and incubated with FITC-conjugated CD34,
CD38, CD45, CD90 and HLA-DR antibodies, and PEconjugated CD44, CD71, CD117, CD133 and CD147
antibodies (all from BD PharMingen, San Diego, CA, USA)
for 30 min at 4 ℃. After washing with PBS twice, the labeled
cells were analyzed in a flow cytometer (Becton-Dickinson,
San Jose, CA, USA).
RNA extraction and RT-PCR analysis
RNA was isolated from the cultured pancreatic progenitor
cells using TRIzol (Gibco, Carlsbad, CA, USA) following
the manufacturer’s protocol. Single-stranded cDNA was
prepared with the Superscript First-Strand System
(Invitrogen) as described previously[9]. The cDNAs were
amplified by polymerase chain reaction (PCR). The PCR
products were analyzed by 1% agarose gel electrophoresis.
G3PDH, nestin, ABCG2, pancreatic-duodenal homeobox
gene-1 (PDX-1), insulin, and glucagon were amplified
for 30, 40, 34, 35, 36 and 23 cycles, and the annealing
temperatures were 50, 55, 56, 52, 62, and 59 ℃, respectively.
The annealing temperature of neurogenin 3 (Ngn3) was
descended from 68 to 57 ℃ at 1 ℃ every cycle, and then
the PCR reaction was run for 29 cycles. The sequences of
primers were as follows: 5’ ACC ACA GTC CAT GCC
ATC AC 3’ and 5’ ATG TCG TTG TCC CAC CAC CT 3’
for G3PDH; 5’ AGC GTT GGA ACA GAG GTT GGA 3’
and 5’ TGT TTC CTC CCA CCC TGT GTC T 3’ for
nestin; 5’ GGC CTC AGG AAG ACT TAT GT 3’ and 5’
AAG GAG GTG GTG TAG CTG AT 3’ for ABCG2; 5’
AGA GCG AGT TGG CAC TGA G 3’ and 5’ CTG AGA
AAG CCA GAC TGC C 3’ for Ngn3; 5’ CCC ATG GAT
GAA GTC TAC C 3’ and 5’ GTC CTC CTC CTT TTT
CCA C 3’ for PDX-1; 5’ GCC TTT GTG AAC CAA CAC
CTG 3’ and 5’ GTT GCA GTA GTT CTC CAG CTG 3’
for insulin; and 5’ ATG AAC GAG GAC AAG CGC 3’ and
5’ TTC ACC AGC CAA GCA ATG 3’ for glucagon.
Measurement of intracellular insulin content by RIA
For the determination of insulin content, insulin was
extracted from the cells before and after induction following
standard protocol[10]. The cells were washed twice in PBS,
and treated with acid ethanol (10% glacial acetic acid in
absolute ethanol) overnight at 4 ℃, followed by cell
sonication. Total protein in the lysates was determined by
Biophotometer (Eppendorf, Hamburg, Germany). Insulin
was measured by using a solid-phase radioimmunoassay
(RIA) kit (DPC, Los Angeles, CA, USA).

RESULTS
Nestin-positive progenitor cells isolated from human fetal
pancreas
After a 96-h incubation, the free-floating ICCs were
handpicked and placed into a new dish. Within 24 h, the
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Figure 1 The culture (A-C) and immunofluorescence staining (D-F) of nestinpositive cells isolated from human fetal pancreas. A: The free-floating ICCs
isolated from fetal human pancreas; B: After pipetted out and cultured in a new
dish, the ICCs attached to the bottom and a monolayer of epithelium-like cells
spread out; C: The epithelium-like cells making confluent sheet, the ICCs

disappeared structurally (×100); D: Negative control using mouse IgG to substitute
the primary antibody; E: Nestin expressed in some of the epithelium-like cells
spreading out from ICCs. F: Expression of nestin in most of the epithelium-like
cells passaged 10 times (×200).

ICCs attached to the bottom and epithelium-like cells spread
out from the ICCs (Figures 1A-C). The cells were able to
be passaged more than 16 times in vitro. To confirm the
existence of nestin-positive cells, an immunofluorescence
study was conducted in the cultured pancreatic cells. Nestin
expression was detected in the monolayer cells that grew
out from the ICCs and in those that passaged for 10 times
(Figures 1D-F). RT-PCR showed that both nestin and
ABCG2 were expressed in the passaged cells (Figure 2).

stem cells derived from bone marrow.

Marker

Nestin

ABCG2

G3PDH

Figure 2 RT-PCR analysis of nestin (549 bp) and ABCG2 (342 bp) expression
in the cultured cells. G3PDH (452 bp) served as internal control.

Surface markers of the nestin-positive pancreatic progenitor
cells
FACS analysis showed that CD44, CD90 and CD147 were
positive, whereas CD34, CD38, CD45, CD71, CD 117,
CD133 and HLA-DR were negative in the nestin-positive
pancreatic progenitor cells (Figure 3), suggesting that the
phenotype of these cells was identical to that of mesenchymal

In vitro differentiation of the nestin-positive pancreatic
progenitor cells
To investigate the ability of the nestin-positive cells to
differentiate into pancreatic islet endocrine cells, the nestinpositive cells were cultured in the serum-free media with
the cocktail of several growth factors for 6 d. RT-PCR
analysis showed that the mRNA expression of insulin,
glucagon and PDX-1 appeared, whereas the expression of
nestin and Ngn3 disappeared in these cells after the
induction culture (Figure 4). Furthermore, the intracellular
insulin protein content was detectable in the cells after the
induction culture, but not in the cells before the induction
culture (Figure 5).

DISCUSSION
The intermediate filament protein nestin has been identified
as a marker for neural stem cells[11,12]. A recent study showed
that nestin-positive cells isolated from adult human and rat
islets could be expanded and differentiated into pancreatic
endocrine, exocrine and hepatic phenotypes in vitro, leading
to the suggestion that they were multipotent tissue stem
cells[2]. Studies have also shown that ES cell-derived cultures
enriched for nestin-expressing cells can be differentiated in
vitro into cells that produce both insulin and glucagon[10,13,14].
Furthermore, another paper demonstrated recently that
nestin-positive precursors derived from human fetal pancreas
were induced to differentiate into pancreatic endocrine
cells that displayed the ability to reverse hyperglycemia in
diabetic mice[3]. These observations have led to the hypothesis
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Figure 3 FACS analysis of the surface marker in the nestin-positive cells. The
cells were labeled with FITC- or PE-conjugated antibodies and then analyzed in
a flow cytometer. CD44, CD90 and CD147 were positive, whereas CD34,

Pre-

CD38, CD45, CD71, CD117, CD133 and HLA-DR were negative in the cells,
resembling the phenotype of mesenchymal stem cells.

Post-
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Insulin
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Figure 4 RT-PCR analysis of gene expression change in the nestin-positive
cells before and after induction by using the primers for nestin (549 bp), Ngn3
(420 bp), PDX-1 (262 bp), insulin (261 bp), and glucagon (236 bp). G3PDH were
used as internal control (452 bp). Pre-, cells before induction; post-, cells after
induction.

that nestin is a marker of pancreatic stem cells.
An important property of stem cells is their ability for
self-renewal and differentiation into specific cell lineages. In
the present study, we showed that nestin-positive cells isolated
from human fetal pancreas had highly proliferative potential.
These cells could be passaged more than 16 times in vitro.
To determine whether the nestin-positive cells could
differentiate into pancreatic endocrine cells, the cells were

1.68±0.16

Pre-

Post-

Figure 5 RIA detection of intra-cellular insulin content before and after induction.
Data are the mean±SD of three separate experiments with the nestin-positive
cells. Pre-, the cells before induction; post-, the cells after induction.

induced for differentiation after exposure to the serumfree media supplemented with the cocktail of growth factors.
Our results revealed that the mRNA expression of pancreatic
endocrine cell markers insulin, glucagon and PDX-1 was
detected, whereas the expression of pancreatic progenitor
cell markers nestin and Ngn3 disappeared in the cells after
the induction. Moreover, the intracellular insulin protein
content was also detectable in the cells after the induction.
These results suggest that the nestin-positive pancreatic cells
possess the characteristics of stem cells.
ABCG2 known as a member of ATP binding cassette
(ABC) transporter superfamily, also called Bcrp1, can efflux
the fluorescent dyes such as Hoechst 33342 from the cells
termed as side population (SP) cells displaying low Hoechst
fluorescence. SP cells were firstly isolated following Hoechst
33342 staining from murine hematopoietic stem cells, which
was highly replicating and presented in the bone marrow of
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all species examined[15,16]. Soon after, it has been demonstrated
that stem cells from skeletal muscle[17,18], brain[19], heart[20],
lung[21] and possibly other tissues[22,23], as well as ES cells[23],
can be identified by the SP phenotype. Therefore, the SP
phenotype might represent a common molecular feature
for stem cells possessing multi-organ plasticity[23]. Meanwhile,
the studies have shown that ABCG2 gene expression alone
defines the SP phenotype and is a conserved feature of
stem cells from a wide variety of sources[23]. RT-PCR analysis
in this study revealed that ABCG2 mRNA was expressed
in the nestin-positive cells isolated from human fetal
pancreas. These results further support that the nestinpositive cells have the characteristics of pancreatic stem
cells.
Importantly, this study also showed that the nestinpositive pancreatic progenitor cells shared many phenotypic
markers with mesenchymal stem cells derived from bone
marrow. Mesenchymal stem cells of bone marrow origin
are a kind of multipotential stem cells that can differentiate
into adipocytic, chondrocytic or osteocytic lineages, neurons
and functional hepatocyte-like cells under the appropriate
induction condition[24-26]. Several other studies reported that
mesenchymal stem cells were isolated from postnatal murine
muscle and brain, human first-trimester fetal blood and liver,
human umbilical cord, and human trabecular bone[27-30] .
Therefore, it has been proposed that mesenchymal stem
cells may be the universal stem cells akin to ES cells existing
in multiple tissues, which take part in tissue repairs and
regeneration and possess multi-organ plasticity. Interestingly,
a recent paper shows that bone marrow harbors cells which
have the capacity to differentiate into functionally competent
pancreatic islet -cells[31].
In summary, the nestin-positive cells isolated from human
fetal pancreas possess the characteristics of pancreatic
progenitor cells since they have highly proliferative potential
and the capability of differentiation into pancreatic endocrine
cells in vitro. We show for the first time that these nestinpositive pancreatic progenitor cells share many phenotypic
markers with mesenchymal stem cells derived from bone
marrow.
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Abstract
AIM: To study the effect of short hairpin RNAs (shRNAs)
expressed from DNA vector on hTERT expression.
METHODS: Oligonucleotides coding for four shRNAs against
hTERT were cloned into a mammalian shRNA expression
vector pUC18U6 to form pUC18U6ht1-4, which were then
introduced into HepG2 cells by using liposome-mediated
transfection. HepG2 cells transfected by pUC18U6 and
pUC18U6GFPsir, which expressed shRNA against green
fluorescent protein (GFP), were used as controls. hTERT
mRNA in the transfected cells were quantified by using
real-time fluorescent RT-PCR.
RESULTS: Among the four shRNAs against hTERT, two
decreased the hTERT mRNA level. Compared with the controls,
pUC18U6ht which expressed the two shRNAs reduced hTERT
mRNA by 39% and 49% (P<0.05).
CONCLUSION: hTERT expression is inhibited by the shRNAs
expressed from the DNA vector.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Consisting of tandem repeats of G-rich nucleotides and
associated proteins, telomeres protect chromosomes from
degradation, fusion, and recombination and are therefore
important for maintaining genomic stability[1,2] . In most
normal somatic cells, telomeres shorten with each cycle of
cell division due to a so-called “end-replication problem”[3].
When telomeres reach a critical short length, cell arrest/
apoptosis will ensue, which is called cell senescence. However,
for immortal cells, such as germ cells and cancer cells, telomeres
maintain their length stable generally through the action of
a cellular reverse transcriptase-telomerase[2,4-6]. Telomerase
is a ribonucleoprotein and, using RNA subunit as a template,
the catalytic subunit of telomerase (telomerase reverse
transcriptase, TERT) adds telomeric hexanucleotide repeats
onto chromosome ends, thus compensating for telomeric
loss accompanying each cell division. Eighty-five percent
of all cancers are telomerase positive, while for most normal
somatic cells, telomerase activity is absent or very low[7,8].
Furthermore, recent studies have demonstrated that reactivation
of telomerase is a key step in tumorigenesis[9]. Therefore,
telomerase is considered to be an ideal target for cancer therapy,
and many strategies have been developed to inhibit telomerase,
such as antisense nucleotides, ribozymes, dominant-negative
proteins and small synthetic molecules[10-13].
RNA interference (RNAi) is a potent gene silencing mechanism conserved in all eukaryotes, in which double-stranded
RNAs suppress the expression of cognate genes by inducing
degradation of mRNAs or blocking mRNAs translation[14-16].
In mammalian cells, double-stranded RNAs inducing RNAi
must be short in length (<30 bp) so that they will not activate
nonspecific interferon reaction. These short interfering RNAs
(siRNAs) can be produced by four different ways: chemical
synthesis, in vitro transcription, enzymatic digestion of
dsRNAs and transfection of DNA vectors encoding siRNAs
or short hairpin RNAs (shRNAs), which are converted to
siRNAs in cells. Among the four ways, transfection of DNA
vectors has some advantages such as low cost, lasting expression
of siRNA, easiness of preparation, making it the preferential
method when using siRNAs in the treatment of diseases.
As a first step to explore the possibility of using RNAi
in cancer therapy, we transfected HepG2 cells, a tumor cell
line, with DNA vectors which can express shRNAs against
human telomerase reverse transcriptase (hTERT), and then
by quantifying mRNA of hTERT with real-time fluorescent
RT-PCR, we selected two shRNAs which could inhibit the
expression of hTERT.

MATERIALS AND METHODS
INTRODUCTION
Telomeres are the ends of eukaryotic linear chromosomes.

Cell culture
Human hepatoblastoma HepG2 cell line was cultured in
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Dulbecco’s modified Eagle’s medium (Gibco Life Technologies,
Grand Island, NY, USA) supplemented with 100 mL/L fetal
calf serum (Sijiqing Biotech Company, Hangzhou, China).
Construction of hTERT-shRNAs expression vectors
pUC18U6 is a vector which can express siRNA in mammalian
cells (Figure 1A). Eight oligodeoxyribonucleotides encoding
four shRNAs against hTERT were designed according to
the principles proposed in Ref. 19 and synthesized by Bioasia
Company (Shanghai). The sequences of these eight oligodeoxyribonucleotides and their target sites on hTERT mRNA
are shown in Table 1. To construct hTERT-shRNAs expression
vectors, 400 nmol/L for each of the two corresponding
oligodeoxyribonucleotides encoding a shRNA were mixed
together, heated at 100 ℃ for 5 min, and cooled gradually
to room temperature to anneal. pUC18U6 was digested
with KpnI, blunt-ended with T4 DNA polymerase, then
digested with EcoRI, purified and ligated with the annealed
oligodeoxyribonucleotides. The ligation mixtures were
transformed into competent E. coli. The recombinant plasmidspUC18U6ht1, pUC18U6ht2, pUC18U6ht3, and pUC18U6ht4were then purified from transformed E. coli, and verified
by HindIII/XhoI digestion analysis and automated DNA
sequencing. The construction of a control vector, pUC18U6GFPsir, which expressed a siRNA against green fluorescent
protein (GFP), was reported previously.
Transfection
Twenty-four hours before transfection, HepG2 cells were
seeded onto the culture plate at a density of 2×10 8/L.
LipofectamineTM 2000 reagent (Invitrogen, Carlsbad, CA,
USA) was used for the transfection of HepG2 cells by
pUC18U6ht1, pUC18U6ht2, pUC18U6ht3, pUC18U6ht4
and control vector pUC18U6 and pUC18U6GFPsir
according to the manufacturer’s protocol. All transfections
were performed in triplicates. pEGFP-N3 (Clontech, Palo
Alto, CA, USA) which can express GFP was transfected in the
same way as transfection efficiency control.
Quantification of hTERT mRNA by real-time fluorescent
RT-PCR
The establishment of the real-time fluorescent RT-PCR method
for quantification of hTERT mRNA has been reported
elsewhere[18]. The method has a good sensitivity, specificity,
and reproducibility. For example, the correlation coefficient
of the calibration curve was 1.00, and the mean coefficient

2913

of variation of the assay was 7.1%. After the validity of
the method was confirmed, it was used in this study to
quantify hTERT mRNA. Briefly, 48 h after the transfection,
total RNA was isolated from transfected HepG2 cells by
using Trizol reagent (Invitrogen) according to the manufacturer’s protocol. Isolated total RNA was first reverse transcribed
into cDNA using random primers and SuperScript™ II
reverse transcriptase (Invitrogen). Then cDNA was used as
a template in real-time fluorescent PCR. The sequences of
the primers were as follows: P1: 5’TCACCTCACCCACGCGA3’; P2: 5’CAGCCATACTCAGGGACACCTC3’.
The sequence of Taqman-MGB probe was 5’CTTCCTCAGGACCCTGGT3’. P1 and P2 were designed in different
exons of hTERT gene, exon 10 and exon 11, respectively,
so that only mRNA of functional hTERT but not genomic
DNA would be amplified in PCR. The primers and the
probe were synthesized by Shanghai Genecore BioTechnologies (Shanghai). All PCR reactions were performed
and analyzed using an ABI Prism 7700 Sequence Detection
System (Applied Biosystems, Foster City, CA, USA). For
each sample, mRNA for human -actin (hBA) was also
quantified as the endogenous RNA control to which
hTERT mRNA level was normalized. The primers and probe
for hBA were provided by Shanghai Genecore BioTechnologies
(Shanghai). Experiments were performed with triplicates
for each cDNA sample.
Statistical analysis
One-way ANOVA was used for data analysis. Differences
were considered significant when P<0.05.

RESULTS
Construction of hTERT-shRNAs expression vectors
Since there was no Xho I site in pUC18U6, a parental vector
which was suitable to express siRNA in mammalian cells, we
designed the spacer in shRNA to be Xho I site (CTCGAG).
Therefore, the recombinant vectors pUC18U6ht1-4 which
contained the shRNAs coding sequences should yield new
310-bp fragments compared with pUC18U6 after being
digested with XhoI and HindIII (Figure 1B), and this was
verified by agarose gel analysis (Figure 2). These recombinant
vectors were then automatically sequenced, but only
pUC18U6ht4 could be successfully sequenced, showing that
shRNA encoding cassette was correctly cloned into the
vector. For pUC18U6ht1-3, the sequences of the inserts could

Table 1 Sequences of oligonucleotides used in the research
shRNA

Sequences of oligonucleotides

Target site on hTERT mRNA
(GenBank accession no. NM_003219)

1

F: 5’ttcctgcactggctgatgctcgagcatcagccagtgcaggaacttttttg3’
R: 5’aattcaaaaaagttcctgcactggctgatgctcgagcatcagccagtgcaggaa3’

1 682-1 702nt

2

F: 5’agtgtctggagcaagttgctcgagcaacttgctccagacactcttttttg3’

1 787-1 807nt

R: 5’aattcaaaaaagagtgtctggagcaagttgctcgagcaacttgctccagacact3’
3

F: 5’catggactacgtcgtgggactcgagtcccacgacgtagtccatgcttttttg3’
R: 5’aattcaaaaaagcatggactacgtcgtgggactcgagtcccacgacgtagtccatg3’

1 958-1 978nt

4

F: 5’agccacgtctctaccttgctcgagcaaggtagagacgtggctcttttttg3’

2 333-2 353nt

R: 5’aattcaaaaaagagccacgtctctaccttgctcgagcaaggtagagacgtggct3’
shRNA encoding cassettes 1-4 were formed by annealing two corresponding oligonucleotides, respectively. F stands for forward and R for reverse. The underlined bases
are spacer region and recognition site for XhoI. nt: nucleotide.
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not be reliably obtained, possibly due to strong secondary
structure formed by the hairpin sequences (see Discussion).
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Figure 1 Maps of pUC18U6 and pUC18U6ht. A: pUC18U6. B: pUC18U6ht.
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that of HepG2 cells transfected by pUC18U6. This suggested
that shRNA expressed by pUC18U6ht1 and pUC18U6ht2
suppressed the expression of hTERT, and this suppression
was specific because transfection of pUC18U6GFPsir, which
expressed siRNA against GFP, had no effect on hTERT
mRNA.
Normalized hTRT mRNA
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5

6

Figure 2 Restriction digestion analysis of recombinant vector pUC18U6ht. 1:
DNA marker (2 000, 1 000, 750, 500, 250, 100 bp from top to bottom); 2:
pUC18U6; 3-6: pUC18U6ht1-4, respectively.

Effect of shRNA expressed by pUC18U6ht on hTERT mRNA
pUC18U6ht1-4 were transfected into HepG2 cells by
using liposome. As controls, parental vector pUC18U6 and
pUC18U6GFPsir expressing shRNA against GFP were also
introduced into HepG2 cells by liposome transfection. Fortyeight hours after the transfection, total cellular RNA was
isolated from transfected cells and hTERT mRNA was
quantified by real-time fluorescent RT-PCR as described in
Materials and methods. As shown in Figure 3, transfection
of all pUC18U6ht1-4 reduced hTERT mRNA level, but
only the reduction caused by pUC18U6ht1 and pUC18U6ht2
was statistically significant as compared with the controls
(P<0.05). Normalized hTERT mRNA levels of HepG2
cells transfected by pUC18U6ht1 and pUC18U6ht2 were
reduced by 39% and 49%, respectively, as compared with

Figure 3 Normalized hTERT mRNA of transfected HepG2 cells. Groups A-F
represent HepG2 cells transfected by pUC18U6ht1, pUC18U6ht2, pUC18U6ht3,
pUC18U6ht4, pUC18U6, and pUC18U6GFPsir, respectively (n = 3 for each
group). Normalized hTERT mRNA levels of HepG2 cells transfected by
pUC18U6ht1 and pUC18U6ht2 were reduced by 39% and 49%, respectively,
as compared with that of HepG2 cells transfected by pUC18U6.

DISCUSSION
Due to its high efficiency and specificity, RNAi is now being
widely used as a method to knockdown target gene, to study
gene function or to be used in experimental treatment of
some diseases[19-23]. As the first step to explore RNAi in the
treatment of tumor, in present study we constructed four
recombinant DNA vectors which could express shRNAs against
hTERT. The parental vector used in this study, pUC18U6,
was constructed by us and could drive the expression of shRNA
in mammalian cells under the action of U6 promoter. shRNAs
transcribed in the cells could be processed by Dicer, a key
enzyme in RNAi, to yield siRNAs, which would guide
degradation of cognate mRNA[14-16,24,25]. A diagnostic XhoI/
HindIII restriction enzyme analysis indicated that the four
recombinant DNA vectors were constructed successfully.
However, automated DNA sequencing could only verify
the insert sequence in one vector, pUC18U6ht4, but failed
in the other three. Devroe and Silver reported that they had
encountered the same difficulty, which may be caused by the
strong secondary structure formed by hairpin sequence[26].
This problem might be overcome by inclusion of a longer
non-palindromic loop sequence instead of the XhoI sequence,
or by placing one or two mismatched nucleotides in the
sense strand of the hairpin[26,27].
We then tested whether the expressed shRNAs could
inhibit hTERT expression by quantifying hTERT mRNA
using quantitative real-time fluorescent RT-PCR. Real-time
fluorescent PCR is a simple, sensitive, specific and precise
method to quantitate nucleic acids over a vast dynamic range[28].
Due to these advantages, real-time fluorescent PCR has been
widely used in both basic research and clinical diagnosis to
measure the quantity of nucleic acids. Real-time fluorescent
RT-PCR has been reported in quantifying hTERT mRNA
level in human tumors, and has shown to have several advantages
over conventional assay to measure telomerase activitytelomeric repeat amplification protocol, such as sensitivity,

Guo Y et al. Inhibition of hTERT expression by shRNAs

reproducibility, precision, and quantifiability[29-31]. The results
of quantitative real-time fluorescent RT-PCR showed that
two out of four shRNAs used in the present study reduced
hTERT mRNA level by 39% and 49%, respectively.
Considering the transfection efficiency for transient transfection
(about 50% in our study), the results of our research indicated
that the two shRNAs expressed from DNA vector efficiently
degraded hTERT mRNA. Further studies are needed to
verify if these two shRNAs can also reduce hTERT protein
level efficiently and lead to growth arrest and/or apoptosis
of tumor cells in vitro and in vivo.
One problem in using siRNA to knockdown gene
expression is target sequence selection. siRNAs target at
different sites of the same gene can vary from strong to no
inhibition of the gene expression. The mechanism of this
selection is not well known. Therefore, it is still an empirical
matter to design the most effective siRNAs, although some
principles have been put forward and some softwares were
invented to facilitate the selection process[17,32,33]. In present
study, four target sites were chosen according to these
criteria, but only half of them turned out to be effective.
Interestingly, two recent reports showed that siRNAs against
other two sites respectively could also suppress hTERT
expression[8] . Further studies are needed to systemically
evaluate the efficacy of siRNAs against different target sites
of hTERT to pick out the most effective siRNAs in
knocking down hTERT expression.
In summary, we demonstrated that two shRNAs expressed
from DNA vectors could suppress hTERT expression. The
results of our study provide basis for future research to
utilize RNAi in tumor treatment.
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45.19±21.95 (n = 150, P<0.01), 89.87±43.29 (n = 150,
P<0.01) and 104.64±51.07 ( n = 150, P <0.01) in a
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AIM: To determine the method of growing small intestinal
epithelial cells in short-term primary culture and to investigate
the effect of extracellular iron concentration ([Fe3+]) on
calcium absorption and the relationship between the rising
intracellular calcium concentration ([Ca 2+ ] i) and cell
apoptosis in human intestinal epithelial Caco-2 cells.
METHODS: Primary culture was used for growing small
intestinal epithelial cells. [Ca2+]i was detected by a confocal
laser scanning microscope. The changes in [Ca2+]i were
represented by fluorescence intensity (FI). The apoptosis
was evaluated by flow cytometry.
RESULTS: Isolation of epithelial cells and preservation of
its three-dimensional integrity were achieved using the
digestion technique of a mixture of collagenase XI and
dispase I. Purification of the epithelial cells was facilitated
by using a simple differential sedimentation method. The
results showed that proliferation of normal gut epithelium
in vitro was initially dependent upon the maintenance of
structural integrity of the tissue. If 0.25% trypsin was
used for digestion, the cells were severely damaged and
very difficult to stick to the Petri dish for growing. The Fe3+
chelating agent desferrioxamine (100, 200 and 300 mol/L)
increased the FI of Caco-2 cells from 27.50±13.18 (control,
n = 150) to 35.71±13.99 (n = 150, P<0.01), 72.19±35.40
(n = 150, P<0.01) and 211.34±29.03 (n = 150, P<0.01) in
a concentration-dependent manner. There was a significant
decrease in the FI of Caco-2 cells treated by ferric ammonium
citrate (FAC, a Fe3+ donor; 10, 50 and 100 mol/L). The FI
value of Caco-2 cells treated by FAC was 185.85±33.77
(n = 150, P<0.01), 122.73±58.47 (n = 150, P<0.01), and
53.29±19.82 (n = 150, P<0.01), respectively, suggesting
that calcium absorption was influenced by [Fe3+]. Calcium
ionophore A23187 (0.1, 1.0 and 10 mol/L) increased the FI
of Caco-2 cells from 40.45±13.95 (control, n = 150) to

concentration-dependent manner. The positive apoptotic
cell number of the Caco-2 cells after being treated with
A23187 increased from 0.32% to 0.69%, 0.90% and 1.10%,
indicating that the increase in the positive apoptotic cell
number was positively correlated with [Ca2+]i.
CONCLUSION: Ca2+ absorbability is increased with the
decrease of extracellular iron concentration Fe3+ and
hindered with the increase of Fe3+ consistence out of them.
Furthermore, increase of [Ca2+]i can induce apoptosis in
Caco-2 cells.

Key words: Iron calcium absorption; Cell apoptosis;
Caco-2 cells
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INTRODUCTION
Calcium is one of the most important and necessary element
which maintains the physiological function. When the
absorption of calcium is obstructed, many diseases are induced,
such as hypertension, hyperkinesias, colorectal carcinoma,
cardiovascular disease and osteoporosis, etc. The iron is one
of the most common metals existing in our environment.
In the last decade, a number of studies[1,2] suggested that the
ferric absorption was inhibited by calcium. However, little
is known about the effect of iron concentration change on
calcium absorption. The purpose of the present study was
to investigate the effect of extracellular iron concentration
([Fe3+]) on calcium absorption, and to study the effect of
rising intracellular calcium concentration ([Ca2+]i) on the
apoptosis of Caco-2 cells.
MATERIALS AND METHODS
Materials
All chemicals were of analytical grade. Dulbecco’s modified
Eagle’s medium (DMEM) and fetal calf serum (FCS) were
purchased from Gibco. FDA, A23187 and Fluo-3/AM were
purchased from the Laboratory of Molecular Cell Biology
of Hebei Normal University. Desferrioxamine (DFO), ferric
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ammonium citrate (FAC) and A23187 were dissolved in Ca2+/
Mg2+-free phosphate-buffered saline containing 0.40 g KCl,
0.06 g KH2PO4, 8 g NaCl, 0.35 g NaHCO3, and 0.09 g
Na2HPO4·7H2O in 1-L liquid.
Cell preparation
Caco-2 cells, from cell store room of Shanghai Cell Academic
Institution of CAS, were cultured in DMEM supplemented
with 10% fetal bovine serum. Culture medium was changed
every 2-3 d. The 20-30th generation of Caco-2 cells cultured
for 3 d at 37 ℃ was digested with trypsin and the cell
concentration was fixed to about 1×106/mL, they were then
seeded in six-well plates and continuously cultured. The
culture liquid was made up of  (FCS) = 10%, DMEM 
(high sugar) = 85%, double antibiotics in which the final
concentration of penicillin was 100 IU/mL and that of
streptomycin was 100 g/mL.
Fluo3-AM loading
The Caco-2 cells were incubated with Fluo3-AM working
solution containing 0.03% Pluronic F-127 (the final concentration of Fluo3-AM was 20 mol/L) at 37 ℃ for 40 min.
After incubation, the cells were washed thrice at 25 ℃ with
Ca2+/Mg2+-free phosphate-buffered saline to remove extracellular Fluo3-AM.
Measurement of [Ca2+]i
After Fluo3-AM loading, the cells were mounted on the
small pool of Teflon printed slice, and covered with cover
glass. Only the cells with rod shaped and visible striations were
used for experiments. The fluorescence signals were detected
with a confocal laser scanning system (Biorad lasersharp
MRA2, Oxfordshire, UK), which was equipped with a Nikon
E-600 eclipse microscope. An argon laser was used to excite
Fluo3 at 488 nm and emit at 530 nm. [Ca2+]i changes were
represented with fluorescence intensity (FI).
Experimental protocols
The experiments consisted of three groups: (1) Effect of
DFO on intracellular calcium concentration ([Ca2+]i): FI was
measured after 100, 200 and 300 mol/L DFO were added
to normal phosphate-buffered saline containing Ca2+ and
Mg2+ for 20 min (n = 150). Ca2+ /Mg2+ -free phosphatebuffered saline was used as a control (n = 150). (2) Effect
of FAC on [Ca 2+] i: FI was measured after 10, 50 and
100 mol/L FAC were added to normal phosphate-buffered
saline containing Ca2+ and Mg2+ for 20 min (n = 150). Ca2+/
Mg2+-free phosphate-buffered saline was used as a control
(n = 150). (3) Effect of calcium ionophore A23187 on [Ca2+]i:
FI was measured after 0.1, 1.0, and 10 mol/L A23187 were
added to normal phosphate-buffered saline containing Ca2+
and Mg2+ for 20 min (n = 150). Ca2+/Mg2+-free phosphatebuffered saline was used as a control (n = 150).
FCM examination method
The Caco-2 cells of the 20-30th generation were planted to
plastic culture flasks after being digested by trypsin and the
number of the cells was 1×106/mL, and cultured for 3 d.
The nutrition liquid for growth was discarded after the cells
developed into a conflux monolayer, and the course of medi-
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cation was the same as the previous one. PBS (0.01 mol/L)
was added to the cells after they were digested, the cells were
then centrifuged and the supernatant fluid was discarded.
The cells were fixed with cold ethanol of 70%, and then
stored at -4 ℃ overnight for flow cytometry (FCM) analysis.
Data processing
The cells were dealt with confocal assistant software, and
150 cells were disposed for each sample. The data were
analyzed with ANOVA and LSD examination by STAT
software, and the examination results were expressed as
mean±SD.
The coherence examination of 2-test was used for the
test of apoptotic percentage, and the test method of df = 1
and ft>5 for two groups was used. The calculating formula
was 2 = Σ(fo-ft)2/ft, where practice frequency is denoted with
fo, theoretical frequency is denoted with ft, and the summation
is denoted with Σ. The test level of 2-test was = 0.05, and
P<0.05 was considered statistically significant.

RESULTS
Primary culture of epithelial cells
The intestinal mucosa suspension after being digested was
constituted of recess epithelial cells observed under an inverted
microscope. The cell livability was more than 95.7% digested
by the mixture of collagenase IX and neutral proteinase I
after trypan blue staining. There were undispersed epithelial
cells and elastic fiber in the discarded depositions (Figure 1A).
Primary cultured cells of intestinal mucosa were adhered
after 24-48 h and then converged into groups of cell colonies
after 4-6 d (Figure 1B), and the cells joined into pieces after
10-12 d. They were monolayer and polygon cells and pavementlike (Figure 1C). Cell borderlines were clear and not
overlapped. The cytoplasm was abundant and their nuclei
were round and olivary, the chromatin in the nuclei was
very sparse with 1-2 nucleoli. There were few smooth muscle
cells, fibroblasts and glial cells when observed under the
microscope. The cells cultured in this experiment were not
subcultured.
The cell keratin was the characteristic antigen ingredient
of epithelial tissue. The antibody of cell keratin marked with
biotin was used in this experiment to show qualitatively the
rat intestinal epithelial cells. The immunocytochemistry result
showed that the intestinal epithelial cells were positive brown
(Figure 1D), and that the negative group was not stained
(Figure 1E).
Effect of DFO on [Ca2+]i
Fe3+ was chelated by adding different concentrations of
DFO into the culture liquid. DFO (100, 200 and 300 mol/L)
increased [Ca2+]i of Caco-2 cells in a concentration-dependent
manner. The FI value of Caco-2 cells was 35.71±13.99
(n = 150, P<0.01), 72.19±35.40 (n = 150, P<0.01)
and 211.34±29.03 (n = 150, P<0.01), respectively. The FI
value of control was 27.50±13.18 (control, n = 150). There
was a significant difference among the treatments (P<0.01,
Figure 2A). It showed that the transportation of Ca2+ into
the cells was increased with the decrease of Fe3+ concentration
in the cells.
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Figure 1 Epithelial cells in primary culture. A: Ingredients in the sediment after
centrifugation (×200); B: colonies formed in cells cultured for 6 d (×100); C:
pavement-like cells formed in cells cultured for 9 d (×200); D: immune positive

cells (↑) (×400); E: no staining in negative group (×100); F: cell movement,
adherent cells (▲) and just adherent cells (↓) (×100).

Effect of ferric ammonium citrate (FAC) on [Ca2+]i
Fe3+ was increased by adding different concentrations of
Fe3+ donor FAC into the culture liquid. The FI value of
Caco-2 cells was examined, the result showed that FAC
(10, 50 and 100 mol/L) decreased the FI from 44.43±14.14
(control, n = 150) to 185.85±33.77 (n = 150, P<0.01),
122.73±58.47 (n = 150, P<0.01), and 53.29±19.82 (n = 150,
P<0.01), respectively. There was a significant difference
among the treatments (P<0.01, Figure 2B). It showed that
the transportation of Ca2+ into the cells could be induced
by the slight increase of [Fe3+ ], but the transportation of
Ca2+ into the cells was hindered with the continuous increase
of [Fe3+ ] in the cells.

Effect of [Ca2+]i on the apoptosis of Caco-2 cells
There was a sub-duple body apex, namely apoptotic apex,
in front of the G0/G1 phase cells of all groups in the PI
fluorescent histograms examined with FCM. The result
showed that the positive apoptotic rate of control was 0.32%,
and the AP apex was very low. The apoptotic percentage
of each treatment was 0.69%, 0.90% and 1.10%, respectively.
The cell apoptotic percentage of treatment group with A23187
(0.1 mol/L) was obviously higher than that of negative
control (P<0.01) examined with 2-test. The cell apoptotic
percentage of treatment group with A23187 (10 mol/L) was
also not obviously different from that of treatment group
with A23187 (1 mol/L) (P>0.05). But the cell apoptotic
percentage of treatment group with A23187 (10 mol/L) was
obviously increased compared to that of treatment with
A23187 (0.1 mol/L) (P<0.01), suggesting that the cell
apoptotic percentage was related with the increase of Ca2+
concentration in Caco-2 cells, that is to say, the increase of
Ca 2+ concentration in the Caco-2 cells was positively
correlated to its apoptosis.

Effect of calcium ionophore A23187 on [Ca2+]i
The cell livability was examined with FDA, and its final
concentration was 10 mg/L. FDA could be decomposed
and take on green fluorescence when it enters the live cells,
but it cannot be decomposed when it enters the dead cells
and take on fluorescence. The live nature of cells was
observed by confocal laser scanning microscope, and the
cell livability was more than 90%.
The FI of blank control without A23187 and Fluo-3/AM
was very feeble (25.47±6.48, n = 150), and that of negative
control without A23187 was relatively feeble (40.45±13.95,
n = 150). The FI of negative control was obviously stronger
than that of blank control (P<0.01). Calcium ionophore
A23187 (0.1, 1.0 and 10 mol/L) increased the FI of Caco-2
cells from 40.45±13.95 (control, n = 150) to 45.19±21.95
(n = 150, P<0.01), 89.87±43.29 (n = 150, P<0.01) and
104.64±51.07 (n = 150, P<0.01) in a concentrationdependent manner. There was a significant difference
among the treatments (P<0.01, Figure 2C).

DISCUSSION
Iron is one of the most abundant micronutrients. Excessive
iron also has cell toxicity and induces cell damnification. So
there are rigid regulating mechanisms in the body to keep
the balance of iron metabolism. Duodenum and jejunum
are the main place of iron absorption and the hinge position
in regulating the balance of iron metabolism. It is known
that iron in the enteric cavity is carried into the small intestine
epithelia by divalent metal transporter 1 in its membrane
with Fe2+ formation. It is commonly considered that calcium
hinders iron absorption[1-5]. Iron absorption was hindered
by adding CaCl2 and this function was in a dose-dependent
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Figure 2 Effect of different concentrations of DFO (A), FAC (B), and A23187 (C)
on Ca2+ concentration in Caco-2 cells. A: 1a: Control, ×200; 1b: the final
consistence of DFO was 100 mol/L, ×200; 1c: the final consistence of DFO
was 200 mol/L, ×200; 1d: the final consistence of DFO was 300 mol/L,
×200. B: 2a: control, ×200; 2b: the final consistence of FAC was 10 mol/L,
×200; 2c: the final consistence of FAC was 50 mol/L, ×200; 2d: the final

consistence of FAC was 100 mol/L, ×200. C: 3a (1) the photograph of
transmission light, showing the place of cells, ×200; (2) the photograph of
fluorescence, showing the active cells, ×200; 3b: blank control, ×200; 3c:
negative control, ×200; 3d: the final consistence of A23187 was 0.1 mol/L,
×200; 3e: the final consistence of A23187 was 1.0 mol/L, ×200; 3f: the final
consistence of A23187 was 10 mol/L, ×200.

manner by separating rat gastrointestinal loop and observing
the iron absorption after the rat was supplied with different
doses of calcium (CaCl2)[6-10] . At present, the mechanism
of reciprocity between calcium and iron has not yet been
elucidated. Although the absorption methods of heme iron
and nonheme iron were different, their absorption was also
hindered by calcium. Hallberg et al[6], thought that the same
transport carrier was used by calcium and iron, and there
existed competition and inhibition between them in the
transport process from mucous membrane cells to blood
plasma. This track of nonheme iron was the same to heme

iron. There were only few reports on the calcium absorption
under the effect of iron. Calcium absorption was not
influenced by the increase of Fe3+ concentration, but it was
increased by iron only in the instance of the ratio of 20 to
1 of iron to calcium under the effect of different Fe3+ in
the brush border vesicle[11-16] . In the present study, we
demonstrated that the Fe3+ chelating agent DFO increased
the Ca2+ concentration of Caco-2 cells in a concentrationdependent manner and the FAC decreased the Ca 2+
concentration of Caco-2 cells, suggesting that calcium
absorption is influenced by [Fe3+]. But the idiographic
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mechanism of calcium absorption increased by a low dose
of Fe3+ and inhibited by a high dose of Fe3+ remains to be
further established.
In the present study, calcium ionophore A23187 increased
the Ca2+ concentration of Caco-2 cells in a concentrationdependent manner. Ca2+ being the important second messenger
in cells is the signal of subsistence and death, and almost all
physiological activities are regulated by Ca2+ , for instance,
flop of heart, secretion of hormone and transfer and reserve
of information in cerebrum. The foundation at the start
of life and the process of cells developing into special type
cells are touched and controlled by Ca2+, and cell physiological
activity is regulated by Ca2+, and then finally cell apoptosis
is ongoing under the function of Ca2+. Intracellular calcium
concentration is commonly between 0.1 and 10 mmol/L, while
extracellular calcium concentration is about 0.1 mol/L. It
is the concentration difference that becomes the base of
the physiological function of Ca2+ . The concentration of
dissociating Ca2+ in cell cytoplasts is the pivotal factor to
regulate various responses, and there are different kinds
of calcium-regulating mechanism to keep its balance.
Some studies showed that the transitory increase of Ca2+
concentration in cells could be reduced by ATP which can
stimulate cells[17-22]. Biological function can be regulated by
mobilization of Ca2+ in cells including temporary reaction
of muscle constriction, nerve conduction and cell secretion,
etc., and permanent reaction of cell differentiation and
proliferation. All in all, cell function is regulated by Ca2+ ,
and it could pass the stimulating signals of excitomotors
onto the enzyme reaction system and functional protein[23-26].
Excessive [Ca2+ ]i is harmful to cells. Many damaging
factors such as insufficient oxygen, toxin, oxidative stress,
defective blood perfusion, blood poisoning, ionizing radiation
and enteritis can induce the rising of intracellular calcium,
which results in cell apoptosis. A23187 is a moving ionic carrier
which carries bivalent positive ions of Ca2+, Mg2+ , etc. into
cells and two H+s are carried out of cells at the same time.
Ca2+ can step into cell cytoplasts immediately if A23187 is
added into live cell culture liquid. Therefore, A23187 is widely
used to increase the extranuclear dissociated Ca2+ concentration
in cells. The extranuclear Ca2+ concentration can be immediately
increased by calcium carrier of A23187 when touched with
cells, and then the endogeneity endoprotease, which can
make DNA rupture among the nucleosomes into segments
between 180 and 200 bp or its diploid segments taking on
ladder atlas in the gel electrophoresis, is aroused and cell
apoptosis is increased. Inhibition of oxidative phosphorylation
process in mitochondria, decrease of mitochondrial membrane
electric potential and ATP content in tissues, activation of
phosphatidase and proteinase and irreversible cell damage
have been induced by calcium overload[27-32].
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Abstract
AIM: To investigate the effect of various concentrations
of tetrandrine on activation of quiescent rat hepatic stellate
cells (HSCs) and transforming growth factor- (TGF-)
signaling in vitro.
METHODS: HSCs were isolated from rats by in situ
perfusion of liver and 18% Nycodenz gradient centrifugation,
and primarily cultured on uncoated plastic plates for 24 h
with DMEM containing 20% fetal bovine serum (FBS/
DMEM) before the culture medium was substituted with
2% FBS/DMEM for another 24 h. Then, the HSCs were
cultured in 2% FBS/DMEM with tetrandrine (0.25, 0.5, 1,
2 mg/L, respectively). Cell morphological features were
observed under an inverted microscope, smooth muscle-actin (-SMA) was detected by immunocytochemistry
and image analysis system, laminin (LN) and type III
procollagen (PCIII) in supernatants were determined by
radioimmunoassay. TGF- 1 mRNA, Smad 7 mRNA and
Smad 7 protein were analyzed with RT-PCR and Western
blotting, respectively.
RESULTS: Tetrandrine at the concentrations of 0.25-2 mg/L
prevented morphological transformation of HSC from the
quiescent state to the activated one, while -SMA, LN
and PCIII expressions were inhibited. As estimated by
gray values, the expression of -SMA in tetrandrine groups
(0.25, 0.5, 1, 2 mg/L) was reduced from 21.3% to 42.2%
(control: 0.67, tetrandrine groups: 0.82, 0.85, 0.96, or 0.96,
respectively, which were statistically different from the
control, P<0.01), and the difference was more significant
in tetrandrine at 1 and 2 mg/L. The content of LN in
supernatants was significantly decreased in tetrandrine
groups to 58.5%, 69.1%, 65.8% or 60.0% that of the
control respectively, and that of PCIII to 84.6%, 81.5%,
75.7% or 80.7% respectively (P<0.05 vs control), with
no significant difference among tetrandrine groups. RTPCR showed that TGF-1 mRNA expression was reduced
by tetrandrine treatments from 56.56% to 87.90% in

comparison with the control, while Smad 7 mRNA was
increased 1.4-4.8 times. The TGF-1 mRNA and Smad 7
mRNA expression was in a significant negative correlation
(r = -0.755, P<0.01), and both were significantly correlated
with -SMA protein expression ( r = -0.938, P <0.01;
r = 0.938, P<0.01, respectively). The up-regulation of
Smad 7 protein by tetrandrine (1 mg/L) was confirmed
by Western blotting as well.
CONCLUSION: Tetrandrine has a direct inhibiting effect
on the activation of rat HSCs in culture. It up-regulates the
expression of Smad 7 which in turn blocks TGF- 1
expression and signaling.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatic stellate cells (HSCs) belonging to the nonparenchymal
cell type in Disse space undergo morphological and
biochemical transformation, which is quite a complex
process of activation and evolution, into myofibroblasts in
various liver injuries. The activated HSCs are the main
source of extra cellular matrix (ECM). Many profibrogenic
cytokines [1,2] can activate HSCs, and among them the
transforming growth factor-1 (TGF-1) is the master factor
for promoting HSC activation, ECM synthesis, and excretion
of other profibrogenic factors[3-5] . Abnormally elevated
TGF-1 level and altered intercellular signaling bear a close
relation to persistent HSC activation and higher function[4-7].
Both experimental and clinical research have shown that
tetrandrine, a bisbenzyl isoquinolone alkaloid derived from
Stephania tetrandra S. Moore, a traditional Chinese herb
medicine, could exert an anti-inflammation effect on injured
liver, attenuate ECM deposition, and inhibit hepatic fibrosis.
In order to further investigate the possible mechanism
involved, we examined the effects of various dosages of
tetrandrine on HSCs and also the expression of laminin
(LN), type III procollagen (PCIII), smooth muscle--actin
(-SMA), TGF-1 and its downstream signal transduction
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components, Smad 7, to elucidate the influence of tetrandrine
on activation of HSCs and TGF-1 signaling.

MATERIALS AND METHODS
Animals
Male Sprague-Dawley rats weighing 400-500 g were
purchased from Shanghai Laboratory Animal Center,
Chinese Academy of Sciences. They received normal chow
and water ad libitum.
Tetrandrine solution
Tetrandrine (molecular formula C38 H42 N2O6) purchased
from Shanxi Huike Botanical Development Co., Ltd, was
dissolved in ethanol at 1 mg/mL, diluted and added to the
culture medium. The final concentration of ethanol was
lower than 0.2%.
Main reagents
DMEM was purchased from Gibco. Nycodenz, pronase
E, type IV collagenase and mouse -SMA monoclonal
antibody were purchased from Sigma. Two-step immunocytochemistry detection reagent was purchased from Antibody
Diagnostica Inc. LN and PCIII radioimmunoassay kits were
purchased from the Institute of Naval Medicine, Shanghai.
TRIzol reagent, Moloney murine leukemia virus reverse
transcriptase (M-MLV) and rabbit Smad 7 polyclonal
antibody were purchased from Invitrogen, Promega, and
Santa Cruz, respectively.
Isolation and cultivation of HSCs
HSCs were isolated and cultured as described by Friedman
and Roll[8] with some modifications. Briefly, the rats were
anesthetized with an intraperitoneal injection of pentobarbital.
After cannulation into the portal vein, the liver was perfused
with calcium-free balanced salt solution, salt solution
containing 0.5 mg/mL collagenase, salt solution containing
0.5 mg/mL collagenase and 1 mg/mL pronase E in turn
respectively. Then the liver was taken out, cut into small
pieces and incubated in solution containing 0.5 mg/mL
collagenase. After being washed by repeated suspension and
centrifugation, HSCs were purified by density gradient
centrifugation with 18% Nycodenz. HSCs were collected
from the top layer, washed and suspended in DMEM
supplemented with 20% fetal bovine serum (FBS) at a
density of 1×106 cell/mL, and seeded on uncoated 24- and
6-well plastic plates at 1×105/cm2 supplemented with 20%
FBS/DMEM for 24 h. Then HSCs were subjected to
tetrandrine treatment after cultivation in 2% FBS/DMEM
for another 24 h. More than 90% of isolated HSCs were
viable as assessed by tryphan blue exclusion and consisted
of more than 90% of HSCs as determined by direct cell
counting under a phase-contrast microscope and intrinsic
vitamin A autofluorescence[9].
Immunocytochemistry analysis of -SMA
HSCs were cultured on 24-well plates without or with
tetrandrine (0.25, 0.5, 1, 2 mg/L). After being incubated
for 3 d, the supernatant was collected and preserved at -20 ℃
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for further assay. Cells were fixed with ethanol/acetic acid,
and -SMA antibody, horse radish peroxidase-conjugated
secondary antibody and diaminobenzidine were added
sequentially according to the standard protocol. Semiquantitative assessment of protein expression was
performed using a pathological image analysis system. The
expression of -SMA was estimated by gray value.
Measurement of TGF- 1 and Smad 7 mRNA
HSCs were seeded on 6-well plates and treated as above.
Total RNA was extracted with TRIzol reagent. For RTPCR, 1 g total RNA was reverse transcribed with MMLV according to manufacturer’s instructions. cDNAs
were amplified using specific sets of primers for TGF- 1
(ggactctccacctgcaagac, ccccagaaatcatcgagac) and Smad 7
(ctgtgttgctgtgaatcttac, gctgtaggccttttcatagt). The PCR
procedure for TGF-1 consisted of 30 cycles of denaturation
at 94 ℃ for 30 s, annealing at 53 ℃ for 30 s, extension at
72 ℃ for 30 s, with initial denaturation of sample cDNAs
at 94 ℃ for 5 min before PCR and additional extension
period of 10 min after the last cycle. A touch down PCR
procedure was performed for Smad 7 cDNA amplification.
After denaturation at 94 ℃ for 5 min, 10 cycles were run
with an initial annealing temperature at 58 ℃, which was
0.5 ℃ lower after each cycle before 25 cycles of denaturation
at 94 ℃ for 40 s, annealing at 53 ℃ for 40 s, extension at
72 ℃ for 40 s, and additional extension period of 10 min
after the last cycle. In parallel, PCR reactions were performed
with primers coding for the housekeeping gene, GAPDH,
to control for equal amounts of template cDNAs. Five
microliters of 20 L total PCR reaction was analyzed in a
20 mg/g agarose gel with a 100-bp DNA marker. Densitometric
analysis of PCR products was performed by the computer
software, SmartViewer (Shanghai Furi Science and
Technology), and standardized by the GAPDH.
Western blotting analysis of Smad 7
HSCs, which were cultured on 6-well plates with or without
tetrandrine (1 mg/L) for 3 d, were washed twice with Hanks’
balanced salt solution and lysed directly in SDS loading
buffer. Cell lysates (5 g of protein) were subjected to SDSpolyacrylamide gel electrophoresis on a 0.1 g/g gel and then
transferred to a nitrocellulose membrane. The membrane
was incubated with antibody to Smad 7 (diluted 1:500) at
4 ℃ for 12 h. After being vigorously washed, the membrane
was incubated with horse radish peroxidase-conjugated
secondary antibody (diluted 1:2 000). The membrane blot
was developed with diaminobenzidine.
LN and PCIII content
LN and PCIII in supernatant were measured with
radioimmunoassay kits according to manufacturer’s
instructions.
Statistical analysis
All data were expressed as mean±SD. Statistical significance
for the difference between the groups was assessed using
one-way ANOVA test. P<0.05 was considered statistically
significant.
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Figure 1 Immunocytochemistry analysis of -SMA of HSCs subjected to
different treatment of tetrandrine (magnification ×200). A: control; B: tetrandrine

0.25 mg/L; C: tetrandrine 0.5 mg/L; D: tetrandrine 1 mg/L; E: tetrandrine 2 mg/L.

RESULTS
Changes of HSC morphology
HSCs cultured for 5 d exhibited flattened and membranous
processes, representing a myofibroblastic morphology
(Figure 1 A), while those treated with tetrandrine (0.25, 0.5,
1, 2 mg/L) showed a more slender, spindle stellate cell shape
(Figures 1B-E), which was similar to the appearance of
quiescent HSCs.

TGF- 1 and Smad 7 mRNA expression
TGF-1 mRNA expression of HSCs was suppressed from
56.56% to 87.90% in tetrandrine groups (0.25, 0.5, 1, 2 mg/L)
when compared with that of the control (P<0.01), while
the up-regulated Smad 7 mRNA expression in tetrandrine
groups reached 2.4-5.8 times that of the control. A dosagedependent effect was observed at 0.25-1 mg/L (P<0.01),
but no difference at 1 and 2 mg/L was demonstrated
(F = 0.394, P = 0.564) (Table 1 and Figure 3). TGF-1 and
Smad 7 mRNA expressions showed a clear negative
correlation (r = -0.755, P<0.01), and both were significantly
correlated with -SMA protein expression (r = -0.938,
P<0.01; r = 0.938, P<0.01, respectively).

-SMA expression of culture-activated HSCs
In the control group, HSCs cultured for 5 d were strongly
positive for -SMA (Figure 1A), which was weaker in
tetrandrine-treated groups in varying degrees according to
the doses used (Figures 1B-E). Image analysis showed a
statistical difference between the control and tetrandrine
groups (P<0.01), and the difference was more significant in
tetrandrine at 1 and 2 mg/L (Figure 2).
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Figure 2 Expression of -SMA in culture-activated HSCs. bP<0.01 vs control
group. dP<0.01 vs tetrandrine 0.25 mg/L group. fP<0.01 vs tetrandrine 0.25,
0.5 mg/L groups.

Figure 3 RT-PCR determination of Smad 7 and TGF-1 mRNA expressions.
Lane 1: 100-bp marker, lane 2: control group, lanes 3-6: treatment with tetrandrine
at 0.25, 0.5, 1.0, 2.0 mg/L, respectively.
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Table 1 Densitometric analysis of PCR products of each group
(mean±SD)
Group

AS/AG

Control
Tet-0.25
Tet-0.5
Tet-1.0
Tet-2.0

AT/AG

11.5±0.5
27.3±0.3a
25.9±0.2a,c
67.0±1.0a,c,e
67.4±0.2a,c,e

78.5±0.4
34.1±0.3a
12.6±0.3a,c
9.5±0.3a,c,e
9.5±0.1a,c,e

a

P<0.05 vs control group. c P<0.05 vs Tet-0.25 group. eP<0.05 vs Tet-0.25, Tet0.5 groups. A S/AG : Ratio of the densities of Smad 7 to that of GAPDH (%). A T/
A G : Ratio of the densities of TGF- 1 to that of GAPDH (%).

LN and PCIII excretion of culture-activated HSCs
Compared with the control group, the content of LN in
HSC culture medium was reduced in tetrandrine groups
(0.25, 0.5, 1, 2 mg/L) to 58.5%, 69.1%, 65.8% or 60.0%,
respectively (P<0.05), and that of PCIII to 84.6%, 81.5%,
75.7% or 80.7%, respectively (P<0.05), whereas there was
no difference among the groups with various concentrations
of tetrandrine (Figure 4).
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Figure 4 Radioimmunoassay of LN and PCIII. aP<0.05 vs control group.

Expression of Smad 7 of culture-activated HSCs
Immunoblot analysis indicated that HSCs after 5 d of
culture expressed Smad 7, which was markedly increased
by tetrandrine (1 mg/L) treatment. This was consistent with
RT-PCR results (Figure 5).

C

Tet-1

M

←43 ku

Figure 5 Immunoblot analysis for Smad 7. C: control group, Tet-1: treatment
with tetrandrine at 1 mg/L, M: protein marker.
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DISCUSSION
Tetrandrine is a bisbenzyl isoquinolone alkaloid extracted
from Stephania tetrandra S. Moore, a traditional Chinese herb
medicine. With the progression of basic researches and
clinical experiments in recent years, tetrandrine has been
demonstrated to be effective in anti-inflammation, immunomodulation, reversion of cardiac and vascular remodeling,
inhibition of pulmonary vessels and airway smooth muscle
contraction, suppression of tumor proliferation and multidrug resistance, and so on[10-12]. Anti-fibrogenesis have long
been an important field. Over the years, more experimental
animal and clinical studies have shown that tetrandrine has
anti-fibrogenic actions, such as inhibition of inflammatory
reaction of injured liver, attenuation of ECM deposition,
decrease in serum PCIII and LN levels, and inhibiting
proliferation and collagen synthesis of fibroblasts or HSCs
induced by platelet-derived growth factor. Some earlier
studies showed a direct inhibiting effect of tetrandrine on
the proliferation of vascular smooth muscle cells and
pulmonary fibroblasts [13,14]. More recently, Lee et al [15],
showed that tetrandrine inhibited tissue inhibitor of
metalloproteinase expression and thus attenuate liver fibrosis,
while the study of Park et al [16], revealed that -SMA,
the marker of activated HSCs, was significantly reduced
when primary cultured HSCs were treated with tetrandrine
(10 mg/L), and much higher concentrations of tetrandrine
induced apoptosis in HSCs[17]. However, little is known how
tetrandrine affects HSC activation, the key process in the
progression of liver fibrosis, and the possible mechanism
involved. It is true when it comes to a lower concentration
of tetrandrine of less than 10 mg/L. This seems to be more
important when realizing its cytotoxicity. In this study,
using the most popular cell model of HSC activation[2], we
disclosed that tetrandrine could suppress the morphological
transformation of HSCs from the quiescent type to activated
one, and decrease the expression of -SMA. Likewise, the
production of LN and PCIII and expression of TGF- 1
mRNA were diminished. Our results strongly demonstrated
the direct inhibiting effect of tetrandrine on HSC activation
and transformation to myofibroblast. Additionally, our data
revealed the influence of tetrandrine on inhibitory signaling
molecule (Smad 7) for TGF-. All the findings enriched
our knowledge of the anti-fibrogenic mechanism of
tetrandrine.
In the course of liver fibrosis, activated HSCs are the
most important source of TGF- 1, which in turn induces
and accelerates the activation of quiescent HSCs in an
autocrine and paracrine manner, promotes ECM production,
and results in progression of liver fibrosis. It has been widely
accepted that TGF- 1 is the most potent profibrogenic
mediator in liver fibrosis[2-4], and thus to inhibit TGF- 1
function is of great importance and effective in antifibrogenic strategy[4,18-20]. The signals of TGF- mainly go
through its receptors and downstream Smad proteins
to HSCs[21]. Smads, including Smad 1-Smad 8, are the
intercellular components of the signal pathway of TGF-
superfamily. Smads interact with type I and type II TGF-
receptors and directly or indirectly transduce or modulate
TGF- signals into nuclei[5,6]. It has been reported that the
balance between Smads may be the key issue in maintaining
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normal TGF- functions [5,21], and Smad 7 is the main
negative feedback regulator of TGF- signaling in HSCs[6].
However, in activated HSCs, TGF--induced Smad 7
expression was diminished in an unknown way and this was
thought to be strongly associated with the overwhelming
profibrogenic action of TGF- following liver injury.
Therefore, an attempt to up-regulate Smad 7 expression
might be a promising way to reduce TGF- excretion, restore
normal signal regulation, and inhibit HSC activation with
resulting abnormal functions.
Our study indicated that the activation of HSCs was
significantly inhibited by tetrandrine, as shown by the delayed
morphologic transformation, diminution of -SMA and
TGF- 1 mRNA expression, decrease in LN and PCIII
production, increase in Smad 7 expression. Statistical analysis
showed a close correlation among the changes of -SMA,
TGF- 1 mRNA and Smad 7. These data suggested that
tetrandrine inhibited activation of HSCs via down-regulation
of TGF- 1 expression. However, this may not be the only
mechanism, for it might be the result of inhibition of HSC
activation via some other pathways instead of TGF- 1
signaling[22]. Smad 7, both at mRNA and protein levels, was
remarkably increased in comparison with lowered TGF-1,
suggesting that Smad 7 plays an important role in HSC
inactivation, in addition to the result of diminution of
TGF- 1. Tetrandrine may inhibit activation of HSCs by
up-regulation of Smad 7 with resulting blockage of TGF-
gene transcription. This view is supported by recently reported
findings that up-regulation of Smad 7 or blockage of TGF-1
signaling resulted in inhibition of HSC activation[23,24].
HSC activation is a complicated process, which is even
true when it comes to in vivo studies. The reasons why the
feedback regulation of TGF- signaling in normal liver
cell is maintained and why such a regulation is lost in the
pathological process of liver fibrosis are still not fully
understood at present. Although in this study we revealed
that tetrandrine could influence TGF-1 and its signaling
through Smads, more efforts should be made to further
investigate the mechanisms involved and the interaction with
other factors in their signal transduction pathways.
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Abstract
AIM: To investigate if non-peptidic small molecular
inhibitors of the p53-HDM2 interaction could restore p53
function and kill tumor cells.
METHODS: A series of non-peptidic small HDM2 inhibitors
were designed by computer-aided model and synthesized
by chemical method. Syl-155 was one of these inhibitors.
Cytotoxic effect of syl-155 on three tumor cell lines with
various states of p53, HT1080 (wild-type p53), KYSE510
(mutant p53), MG63 (p53 deficiency) was evaluated by
MTT assay, Western blot and flow cytometry.
RESULTS: Syl-155 stimulated the accumulation of p53
and p21 protein in HT1080 cells expressing wild-type
p53, but not in KYSE510 and MG63 cells. Consequently,
syl-155 induced cell cycle arrest and apoptosis in HT1080
cells.
CONCLUSION: Non-peptidic small molecular inhibitors
of the p53-HDM2 interaction show promise in treatment
of tumors expressing wild-type p53.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Non-peptidic small molecular weight inhibitors;
Cytotoxic effect; p53; Cancer therapy; HDM2
Li WD, Wang MJ, Ding F, Yin DL, Liu ZH. Cytotoxic effect of
a non-peptidic small molecular inhibitor of the p53-HDM2
interaction on tumor cells. World J Gastroenterol 2005;
11(19): 2927-2931

http://www.wjgnet.com/1007-9327/11/2927.asp

INTRODUCTION
HDM2 protein regulates the activity of p53 protein in at
least three different ways [1]. First, HDM2 inhibits the
transcription activity of p53 protein by binding to its
transactivation domain[2]. Second, HDM2 protein modulates
nucleo-cytoplasmic shuffling of p53 protein as a shuffle
protein[3]. Third, it promotes the degradation of p53 protein
as an E3 ubiquitin ligase[4,5]. HDM2 overexpression inactivates
p53 protein in 5-10% of human cancers. Since the p53HDM2 interaction was elucidated by Kussie et al[6], inhibition
of this interaction has been of interest for the study of
cancer therapy[7-10]. The feasibility of this strategy has been
verified by many inhibitors such as modified thioredoxin
protein[11], anti-MDM2 monoclonal antibody 3G5[12], peptidic
inhibitor fused to the glutathione S-transferase protein[13],
anti-sense oligonucleotide resistant to HDM2 [14] , HDM2
alternatively spliced products[15], chalcone and its derivatives[16],
chlorofusin[17,18] and octamer synthetic peptide[19,20]. These
inhibitors above inhibit p53-HDM2 interaction, increase
p53 accumulation and cause cell cycle arrest or apoptosis
in various tumor cells.
Based on the clarification of the crystal structure of
p53-HDM2 complex[6], we have obtained a series of nonpeptidic small HDM2 inhibitors designed by computer-aided
model and synthesized by chemical method. These inhibitors
have been proved to release p53 through competing with
the binding site of p53 and HDM2 by ELISA and some
results were shown previously[21]. Syl-155 is one of these
inhibitors (data not shown). In this report, we investigate
whether syl-155 could rescue p53 function from the p53HDM2 interaction and evaluate its activities in tumor cells
with various states of p53.
MATERIALS AND METHODS
Cell lines
Human fibrosarcoma cell line HT1080 expressing wild-type
p53 protein, human esophageal squamous cancer cell line
KYSE510 expressing mutant p53 protein and human
osteosarcoma osteoblast-like cell line MG63 which was p53negative[22] express HDM2 were used in this study. Human
embryo lung fibroblast (HELF) cell line was used as control.
HT1080 and MG63 were purchased from cell center,
Wuhan University, China; KYSE510 was a gift from Dr.
Shimada Y, First Department of Surgery, Faculty of
Medicine, Kyoto University, Japan; HELF was a gift from
Institute of Material Medica, CAMS, China.
Non-peptidic small molecular HDM2 inhibitor
Non-peptidic small molecular HDM2 inhibitors were
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synthesized chemically by Yin et al, in Institute of Material
Medica, CAMS [21]. These inhibitors could prevent the
interaction of HDM2 and p53 proteins through competing
with p53 for binding to HDM2. Syl-155 was one of these
inhibitors. DMSO was used as assistant solvent for these
inhibitors. In this study, the final concentration of DMSO was
0.2 mL/L in cultures. Control cells also received 0.2 mL/L
DMSO (<4 mL/L) which had no effect on cell proliferation
or viability[23].
MTT assay for determination of cell viability and growth
The MTT assay was carried out as described previously[24]
with some modifications. HT1080, KYSE510, MG63 and
HELF cells were seeded in seven 96-well plates, and each
well contained 1.2×103 cells. Triplicate wells were used for
each experimental condition. Absorbance was measured in
a bio-kinetics reader (Bio-Tek Instruments Inc., Winooski,
VT) at a wavelength of 490 nm. The means were obtained
on each of 7 d and used to draw a curve of cell proliferation.
The viability rates (VR) on the third day were calculated as
follows:
Total absorbance in tested group (3 d)
VR (%)=

×100%

Flow cytometry assay
HT1080, KYSE510 and MG63 cells were harvested at
various time points after treatment with 10 g/mL syl-155
for up to 72 h, stained with 50 g/mL PI (Calbiochem, San
Diego, CA, USA), and analyzed by a FACSCalibur flow
cytometer (Becton Dickson, Mountain View, CA, USA)
using CELLQUEST software. The position of the cells with
sub-G1 DNA content was indicative of apoptosis[25].
Western blot assay
HT1080, KYSE510 and MG63 cells were harvested at
various time points after treatment with 10 g/mL syl-155
for up to 120 h. Whole cell lysates were prepared using cell
lysis buffer (100 g/mL PMSF, 2 g/mL aprotinin, 2 g/mL
leupeptin, 1 mL/L NP-40 in cold PBS), and then protein
was extracted for Western blot. Western blot analysis was

Table 1 Results of cell viability assay (%) 1
HT1080

KYSE510

MG63

HELF

Syl-155 40.79

80.61

85.59

87.59

Syc-40

88.65

90.70

92.51

91.23

The percentage shown was the VR of three tumor cell lines and one normal cell
line after treatment with non-peptidic small compound (syl-155) or negative control
compound (syc-40)[21] for 3 d at the concentration of 10 g/mL. The results were
shown as the mean value of three different experiments.

Changes of cell growth curves by syl-155
HT1080, KYSE510 and MG63 cell lines were treated with
syl-155 at various concentrations for 1-6 d, and the cell
viability was determined as described above by MTT assay.
Syl-155 inhibited the growth of the three cell lines in a
dose-and time-dependent manner (Figure 1). With the
prolongation of treatment time, the growth of HT1080
cells treated with syl-155 at concentrations 2.5, 5.0 and
10 g/mL was slower than that of KYSE510 and MG63
cells treated with the same concentration of syl-155
compared with the negative control within 6 d. HT1080
cells incubated with 10 g/mL of syl-155 grew slower than
that incubated with 2.5 or 5.0 g/mL of syl-155. Syl-155

1.5

10 g/mL

0.6

0.8
0.6
0.4

0.5

0.2

0.2

0.0

0.0

4

6

8

0

2

Time (d)
Figure 1 Time-and dose-dependent effect of syl-155 on the cell growth of the
three tumor cell lines. All the three cell lines were treated with either syl-155 at
different concentrations (2.5, 5.0, 10 g/mL) or 0.2 mL/L DMSO. MTT method
was employed at the indicated time for analyses of cell growth. The experiments

4
Time (d)

10 g/mL

1.0

0.8
0.4

2

5.0 g/mL

1.2

1.0

0
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1.4

A490

10 g/mL
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5.0 g/mL

1.0

A490

A490

1.2

5.0 g/mL

2.0

RESULTS
Viability of tumor cells detected by MTT
A series of non-peptidic small molecular HDM2 inhibitors
were synthesized. Based on the IC50 (<10 g/mL) calculated
by MTT assay (data not shown), syl-155, one of these nonpeptidic small molecular HDM2 inhibitors, was chosen for
further studies. Cell viability assay by MTT showed that
syl-155 could cause cell death in HT1080 cells while its
cytotoxic effect on KYSE510, MG63 and HELF cells were
not obvious (Table 1).

2.5 g/mL

2.5 g/mL
2.5

Number 19

performed as described previously[26]. HDM2, p53 and p21
proteins were detected by mouse monoclonal antibodies
D-12, DO-1 and F-5 (Santa Cruz Biotechnology, Santa Cruz,
CA) as primary antibodies, respectively. -actin was used as
internal control.

DMSO

B

DMSO

Volume 11

1

Total absorbance in control (3 d)

A

May 21, 2005

6

8

0.0

0

2

4

6

8

Time (d)

were performed in triplicate, and similar results were obtained from three
independent experiments. The data were expressed as mean±SD. A: HT1080;
B: KYSE510; C: MG63.
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Expression of HDM2, p53 and p21 protein induced by syl-155
Previous studies indicate that inhibition of the interaction
between p53 and p21 protein can prevent HDM2 degrading
p53, which leads to accumulation of p53 and induce apoptosis.
In HT1080 cells, 12 h after syl-155 administration, the
protein level of p53 increased. At 24 h, p53 protein reached
a higher level. Then the protein level of p53 decreased but
maintained a higher level than the basal level. At 120 h, p53
protein rose and reached a much higher level than ever before.
The p21 protein level also slowly rose (Figure 2A), whereas
no accumulation of p53 or p21 protein was observed in
tumor cell lines KYSE510 (Figure 2B) and MG63 (data
not shown). Syl-155 had no effect on the levels of p53 and
p21 proteins in both p53-negative or p53-mutant cells.

A

0h

12 h

24 h

48 h

72 h

96 h

120 h

Apoptotic cells (%)

at 10 g/mL had an inhibitory effect of more than 50%
on tumor cell growth 3 d after treatment. The inhibitory
rate in the next 3 d was 57.86%, 67.54% and 74.98%,
respectively, after treatment with 10 g/mL of syl-155.

20
18
16
14
12
10
8
6
4
2
0

DMSO
syl-155

c

a

HT1080

KYSE510

MG63

Figure 3 Syl-155-induced apoptosis of tumor cells. All the three cell lines were
incubated with 0.2 mL/L DMSO or 10 g/mL syl-155 for 3 d, stained with PI, and
analyzed by flow cytometry to quantitate cells with a subdiploid DNA content.
The data were expressed as mean±SD, aP<0.05 vs HT1080 group, cP<0.05 vs
HT1080 group.

Syl-155 induced G1 arrest in HT1080 cells
HT1080 cells were incubated with 0.02% DMSO or 10 g/mL
syl-155 for 0-72 h, stained with PI, and analyzed by flow
cytometry to quantitate cells in the different phases of cell
cycle. The results showed that syl-155 induced an increased
cell cycle arrest at G0/G1 phase in HT1080 cells (Table 2).

←HDM2
←p53
←p21

Table 2 Changes in cell cycle distribution (%)1

←-Actin

B

0h

12 h

24 h

48 h

72 h

96 h

120 h

Negative
control

Syl-155
DMSO
24 h

48 h

72 h

←HDM2

G0/G1
S

54.1
34.1

49.8
37.1

60.6
30.4

60.0
23.9

63.5
27.6

←p53

G2/M

11.8

13.1

9.0

16.1

8.9

←p21
←-Actin

Figure 2 Expression of HDM2, p53 and p21 proteins in HT1080 cells (A) and
KYSE510 cells (B) induced by syl-155. The HT1080 cells were harvested at
the indicated time after treatment with 10 g/mL syl-155, and then protein was
extracted for Western blot. HDM2, p53, p21 and -actin proteins were detected
using mouse monoclonal antibodies DO-1, D-12, DO-1, F-5 and anti--actin
antibody as primary antibodies, respectively.

Syl-155 induced apoptosis of HT1080 cells
The inhibitory effect of syl-155 on cell proliferation was
stronger in HT1080 cells than in KYSE510 or MG63 cells.
Western blot results showed that syl-155 induced
accumulation of p53 and p21 proteins in HT1080 cells but
not in KYSE510 and MG63 cells. The question was raised
as to whether syl-155 could induce cell cycle arrest or
apoptosis of HT1080 cells through the accumulation of
p53 protein by preventing HDM2 from degrading it.
Therefore flow cytometry was employed for the
investigation. HT1080, KYSE510 and MG63 cells were
treated with 10 g/mL syl-155 for 0-72 h, stained with PI,
and analyzed by flow cytometry. The cells with sub-G1 DNA
content were apoptotic cells confirmed by annexin V-FITC
binding assay (data not shown). Syl-155 induced more
apoptosis of HT1080 cells than DMSO while less apoptosis
of KYSE510 and MG63 cells was found (Figure 3). The
syl-155-induced apoptosis of HT1080 cells increased in a
time-dependent manner (Figure 4).

1

The percentage shown is the distribution of cell cycle in HT1080 cells.

DISCUSSION
The function of p53 is inactivated during the development
of most human tumors[27,28]. The main mechanism of p53
inactivation is due to p53 gene mutation which occurs in
more than 50% human tumors. Another important mechanism
is that p53 protein interacts with other proteins which either
promote p53 protein degradation or inhibit its ability to
transactivate its downstream genes involved in cell cycle arrest
or apoptosis[29]. HDM2 is an oncoprotein that mainly binds
to p53 protein functioning as E3 ubiquitin ligase and promotes
its proteolysis through a ubiquitination degradation pathway
by the 26S proteosome[3-5,30]. Furthermore, HDM2 is a target
of the transcriptional factor p53. Therefore, there is an
autoregulatory negative feedback loop between p53 and
HDM2 protein[31]. In normal cells, HDM2 maintains p53
protein at low levels. HDM2 can also inactivate p53 by
masking the transactivation domain of p53 so that the
downstream genes of p53 such as p21 cannot be transcripted[32].
HDM2 overexpression can result in excessive inactivation
of p53, diminishing its tumor suppression function. HDM2
can affect cell cycle, apoptosis and tumorigenesis by interacting
with other proteins, including retinoblastoma 1 and
ribosomal protein L5.
HDM2 is amplified in 7% of human tumors, 40-60%
of osteosarcomas and approximately 30% of soft tissue
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Figure 4 Syl-155-induced apoptosis of HT1080 cells. Time course analysis for
the occurrence of apoptosis induced by syl-155. HT1080 cells were treated with
10 g/mL syl-155 for 0-72 h, stained with PI, and analyzed by flow cytometry

to quantitate cells with a subdiploid DNA content. The data were expressed as
mean±SD, aP<0.05 vs DMSO group, cP<0.05 vs DMSO group, eP<0.05 vs
DMSO group.

sarcomas[33,34]. The inactivation of p53 through the binding
to HDM2 is of particular interest in a therapeutic point of
view, as the function of p53 protein could be potentially
restored by disrupting the interaction of p53 with HDM2.
So it has become very significant to seek inhibitors of p53HDM2 interaction.
The feasibility of this strategy has been verified by previous
studies. These inhibitors include HDM2 alternatively spliced
products[15], GST fusion protein[13], monoclonal antibody[12],
synthetic peptides[11,19,20] , chalcone and its derivatives[16],
chlorofusin[17,18], and anti-sense oligonucleotide[14]. All these
inhibitors can cause p53 accumulation and activate the
function of p53 as tumor suppressor in tumor cells. Usually
non-peptidic small molecules have higher permeability into
cells, and can be synthesized with a lower cost. It is interesting
to note whether non-peptidic small molecules can substitute
for these inhibitors. Computer-aided design based on the
crystal structures makes it possible to screen and choose
effective compound on a large scale. Elucidation of the
crystal structure of p53-HDM2 complex[6] provides a basis
for seeking non-peptidic small molecule HDM2 inhibitors.
In the study, we synthesized a series of non-peptidic small
molecule HDM2 inhibitors by computer-aided design based
on the crystal structure of p53-HDM2 complex. MTT assay
initially screened these compounds, and one (syl-155) of
them was chosen for further study.
We studied the effect of syl-155-activated p53 pathway
on three tumor cell lines with various status of p53. In
HT1080 cell line expressing wild type p53, syl-155 induced
the accumulation of p53 protein, which consequently increased
the levels of p21. However, like AP[35], syl-155 had no effect
on p21 levels in both p53-negative or p53-mutant cells.
p53-mutant protein was also not affected after treatment
with syl-155 in KYSE510 cells expressing mutated p53.
Therefore, we can conclude that syl-155 only inhibits p53HDM2 interaction in cells carrying wild-type p53 protein
and elevates p21 protein levels by stimulating the accumulation
of wild-type p53 protein. Wild-type p53 protein is a labile
protein and its cellular level is mainly regulated by the rate
of its proteosomal degradation. p53 degradation is mediated
by two alternative pathways that either depend on HDM2
and ubiquitin or they are independent of both. The latter
pathway is regulated by NAD(P)H and quinone oxidoreductase
1 (NQO1)[36]. This can explain why p53 protein level decreases
after reaching a higher level, which correlates with the

changes of p21 protein level.
In cell assay, syl-155 affected proliferation of the three
cell lines in a dose- and time-dependent manner. The growth
of HT1080 cells treated with syl-155 was slower than that
of KYSE510 and MG63 cells. The syl-155-mediated
inhibition of tumor cell proliferation may be the consequence
of an induction of apoptosis or cell cycle arrest. In our
experiment, syl-155 induced more apoptosis of HT1080
cells than of KYSE510 and MG63 cells. Syl-155 also induces
G1 arrest of HT1080 cells. Syl-155 induced cell cycle arrest
and apoptosis in HT1080 cells which is consistent with the
accumulation of p53 and p21 protein. Syl-155 only
stimulates the p53 pathway in cells expressing wild-type p53.
In combination with MTT assay, syl-155 is more toxic to
tumor cells expressing wild-type p53. The more the cell
expresses HDM2, the more it is susceptible to AP-mediated
apoptosis[20]. In summary, drugs for inhibiting the p53-HDM2
interaction show promise in treatment of tumors expressing
wild-type p53.
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Abstract
AIM: To reveal the liver regeneration (LR) and its control
as well as the occurrence of liver disease and to study
the gene expression profiles of 551 genes after partial
hepatectomy (PH) in regenerating rat livers.
METHODS: Five hundred and fifty-one expressed sequence
tags screened by suppression subtractive hybridization
were made into an in-house cDNA microarray, and the
expressive genes and their expressive profiles in regenerating
rat livers were analyzed by microarray and bioinformatics.
RESULTS: Three hundred of the analyzed 551 genes were
up- or downregulated more than twofolds at one or more
time points during LR. Most of the genes were up- or
downregulated 2-5 folds, but the highest reached 90
folds of the control. One hundred and thirty-nine of them
showed upregulation, 135 displayed downregulation,
and up or down expression of 26 genes revealed a
dependence on regenerating livers. The genes expressed
in 24-h regenerating livers were much more than those
in the others. Cluster analysis and generalization analysis
showed that there were at least six distinct temporal
patterns of gene expression in the regenerating livers,
that is, genes were expressed in the immediate early
phase, early phase, intermediate phase, early-late phase,
late phase, terminal phase.
CONCLUSION: In LR, the number of down-regulated genes
was almost similar to that of the upregulated genes; the
successively altered genes were more than the rapidly
transient genes. The temporal patterns of gene expression
were similar 2 and 4 h, 12 and 16 h, 48 and 96 h, 72 and
144 h after PH. Microarray combined with suppressive
subtractive hybridization can effectively identify the genes
related to LR.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
In the healthy adult rat liver, most of the hepatocytes lie in
G0 phase, and their cell division index is very low (about
one ten thousandth)[1-5]. However, metabolism of hepatocytes
is quickly altered after partial hepatectomy (PH) [6-10].
Activation of hepatocytes in G0 phase occurs about 2 h
after PH, and they progress to G1 phase about 6 h after
PH. Then, the cells enter into S phase of cell cycle in 12 h.
DNA synthesis occurs in the early 6 h (12-17 h) of S phase,
and then DNA is synthesized 18-30 h after PH, which
reaches a maximum at 24 h. The G2 phase of cell cycle lies
in the subsequent 2-4 h (31-34 h after PH). After that,
hepatocytes go on dividing, and the peak of cell division is
at 36 h after PH. The next cycle of hepatocytes is in the
following 36-66 h after PH[11,12]. The re-differentiation of
liver cells and the re-building of regenerated livers are in
72-144 h after PH. Many experiments have confirmed that
a cell cycle of hepatocytes lasts for about 30 h, but that of
other cells distinguishes from them[13]. Briefly, cells in the
residual liver would be activated to proliferate, re-differentiate
and rebuild their structure and function after PH. In
different phases of liver regeneration (LR), the physiological
and biochemical actions of different kinds of cells of
the liver are different. The categories and amounts of the
expressed genes in them are various[14,15] . To learn the
molecular mechanism of LR, it is essential to highlight
how many genes are related to it. Therefore, this paper
reports that 300 genes have been successfully identified to
correlate with LR by combing microarray in combination
with suppression subtractive hybridization.
MATERIALS AND METHODS
Partial hepatectomy of rats
Healthy SD rats weighing 200±20 g were obtained from
the Experimental Animal Center of Henan Normal
University. Following the method of Hig gins and
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Anderson [16], 70% of the rat liver was removed under
sterile conditions.
Regenerating liver preparation and RNA isolation
The regenerating livers of four rats (male:female = 1:1)
were taken 2, 4, 8, 12, 16, 24, 36, 48, 72, 96 and 144 h
after PH. The livers were rinsed in cold PBS and immersed
in a -80 ℃ refrigerator for RNA extraction. Total RNA
was isolated from frozen livers according to the manual of
TRIzol kit of Invitrogen. In brief, 50-100 mg liver was
homogenized in 1 mL TRIzol reagent containing phenol
and guanidinium isothiocyanate/cationic detergent, followed
by phenol-chloroform extraction and isopropyl alcohol
precipitation. The quantity and integrity of total RNA were
examined by an ultraviolet spectrometer and denaturing
formaldehyde agarose electrophoresis by ethidium bromide
staining.
Subtracted cDNA library construction and screening
cDNA subtracted libraries were generated from total RNA
by PCR-SelectTM cDNA subtraction kit (Clontech) following
the manufacturer’s instructions. Briefly, total RNA was
transcripted into double cDNA strands and digested with
restriction enzymes, followed by subtracted hybridization
with drivers and testers. Finally, differential expression
sequence tags were performed to construct subtracted
cDNA libraries with suppression PCR.
Sequence analysis
Base sequence assay of ESTs was carried out according to
the current protocols in molecular biology. All sequences
were determined on both strands. Comparison analysis of
the selected sequences was conducted with the DNAman
and the National Center for Biotechnology Information
(www.ncbi.nlm.nih.gov) GenBank database[17].
cDNA microarray construction
cDNA fragments amplified by PCR with nested PCR
primer1 and primer2 and purified by NaAc/isopropyl
alcohol were spotted onto glass slides (BioStar) with the
help of the ProSys-5510A spotting machine. Then the gene
chips were ready by hydrating and blocking and drying. A
total of 1 152 elements (double spot chip) including 50
control system genes (8 negative control, 12 void control,
30 internal control) and 551 target genes to be studied
comprised 8 submatrixes (12*12) occupying 9 mm×18 mm
(BioStar). Then the gene chips were ready by hydrating,
blocking and drying.
Fluorescence-labeled cDNA preparation
RNA prepared from rat livers before PH was ready for a
reference for all cDNA microarray analyses. Total denatured
RNA was reverse transcribed with cy3-conjugated dCTP
(control group) and cy5-conjugated dCTP (test group)
(Amersham-Pharmacia Biotech) using MMLV reverse
transcriptase (Promega) with oligo(dT) primers. After bath
incubation for 2 h, labeled buffers I and II were subsequently
added to the reaction. The control group and test group
were mixed symmetrically and stored avoiding light for
application[17].
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Hybridization and scanning
Glass slices were prehybridized at 42 ℃ for 5-6 h in
hybridization buffer containing freshly cooked salmon
sperm DNA. The labeled denatured probes were hybridized
against cDNA microarray and incubated overnight (16-18 h)
at 42 ℃. The slices were then washed twice with 2× SSC
containing 0.5% SDS for 5 min at room temperature, then
with 0.2× SSC containing 0.5% SDS at 60 ℃ for 10 min,
and finally with 0.2× SSC at 60 ℃ for 10 min. The slices
were exposed to a photographer. Hybridized images
were scanned by a fluorescence laser-scanning device,
GenePix4000A. At least, two hybridizations were performed
at each time point. In addition, a semiquantitative inspection
of the hybridization results was performed for green signals
(downregulation), yellow signals (no obvious regulation), and
red signals (upregulation)[17].
Data analysis
cy3 and cy5 signal intensities were quantified by GenePixPro
3.0 software. Subsequently, we normalized the obtained
numerical data with classical linear regression techniques.
In brief, quantified cy3 and cy5 signal intensities were
obtained when foreground signal intensities were deducted
by background signal intensities and cy5 signal intensities
were replaced by 200 when they were <200. When Ri
(Ri = cy5/cy3) was between 0.1 and 10, Ri was taken as
logarithms to generate Ri’ [log(Ri)] and ND was taken by
EXP (R) (averaged Ri’). The modified cy3* was generated
by ND multiplying cy3 and was replaced by 200 when it
was <200. The ratio was expressed by cy5/cy3*. Therefore,
we selected the genes, whose ratio was more than 2 or less
than 0.5 representing a twofold difference in expression
level. To analyze the selected gene expression data, we
performed GeneMaths cluster analysis and hierarchical
clustering to appraise the number of groups. Whole analyses
were executed using Microsoft Excel and GeneSpring[11,17].

RESULTS
The analysis of gene expression spectrum showed that, of
the 551 elements made in microarray, the expression
intensity of 300 genes increased or decreased at least
more than twofolds at one time point after PH. Their
sequence analysis showed that 152 were unreported genes,
and 133 genes were significantly reported. Of which 49
were upregulated in regenerating rat livers, 74 were
downregulated, and 10 were either up- or downregulated in
different phases of LR. Following biochemical actions, the
133 elements were categorized into 24 groups (Table 1).
Analysis of their expression in the regenerating livers at
different time points after PH showed that, in the priming
phase of LR, the expression of 34 genes was rapidly altered
within 6 h and then recovered gradually to the control levels
in 48-72 h after PH. In the cell cycle progression phase of
8-36 h after PH, the expression of 86 genes was altered
markedly. In the terminal phase of LR over 72 h after PH,
the expression of 13 genes was altered distinctly (Figure 1).
Clustering analysis of genes expressed at 12 time points
after PH showed that the 300 elements altered at least more
than twofolds in density at one time point (Figure 2A), and
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Table 1 Genes altered at least by more than twofold intensity at one time point after PH
No.

Gene description

Fold
difference

Stress response
1 Alpha-1 major acute phase protein
2 Acute-phase protein alpha-1-inhibitor 3

6.2
0.2

3 Clusterin (Clu)

0.3

4 C-reactive protein, petaxin related

2.2

Glycometabolism
5 Isocitrate dehydrogenase 1 (Idh1)
6 Glycerol 3-phosphate dehydrogenase (Gpd3)

0.3
0.4

No.

Gene description

Fold
difference

69 Angiopoietin-like 3

0.2

70 Ring1 and YY1 binding protein
71 Chromatin remodeling factor

0.5
2.0

Hemoglobins
72 Hemoglobin beta chain (Hbb)
Immunological proteins
73 Immunoglobulin C kappa
74 Achaete-scute complex homolog-like 1 (Ascl1)

0.3
0.2
0.4

7 Aldolase B

0.3

75 Complement component 1

0.3

8 Enolase 1
9 Small subunit of RuBPCase

4.0
3.3, 0.1

76 Complement component 5
77 JE/MCP-1

8.8
4.0

78 Class III Fc-gamma receptor

3.5

Fatty and stearoyl metabolism
10 Acyl-CoA desaturase

0.4

11 3-alpha-hydroxysteroid dehydrogenase
12 Bile acid CoA ligase

0.2
2.3

Chaperonins
79 70 ku heat shock protein (Hspa5)
80 DnaJ (Hsp40)

2.8, 0.5
2.5

13 Methylmalonate semialdehyde dehydrogenase

0.3

14 Prostaglandin D2 synthase 2 (Ptgds2)

3.0

81 Actin gamma

4.7

15 Cytochrome P450 cholesterol 7-alpha-hydroxylase (P450 VII)
16 Malonyl-CoA decarboxylase

2.3, 0.5
0.3

82 Karyopherin (importin) alpha 2
83 Clathrin, heavy polypeptide (Cltc)

0.4
3.3

17 NAD(P)-dependent steroid dehydrogenase

0.4

Oxidation and reduction response
18 Acyl-coA oxidase (RATACOA1)
19 Cytochrome b5 (Cyb5)

2.7, 0.4
0.2

Cytoskelets

Ribosomal proteins
84 Ribosomal protein L28 (Rpl28)

2.2

85 Ribosomal protein L41 (Rpl41)
86 Ribosomal protein S19

2.1
2.5

20 Flavin-containing monooxygenase 1 (Fmo1)

0.1

21 Paraoxonase 1 (Pon1)

0.2

Marker proteins
87 Probable surface antigen protein

2.1, 0.4

22 Selenium-dependent glutathione peroxidase
23 Peroxisomal sarcosine oxidase (PSO)

0.4
0.3

88 Surfeit 1 (Surf1)
89 Alpha globin

2.5
0.3

24 P450 arachidonic acid epoxygenase (cyp 2C23)

0.2

90 Pregnancy-zone protein (Pzp)

2.4

25 Cytochrome P450

0.2

91 Adipose differentiation-related protein

7.3

26 Cytochrome P450 15-beta (Cyp2c12)

0.2

92 Subchromosomal-transferable fragment 4

2.3, 0.3

27 Cytochrome P450 2E1
28 Cytochrome P450, 2c39 (Cyp2c39)

0.1
0.1

93 Cocoa protein
94 Amyloid P-component (Sap)

4.9
0.4

29 Cytochrome P450, 7a1 (Cyp7a1)

2.0

95 Amyloid alpha-5 protein

0.2

30 Cytochrome P450 (PNCN inducible, Cyp3A1)

0.2

31 Cytochrome b
Regulation proteins

0.5

32 G-protein, beta polypeptide 2 (Gnb2l1)

2.4

33 Interferon-induced protein with tetratricopeptide

0.2

repeats 3
34 Protein RAKb

Amino acid enzymes
96 Arginase 1 (Arg1)
97 2-hydroxyphytanoyl-CoA lyase (Hpcl2)
98 Cytosolic aspartate aminotransferase

0.4
90.5
5.3

Nuclearase
0.2

Glycoproteins

99 Mitochondrial adenine nuleotidase

2.0

100 Rnase A family 4

0.2
0.4

35 Selenoprotein P (Sepp1)

0.3

101 Rnase H

36 Myelin-associated glycoprotein (L-MAG)

7.0

Proteolytic enzymes

37 Alpha-1-B glycoprotein (A1bg)

0.1

102 Caspase 1 (Casp1)

2.6

38 Histidine-rich glycoprotein (Hrg)

0.1

103 Cathepsin C (Ctsc)

0.4

39 Mannosylalpha-1, 6-glycoprotein beta-1,

2.0

104 Cathepsin D (Ctsd)

0.3

2-N-acetylglucosaminyltransferase (Mgat2)
40 UDP-glucuronosyltransferase 2B3 (Udpgt)

0.3

105 Neutrophil collagenase (Mmp8)

0.2

106 Coagulation factor 2 (F2)

0.2

41 Fibrinogen gamma polypeptide (Fgg)

5.1

Proteinase inhibitors

42 TRAM1

3.3, 0.4

107 Alpha-1 microglobulin/bikunin (Ambp)

Lipid-proteins

108 Alpha-2-macroglobulin (A2m)

2.1, 0.2
21.3

43 Apolipoprotein C-II

0.3

109 Alpha-trypsin inhibitor, heavy chain 4

44 Apolipoprotein M (Apom)

0.4

110 Leuserpin-2 (Serpind1)

0.2

45 Fatty acid binding protein 1 (Fabp1)

0.3

111 Serine protease inhibitor 1

5.0

46 Retinol-binding protein(PRBP)

0.4

Phopshorylases

47 Solute carrier family 20 (phosphate transporter)

0.4

112 Thymidylate kinase (dTMP kinase)

member 1 (Slc20a1)
48 Transthyretin-related protein (TTN)

0.3

Nucleolar proteins

0.2

3.0

113 Mss4 protein

2.1

114 CDK110

0.5

Phosphatases

49 P53

2.0

115 Carbamyl phosphate synthetase I

50 Damage-specific DNA binding protein 1 (Ddb1)

0.3

116 Phosphodiesterase 1(Enpp1)

2.9
6.6

51 Nucleolar protein family A, member 2

3.9

117 Phosphatidylserine-specific phospholipase A1

2.8

52 Nuclear protein 1 (Nupr1)

5.1

118 Protein phosphatase 1 (GL-subunit)

0.2

53 AP1 gamma subunit binding protein 1

2.3

119 UTP-glucose-1-phosphatase

0.4

Receptors

Synthase
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54 Interleukin 1 receptor, type I (Il1r1)

7.9

120 H+-ATP synthase alpha subunit (Atp5a1)

2.4, 0.4

55 Golgi SNAP receptor complex member 1 (Gosr1)
56 Nuclear receptor subfamily 0, member 2 (Nr0b2)

0.4
0.2

121 Bifunctional aminoacyl-tRNA synthetase
122 ATP synthase subunit 8

0.4
2.2

57 Lysosomal-associated protein transmembrane 4A

0.5

123 Glutamyl-prolyl-tRNA synthetase (Eprs)

4.5

58 ATP-binding cassette, sub-family B

0.4

124 Fatty acid elongase 1 (rELO1)

0.2

59 ATP-binding cassette, sub-family C
Factors

0.2

125 RNA cyclase
Transferases

0.2

60 Eukaryotic translation initiation factor 4A1

3.8

126 Carnitine O-octanoyltransferase (Crot)

0.3

61 Eukaryotic release factor 3

2.0

127 Glutathione S-transferase, alpha 1 (Gsta1)

0.1

62 Insulin-like growth factor I
63 Early growth response factor 1 (Egr1)

0.5
3.6

128 Glutathione S-transferase, type 3 (Gstm3)
129 Microsomal glutathione S-transferase 1 (Mgst1)

2.2, 0.3
0.4

64 Neuropeptide Y (Npy)

18.2

130 Sulfotransferase K2

0.3

65 NF-E2-related factor 2 (Nfe2l2)

0.4

131 Sialyltransferase 1 (Siat1)

2.6

66 Pre-B-cell colony-enhancing factor (Pbef)
67 Amphoterin

3.5
0.3

132 UDP-glucuronosyltransferase member
(Ugt2b5)

68 Angiogenin

0.2

133 Protein disulfide isomerase-related protein

6

13
66
52
63
65

5
4
3
2
1
0

0

2

4

8

12 16 24 36 48 72 96 144
2-8 h, 2-12 h

1.2

11
27

1.0

24
125

0.8
0.6
0.4
0.2
0.0

0

2

4

8 12 16 24 36 48 72 96 144
2-48 h

2.5

3
71
133

2.0

70
113
57

9
8
7
6
5
4
3
2
1
0

1.0

0.5

0.5
0

3.0
2.5
2.0

2

4

8 12 16 24 36 48 72 96 144
8h

48
79
120
126
128

1.5
1.0
0.5
0.0 0 2 4 8 12 16 24 36 48 72 96 144
8-48 h

36
77
96

5
0

2

4

8 12 16 24 36 48 72 96 144
2-24 h

117
76
95

0

2

4

8

12 16 24 36 48 72 96 144
2-48 h

0.0

4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5
0.0

94
62

46
12
110

2.0

1.0

15
60
91
108

20

10

2.5

1.5

25

54
100
116

15

100
90
80
70
60
50
40
30
20
10
0

1.5

0.0

5
98
115

50.3
0.5

0 2

4

8 12 16 24 36 48 72 96 144
8-16 h, 8-24 h

9
43
73
87
56

18
72
83
92
57

0

0

7
6
5
4
3
2
1
0

5.0
4.5
4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5
0.0

2

4

8 12 16 24 36 48 72 96 144
2-36 h

20
130
107
1
78

0

2

4

118
25
127
41

8 12 16 24 36 48 72 96 144
2-72 h, 2-96 h, 2-144 h

19
28
40
44
69
81

0

2

4 8 12 16 24 36 48 72 96 144
8-36 h

6
39
67

2.5
2.0

35
49
129

1.5
1.0
0.5

0

2

4

8 12 16 24 36 48 72 96 144
8-72 h, 8-144 h

0.0

0

2

4

8 12 16 24 36 48 72 96 144
12-16 h
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7
23
45
103

1.5
1.0
0.5
0.0

5.0
4.5
4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5
0.0

0

2

4

8 12 16 24 36 48 72 96 144
12-24 h

2

4

5
4

0

2

4

8 12 16 24 36 48 72 96 144
12-36 h

1.0

1.0

0.5

0.5
0

2

4

8 12 16 24 36 48 72 96 144
24 h, 24-48, 24-72 h

29
50
58
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Figure 1 Gene expression differences at different time points after PH. The 133
elements were categorized into 21 temporal patterns following the induction of

suppressed time points.

that the most similar patterns of gene expression were located
next to each other and placed in a major branch of the
dendrogram. Twelve and sixteen hours 48 and 96 h, 72 and
144 h patterns were clustered as separate groups in major
branches, indicating that these time points shared common
expression profiles of genes (Figure 2B). Thirty-four genes

were induced to express in 2-4 h and reached a maximum
in 8-24 h, but a smaller peak of gene expression appeared
at 72 h after PH. To facilitate the visualization and
interpretation of the gene expression program in these data,
we used the method of GeneMaths to order genes of
similarities in their expression patterns and displayed them
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Figure 2 Hierarchical cluster analysis of 300 elements. A: Cluster of distribution
trend. Three hundred elements differing by at least more than twofold intensity at
one time point were identified; B: Cluster of hierarchical relativity. A hierarchical

cluster of 11 time points showed that 12 and 16 h, 48 and 96 h as well as 72 and
144 h patterns were clustered together as separate groups in major branches.
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Figure 3 Cluster analysis of differentially expressed genes identified by cDNA
microarray-based gene expression profiling. These genes were classified into

12 clusters by GeneMaths.

in a compact graphical format (Figure 3). Based on the
expressed characteristics of genes in LR and following the
review of Michalopoulos and Defrances, the selected
elements were categorized into six distinct temporal patterns
of expression: the genes of rapid induction which were
expressed in the immediate early phase of 2-6 h after PH,
the genes of early induction in the early phase of 8-16 h,
the genes of middle induction in the intermediate phase of
16-24 h, the genes of early-late induction in the early-late
phase of 24-36 h, the genes of late induction in the late
phase of 36-72 h, and the genes of consistent repression in
the terminal phase of 72-144 h.

It was found that expression of the 133 genes in the
regenerating livers was quite different. Seventy-four of them
decreased 2-10 folds, 49 of them were increased to 2-5
folds, 9 genes to 5-10 folds, 3 genes to over 10 folds, and
the maximum to over 90 folds (Figure 4).

DISCUSSION
Genes of rapid induction expression
In the immediate early phase of LR (2-6 h after PH), liver
damage occurred in inflammation response, hepatocytes in
G0 phase were activated, and then progressed to G1 phase.
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whose fold changes were above 10; E: ten up- and downregulated genes.

Thirty-four genes, except the previous reported genes,
were consistently and rapidly induced to express, 19 of
them were upregulated and 15 downregulated. Among
the genes, NF-E2-related factor 2 (Nfe2l2), isocitrate
dehydrogenase, JE/MCP-1, and complement component
5 were advantageous to block oxidative injuries and to
prevent the occurrence of inflammation of the residual
liver after PH. Pre-B-cell colony-enhancing factor (PBEF),
nuclear protein 1 (Nupr1), early growth response factor 1
(Egr1) were upexpressed, which probably play an important
role in activating hepatocytes to start DNA synthesis[18]. The
expression of isozymes of aspartate aminotransferase and
phosphodiesterase 1 (Enpp1) was induced, which supply
purine and adenosine for DNA synthesis[19]. The proteins
of providing energy for LR such as adipose differentiationrelated protein and phosphatidylserine-specific phospholipase
A1 and proteins associated with inflammation response
and cell apoptosis such as -1 major acute phase protein,
fibrinogen gamma polypeptide (Fgg), kininogen and class
III Fc-gamma receptor were also included, which play
important parts in preventing the occurrence of inflammation
and the startup of LR in the immediate early phase.

protein folding correctly and degradation of harmful
proteins in LR. Serum amyloid P component and clusterin
were repressed in 8-16 h after PH, which can decrease
accumulation of false or toxic proteins in neurocytes, and
are useful in protecting neonatal livers[21]. Plasma retinolbinding protein, bile acid CoA ligase (BAL), insulin-like
growth factor-I (IGF-I), ApoM, angiopoietin-like protein 3
(Angptl3) and lysosomal-associated protein transmembrane4 beta (LAPTM4B) were increased as well in this phase.
Plasma retinol-binding protein could transport retinol and
vitamin A, whose increase in 8-16 h after PH showed that
retinol and vitamin A were essential to hormone synthesis
in LR[22] . BAL could facilitate adsorption of amino acids
by catalyzing conjugation of bile acids with amino acids[23].
IGF-I was found to be involved in the liver and brain growth
and development of embryos[24]. Its downregulation in
8-24 h after PH indicated that cell cycle was in the phase
of DNA synthesis. The reduction of ApoM in 8-24 h after
PH was supposed to promote lipolysis and to provide energy
for LR. Angptl3 is a hepatic secretary factor, which could
activate lipolysis in adipocytes by response to the liver X
receptor[25] . LAPTM4B, a novel gene was upregulated in
hepatic carcinoma, whose N-terminus is essential for the
survival of cells[26]. The downregulation of LAPTM4B may
be related to refraining cell necrosis in LR.

Initiated genes in the early phase of LR
In the early phase of LR (8-16 h after PH), livers damaged
stress response and hepatocytes were prepared to synthesize
DNA. The expression of 31 genes was altered at 8 h after
PH. Among them, 11 were upregulated and 20 downregulated,
of which, 5 genes reached expression peak at 8 h after PH.
Myelin-associated glycoprotein (MAG) was induced, which
is important for nerve system regeneration in LR [20]. The
stress-inducible 70-ku protein (Hsp70) and protein disulfide
isomerase-related protein were expressed, which promote

Genes expression started in the intermediate phase of LR
In the intermediate phase of LR (16-24 h after PH),
hepatocytes synthesized DNA. It was confirmed that 41
genes were expressed at 12 h after PH. The increase of
mitochondrial glycerol 3-phosphate dehydrogenase (mGPDH)
at 12 h was assumed to provide enough ATP for DNA
synthesis. NAD(P)H steroid dehydrogenase (Nsdhl), hepatic
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cytochrome P450 cholesterol 7 alpha-hydroxylase (CYP7)
and ATP-binding cassette were induced in this time, which
may play a role in the conversion of lanosterol into
cholesterol[27,28]. L28 is a component of 70S ribosome, whose
upregulation in 12-24 h after PH was supposed to help 70S
ribosome conformation and to accelerate protein synthesis.
Activator protein 1 (AP1)-like elements and P53 were
increased, which probably prevent injured liver from apoptosis
and necrosis[29] . The proteins associated with protein fold
such as cathepsin C (Ctsc), dipeptidyl aminopeptidase I
(Dpap1), Hsp40 and hsp70 (p73/p72) were also up expressed,
which are essential to form the correct structure of proteins.

more than twofolds at one or more time points. Cluster
analysis showed gene expression patterns at 2 and 4 h, 12
and 16 h, 48 and 96 h as well as 72 and 144 h after PH had
strong correlations respectively. The 133 reported genes
could be categorized into six distinct temporal patterns of
induction and were involved in 24 groups of proteins. Their
actions in LR were discussed. However, to elucidate the
mechanism of LR, further research is needed.

Genes expression started in the early-late phase of LR
In the early-late phase of LR (24-36 h after PH), hepatocytes
must complete all the activations of later S phase, G2 phase
and M phase. It was checked that seven genes were started
to express at 24 h after PH. Five of them were upregulated
and two were downregulated, of which, the restrain of
bifunctional aminoacyl-tRNA synthetase was up expressed
at 24 h after PH, which may play a pivotal role in separating
the subunits of the eukaryotic tRNA synthetase complex in
LR. Furthermore, eukaryotic release factor 3 incorporated
in a complete scheme for translation termination of proteins,
whose induction may be advantageous to release essential
proteins to exert functions. The mRNA level of sialyltransferase
was increased at 36 h, suggesting that liver releases large
amounts of sialyltransferase to mediate recovery of liver
functions after PH.
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Abstract
AIM: To study the influences of emodin and reconstruction
of double blood supplies on liver regeneration of reduced
size graft liver in rat model.
METHODS: A total of 45 SD-SD rat reduced size liver
transplantation models were randomly divided into
three groups (A-C). The conventional reduced size liver
transplantation was performed on rats in group A,
while the hepatic artery blood supply was restored in
groups B and C. The emodin (1.5 mg/kg/d) was given by
intraperitoneal route in group C only. The recipients were
killed on the seventh day after the operation. The
proliferative cell nuclear antigen (PCNA), TBil and ALT of
serum were detected, and the pathological changes of
liver cell were observed.
RESULTS: The numbers of the rats that survived in A, B,
and C group on the seventh day after operation were 14,
13, 13, respectively. The levels of TBil (31.5±5.2 mol/L,
23.2±3.1 mol/L vs 38.6±6.8 mol/L), and ALT (5 351±
1 050 nKat, 1300±900 nKat vs 5779±1202 nKat) in serum
in groups B and C were lower than those in group A
(P<0.05), while the expression of PCNA in groups B or C
was higher than that in group A (22.0±3.5%, 28.2±4.2%
vs 18.6±3.2%, P<0.05). The deeper staining nuclei,
double nuclei, multi-nuclei and much glycogen were
observed in liver cells of groups B and C, especially in
group C, while fewer were found in liver cells of group A.
CONCLUSION: The reconstruction of arterial blood supply
is very important for rat liver regeneration after reduced
size liver transplantation. Emodin has the effect of
promoting liver regeneration and improving liver function
in rats after reduced size transplantation. The possible
mechanism is improving proliferation of liver cell and
protecting liver cells from injury.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
It is well-known recently that clinic liver transplantation has
been the most effective method to treat liver disease in
terminal stage. However, due to the deficiency of the donor,
more surgical methods were applied for liver transplantation,
for example, vivid liver transplantation and resized liver
transplantation. In vivid liver transplantation and resized
liver transplantation, it is very important that the donor and
recipient match each other, and liver regeneration of the
new liver is also a focus of study. Liver regeneration may
be affected co-operatively not only by humoral factors such
as hormones, growth factors and growth inhibitory factors,
but also by the immune system[1-7].
Emodin is extracted from Chinese herb and more
properties of it are being found[8,9]. The reported biological
effects of emodin include antitumor, antibacterial and antiinflammatory activities[10-13]. Experiments have demonstrated
that the hepatic lesion induced by CCl4 could be decreased
by emodin by ameliorating cellular regeneration activities
and protecting liver function[14,15].
In the present study we established the rat resized liver
transplantation model with restored arterial blood supply to
evaluate the effects of emodin and double blood supplies
on liver regeneration.
MATERIALS AND METHODS
Animals and reagents
Emodin was presented by Huaian Reilei preparation Co.,
LTD (Jiangshu, China), dissolved and sterilized in dimethyl
sulfoxide (DMSO) first and then diluted to the required
working concentrations in RPMI 1640 (Gibco, USA) containing
100 mL/L calf serum (Sijiqing Co., Hangzhou, China). Male
SD rats, 9-10 wk old, weighing 220±280 g, were purchased
from the Animal Center of Xi’an Jiaotong University.
Proliferative cell nuclear antigen (PCNA) ABC ultra-sensitive
immunostaining kit was purchased from Boshide
Biotechnology Developing Co. (Wuhan, China).
Effect of emodin and double blood supplies on liver
regeneration in rat model
All the 45 SD rats were fasted for 24 h before operation,
but had free access to tap water. Then they were divided
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Figure 1 PCNA in transplanted rat liver SABC, ×400. Group A: 18.6±3.2% vs

group B: 22±3.5% vs group C: 28.2±4.2%.

into three groups randomly: groups A-C. In group A,
reduced size liver transplantation was performed on the
rats by using cuff method[8], with the left lobe of liver
resected which accounts for the 30% of total liver weight;
in groups B and C, reduced size liver transplantation was
performed on the rats and hepatic arteries were anastomosed
by sleeve method[16], while only group C was given emodin
(1.5 mg/kg/d) by intraperitoneal route for 7 d. All the
recipient rats were killed on the 7th d after transplantation
and a 3-5-mL blood sample was obtained from the right
ventricles. These blood samples were centrifuged immediately
at 3 000 r/min at room temperature for 5 min and the serum
samples were assayed by Olympus AV800 auto-analyses
instrument for the detection of serum total bilirubin (TBil)
and alanine aminotransferase (ALT).

in groups A-C were 14, 13, and 13, respectively. The levels
of TBil and ALT in serum in groups B and C were lower
than those in group A (P<0.05), and the levels of TBil and
ALT in serum in group C was still lower than those in group
B (P<0.05, Table 1).

PCNA expression in rat’s allograft liver tissue
The allograft liver tissues taken from group A, B and C
were 100 mL/L formalin-fixed, paraffin-embedded and cut
into 4 µm thick sections for staining. PBS of 0.01 mol/L was
used to substitute for primary antibody for negative control,
while a breast cancerous tissue expressing PCNA was used for
positive control. The working concentration of antibody was
1:100. The staining procedures used were as described in
ABC immunostaining kit. The sections were examined twice
on different days by the same pathologist and the distribution
of positively stained cells was evaluated semi-quantitatively
by calculating the percentage of positive cells in 100 cells in
five nonoverlapping microscopic high-power fields.
Histopathologic and ultra structural examination
The allograft liver tissues taken from group A-C were
100 mL/L formalin-fixed, paraffin-embedded and cut into
4 µm thick sections for HE staining, while some samples
were cut into small pieces of 1 mm3 on ice and fixed in
glutaral for electron microscopic observation.

Table 1 Levels of ALT and TBIL in the rat’s serum on the 7th d after
transplantation
Liver transplantation

n

ALT (nKat/L)

TBil (mol/L)

A: reduced size
B: reduced size
+double blood supplies
C: reduced size
+double blood supplies
+emodin

14

5 779±1 202

38.6±6.8

13

5 351±1 050a

31.5±5.2a

13

1 300±900a,c

23.2±3.1a,c

a

P<0.05 vs group A; cP<0.05 vs group B.

PCNA expression in rat’s allograft liver tissue
The expression of PACN in B or C groups was higher than
that in A group (P<0.05), and the expression of PACN in C
group was higher than that in B groups (P<0.05). The
positive cells percentage in the groups A-C was 18.6±3.2%,
22±3.5%, and 28.2±4.2%, respectively (Figure 1).
Histopathologic and ultra structural examination
The deeper staining nuclei, double nuclei, multi-nuclei and
much glycogen were observed in liver cells of groups B
and C, especially in group C, while fewer were found in
liver cells of group A (Figures 2 and 3).

Statistical analysis
All values were expressed in the mean±SD.SPSS statistics
software was used to evaluate the statistical significance of
the differences among the three groups with Student’s t
test. When P<0.05, it is considered significant.

RESULTS
Survivals and liver function
The numbers of survivals on the 7th d after transplantation

Figure 2 HE staining: the deeper staining nuclei and double nuclei in group C,
HE ×400.

Meng KW et al. Emodin and double blood supplies on liver regeneration

Figure 3 Double nuclei and much glycogen of hepatocyte in group C,
TCM×1 500.

DISCUSSION
It is well known that the activity of liver regeneration is
very strong. The synthesis of DNA of the liver cell could
be found in 12-16 h after 2/3 liver was resected, and this
regeneration process could be completed in 6-8 d[17]. Liver
regeneration is a special and complicated process, which
could be affected by many factors, for example, insulin,
estrogen, and thyroxine. There are many problems in the
liver regeneration after transplantation remained to be
explored, and rat liver transplantation model, especially
reduced size liver transplantation, is an ideal model for the
study of these problems. Recent studies have shown that
the liver of rat demonstrated strong activity of regeneration
after liver transplantation or partial liver resection. Compared
with liver after partial liver resection, the proliferation peak
of liver cells after liver transplantation or partial liver
transplantation occurred late, but the proliferation cycle is
longer. The possible reasons are the injuries due to operative
procedure or ischemia-reperfusion, or the modulation of
cytokines and hormones produced by recipient’s immune
system[4].
At present, the most common orthotopic rat liver
transplantation model was performed by the cuff technique
without hepatic artery reconstruction. However, the effects
of hepatic artery on the regeneration of liver cells are
obvious. Therefore, the liver transplantation model with
double blood supplies mostly accords with the physiological
demand of experimental animals. In our study the rat
reduced size liver transplantation model was applied with
double blood supplies to study the liver cell regeneration.
The advantages of the model are as follows: (1) There are
double blood supplies in the grafted liver, whose microenvironment is more similar to that of human liver graft
than the traditional liver transplantation model; (2) Because
the transplantation is a homogenic transplantation, there is
no more involvement of immunity factors, so the factors
of research were easy to be controlled.
Proliferating cell nuclear antigen (PCNA) is a popular
marker to assess the activities of liver cell regeneration.
The molecular mass of PCNA is 36 ku and PCNA consisted
of 261 amino acids. PCNA exists and is synthesized in the
nucleus, and it is required for DNA replication and repair.
In quiescent cells the level of PCNA is very low, while it is
higher in proliferated and transformed cells[18-29]. In this
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study we found that PCNA exists in the liver of all three
groups. This means that the cell proliferation after reduced
size liver transplantation is active. Compared with group A,
the expressions of PCNA in groups B and C are much
higher (P<0.05), and compared with group B, the expression
of PCNA in group C is still much higher too (P<0.05). The
histopathologic and electron microscopic examination
showed that the deeper staining nuclei, double nuclei, multinuclei and much glycogen were observed in liver cells of
groups B and C, especially in group C, while fewer was
found in liver cells of group A. Besides, the levels of ALT
and TBil in the rat’s serum on the 7th d after transplantation
in groups B and C were lower than that in group A (P<0.05),
and the levels of TBil and ALT in serum in group C was
still lower than those in group B (P<0.05). All these results
showed that restoring liver artery is very important in liver
cell regeneration.
Emodin, whose molecular mass is 270.23 ku, is extracted
from Chinese herb and more properties of it are being
found[8,9]. The reported biological effects of emodin include
antitumor, antibacterial and anti-inflammatory activities[10-13].
Experiments have demonstrated that the hepatic lesion
induced by CCl4 could be decreased by emodin by ameliorating
cellular regeneration activities and protecting liver
function[14,15]. In our experiment, the lower levels of TBil
and ALT in serum in group C, and more cell regeneration
in the group C than those in groups A and B were found
(P<0.05). These results are consistent with others which
support that emodin has the effects of promoting cellular
regeneration and restoring liver function.
On the whole, the reconstruction of arterial blood supply
is very important to rat liver regeneration after reduced
size transplantation. Emodin has the effect of promoting
liver regeneration and improving liver function in rat after
reduced size transplantation. However, the molecular
mechanism of emodin still remains to be studied.
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Abstract
AIM: To evaluate the diagnostic value of different indirect
methods like biochemical parameters, ultrasound (US)
analysis, CT-scan and MRI/MRCP in comparison with
endoscopic retrograde cholangiography (ERC), for
diagnosis of biliary complications after liver transplantation.
METHODS: In 75 patients after liver transplantation, who
received ERC due to suspected biliary complications, the
result of the cholangiography was compared to the results
of indirect imaging methods performed prior to ERC. The
cholangiography showed no biliary stenosis (NoST) in 25
patients, AST in 27 and ITBL in 23 patients.
RESULTS: Biliary congestion as a result of AST was
detected with a sensitivity of 68.4% in US analysis
(specificity 91%), of 71% in MRI (specificity 25%) and of
40% in CT (specificity 57.1%). In ITBL, biliary congestion
was detected with a sensitivity of 58.8% in the US, 88.9%
in MRI and of 83.3% in CT. However, as anastomotic or
ischemic stenoses were the underlying cause of biliary
congestion, the sensitivity of detection was very low. In
MRI detected the dominant stenosis at a correct localization
in 22% and CT in 10%, while US failed completely. The
biochemical parameters, showed no significant difference
in bilirubin (median 5.7; 4,1; 2.5 mg/dL), alkaline phosphatase (median 360; 339; 527 U/L) or gamma glutamyl
transferase (median 277; 220; 239 U/L) levels between
NoST, AST and ITBL.
CONCLUSION: Our data confirm that indirect imaging
methods to date cannot replace direct cholangiography
for diagnosis of post transplant biliary stenoses. However
MRI may have the potential to complement or precede
imaging by cholangiography. Optimized MRCP-processing

INTRODUCTION
Biliary tract complications after liver transplantation occur
with a reported incidence of up to 34% and show a mortality
of 5%[1-5]. The leading etiological factors are ischemic type
biliary lesions (ITBL) and anastomotic strictures (AST) of
duct-to-duct anastomosis, which may lead to malfunction
and loss of the graft[6-10]. In addition leaks or stones in the
biliary tract have to be considered[1,5,6]. There are several reports
of successful endoscopic treatment of post transplant biliary
stenoses (PTBS)[5-10] . However, the exact diagnosis and
localization of PTBS prior to ERC is difficult. This may be
due to several reasons: (1) Dilatation of the biliary system
in transplanted livers may develop slower, (2) the biliary
system may be filled with epithelial cast, which cannot be
visualized by indirect imaging, (3) elevated liver enzymes
and cholestasis parameters may be due to graft rejection or
recurrence of the underlying pretransplant liver disease.
Therefore, the aim of this study was to evaluate the
diagnostic value of different indirect methods such as biochemical parameters, ultrasound (US) analysis, CT-scan and
MRI/MRCP in comparison with direct endoscopic retrograde
cholangiography (ERC), which is still the gold standard for
diagnosis of biliary complications after liver transplantation.
MATERIALS AND METHODS
Seventy-five patients (39 male, 36 female, median age 51
years [range 20-66 years]) received ERC due to suspected
biliary complications after liver transplantation. In all patients
liver biopsy was obtained prior to ERC for exclusion of
graft rejection.
Biochemical cholestasis parameters like serum bilirubin
level, alkaline phosphatase and gamma glutamyl transferase

Statistical analysis
Statistical analysis was performed with SPSS for Windows
release 11.0.1 (SPSS Inc.). For statistical analysis of
qualitative characteristics, we used 2 or Fisher’s exact test,
when appropriate. To evaluate the effect of continuous
variables we used the Mann-Whitney U test.

RESULTS
ERC showed no biliary stenosis (NoST) in 25 patients, AST
in 27 and ITBL in 23 patients. The three groups showed no
significant differences in age and gender with the exception
of a predominance of women. There was a significant
difference with regard to the underlying liver disease, as
acute liver failure (ALF) was found significantly more often
in ITBL patients (Table 1 and Figure 1).
US were available in 88% of patients with NoST and in
74% of patients with AST or ITBL, respectively. MRI of
the liver was performed in 16% of NoST, in 26% of AST
and in 48% of ITBL patients. A CT-scan was available in
28% of NoST, in 19% of AST and in 26% of ITBL
patients (Figure 2).
Biliary congestion as a result of AST was detected with
a sensitivity of 68.4% in US analysis (specificity 91%),
71.4% in MRI (specificity 25%) and 40% in CT (specificity

Table 1 Patient characteristics
NoST
n
m/f

ITBL

25

27

23

16/9

11/16

13/10

(P = 0.081)

(P = 0.401)

54 yr [33-65]

49 yr [27-63]

Median age (yr) 50 yr [33-63]

Type of LTx

AST

(P = 0.09)

(P = 0.94)

OLTx = 17/25

OLTx = 17/27

OLTx = 20/23

LDLTx = 5/25

(P = 0.461)

(P = 0.11 1)

Split = 3/25

LDLTx = 7/27

LDLTx = 3/23

(P = 0.431)

(P = 0.40 1)

Split = 3/27

Split = 0/23

(P = 0.701)

(P = 0.13 1)

NoST= no apparent biliary stenosis in ERC. AST= anastomotic stricture in ERC.
ITBL= ischemic type biliary lesions in ERC. OLTx= orthotopic liver transplantation;
LDLTx= Living donor liver transplantation. 1Fisher’s exact test.

30%
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NoST
P = 0.05

25%

AST

n.s.
n.s.

35%

n.s.
n.s.

ITBL

20%

n.s.
n.s.

Other

Budd Chiari

HCC

n.s.

n.s.

n.s.
n.s.

HCV

0%

HBV+HCV

5%

n.s.
n.s.

10%

HBV+HDV

n.s.
n.s.

15%

HBV

were determined at the time of indication for ERC. For
analysis, cholestasis parameters, US reports, magnetic
resonance imaging and computed tomography scan reports
as well as ERC reports were put into a computer database
(Access 2000, Microsoft Inc.).
According to the results of direct biliary imaging by ERC,
patients were divided into three groups: Group A with no
apparent stenosis of the biliary tract, classified as no stenosis
(NoST); group B with a short stenosis in the anastomotic
region, classified as AST; and group C with one or multiple
non-AST of the biliary tract, classified as ITBL. ITBL was
subdivided into three groups as proposed by Hintze[5] with
regard to the localization of stenoses: Type I extrahepatic
lesion, Type II intrahepatic lesion, Type III extra- and
intrahepatic lesions.

May 21, 2005

n.s.
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Figure 1 Differences in underlying liver disease prior to transplantation. NoST =
no apparent biliary stenosis in ERC. AST = anastomotic stricture in ERC. ITBL =
ischemic type biliary lesions in ERC. ALF = acute liver failure; AlCi = alcoholic
liver cirrhosis; HBV = chronic hepatitis B virus infection; HDV = chronic hepatitis
D virus superinfection; HCV = chronic hepatitis C virus infection; HCC =
hepatocellular carcinoma; n.s. = not significant.

Figure 2 Comparison of ERC and MRC in posttransplant biliary stenosis. ITBL
type III with hilar stenosis (arrow) and multiple peripheral duct stenoses. Left:
MRC, right: ERC. The dominant hilar stenosis (arrow) is seen with both methods.
The peripheral stenoses are better seen in ERC.

57.1%). In ITBL, biliary congestion was detected with a
sensitivity of 58.8% in US, 88.9% in MRI and of 83.3% in
CT. However, as anastomotic or ischemic stenoses were the
underlying cause of biliary congestion, the sensitivity and
specificity as well as the correct localization of stenoses
was very low. In AST MRI detected the dominant stenosis
in 38.9% and CT in 10%, while US failed completely. In
ITBL, MRI localized stenoses correctly in 22%, whereas
US or CT failed (Table 3).
The presence of biliary stones were regularly detected
in patients without stenosis with all indirect diagnostic methods
but interestingly, they could almost never be visualized in
patients with underlying anastomotic or ischemic type stenoses
(Table 3).
Regarding the biochemical parameters, there was no
significant difference in bilirubin (median 5.7; 4.1; 2.5 mg/dL),
alkaline phosphatase (median 360; 339; 527 U/L) or gamma
glutamyl transferase (median 277; 220; 239 U/L) levels
between NoST, AST and ITBL (Table 2).

DISCUSSION
Biliary strictures after liver transplantation are a diagnostic
and therapeutic challenge. They occur in up to 34% of

Zoepf T et al. Diagnostic tools of post liver transplant strictures
Table 2 Impact of biochemical cholestasis parameters on diagnosis
of post-transplant biliary strictures 1

Serum bilirubin

NoST

AST

5.7 (0.8-30)

4.1 (0.7-9.5)

2.5 (0.5-23.7)

P = 0.1792

P = 0.2452

339 (72-2185)

527 (288-2256)

(mg/dL)
Alkaline

360 (157-1206)

P = 0.562

phosphatase (U/L)
Gamma glutamyl

277 (64-832)

tranferase (U/L)
1

ITBL

P = 0.2392

220 (33-1580)

239 (65-849)

P = 0.062

P = 0.6692

Data given as median and (range); 2Mann-Whitney test.

patients receiving liver transplantation[1-5]. Usually they appear
3-5 mo after transplantation and therefore easy direct imaging
via post surgical t-tube is not possible.
Elevation of liver enzymes in patients after liver transplantation are caused by a variety of reasons, such as graft
rejection, recurrence of the underlying liver disease, biliary
strictures and/or biliary stones. As endoscopic retrograde
or percutaneous transhepatic cholangiography for diagnostic
reasons are invasive and technically often challenging, it
would be desirable to have another easy diagnostic tool for
differentiation between these causes of cholestasis. Therefore,
the aim of this study was to evaluate the diagnostic value
of these different indirect methods in comparison with (ERC),
which is the gold standard for diagnosis of biliary complications
after liver transplantation.
It is reported, that the level of alkaline phosphatase may
be a diagnostic feature of ischemic biliary strictures[5]. We
could not find any statistically significant difference of alkaline
phosphatase, gamma glutamyl transferase or bilirubin serum
level in patients with anastomotic or ischemic type biliary
strictures compared to patients with a normal biliary system.
Therefore biochemical liver function tests may provide a
hint for the existence of PTBS but do not contribute to
prove the case for or disclose the kind of PTBS.
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In the ITBL group our study demonstrated a significantly
higher proportion of patients with ALF than in both other
groups as the underlying cause for transplantation. The reason
therefore remains to be resolved. Several pathog-enetic
reasons such as thrombosis of the hepatic artery, cytomegaly
virus infection, hepatitis C infection, etc. have been suggested
as a cause of ITBL, however ALF as a risk factor for ITBL
has not yet been demonstrated[12]. Further studies will have
to clarify that issue.
In contrast to patients without transplantation, US is
reported to have a low sensitivity (close to 50%) for the diagnosis of posttransplant biliary congestion and strictures[13-15].
In contrast, Hussaini et al[16], reported a high negative predictive
value of 95% for transabdominal US in the diagnosis of
biliary tract complications, when statistically adjusted for
the low prevalence rate of biliary complications in their
post liver transplant patients. They assume that a normal
ultrasonography makes the presence of biliary complications
unlikely. In contrast, we observed a considerable proportion
of patients with normal US despite of substantial bile duct
stenosis. The specific localization of stenosis could not be
visualized by ultrasonography. This may be due to the fact,
that the post transplant bile ducts are often filled with epithelial
cast, which could mask the true biliary diameter. Other
authors presume that acute occlusion may not result in a
prompt dilatation of the prestenotic bile ducts[13-15].
It is reported, that helical CT, which is often used to
examine suspected vascular disease, can also demonstrate
associated biliary complications[17], although exact data are
not available. In our study, CT-scan was able to detect biliary
congestion in 40% of AST and in 83% of ITBL with a
specificity of 71%. The specific site of stenosis could be
detected in 10% of patients.
Sensitivity and specificity of MR-imaging of post-transplant
biliary complications is reported to be high[18-22]. For instance,
Borasci et al[18], reported a sensitivity of 93%, specificity of
92%, a positive predictive value of 86% and a negative

Table 3 Impact of indirect imaging tools on diagnosis of posttransplant biliary strictures
Sensitivity (%)

Specificity (%)

PPV (%)

63.9

91.0

92.0

60.6

68.4

91.0

86.7

76.9

-biliary congestion ITBL
US-biliary stenosis

58.8
0

91.0
0

83.3
0

74.1
0

US-concomitant biliary stones all

22.0

97.0

66.7

82.5

0

97

0

91.7

0
63.6

97
57.1

0
70.0

94
50.0

-biliary congestion AST

40.0

57.1

40.0

57.1

-biliary congestion ITBL

83.3

57.1

62.5

80.0

CT-biliary stenosis
CT-concomitant biliary stones

10
0

0
0

0
0

43.75
0

MR-biliary congestion all

US-biliary congestion all
-biliary congestion AST

-stones AST
-stones ITBL
CT-biliary congestion all

NPV (%)

83.3

25.0

83.3

25.0

-biliary congestion AST

71.4

25.0

62.5

33.3

-biliaty congestion ITBL
MR-biliary stenosis

88.9
38.9

25.0
75

72.7
87.5

50.0
21.4

MR-correct localisation of stenosis

22

75

80

17.6

MR-concomitant biliary stones all

33.0

94

50

89

0
0

94
94

-stones AST
-stones ITBL

PPV, positive predictive value; NPV, negative predictive value.
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predictive value of 96% in detecting post-LTx biliary
complications. Unfortunately most of the other MR-imaging
studies did not compare MRI with direct cholangiography.
In view of our data, the results of all these studies appear
questionable[19-23].
Using MR-Imaging (MRI) in combination with MRcholangiography (MRC) in our study sensitivity of correct
diagnosis was highest regarding all indirect techniques. MRC
techniques vary considerably from study to study and so,
most studies are not comparable. There are novel computation
modes under evaluation, which might improve the diagnostic
impact of MRC in PTBS.
Therefore, to date MRC seems to be the most promising
indirect tool for the diagnosis of biliary congestion in post
liver transplant patients, but sensitivity of the specific type
and pattern of stenoses still remains poor. However, with
further improvement MRC may become a valuable tool before
endoscopic intervention.
In conclusion, our data confirm that indirect imaging
methods to date cannot replace direct cholangiography for
diagnosis of PTBS. However MRI may have the potential
to complement or precede imaging by cholangiography.
Optimized MRC-processing might further improve the
diagnostic impact of this method.
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Abstract
AIM: Mechanisms responsible for persistence of HCV
infection and liver damage in chronic hepatitis C are not
clear. Apoptosis is an important form of host immune
response against viral infections. Anti-apoptotic protein
bcl-2 expression on liver tissue as well as the influence of
interferon alpha 2b (IFN2b) and ribavirin (RBV) were
analyzed in patients with chronic hepatitis C.
METHODS: In 30 patients with chronic hepatitis C
(responders - R and non-responders - NR) treated with
IFN2b+RBV, protein bcl-2 was determined in hepatocytes
and in liver associated lymphocytes before and after the
treatment.
RESULTS: The treatment diminished bcl-2 protein
accumulation in liver cells in patients with hepatitis C
(P<0.05). Before and after the therapy, we detected bcl-2
protein in R in 87±15% and 83±20% of hepatocytes and
in 28±18% and 26±10% of liver-associated lymphocytes,
respectively. In NR, the values before treatment decreased
from 94±32% to 88±21% of hepatocytes and 39±29% to
28±12% of lymphocytes with bcl-2 expression. There was
no statistical correlation between bcl-2 expression on liver
tissue with inflammatory activity, fibrosis and biochemical
parameters before and after the treatment.
CONCLUSION: IFN2b+RBV treatment, by bcl-2 protein
expression decrease, enables apoptosis of hepatocytes
and associated liver lymphocytes, which in turn eliminate
hepatitis C viruses.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatitis C virus is a major frequent agent of chronic liver
inflammation. Many aspects play an important role in
pathogenesis of HCV infection, e.g., viral genotype, virushost interactions, local and systemic immune reactions and
expression of viral proteins. Hepatitis C virus has cytopathic
and viropathic features and induces T lymphocyte cytotoxicity
by causing their selective accumulation in the liver. Hepatitis
C virus has structural and non-structural proteins, which play
a role in replication and production of cellular promoters[1,2].
Several viral proteins interfere with cellular functions, which
are involved in the immune response, cell proliferation and
apoptosis in the liver[3-5].
Apoptosis is an important mechanism limiting viral
replication in infected cells. Many viruses produce a variety
of mechanisms to neutralize IFN secretion and block genes
participating in apoptosis[6]. Hepatitis C virus has the features
of both induction and inhibition of hepatocyte apoptosis.
Apoptosis induction upon HCV infection may contribute
to liver inflammation, while inhibition of apoptosis may
result in HCV persistence and oncogenesis. Modulation of
apoptosis by HCV core protein is possible by death receptors,
such as Fas, TNF, and lymphotoxin B. The HCV NS3 and
NS5A proteins have anti-apoptotic effects[7,8]. Apoptosis is
a result of proapoptotic factor activation (bax, FADD
Fas-associated death domain-containing protein, TNRF1,
Fas/CD95) and anti-apoptotic inhibition (bcl-2). The activation
of caspase-8 (determined as proapoptotic - b.i.d.) influences
the release of cytochrome C from mitochondria and
secondary activation of cytoplasmic caspase 9 and 3. Bcl-2
regulates apoptosis through the influence on mitochondrial
membrane channel proteins and that decides the amount
of released cytochrome C to the cytoplasm[9-11]. In hepatitis
C, apoptosis of parenchymal (hepatocytes) and nonparenchymal cells occurs. The increase of apoptosis of
circulating activated T lymphocytes in hepatitis C was
observed[12]. Lack of correlation between caspase activity
and the stage of inflammatory changes in the liver is probably
caused by this phenomenon. Viral infections are capable of
limiting or blocking cell apoptosis in which they reproduce
themselves. Core protein among HCV proteins has a crucial
role in protecting the cells from apoptosis mediated by antiFas and TNF-alpha.
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Cytotoxic T lymphocytes induce apoptosis of cells
infected with viruses. There is a strict relation between
infiltrating lymphocytes and hepatocyte apoptosis. It is
suggested that apoptosis is mediated by the host immune
system[8]. Infected hepatocytes show increased Fas expression.
In liver inflammatory areas, the increase in Fas ligand
expression occurs, which correlates with the stage of hepatitis
C[13]. This is a consequence of T lymphocyte induction after
the contact with viral antigen on presented hepatocytes[14].
Besides Fas-FasL pathway, there is another way through
the release of granzyme B/perforin induction of apoptosis
in infected cells[15].
Interferon alpha synthesized by most cell types is a
cytokine of multiple properties, e.g., antiviral, immunomodulatory,
and antiproliferative properties[16]. Detailed mechanisms of
IFN activity remain elusive. It is assumed that antiviral effect
of IFN is possible by induction of apoptosis of infected
hepatocytes. The role of IFN in apoptosis and antiviral
host defense lies in inducing a number of cellular genes.
Hepatitis C virus NS5 and E2 proteins inhibit antiviral
activity of IFN by inhibition of IFN signaling pathways and
antiviral protein production, e.g., threonine protein kinase[17].
It seems that hepatocyte apoptosis plays a crucial role in
hepatitis C pathogenesis and antiviral activity of interferon
alpha may be the effect of apoptosis induction. Therefore,
we examined the correlation between liver cell damage and
bcl-2 expression on the liver in patients with chronic hepatitis
C before and after the treatment with IFN2b and RBV.

MATERIALS AND METHODS
Patients
Examinations were conducted in 30 patients, aged 38±13.6
years (14 women and 16 men), with chronic hepatitis C.
Chronic hepatitis C lasting for 2.4±1.7 years was confirmed
by the presence of anti-HCV antibodies, HCV-RNA in
blood serum with elevated alanine aminotransferase in all
patients. Patients with liver cirrhosis were excluded from
the study. HCV-RNA in sera and biochemical parameters
were examined at the end of the treatment and after 6 mo.
Patients were divided into responders (R) and non-responders
(NR) according to their sustained response to a course of
IFN2b (3 MU thrice weekly for 48 wk, Rebetron,
Schering-Plough Corporation, USA) with ribavirin (RBV,
1.2 g/d/48 wk, Rebetron, Schering-Plough Corporation)
treatment. Blind liver biopsies were performed using the
Hepafix system (Braun, Melsungen, Germany) before the
treatment and 6 mo after the therapy. Histopathological
inflammatory activity (grading, scales 0-4) and fibrosis (staging,
scores 0-4) were evaluated in accordance with the classification
of chronic viral hepatitis according to Scheuer classification[18].
Ethical approval for research was obtained from Local
Ethics committee in Medical University.
Methods
Liver tissues obtained from biopsy were placed in 4% formalin
buffered solution (24 h), after that they were fixed and
paraffin embedded. Five-micrometers of thick sections were
routinely stained with hematoxylin-eosin and immunostained
by using monoclonal antibodies (isotope IgG1, kappa, clone
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DO-7, Dako, Denmark). Primary antibodies were used by
the dilution according to the producer’s instructions (1:50).
A LSAB+HRP kit (Dako, Denmark) with DAB (Dako,
Denmark) and chromogen was used as a detective set. The
positive reaction was expressed by red-brown color of the
cytoplasm for bcl-2. Under a microscope we calculated
hepatocytes and lymphocyte percentage (the amount of cells
with positive reaction in ratio to 100 cells) containing bcl-2
protein in five fields of vision (×400) of one slide. Intensity
of accumulation of bcl-2 protein in cellular cytoplasms was
also evaluated. Intensive immunohistochemical reaction of
specific antibodies to bcl-2 protein was determined as grade
1, moderate reaction as grade 2 with high granular intensity
of bcl-2 protein accumulation.
Statistical analysis
Results were presented as mean±SD. Statistical analysis was
performed using Student’s t-test for pairs, 2 test, and
Spearman’s test.

RESULTS
The clinical characteristics of patients are presented in Table 1.
After the treatment, we observed improved inflammatory
activity and fibrosis in liver tissue. In four patients we noted
progressive liver damage IFN2b+RBV therapy diminished
accumulation of bcl-2 proteins in all patients with hepatitis
C (Table 2). Before the treatment, bcl-2 protein was detected
in 92±12% of hepatocytes and in 37±26% of liver-associated
lymphocytes in all patients. In responders, bcl-2 expression
on hepatocytes was 87±15% and 28±18%, respectively. In
patients with successful therapy we observed the lowest
percentage of hepatocytes and lymphocytes containing
bcl-2 protein before and after the treatment. There were
no statistically significant differences in bcl-2 expression on
the liver between responders and non-responders.
Together with inflammatory activity (portal, periportal)
and liver fibrosis, we noted increased percentages of
hepatocytes and liver associated lymphocytes containing
bcl-2 protein. However, we did not observe any statistical
correlation between bcl-2 expression and histological changes
in the liver in patients who revealed both worsening and
improvement of inflammatory activity and fibrosis. There
was no correlation between bcl-2 expression on hepatocytes

Table 1 Clinical characteristics of patients with chronic hepatitis C
(mean±SD)
Woman/man (n)

14/16

Age (yr)

38.0±13.6

Duration of HCV infection (yr)

2.4±1.7
Before treatment

After treatment

ALT/AST (U/L)

80±61/78±46

53±56/65±41

ALP/GGT (U/L)

89±22/62±41

79±21/55±26

3.7±0.4/1.2±0.3
30

3.9±0.9/1.3±0.5
20

Albumin/gamma globulin (g/dL)
HCV-RNA positive (n)

Inflammatory activity (grading), score1
Periportal: 1/2/3/4 (n)
Intralobular: 1/2/3/4 (n)
Fibrosis (staging), score:1/2/3/4 (n)
1

6/8/16/0

10/4/16/0

18/12/0/0
20/8/2/0

16/14/0/0
16/12/2/0

According to Scheuer classification (1991).

Anatol P et al. Bcl-2 in chronic hepatitis C

2951

Table 2 Expression of bcl-2 protein on hepatocytes and lymphocytes in liver tissue before and after treatment with IFN2b and
RBV (mean±SD)
Chronic hepatitis C, total, n = 30

Before
treatment

After
treatment

Table 3 Intensity of bcl-2 protein expression on hepatocytes and
liver lymphocytes in patients with chronic hepatitis C during IFN2b
and RBV therapy

P
Intensity of
accumulation

Hepatocytes (%)

92±12

87±11

<0.05

Liver-associated lymphocytes (%)
Responders, n = 10

37±26

27±21

NS

Hepatocytes (%)

87±15

83±20

NS

Liver-associated lymphocytes

28±18

26±10

NS

Non-responders, n = 20
Hepatocytes (%)

94±32

88±21

<0.05

Liver-associated lymphocytes (%)

39±29

28±12

NS

and lymphocytes, and activity of alanine aminotransferase
before and after the treatment. Analyzing the intensity of
bcl-2 accumulation in cells, we observed a high granular
accumulation of bcl-2 proteins in hepatocytes and in liver
associated lymphocytes in hepatitis C patients (Table 3). The
treatment achieved the decrease in bcl-2 positive cell
percentage and the density of protein in cells. There was
no statistically significant difference between responders and
non-responders concerning bcl-2 accumulation before and
after the treatment. A statistical correlation between bcl-2
intensity on lymphocytes and liver fibrosis was observed in
responders (r = 0.7, P<0.01) after IFN2b+RBV treatment.

DISCUSSION
The results proved that the initiation of apoptosis in chronic
hepatitis C led to HCV elimination. All patients treated with
IFN2b+RBV showed a significant reduction in bcl-2
accumulation in hepatocytes and lymphocytes. It proves
that IFN2b+RBV could affect bcl-2 concentrations in
the liver, and stimulate apoptosis of hepatocytes and
lymphocytes. Whether it is a direct effect of antiviral drugs
on bcl-2 or a result of HCV elimination is unknown.
Immunohistopathological study revealed that apoptosis was
much inhibited in non-responders than in responders before
the treatment. In NR, bcl-2 expression was also decreased,
although to a less extent than in responders, under the
influence of IFN2b+RBV therapy.
HCV proteins could modulate apoptosis of hepatocytes
by indirect or direct mechanisms[3,19]. Mechanisms of immunemediated apoptosis in the liver are the most probable. Degree
of liver apoptosis correlates positively with histological
inflammatory activity and with level of infiltrating CD8 T
cells. Apoptosis is regulated by products of various gene
expressing bcl-2 inhibitors (bcl-2, bcl-xl, mcl-10) and
apoptosis promoters (so called “killers” bax, bak, bok, bad,
which contain domains of BH1, BH2, BH3) [9]. The bcl-2
proto-oncogene is localized in the inner mitochondrial
membrane of cells and blocks programmed cell death. Overexpression of bcl-2 gene could lead to apoptosis inhibition
and enable cell survival. Sensitivity of cells to factors
inducing apoptosis may also be regulated by pro- and antiapoptotic protein ratio.
Calabrese et al [8], showed that apoptotic index of
hepatocytes in liver tissue ranged from 0.01% to 0.54%,
and presented a positive correlation between histological

Bcl-2 in
hepatocytes (%)
Before

High granular (n)
Moderate (n)
2 test

Bcl-2 in liver
lymphocytes (%)

After

Before

After

21

9

15

13

9

21

15

P>0.1

17
P>0.5

activity and value of CD8 cells in liver tissue. However,
the relation between apoptosis intensity and aminotransferase
level as well as HCV viremia and genotype was not observed.
Apoptosis could also occur without elevated transaminases.
There was no correlation between biochemical activity and
liver cell injury. Our study did not show any statistical
significance between bcl-2 protein expression and histological
activity and liver fibrosis.
Rubbia-Brandt et al [20] , revealed that 50% of patients
with hepatitis C had apoptotic hepatocytes, 52% Fas receptor
expression, and 30% tumor necrosis factor receptors
(TNFR). Fas- and TNFR-positive hepatocytes did not
correlate with the value of intrahepatic CD8+ T cells, the
grading and staging of liver diseases, or the serum or liver
HCV-RNA levels[20] . Many factors, such as HCV NS proteins,
could decide bcl-2 expression. Hepatitis C virus core protein
could bind to a domain of lymphotoxin B receptor (LTBR),
which is a member of the tumor necrosis factor receptor
family[21]. It was reported that LTB receptor was involved
in lymph node development[22]. Thus, it should be assumed
that HCV core protein plays a potential role in induction of
host immune mechanisms. It seems that hepatitis C virus
may cause both necrosis and apoptosis of hepatocytes.
HCV-specific T cells migrate to the liver and recognize
viral antigens and affect the expression of Fas ligand, which
enables transmission of apoptotic death signals with induction
of apoptosis. Fas antigen is a cell surface protein that mediates
apoptosis in hepatitis C. Hayashi and Mita[23] observed a
high prevalence of Fas expression mainly in the cytoplasm
of hepatocytes and in infiltrating lymphocytes in liver tissues
with severe inflammation. Inflammatory cells could secrete
cytokines (mainly TNF alpha), inducing apoptosis through
surface receptors[24]. Ray et al[25], suggested that HCV core
protein inhibited TNF alpha-mediated apoptosis and
might enhance HCV replication with persistent infection.
Pharmacological inhibition of apoptosis may favor chronic
HCV infection and even intensify its replication. Persistent
infection of HCV might be a result of suppression of Fasand TNF-alpha-mediated cell death and inhibition of
apoptosis of liver cells[20,26].
HCV infection could induce caspase activation, which
correlates closely with the inflammatory response. HCV
proteins could inhibit the activation of caspases-9 and 3/7
and release of cytochrome C from mitochondria. Bcl-2
protein could inhibit apoptosis of infected cells in a caspasedependent manner. Caspase activation and apoptosis did
not correlate with biochemical activity (aminotransferase
levels), viral load, and genotype[4]. It is possible that apoptosis
occurs not only in hepatocytes, but also in other cells.
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Furthermore, the release of transaminases was lower from
apoptotic cells than from necrotic cells. It could explain the
progression of liver diseases in asymptomatic patients with
HCV infection and normal values of transaminases[7]. It is
believed that caspase activity monitoring may be an index
of liver injury and efficacy of antiviral therapy (IFN alpha,
RBV).
It seems that apoptosis is a principal process leading to
HCV elimination. But activation of this process is not clear.
Antiviral treatment is a potent signal to apoptosis activation
but future research is required.
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Abstract
AIM: To assess the computed tomography (CT) findings
in the patients with hepatic portal venous gas (HPVG)
who presented with a short fatal clinical course in our
hospital in order to demonstrate if there was any sign for
prediction.
METHODS: Between January 1997 and December 2000,
CT scan of the abdomen was performed on 949 patients
with acute abdominal pain in our emergency department.
Five patients were found having HPVG. The CT images and
clinical presentations of all these five patients were reviewed.
RESULTS: In reviewing the CT findings of the cases, HPVG
in bilateral hepatic lobes, abnormal gas in the superior
mesenteric veins, small bowel intramural gas, and bowel
distension were observed in all patients. Dry gas in
multiple branches of the mesenteric vein was also revealed
in all cases. All the patients expired due to irreversible
septic shock within 48 h after their initial clinical presentation
in emergency room. Two patients had acute pancreatitis
with grade D and E Balthazar classification and they expired
within 24 h due to progressing septic shock under aggressive
medical treatment and life support. Two patients with
underlying end stage renal disease expired within 48 h even
though emergent surgical intervention was undertaken.
The excited bowels revealed severe ischemic change. One
patient expired only a few hours after the CT examination.
CONCLUSION: HPVG is a diagnostic clue in patients with
acute abdominal conditions, and CT is the most specific
diagnostic tool for its evaluation. The dry mesenteric veins
are the suggestive fatal sign, especially for the deteriorating
patients, with the direct effect on gastrointestinal perfusion.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatic portal vein gas (HPVG) is an uncommon feature
of acute abdomen. Its radiological findings were first
described in children with necrotizing enteritis in 1955 [1]
followed by the first publication of HPVG in an adult in
1960[2]. HPVG was associated with necrotic bowel (72%),
ulcerative colitis (8%), intra-abdominal abscess (6%), small
bowel obstruction (3%), and gastric ulcer (3%)[3]. Recognition
of HPVG in acute abdomen is important because of high
mortality despite intense, conservative medical treatment
or urgent surgery[3] . The clinical outcomes of the acute
abdomen with HPVG vary.
Radiological signs of abnormal air density in the hepatic
region, either with or without gastrointestinal disturbance,
are diagnostic clues for such urgent conditions. HPVG can
be identified on plain radiography, computed tomography
(CT) and ultrasound. Among these imaging modalities, CT
is the most sensitive and specific for detecting HPVG and
for demonstrating associated intra-abdominal disorders and
coexisting abnormal air. Features of pneumatosis intestinalis
are most frequently observed, accounting of 50-75% of cases[4].
Demonstration of associated intra-abdominal conditions is
essential for planning treatment. On the other hand, prediction
of fatalities helps to avoid ineffective aggressive procedures.
We reviewed five fatal cases of enormous HPVG. These
patients died within 2 d after initial presentation at the
emergency room, despite intense medical treatment. We
reviewed these cases in order to better understand the clinical
course and CT findings of HPVG.
MATERIALS AND METHODS
We searched the hospital records for emergency abdominopelvic CT studies from January 1997 to December 2000
and found 949 patients with acute abdomen. CT was
performed using a helical CT scanner (HiSpeed CT/I; GE
Medical Systems, Milwaukee, WI, USA). All examinations
were standardized with an axial section thickness of 10 mm
from the liver dome to the pelvic floor after oral intake of
600 mL of 4% iothalamate meglumine (Conray 60, Mallinck-
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Figure 1 Contrast-enhanced abdominal CT at celiac axis level shows evidence
of HPVG.

rodt Canada Incorporated, Quebec, Canada). The enhancement
technique and scanning time were the same for all patients,
with the total dosage of 100 mL 60% iothalamate meglumine
(Conray 60, Mallinckrodt Canada Incorporated, Quebec,
Canada) at a 2 mL/s injection rate. All images were reviewed
by two radiologists (Chan SC, Cheung YC) to identify cases
of HPVG and to determine the associated CT findings,
including coexisting abnormal air and intra-abdominal
conditions. Medical records were reviewed to determine
clinical courses and outcomes.

RESULTS
Five patients (two men and three women) with ages ranging
from 50 to 90 years were found having HPVG. All five
patients complained of an acute abdomen at their initial
presentation in our emergency room. They all presented
with severe abdominal pain and leukocytosis. Of them, two
patients had elevated serum amylase (646 and 213 U/L,
respectively) levels that were suggestive of acute pancreatitis.
These five patients also had chronic diseases such as hypertension, alcoholism and diabetes mellitus (Table 1). Upon
emergency CT, HPVG in bilateral hepatic lobes (Figure 1),
abnormal gas in the superior mesenteric veins, small bowel
intramural gas, and bowel distension were observed in all cases.
Additionally, multiple branches of the mesenteric vein that
appeared with dry gas were visualized in all patients (Figure 2).
Of them, colonic intramural gas was also visible in two patients.
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Figure 2 Contrast-enhanced abdominal CT at renal hilar level shows tubular
dry gases (arrow) and air-fluid level (arrowhead) within the mesenteric veins.
Pneumatosis intestinalis and inflammation fluid collection in the left pararenal
space indicating that pancreatitis is also observed.

One patient had pneumoperitoneum.
Two patients underwent emergency exploratory laparotomy
after CT examination. The 65-year-old female patient had
end-stage renal disease and under regular hemodialysis was
found to have extensive ischemic bowel disease from the Treitz
ligament to the ileocecal value, with more than 1 000 mL
of turbid ascites fluid. Only surgical open and close was
done. She expired within 12 h due to irreversible septic
shock. Another case of a 90-year-old male patient had the
chronic renal insufficiency and after surgery, 40 cm of small
bowel gangrene was found. The necrotic bowel was resected,
but his clinical condition worsened because of infection and
multiple organ failure; he expired within 48 h after surgery
due to irreversible septic shock. The two patients with suspected
pancreatitis had Balthazar classifications D and E disease,
respectively, on CT imaging. Even though these four patients
were given intense medical treatment with antibiotics and
life support, they expired within 24 h after initial clinical
presentation due to rapidly progressing septic shock. The
remaining patient expired a few hours after CT due to
irreversible septic shock.

DISCUSSION
The pathogenesis of HPVG is not fully understood. Two
theories, mechanical and bacterial, have been proposed. The

Table 1 Summary of the patients with portal venous gas
Patient Age (yr) Sex

HPVG

SMV
gas

Intram ural gas
Small bowel

Metabolic
acidosis

Bowel
distention

Clinical
manifestations

Underlying
disease

Prognosis

Colon

1

90

M

+

+

+

-

-

+

2

71

F

+

+

+

-

+

+

3

72

F

+

+

+

-

+

+

4

50

M

+

+

+

+

+

+

5

65

F

+

+

+

+

-

+

Segmental small Chronic renal
bowel ischemia insufficiency,
hypertension
Acute
Hypertension,
pancreatitis
DM
Rapid
Ischemia heart
progressionof
disease, gouty
septic shock
arthritis
Acute
Alcoholism, DM
pancreatitis
Long segmental ESRD, DM,
small bowel
hypertension
ischemia

Expired
within 72 h
after operation
Expired
within 24 h
Expired
within 24 h
Expired
within 24 h
Expired
within 12 h
after operation
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mechanical theory proposes that gas dissects into the bowel
wall from either the intestinal lumen or the lung[5]. Mucosal
damage and bowel distention are important factors in this
theory. Mucosal damage allows intraluminal gas to enter
the venous system. About 85% of patients with HPVG
have mucosal ulceration with bowel distention and increased
intramural pressure[5]. The bacterial theory proposes that gasforming bacilli enter the submucosa through mucosal rents
and produce gas within the intestinal wall and then enter
into the portal vein[5].
In cases of ischemic bowel distention with mucosal damage,
mucosal damage allows gas to enter the mesenteric vessels
directly[6,7]. Bowel distention and ischemia can also produce
minimal mucosal disruption that allows intraluminal gas to
become intravascular[8]. To our knowledge, HPVG is a rare
complication of acute pancreatitis, first reported in 1961[9].
In 1997, Faberman and Mayo-Smith reported three more
cases and proposed that HPVG was caused by the breakdown
of intestinal mucosa by pancreatic enzymes or mucosal disruption that induced intestinal ischemia[10]. They demonstrated
that pancreatitis with HPVG may not have as fulminant a
course as previously thought. However, two of our patients
with apparent pancreatitis died within 24 h after diagnosis.
This situation may suggest that the clinical outcome of acute
pancreatitis with HPVG is variable.
Long-term chronic diseases decrease the immune function
and tolerance capability of the HPVG patients, which might
lead to fatality[11]. Among our five patients, one had chronic
renal insufficiency and another had end-stage renal disease.
In addition, the remaining patients had diabetes mellitus,
hypertension, ischemic heart disease, or alcoholism (Table 1).
Patients with chronic renal failure have greatly increased
numbers of microbial flora, both anaerobes and aerobes,
in the small intestine or during hemodialysis. According to
their medical records, the patients had been examined and
treated for long-term infections. These patients all took longterm medication to control their deteriorating underlying
conditions. For this reason, we suppose that the disruption
of the small bowel mucosa was related to the effects of
long-term medications or to deteriorating health conditions
that could have promoted HPVG formation[12].
Evidence-based signs of HPVG are comparatively more
important than understanding the mechanism of HPVG
formation. The CT features of all five of our patients included
bowel distention, gas in the superior mesenteric vein and
pneumatosis intestinalis. Nonetheless, the CT findings do
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not indicate the proposed mechanism of HPVG formation.
CT findings of air-fluid levels and dry gas within the
mesenteric veins were common signs; however, sign of
mesenteric venous dry gas in our cases indicated the subsequent
occurrence of gastrointestinal ischemia secondary to the
venous air blockage. These signs may prospectively relate
to the impending death, if the condition is irreversible.
Regardless of the CT diagnosis of HPVG, CT also
provides greater detail of patients’ intra-abdominal conditions.
The CT features of superior mesenteric vein gas, bowel
distention, pneumatosis intestinalis or pneumoperitoneum
were commonly found. Signs of dry gas in multiple branches
of the mesenteric veins may suggest a fatal course inducing
with progressing bowel ischemia, especially among patients
with deteriorating chronic systemic diseases in our cases.
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may be understood by immunohistochemistry of Ki-67 and
cyclin A in Chinese patients with esophageal SCC. These
cell cycle markers may serve as an indicator of cancer cell
proliferation rate. The overexpression of cell cycle markers
Ki-67 and cyclin A suggests the poor SCC differentiation in
patients with esophageal carcinoma.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Abstract
AIM: To assess whether the molecular markers of malignant
tumors could improve the understanding of tumor characteristics, and to observe the characteristics of expression of
cell cycle markers Ki-67 and cyclin A in esophageal carcinoma
and to analyze the relationship between proliferative activity
of cancer cells and clinicopathological factors.
METHODS: Seventy of surgically resected esophageal
squamous cell carcinoma (SCC) were examined by immunohistochemistry utilizing commercially available antibodies.
Nuclear staining was regarded as a positive result. At least
50 fields in each tumor and non-tumor section were evaluated
at a medium power (×200) to determine the proportion
of tumor cells and the staining intensity of nuclei in the
entire sections.
RESULTS: Ki-67 and cyclin A were only expressed in base
cells of normal esophageal mucosa. The positive immunostaining of nuclei of SCC was significantly higher than
that in normal esophageal mucosa (t = 13.32 and t = 7.52,
respectively, P<0.01). The distribution of positively stained
was more diffuse and stronger in poorly differentiated
SCC. Both Ki-67 and cyclin A expressions were related to
histological grades of tumors (t = 3.5675 and t = 3.916;
t = 2.13, respectively, P<0.05) but not to the sex and age
of the patients, tumor size, lymphatic invasion, location,
or stage grouping.
CONCLUSION: The proliferative activity of cancer cells

INTRODUCTION
Tumor cell cycle analysis has indicated that tumors with a higher
proliferation rate show more aggressive clinical behaviors
compared to tumors with a low proliferation rate[1]. Immunostaining studies using antibodies that recognize the Ki-67
nuclear antigen, a marker of cell proliferation, have provided
a reliable method to characterize malignant tumors[1-3]. Ki67 is present in all periods of the cell cycle except for G0[2].
Cyclin A is a cell cycle regulatory protein, which achieves its
maximal level during the S and G2 phases. It is regarded as
a regulator of the transition to mitosis[4].
Esophageal carcinoma is the sixth most common cancer
in the world, and one of the most lethal tumors. Especially,
there is a high morbidity and mortality for this disease in
China, accounting for 54% of all new esophageal cancers
in the world[5]. Several studies have focused on cell cycle
regulatory proteins in this cancer, trying to thoroughly
elucidate its relation to clinicopathologic features and
prognosis of esophageal carcinoma. Ikeda et al[6], have found
a significant correlation of Ki-67 expression to patient
survival; Furihata et al[7], reported that patients with cyclin
A immunopositivity had a significantly poorer survival rate
in esophageal squamous cell carcinoma (SCC). Several studies
have demonstrated poor prognosis patients with downregulation of p27 in this carcinoma[8,9]. Nagasawa et al [10] ,
reported that immunohistochemical examination of cyclin
D1 expression could provide important prognostic information

Huang JX et al. Proliferative activity of cancer cells in esophageal squamous cell carcinoma

in univariate and multivariate analyses and might be necessary
for determining therapeutic strategies for esophageal cancer.
Other studies have found that the expression of cell cycle
markers is associated with the response to chemoradiotherapy
in esophageal SCC[11,12], which is a very useful discovery for
clinical oncology. However, study of cell cycle markers (Ki67 and cyclin A) in esophageal SCC has not been reported
in Chinese patients. In the present study, the expression of
Ki-67 and cyclin A by immunostaining was found to be
associated with the clinical characteristics of Chinese patients
with esophageal cancer.

MATERIALS AND METHODS
Patients and specimens
Seventy patients (54 males and 16 females) with esophageal
SCC underwent a surgical resection at the Department of
Thoracic Surgery, People’s Hospital of Taizhou (Taizhou
Medical School, Yangzhou University) between May 1999
and December 2002. All patients were operated with subtotal
or total esophagectomy and radical lymph node dissection.
Histopathologic specimens were fixed in 10% buffered
formalin, processed routinely, and embedded in paraffin.
All specimens were obtained from patients who did not
receive chemo- or radiotherapy prior to surgical resection.
All hematoxylin-eosin stained sections were reviewed and
re-examined by pathologists. The grade of tumor differentiation
was determined according to the histologic classification of
the World Health Organization[13]. Tumors were staged according to the TNM classification of the esophagus[14].
Antibodies
The following antibodies were used in this study: mouse
monoclonal antibody anti-human Ki-67 (Novocastr a Laboratories
Ltd, Newcastle, UK), rabbit polyclonal antibody anti-human
cyclin A (H-432) (Lab Vision Corporation, Fremount, CA).
The final diluted concentrations (in TBS containing 1% BSA)
were for anti-Ki-67 1:200 and for anti-cyclin A 1:250.
Immunohistochemical staining
The specimens with adjacent noncancerous esophageal
mucosa were cut into 4-5-m-thick sections and mounted
onto Superfrost Plus slides (Germany), deparaffinized with
xylene, rehydrated with graded concentrations of ethanol.
Endogenous peroxidase activity was blocked with 0.3%
H2O2 in methanol. The slides were washed twice in TBS
buffer (10 mmol/L Tris-HCl, 100 mmol/L NaCl, pH 7.5)
for 5 min. Before application of the primary antibody, a
microwave antigen retrieval technique was used (at 700 W
for 15 min in 10 mmol/L sodium citrate solution, pH 6.0),
after washing twice with TBS, an aliquot of 100 µL blocking
solution (TBS containing 1% BSA, 3% fetal calf serum,
and 3% normal horse serum for mouse monoclonal antibody
or 3% normal goat serum for rabbit polyclonal antibody)
was applied to each section and incubated for 1 h at RT.
Then, an aliquot of 100 µL primary antibody was applied
to each section and incubated at 4 ℃ overnight. After being
washed thrice with TBS, the secondary antibody (biotinylated
horse antimouse or goat antirabbit IgG, Vector Laboratories,
Inc., Burlingame, CA) was applied for 30 min at RT. Immun-
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ostaining was performed using the avidin-biotin-peroxidase
complex technique (Vector Laboratories, Inc.). Immunoreactions were visualized with 0.0067% diaminobenzidine
(Sigma) as the substrate with 0.03% hydrogen peroxide in
100 mmol/L Tris-HCl buffer for 3 min. The sections were
lightly counterstained in Harris hematoxylin solution for
microscopic examination. Simultaneously, each section was
incubated with nonimmune mouse IgG or rabbit IgG
instead of the primary antibody for an internal negative
control.
The immunostained specimens were analyzed by two
independent pathologists. Nuclear staining was regarded as
a positive result. At least 50 fields in each tumor and nontumor section were evaluated at a medium power (×200)
to determine the proportion of tumor cells and the staining
intensity of nuclei in the entire sections. The tumor cellularity
was scored from 1 to 6 based on the proportion of tumor
cells and the staining intensity was scored from 0 to 6 according
to the intensity and staining pattern of the section. The
staining index (SI) was calculated by multiplying the cellularity
and staining scores as described previously[15]. Finally, the
SI for a section was calculated as the mean of the SIs of all
fields examined in that section. To confirm the reproducibility
of the result, all sections were scored twice: the highest score
for each index and the highest score between the two observers
were thus reported.
Statistical analysis
The mean follow-up period was too short (18 mo) to allow
the comparison with the disease-free and the overall survival
times of our patients. We performed statistical analysis to
verify the possibility of an association between the different
variables of the considered tumors (histological type and
grading, evidence of metastasis, and Ki-67, cyclin A expression
levels). The correlations between the expression of Ki-67,
cyclin A proteins and the various clinicopathological factors
considered were determined using the Student’s t test at
the 5% level.

RESULTS
Expression pattern of Ki-67 and cyclin A in normal human
esophageal mucosa and in esophageal SCC
Without specific primary antibody to Ki-67 or cyclin A, no
staining was observed in esophageal specimens (Figures 1A
and E). Ki-67 and cyclin A were only expressed in base cells
of normal esophageal mucosa (Figures 1B and F). The
staining of Ki-67 was confined to the nuclei of cells, while
the staining of cyclin A was concentrated mainly on the
nuclei of cells, occasionally, the cytoplasm was also stained.
Ki-67 immunostaining was also confined to the nuclei of
neoplastic cells. Ki-67 staining was observed in well- and
moderately differentiated esophageal SCC (Figure 1C), but
it was more diffuse and stronger in poorly differentiated
SCC (Figure 1D). The distribution of positively stained cyclin
A was similar to that of Ki-67 staining (Figures 1G and H).
Ki-67 and cyclin A staining and clinicopathological factors
The correlations between the SIs of Ki-67, cyclin A and
the clinicopathologic features of esophageal SCC are
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summarized in Table 1. The SIs of Ki-67 and cyclin A did
not significantly correlate with the sex and age of patients
or with tumor stage, but were significantly higher in carcinomas
than in normal tissues (t = 13.32 and t = 7.52, respectively,
P<0.01 for each protein).
Table 1 Relationship between Ki-67, cyclinA and clinicopathologic
characteristics of esophageal SCC (mean±SD)
Factor

Sex
M
F
Age (yr)
＜60
≥60
Histological
Normal
SCC
Well
Moderate
Poor
Lymphatic
(-)
(+)
Location
Cervical
Upper
Middle
Lower
Stage
0
I
II
III
IV

SI

n
Ki-67

P

Cyclin A

54
16

23.5±5.9
22.3±6.8

>0.05

13.9±6.3
12.0±6.1

>0.05

29
41
grade
20
70
26
24
20
invasion
39
31

23.1±6.2
22.1±6.9

>0.05

13.8±6.9
12.5±6.3

>0.05

3.9±2.1
22.6±6.1
21.0±6.5
20.3±5.9
27.4±5.1
22.0±6.9
24.2±5.2

1
8
46
15

24.1
23.4±6.2
22.0±7.1
22.3±4.9

1
15
43
7
4

18.2
22.9±6.5
20.6±6.7
23.5±5.9
24.8±6.2

P

<0.05
<0.05

2.8±1.2
13.1±6.2
11.5±6.5
13.0±6.8
15.6±5.4

<0.05

>0.05

12.6±6.7
13.1±5.8

>0.05

>0.05

13.3
12.7±4.9
10.9±6.4
12.1±5.0

>0.05

>0.05

7.3
14.0±6.8
12.5±5.8
12.8±5.5
13.1±6.0

>0.05

<0.01

<0.01

Cervical: cervical esophagus; upper: upper intra-thoracic esophagus; middle:
middle intra-thoracic esophagus; lower: lower intra-thoracic esophagus.
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The Ki-67 SI ranged 7.7-34.5 (mean: 22.6±6.1). The
index did not correlate significantly to the sex and age of
patients, tumor size, lymph node metastasis, depth of invasion
or tumor stage. However, the index was significantly higher
in poorly differentiated SCC than in well- and moderately
differentiated SCC (t = 3.5675 and t = 3.916, respectively,
P<0.05).
The cyclin A SI ranged 3.2-29.2 (mean: 13.1±6.2) and
was not significantly related to the sex and age of patients,
tumor size, lymph node metastasis, depth of invasion or
tumor stage. Compared to Ki-67, the cyclin A SI correlated
with tumor differentiation and was significantly higher in
poorly differentiated SCC than in well-differentiated SCC
(t = 2.13, P<0.05).

DISCUSSION
The proliferative activity of esophageal SCC has been
investigated by calculating the immunohistochemical index
of cell proliferation using two cell cycle regulators, Ki-67
and cyclin A, as markers[6-10]. Because Ki-67 is present in
proliferating cells but not in cells in the G0 phase, it may
serve as an indicator of cancer cell proliferation rate. Our
results suggested that the SI of Ki-67 correlated with
differentiation of esophageal SCC but not with lymph node
metastasis and stage of tumors. During the cell cycle progression,
cyclin A is involved in the onset of DNA replication and is
required for the G2-M transition. Overexpression of cyclin
A would, therefore, contribute to the high proliferative
activity in cancer cells. In our study, the SI of cyclin A was
higher in esophageal SCC than in normal tissues (P<0.01),
thus esophageal SCC exhibited overexpression of cyclin A.
Several researchers have also demonstrated that the expression
of cell cycle markers varies in esophageal precancerous lesions

A

B

C

D

E

F

G

H

Figure 1 Ki-67 and cyclin A staining patterns in human normal esophageal
mucosa and esophageal SCC. A and E: Negative control in normal esophageal
mucosa; B and F: positive nuclear staining in normal esophageal mucosa; C
and G: moderately differentiated SCC; D and H: poorly differentiated SCC.

Volume 11

Positive nuclear staining was located in base cells in normal mucosa. The
diffuse and strong Ki-67 immunostaining in esophageal SCC and the higher SI of
the poorly differentiated SCC were found compared with the other carcinomas.
Counterstaining with hematoxylin, ×200.
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and cancer tissues, and these markers help distinguish highgrade dysplasia from mucosal invasive carcinoma [16]. The
SI of cyclin A was also significantly higher in poorly differentiated
SCC than in well-differentiated SCC, suggesting that cyclin
A may reflect the high proliferative activity of cancer cells.
The observation is concordant to results reported by Furihata
et al[7], and Nozoe et al [17].
In conclusion, cell cycle regulatory proteins Ki-67 and
cyclin A are expressed in esophageal SCC and associated
with some clinicopathological features of Chinese patients.
These biologic markers may improve the characterization
of esophageal SCC.
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could induce 34.9% (P = 0.000) worm reduction and
67.6% (P = 0.000) total liver egg reduction in mice. Two
different mimic peptides could respectively induce 31.0%
(P = 0.001), 14.5% (P = 0.074) worm reduction and
61.2% (P = 0.000), 35.7% (P = 0.000) total liver egg
reduction. The specific antibody could be induced by
immunization of the mimic peptides, and the antibody
titer in immunized mice reached more than 1:6 400 as
detected by ELISA.
CONCLUSION: Specific peptides mimic antigenic molecules
can be obtained by biopanning the phage random peptide
library and a partially protective immunity against
schistosome infection can be stimulated by these phage
epitopes in mice.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Abstract
AIM: To obtain the short peptides mimic antigenic epitopes
selected by rat natural antibodies to schistosomes, and
to explore their immunoprotection against schistosomiasis
in mice.
METHODS: Adults worm antigens (AWA) were analyzed
by sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and enzyme-linked transferred immunoblotting
methods with normal SD rat sera (NRS). The killing effects
on schistosomula with fresh and heat-inactivated sera
from SD rats were observed. Then the purified IgG from
sera of SD rats was used to biopan a phage random
peptide library and 20 randomly selected positive clones
were detected by ELISA and 2 of them were sequenced.
Sixty female mice were immunized thrice with positive
phage clones (0, 2nd, 4th wk). Each mouse was challenged
with 40 cercariae, and all mice were killed 42 d after
challenge. The worms and the liver eggs were counted.
RESULTS: NRS could specifically react to the molecules
of 75 000, 47 000, 34 500 and 23 000 of AWA. Sera from
SD rats showed that the mortality rate of schistosomula
was 76.2%, and when the sera were heat-inactivated in
vitro , the mortality rate was decreased to 41.0% after
being cultured for 48 h. The specific phages bound to IgG
were enriched about 300-folds after three rounds of
biopanning. Twenty clones were detected by ELISA, 19
of them bound to the specific IgG of rat sera. Immunization
with these epitopes was carried out in mice. Compared
with the control groups, the mixture of two mimic peptides

Key words: Schistosome; Phage peptide library; Epitope;
Mimic peptide; Protective immunity; Vaccine
Wang M, Yi XY, Li XP, Zhou DM, Larry M, Zeng XF. Phage
displaying peptides mimic schistosoma antigenic epitopes
selected by rat natural antibodies and protective immunity
induced by their immunization in mice. World J Gastroenterol
2005; 11(19): 2960-2966

http://www.wjgnet.com/1007-9327/11/2960.asp

INTRODUCTION
It is a major strategy to develop vaccines against schistosomiasis
recommended by the World Health Organization[1]. In recent
years, studies on vaccines have progressed rapidly, and a
series of vaccine candidates have been identified and tested
against schistosome infection in experimental models[2] .
Nevertheless, these vaccines provide only 20-40% protection
against the challenge of schistosoma cercariae. The protection
so far achieved could not meet the need for control of this
disease[3-5]. So scientists now intend to use new techniques
for developing anti-schistosomiasis vaccines. Phage displaying
technique appears to be a very powerful and promising
technique.
Schistosome has a very broad range of hosts including
more than 40 kinds of mammals, but adaptability and
permissibility of the parasite in various mammals are
different. Chinese researchers have discovered that the
growth and development of schistosomes in rats are slower
than those in permissive hosts. According to the research
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of Yu et al [6], the worms and egg-granulomas in rat livers
were rarely observed when rats were challenged with
Schistosoma japonicum (S.j) cercariae. The majority of eggs
were unripe eggs and black dead eggs and the number of
mean liver eggs per gram (LEPG) was 1 393.46, apparently
less than that in the permissive host mouse. These results
indicate that some factors are related to the natural resistance
that existed in rats. Our previous research[7] showed that
the levels of IgG to adult worm antigens (AWA) and soluble
egg antigens (SEA) in normal rat sera (NRS) and infected
rat sera (IRS) were significantly higher than the corresponding
levels observed in the uninfected mice sera. High levels of
protection against schistosomes could be induced. Now the
common understanding acknowledged is that rats are semipermissive hosts of schistosomes that have been used as
an experimental model for vaccine development.
The work described in this paper was performed to
explore the immunological characteristics of natural
resistance to S.j infection in rats, evaluate the killing effects
on schistosomula in vitro, and determine whether individual
peptides selected from a phage random peptide library of
12-mer by the NRS could induce the immune protection in
mice. The results showed that the specific antibodies existed
in rats, which play an important role in killing the larva, and
the two peptides (P3, P5) selected from the library in this
way can induce an antibody response, which confer a partial
protection against infection in mice. These experimental data
provide the basis for a peptide vaccine.

MATERIALS AND METHODS
Phage display peptide library
Phage library and host strain E.coli ER 2738 were a kind
present from Professor Larry McReynolds in New England
Biolabs, USA. The library, which was based on a combined
library of random peptide 12-mer fused to a minor coat protein
(pIII), consists of 2.7×10 9 electroporated sequences and
the phage titer is 1.5×1012 pfu/mL.
Animals
All experimental animals were provided by the Animal
Center, Central South University, Xiangya School of
Medicine, including 10 SD female rats (300-350 g), 10 male
mice (25-30 g) and 60 female mice (18-22 g) of Kunming
strain and 4 male rabbits (1.5-2 kg).
Oncomelania hupensis
S.j cercariae were released from Oncomelania hupensis
purchased from Hunan Institute of Parasitic Diseases,
YueYang, China.
Reagents
All reagents and chemicals used in this study were of
analytical grade or the best quality purchased from domestic
and international companies.
Preparation of sera
The rats and 10 male mice were given 500 and 40 S.j
cercariae respectively, killed 45 d after infection, and the
infected sera (IRS and IMS) were collected. Normal rat
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sera (NRS) and normal mice sera (NMS) were obtained before
challenge infection. Rabbit sera pool (RS) was taken and
heat-inactivated NRS were incubated at 56 ℃ for 30 min
in an attempt to deplete the complements. All sera were
filtered with a microcell filter (Φ 0.22 m) to eliminate
RBC fragments and bacteria.
SDS-PAGE and Western blot
S.j AWA was separated by 10% sodium dodecylsulfate
polyacrylamide gels (SDS-PAGE). After electrophoresis
(20 mA for 2 h), the separated proteins were transferred
onto a nitrocellulose membrane (120 mA for 2 h), and then
the membrane was blocked with 3% non-fat milk. After
that, nitrocellulose strips were incubated with 1:100 diluted
NRS, IRS, NMS and IMS for 2 h at 37 ℃ respectively.
The strips were cultured with horseradish peroxidase-labeled
goat -anti-mouse IgG conjugates (1:3 000 dilution) for 2 h
after being washed. Following washing, the strips were
visualized by staining with 3,3’-diaminobenzidine and the
molecular weight of tested proteins was calculated according
to RF value of the marker.
Schistosomula
The cercariae released from Oncomelania hupensis were
collected for 10 min on ice. After being spun for 5 min at
1 500 r/min, the supernatant was decanted. The pellet was
washed and centrifuged thrice with Earle’s culture medium
containing 300 U/mL penicillin and 300 g/mL streptomycin.
Then the cercariae were suspended in RPMI 1640 containing
35% heat-inactivated rabbit sera. The suspension was
subsequently added to 24-well culture plates and the density
was adjusted to 200±20 cercariae/mL and maintained at
37 ℃ in a 5% atmosphere in 1 mL of RPMI 1640 culture
medium (100 U/mL penicillin, 100 g/mL streptomycin).
Killing effect in vitro
Duplicate wells of a 24-well flat-bottomed microtiter plates
were placed in RPMI 1640 containing NRS, heat-inactivated
NRS, NMS and RS with a concentration of 10%. The
number of dead and alive schistosomula was counted under
a reverse microscope after in vitro culture for 24, 48 and
72 h. The mortality was calculated [the mortality (%) =
(dead schistosomula/total schistosomula)×100%]. The
judgment criteria of dead schistosomula were referred to
Vadas et al[8]. The interior structure was vague, the tegument
membrane was destroyed, and the inside substance was
released as radiation, or the schistosomula was inactive with
an obscure structure.
Biopanning of the phage peptide library
Serum pools were obtained from normal rats. The IgG
from rat sera was purified by ammonium sulfate precipitation
method (50-33-33%). Then the supernatant was dialyzed
against phosphate-buffered saline (PBS, pH 7.2). Microtiter
wells were coated overnight at 4 ℃ with 100 g/well of
the purified IgG from NRS. The plates were then blocked
with 3% nonfat milk for 2 h at 37 ℃, washed five times
with 0.05% Tween-20 in Tris-buffered saline (PBST). One
hundred microliters of the diluted library containing
1.5×1011 pfu was added to the coated plates and incubated
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at room temperature for 1 h. Following that, bound phages
were subsequently eluted with 100 L of 0.2 mol/L glycineHCl (pH 2.2) and neutralized with 1 mol/L Tris-HCl
(pH 9.1). Then the eluted phages were amplified in host
strain E.coli 2738 and purified by precipitation for about
4 h using 1/6 volume of PEG/NaCl. Another two rounds
of affinity selection were carried out in the same way, but
1:200 and 1:400 sera dilution was used and added to 100 L
of diluted phages from those of the last round. The
percentage of enrichment of phage clones was calculated
using the following formula: percentage enrichment of phage
clones (%) = (eluted phages/added phages)×100%.
Amplifying and tittering of phages
The eluted phages were added to the host strain ER2738
culture (A600 -0.5) and incubated at 37 ℃ with vigorous
shaking for 4.5 h. The culture was transferred to a tube
and spun at 10 000 g for 10 min at 4 ℃. The supernatant
was transferred and spun once again. Then the upper 80%
of the supernatant was removed to a fresh tube and 1/6
volume of PEG/NaCl was added. Then the phages were
allowed to precipitate at 4 ℃ overnight. The supernatant
was spun and decanted at 12 000 g for 10 min. The suspended
deposit was precipitated with PEG again. After being
incubated on ice for 1 h and spun for 20 min, the supernatant
was discarded and the pellet was suspended in 200 L TBS,
0.02% NaN3. After being micro-centrifuged for 1 min,
remaining insoluble matter was pelleted, the supernatant
contained the amplified phages. The amplified phages were
diluted by a series of different titers. Ten microliters of
each dilution was added to 200 L host strain culture,
mixed and incubated for 20 min at 37 ℃. Then cells were
transferred to a culture tube containing 45 ℃ agarose, quickly
vortexed and immediately poured onto pre-warmed LB
plates. After being cooled, the plates were inverted and
incubated for 16 h at 37 ℃. The plates were inspected and
the plaques on plates were counted. The phage titer was
obtained.
Enzyme-linked immunosorbent assay (ELISA)
Ten microliters of eluted phages from the third round was
added to 200 L of the host strain cultured overnight, and
incubated for 20 min at 37 ℃ to finish transfection. Then
the transfected cells were transferred to a culture tube with
agarose, quickly vortexed and immediately poured onto a
pre-warmed LB plate. After being cooled for 5 min, the
plates were inverted and incubated overnight at 37 ℃. On
the 2nd d, 20 clones were randomly picked. Each selected
clone was amplified, purified and tittered according to the
procedure described above. The ELISA wells were coated
with 2×10 11 phage particles and then blocked with 3%
nonfat milk. Afterwards 100 L of 1:200 diluted NRS
was added and allowed to bind for 2 h at 37 ℃. The wells
were subsequently washed with PBS containing 0.05%
Tween-20 (PBST). After goat anti-mouse IgG conjugated
to HRP was added, specially bound antibodies were
visualized by adding 3,3’5,5’-tetramethylbenzidine. The
absorbance was determined at 595 nm. The original phage
library was used as a negative control. Phage clones were
considered positive when the A value was 2.1-fold higher
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than that of the negative control.
DNA sequencing of selected phages
Two phage clones that showed A values higher than the
others were precipitated with PEG/NaCl. Their single-strand
DNA was prepared by phenol extraction. These two phages
were automatically sequenced on the ABI PRISM 377
sequencer using the -28 g111 sequencing primer (5’-110
GTA TGG GAT TTT GCT AAA CAA C-3’) from the
phage display peptide library kit.
Immunization and challenge
Female Kunming mice were divided into five groups. The
experimental groups (P5+P3 mixture group, P5 group, P3
group) were injected with 0.2 mL positive clones (containing
1013 phage particles) thrice (0, 2 nd , 4 th wk). Two control
groups were injected with original phages or TBS buffer.
Blood samples were collected by tail vein puncture before
immunization and challenge. The antibody response induced
was analyzed by ELISA. At the 5 th wk, each mouse was
percutaneously infected with 40±1 S.j. cercariae. All mice
were killed and perfused 45 d post-infection, and the worm
and liver eggs were counted.
Statistical analysis
Significance testing was conducted by analysis of variance
between experimental and control groups using one-way
ANOVA of SPSS software. P<0.05 was considered statistically
significant. Results were presented as mean±SD.

RESULTS
Recognition of S.j AWA by NRS
NRS was tested for its recognition of AWA by Western blot
(Figure 1). The results showed that NRS and IRS could
recognize four bands of AWA. Their molecular weight was
75 000, 47 000, 34 500 and 23 000, respectively.

ku
17.5
83
62
47.5

M

1

2

3 4

32.5
25
16.5

Figure 1 Immunological recognition bands of AWA in rat sera. M: Molecular
weight standards; 1: IRS; 2: NRS; 3: IMS; 4: NMS.

Killing effects in vitro
Killing effects of different sera (NRS, heat-inactive NRS,
NMS and RS) on schistosomula in vitro were studied in 24-,
48- and 72-h culture (Table 1). The mortality of larva after
being cultivated for 48 and 72 h was not significantly
different in each sera group. The mortality rates were 23%
and 76.2% in NRS after 24- and 48-h cultivation, which
showed that the killing effect of NRS was higher than those
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of other sera. Nevertheless, when the NRS was heated at
56 ℃ for 30 min to inactivate the complement components,
the mortality rates were 16.9% and 41.0%, respectively.
The result implied that the complements and the antibodies
of NRS had significant effects on killing the early phase
schistosomula in vitro.
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Analysis of DNA sequences
The single-strand DNA from two positive phages named
P3 and P5 was sequenced. The DNA sequences and the
deduced amino acid (AA) sequences are listed in Table 3.
We have fed the sequence data on the Internet and analyzed
them using nucleotide blast software of NCBI. The results
revealed that there was no significant similarity with other
sequences (score <50).

Table 1 Killing effect of different sera on schistosomula in vitro
Mortality (%)
Schistosomula (n)

24 h

48 h

72 h

Table 3 DNA and AA sequences of the positive phage clones
(P3, P5)

NRS

206

23.0

76.2

86.4

Clone

Heat-inactive normal

234

16.9

41.0

43.6

P3

AAACGGAGGCTGCGGCCCAGT

K R R L R P S RV RI E

P5

AGAGTGAGAATAGAA
AATATGCCTATTAGCATGAAG

NM PA SMKRVRI E

Sera

rat sera
NMS

240

RS

6.4

231

4.7

23.8
16.9

30.0

AA sequence

AGAGTGAGAATAGAA

21.2

Analysis of enrichment
The percentages of phage enrichment after three rounds
of biopanning are presented in Table 2. In the condition of
decreasing IgG antibody concentration gradually, the specific
phages bound to IgG were increased. The eluted phages
increased from 1.65×10-6 to 5×10-4, an enrichment of about
300-folds. The data reflected a successful affinity selection
of phages that were ligands for particular antibodies.

DNA sequence

Detection of antibodies after immunization with phages
Compared with control groups, the specific antibodies could
be stimulated and detected by ELISA in mice after the third
immunization with positive phage clones, and the titer of
specific antibodies was >1:6 400, significantly higher than
that in control groups (Figure 3).

Mixed clones

Biopanning

Phages added

Phages washed

Yield (%)

1

1.5×10 11

2.47×105

1.65×10–6

2

1.0×10 11

4.26×106

4.26×10–5

3

1.0×10 11

5.00×107

5.00×10–4

A value (A 595)

Table 2 Percentage enrichment of phages by biopanning

0.35

P3 clone

0.30

P5 clone

0.25

Original phage

0.20

TBS

0.15
0.10
0.05
0.00
1:100

Identification of positive clones
Twenty randomly selected individual clones were tested for
their binding to rat sera by ELISA. Original phages were
used as negative controls. The results showed that natural
antibodies from NRS recognized 19 randomly selected
clones. The positive percentage was 95% (Figure 2).

0.35

A value (A 595)

0.30
0.25
0.20
0.15
0.10
0.05
0.00

P1

P3

P5

P7

P9

P11 P13 P15 P17 P19

NC

Single phage clone

Figure 2 Detection of positive phage clones by ELISA. P1-P20: Twenty phage
clones; NC: normal controls (original peptides).

1:200

1:400

1:800 1:1 600 1:3 200 1:6 400 1:12 800

Dilution of sera
Figure 3 Antibody titer in sera of mice after the third immunization.

Protection against challenge with S.j cercariae
All mice were perfused and the number of worms and the
number of liver eggs were counted 42 d after being
challenged with 40±1 S.j cercariae. Compared with the
control groups, the group immunized with the mixture of
two mimic peptides (P3+P5) showed 34.9% worm reduction
and 67.6% total liver egg reduction. Two different groups
immunized with P3 or P5 showed 31.0%, 14.5% worm
reduction and 61.2%, 35.7% total liver egg reduction,
respectively. Some immune protection could be seen in
original phage controls, but there was no statistical significance
between the two control groups (Tables 4 and 5).

DISCUSSION
Schistosomiasis is a serious parasitic disease with over 200
million people infected worldwide and causes about
estimated 1 million deaths per year. In the past 50 years,
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Table 4 W orm reduction in mice immunized with phage clones
(mean±SD)

Table 5 Reduction in egg load in liver of mice immunized with phage
clones (mean±SD)

Groups

Groups

Mice (n)

LEPG (×104)

12

0.890±0.063

67.62

0.000a

P3 immunized

12

1.073±0.136

61.20

0.000a

0.074

P5 immunized

12

1.769±0.063

35.65

0.000a

6.40

0.338

Original phage control

12

2.255±0.142

17.97

0.013a

–

–

TBS control

12

2.749±0.144

–

–

Mice (n)

Worms (n)

Worm reduction
rates (%)

P

12

19.42±5.99

34.90

0.000a

P3 immunized

12

20.58±5.36

31.01

0.001a

P5 immunized

12

25.50±4.17

14.52

Original phage control

12

27.92±5.08

TBS control

12

29.83±2.92

Mix phage (P3+P5)
immunized

a

Mix phage (P3+P5)

LEPG reduction
rate (%)

P

immunized

P<0.05 vs TBS control group.

though some control strategies have been successfully
employed in some regions, the disease remains endemic in
76 developing countries and more than 600 million people
are at risk of schistosoma infection. As investigated, the
patients presented with a series of serious symptoms.
Praziquantel, as a major drug for schistosomiasis, has been
reported to develop resistance[9-11]. Furthermore, re-infection
occurs rapidly in endemic regions. So it is the most effective
strategy to develop vaccine against schistosomiasis. Scientists
have studied different types of schistosomiasis vaccines.
Despite the progress achieved, a feasible anti-schistosomiasis
vaccine for humans or livestocks has not been found.
In contrast to mouse as a permissive host of schistosomes,
rats could eliminate the primary schistosomes around 4 wk
post-infection and subsequently developed protective
immunity to re-infection. In rats with schistosomiasis, a
predominant expression of Th2-type cytokine response at
the mRNA level was shown after infection[12]. The protective
immune mechanism was related to a Th2 response[12-14] .
On d 4 and 7 post-infection, the morphology and size of
schistosomula in the lung of rats were similar to those in
mice, but there were strong inflammatory reactions around
the schistosomula in the lung of rats. The inflammatory
cells including eosinophils, neutrophils, macrophages and
lymphocytes gathered around the larva and different levels
of damage could be found on teguments. The inflammatory
reactions in the lung of rats were significantly ameliorated
on d 14 post-infection than before. These findings indicated
that the immune response reacted mainly to the early-stage
schistosomula[12,15]. In this model, several other studies have
revealed that the resistance is due to antibody-dependent
cell-mediated cytotoxicity mechanism that plays an essential
role in destructing the young schistosomula in rats[16,17] .
Passive transfer of sera from rats vaccinated with attenuated
schistosoma cercariae conferred high levels of resistance
against challenge. The worm reduction rate was up to 64%.
Heat inactivation of sera at 56 ℃ for 3 h to deplete the
IgE and complement components weakened the protective
capacity[12].
The specific IgG to AWA and SEA was increased after
infection in rats[6,7]. Passive transfer of NRS to mice, a
reduction in worm burden and LEPG in transfer group
were 19.1% and 46.4% compared with the control group[7].
In the present study, we observed that the NRS could
specifically react to four bands with molecular weights of
AWA, which were 75 000, 47 000, 34 500 and 23 000. The
killing effects of NRS were accessed. The mortality was

a

P<0.05 vs TBS control group.

23% and 76.2% in NRS after 24- and 48-h cultivation,
higher than those of other sera. Nevertheless, when the
complement was depleted, the mortality decreased to 16.9%
and 41.0%, respectively. These data showed that the natural
antibodies to schistosomes existed in rats and might play an
important role in killing young schistosomula.
Phage display library technique has become a new
powerful tool. Filamentous bacteriophages display foreign
peptides on their surfaces. The technique involves specific
screening and affinity selection of certain phage displaying
peptides that are ligands for a particular protein, and the
selected phages could be applied to affinity from 10 3- to
10 8-folds according to the process of absorption, elution
and amplification. Furthermore it was easy to identify the
DNA sequences of specific phage peptides selected[18].
Screening phage library could identify protein antigen
epitopes[19], study protein interaction[20], search novel vaccines[21]
and develop drugs[22]. Now the technique has been widely
used in many fields including bacteria[23], viruses[24] and
helminthes[25]. For instance, Jolive-Reynaud et al[26], screened
a dodecapeptide library on phages with anti-NS3 mouse
mAbs and human anti-HCV NS3 positive sera. Two peptides
were selected since they were recognized specifically by the
anti-NS3 mAbs and human sera from HCV-infected patients.
Homology search showed that one shared AA similar to
NS3 at residues 1 396-1 398 and the other had two AAs
similar to nearby residues 1 376 and 1 378. Reproduced as
synthetic dodecapeptides, the two mimotopes were
recognized specifically by 12 and 22, respectively, out of
49 sera from HCV-infected patients. Other characteristics
of the phages screened were that they could induce
protection without the addition of any adjuvant. Because
filamentous phages had the capability of activating CD4+
helper T cells[27], the phages were the ideal carrier of vaccines.
Due to the above characteristics, the technique has been
used to develop vaccines against schistosomes in recent
years. Arnon et al[28], screened a phase 8-mer random peptide
library with the protective mAb against Schistosoma mansoni
(152-66-9B). Four epitopes were obtained. Subsequently
synthetic relevant peptides (P28-P31) were prepared. The
peptides except P31 were recognized by 152-66-9B. Sera
from mice immunized with the peptides were tested by
ELISA. The results showed that each was recognized by
the respective homologous anti-sera as well as by sera from
infected mice with comparable titers. Moreover, worm
burden was reduced by an average of 42±3% as a result
of immunization with the P30 in mice. Fu et al[29], used the
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purified polyclonal IgG against the S.j 22.6 ku antigen to
screen a 12-mer phage library. The polyclonal antibody could
recognize 16 clones that were randomly picked. The sera
from mice immunized with six clones of them were proved
to have biological activities by Western blot. Six clones were
sequenced, four epitopes were then identified. One epitope
(H2) had three AA (IIL) sequences homologous to those of
22.6 ku. The mice immunized with the mixture of four
peptide clones induced a significant worm reduction (39.5%)
and total liver egg reduction (57.1%). Our previous studies
also showed a protective immunity against schistosomiasis
stimulated by mixed phage peptides in mice[30,31].
The work described in this paper was designed to explore
whether or not the mimic peptides recognized by rat natural
antibodies could induce protective immunity against S.j. It
should be known that B-cell response was particularly
important in the course of schistosomiasis and has been
used to identify potential vaccine candidates[29,31]. Thus, the
characteristics of natural antibodies in rats were tested. The
results implied that natural antibodies which existed in rats
had significant killing effects on schistosomula in vitro and
the complement participated in the killing effects. A 12mer phage random library was screened with the antibodies.
It was hoped to determine that the mimic peptides could
be identified in this way, and used to induce protective
antibody response. Of the 20 randomly picked phage clones
from a peptide library, 19 clones were shown to react specially
with the NRS in ELISA and 2 clones (P3, P5) of them
were bound at a higher level than the others. The two clones
were analyzed to have partial homologous sequences
(RVRIE). These data supported the views that these phages
were able to mimic the binding properties of antigen
epitopes. In a further study of the two clones, the mixed
phages (P3+P5) and two individual phages (P3, P5) were
used to immunize mice. Sera from mice immunized with
phages had a higher binding than those immunized with the
original peptides and TBS. The fact that high titers of
antibodies were generated suggested that the immunization
with these phages could result in the induction of protective
responses. To test the phages for their protective effects,
challenge experiment was performed. Significant protection
was observed following immunization with the mixed phages
that could induce 34.9% worm reduction and 67.6% total
liver egg reduction in mice. This level of protection is similar
to that of immunization with only P3 that induced 31.0%
worm reduction and 61.2% total liver egg reduction, while
the mice immunized with P5 induced only 14.5% worm
reduction and 35.7% egg reduction. The results showed
partial protection against challenge infection. Though the
liver egg reduction rate that was 18.0% (P = 0.013) in original
phage control group had a statistical significant compared
with TBS control group, there was no actual significance in
experiments. As far as the protective mechanism was
concerned, the antibody in mice was tested. The titers of
specific antibodies in mice immunized with phages were
significantly higher than those in control groups (Figure 3).
But there was an insignificant difference between the two
groups immunized with individual phages P3 and P5.
Because the antibody isotypes or cytokine expression was
not detected, we could not better understand the protection.
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Furthermore, though the two peptides had the core
sequence, the protection induced was different. Whether
the core sequence or the sequence alongside plays an
important role has to be further studied. In a word, the
results obtained demonstrated that the protective immunity
could be induced by the selected phages without adjuvant.
In conclusion, natural antibodies to S.j that existed in
rats play a critical role in killing schistosomula. The short
peptides selected with NRS from a 12-mer random phage
library have both antigenicity and immunogenicity and two
peptides obtained have an identical core sequence. The
selected phages stimulate a protective immunity against
infection and fecundity of schistosomes. P3 phage clone,
as a vaccine candidate, is worthy to be studied further.
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activity of PAI and OHP content in abdominal wall in rabbits,
compared with saline group. The result suggests that CT
could effectively prevent adhesions without interfering
wound healing.
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Abstract
AIM: The aim of this study was to observe the effect of
a Chinese medicine compound Changtong oral liquid (CT)
on tissue plasminogen activity (t-PA), plasminogen
activator inhibitor (PAI), TGF-1 and hydroxyproline
(OHP).
METHODS: Two sets of animal experiments were performed
in the present study. Forty New Zealand rabbits and 48
Sprague-Dawley (SD) rats were assigned randomly to
one of the five groups: sham adhesion, adhesion with
saline, adhesion with low dosage of the CT, adhesion
with middle dosage of the CT and adhesion with high
dosage of the CT. t-PA and PAI activity in plasma, OHP
and TGF-1 expression in adhesion were investigated.
Analysis of variance was used to test differences among
groups.
RESULTS: CT treatment increased plasma t-PA activity in
rabbits but decreased TGF-1 activity in rats. The data were
expressed from low to high dose respectively as follows:
t-PA, 46.1±8.6 kat/L, 59.6±10.1 kat/L, 64.0±11.5 kat/L;
TGF-1 28±7.23%, 31±3.05%, 30±4.04%. There were
significant differences compared with saline-treated
animals (t-PA 26.4±5.1 kat/L, TGF-1 54±5.51%). OHP
content in cecum of rabbits from middle and high but not
low dose of CT lowered significantly as compared with
saline-treated rabbits, 0.3641±0.1373, 0.3348±0.0321,
0.2757±0.0497 mg/g vs 0.4183±0.0883 mg/g of protein,
P >0.05, P<0.05, P<0.05 respectively. The rabbit plasma
PAI activity and OHP content in abdominal wall had no
difference in all groups.
CONCLUSION: CT treatment significantly enhanced t-PA
activity in rabbits, but decreased TGF-1 content in rats,
OHP content in cecum of rabbits, and failed to affect the

INTRODUCTION
Adhesions result from normal peritoneal wound healing
response and develop in the first 5-7 d after injury. Adhesion
formation and adhesion-free re-epithelialization are alternative
pathways, both of which begin with coagulation which initiates
a cascade of events resulting in the buildup of fibrin gel matrix.
When unremoved, the fibrin gel matrix serves as the progenitor
to adhesions by forming a band or bridge when two peritoneal
surfaces coated with it are apposed. The band or bridge
becomes the basis for the forming of an adhesion.
Intra-abdominal adhesion formation and reformation
after surgery is a significant cause of morbidity. Postoperative
adhesions, account for 40% of all cases of intestinal
obstruction and 60-70% of these involve the small bowel[1].
Currently, there is no ideal method of preventing adhesion
formation. In terms of surgical technique, gentle tissue
handling, the no-touch technique, meticulous hemostasis,
copious irrigation, prevention of infection, avoidance of
powdered gloves which can evoke a foreign body response
in the peritoneum and prevention of extensive thermal
injury have all been described as means of adhesion prevention.
Multiple adjuvants to post-surgical adhesion prevention have
also been evaluated. They include agents that prevent
inflammation such as both steroidal and non-steroidal antiinflammatory medications, agents that degrade fibrin such
as recombinant tissue plasminogen activator and barrier
methods involving the application of an absorbable material/
solution/gel intraperitoneally to prevent the peritoneal
surfaces from adhering together[3]. Many Chinese medicines
had been used to prevent adhesion. These include drugs
for promoting blood circulation and removing blood stasis,
such as safflower, Radix Salviae Miltiorrhizae, Radix Angelicae
Sinensis, Radix et Rhizoma rhei and drugs for regulating Qi,
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such as Magnolia officinalis Rehd. Saussurea lappa C. B. Clarke.
Some Chinese medicine compound had also been used to
prevent adhesion, such as Decoction of Simo, Minor decoction
for purgation. Most of these drugs can be anti-inflammatory,
promoting intestine peristalsis. Till recently, there was some
lack of knowledge about how the Chinese medicine compound
prevents adhesion at cellular and molecular level.
Changtong oral liquid (CT) is a Chinese medicine
compound, which is included in Radix Salviae Miltiorrhizae,
Radix et Rhizoma rhei, etc. In rat and rabbit models, we observed
the effect that it prevents postoperative intestinal adhesion
formation according to macroscopic adhesion grading[2,12].
A better understanding of the mechanism of CT at the
cellular and molecular level would undoubtedly help develop
more effective treatment strategies. Many peritoneal fluid
factors are associated with established peritoneal adhesion,
such as tissue plasminogen activity (t-PA), plasminogen
activator inhibitor (PAI), TGF- [1], metalloproteinases[4] ,
interleukin-10[5]. In this section, we study how CT adjusts
the cellular events t-PA, PAI, TGF-1 and hydroxyproline
(OHP)[3], which is involved in the peritoneal healing.

MATERIALS AND METHODS
Animals
Specific pathogen-free Sprague-Dawley (SD) rats of both
sexes, weighing 200-240 g, and New Zealand rabbits of
both sexes, weighing 1.8-2.2 kg, were obtained from the
animal center of The First Military Medical University. They
were housed under barrier-sustained conditions and kept at
25 ℃ with 12-h light/dark cycles. The rats had free access
to water and chow. All animals received care in compliance
with the guidelines of China Ministry of Health
Reagents
TGF-1 antibody (1:100) was purchased from Santa Cruz
Biotechnology Inc. (USA). S-P kit was purchased from
Maixing Biotechnology Co., Ltd (Xiamen, China), t-PA kit
was purchased from Department of Molecular Genetics,
Fudan Medical College, PAI was purchased from Sun
Biotechnology Co., Ltd (Shanghai, China).

Experiment model
The model utilized in this experiment is postoperative
intestinal adhesion on animals.
The SD rats and New Zealand rabbits were subjected
to a laparotomy (trauma).
They were anesthetized with introperitoneal sodium
pentobarbital, and their cecum were isolated using aseptic
techniques, exposed to air for 5 min, scratched chorion 10
times by scalpel, a drop of absolute alcohol dropped on the
injury, clamped segmental artery by tweezers for 2 min,
then put cecum in original site. A laparotomy was then
performed on each animal and the abdominal cavity was
closed with running 3-0 silk surgical sutures.
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Experimental protocol
Forty New Zealand rabbits and 48 SD rats were assigned
randomly to one of the five groups: sham adhesion, adhesion
with saline, adhesion with low dosage of the CT, adhesion
with intermediate dosage of the CT and adhesion with high
dosage of the CT. Each animal was orally administered
after operation.
Assay for TGF-1, t-PA, PAI and OHP
A blood sample of 2 mL was taken from the rabbits on the
3rd d after the operation. Chromogenic assay was used to
identify the activity of t-PA and PAI in plasma. The animals
were killed on the 7 th d, a tissue sample of 1 g was taken
from the abdominal incision line and adhesive segment. The
expression of OHP was examined by spectrophotometric
method. The expression of TGF-1 was examined by
immunohistochemistry method.
Statistical analysis
All measurements are expressed as the mean±SD and
were analyzed by one-way analysis of variance with the
Student-Newman-Keuls multiple comparisons or t-test
when comparing the differences between the means of
four or two groups at the same time point. Probabilities
less than 0.05 were considered to be statistically significant.

RESULTS
Effect of CT on t-PA, PAI
The t-PA content was significantly increased in three groups
of the CT when compared with saline group (P<0.001).
The t-PA content was significantly decreased in saline group
when compared with sham adhesion group (P<0.05). There
was no significant difference among the three groups of
the CT. But the PAI content did not have variations in each
group (Table 1).
Table 1 Effect of the CT on the t-PA, PAI in plasma of rabbits with
adhesion (mean±SD)
Group

Drug
CT was manufactured by Nanfang Hospital. Danshengsu
[D(+)--(3,4- dihydroxyphenyl)lactic acid] contents is
0.4 g/L.

May 21, 2005

Dosage
(g/kg)

Number

t-PA
(kat/L)

PAI
(kat/L)

Sham

-

8

38.3±11.4

12.5±0.8

Saline
CT

2.15

8
8

26.4±5.1b
46.1±8.6a

12.5±2.4
13.3±1.5

CT

4.30

8

59.6±10.1a

10.8±1.8

CT

8.60

8

64.0±11.5a

13.5±1.9

a

b

P<0.05 vs sham adhesion group, P<0.001 vs saline group.

Effect of CT on TGF-1
The TGF-1 content was significantly decreased in three groups
of the CT when compared with saline group (P<0.001).
The TGF-1 content was significantly increased in saline
group when compared with sham adhesion group (P<0.001).
There were no significant differences among the three groups
of the CT (Table 2).
Effect of CT on OHP
The OHP content in cecum was significantly decreased in
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groups of middle and high dosage of the CT when
compared with saline group (P<0.05 or 0.01). The OHP content
in cecum was significantly increased in saline groups when
compared with sham adhesion group (P<0.001). The OHP
content in abdominal wall had no significant difference in
groups of the CT when compared with saline group (Table 3).

Table 2 Effect of the CT on the expression of TGF-1 of rats with
adhesion (mean±SD)
Group

Number

Dosage
(g/kg)

Rate of positive reaction
(%)

Sham

10

12±2.08

Saline

10

54±5.51b

CT
CT

10
9

4.3
8.6

28±7.23d
31±3.05d

CT

9

17.2

30±4.04d

P<0.001 vs saline group. dP<0.001 vs sham adhesion group.

b

Table 3 Effect of the CT on OHP in rabbits with adhesions
(mean±SD)
Group

Dosage
(g/kg)

Number

OHP (mg/g of protein)
Cecum

Abdominal wall

-

8
8

0.2056±0.0983
0.4183±0.0883d

0.2373±0.1189
0.2527±0.1202

CT

2.15

8

0.3641±0.1373

0.2302±0.1577

CT

4.30

8

0.3348±0.0321a

0.2784±0.2325

CT

8.60

8

0.2757±0.0497b

0.1957±0.3721

Sham
Saline

a

P<0.05, bP<0.01 vs saline group, dP<0.001 vs sham adhesion group.

DISCUSSION
The peritoneal leukocytes, mesothelial cells, and macrophages
are important cellular components of peritoneal healing[1,6].
After injury to the peritoneum, there is increased vascular
permeability in vessels supplying the damaged area, followed
by an exudation of inflammatory cells, ultimately leading to
the formation of a fibrin matrix. The fibrin matrix is gradually
organized and replaced by tissue containing fibroblasts,
macrophages, and giant cells. This fibrin matrix connects
two injured peritoneal surfaces forming fibrin bands. These
fibrin bands can be broken down by fibrinolysis into smaller
molecules as fibrin degradation products. Under conditions
of aberrant peritoneal healing, ischemia results in a reduction
in fibrinolytic activity and thus persistence of the fibrin bands.
The organization of the fibrin bands over time results in the
persistence of the adhesions. The cell population changes
with the maturity of the adhesion tissue, with the initial cell
type at d 1-3 being mainly polymorphonuclear leukocytes
and on d 5-7 being mainly fibroblasts. Adhesion tissue also
contains nerve fibers and small vascular channels of
endothelial cells. The role of the fibrinolysis in adhesion
formation is to breakdown fibrin clots that are formed during
the healing process. In the healthy mesothelial layer, t-PA
and PAI protein were present, compared with the submesothelial layer, where only PAI-1 and not t-PA were present.
Inflamed peritoneum, t-PA expression in the mesothelium
was substantially reduced, whereas PAI-1 expression in the
submesothelial layer was intensified. Expression of t-PA in
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the mesothelium but not the submesothelium suggested that
t-PA was responsible for the clearance of fibrin in the peritoneal
cavity proper[7]. CT can significantly increase the t-PA content
in rabbit models. Maybe it is one of the reasons that CT
prevents postoperative intestinal adhesion formation.
In peritoneal healing and adhesion formation, latent
TGF- is activated by plasmin in its active form, TGF-
not only interacts with the fibrinolytic system and extracellular
matrix but also with many other cellular mediators involved
in the process of adhesion formation[8]. It is healthily found
in platelets, macrophages, and wound fluid. It is a key factor
in healthy wound healing and is also a potent inducer of tissue
fibrosis in peritoneal wound healing. During the acute phase
of the inflammatory response, peritoneal macrophages and/
or mesothelial cells produce TGF-. It can contribute to
the synthesis of the extracellular matrix by stimulating
fibroblastic cell production of collagen and fibronectin.
TGF- overexpression by the parietal peritoneum and the
serosal surfaces of the pelvic organs as well as increased
concentrations of TGF- in the peritoneal fluid have been
associated with an increased incidence of adhesion formation
in both humans and animals. Krause[9] utilized heterozygous
mice to study that healthy TGF- levels can modulate the
injury response that regulates the extent of adhesion
formation. The TGF-1 content was significantly decreased
in CT groups, but the TGF-1 content was significantly
increased in saline group when compared with sham adhesion
group. Maybe it is another reason that CT prevents postoperative
intestinal adhesion.
OHP content was considered to play a role in wound
healing. Baykal [3] and Ozogul [10] used adhesion grading
and tissue OHP levels to value adhesion severity, they
found that there was linear correlation between adhesion
degree and tissue OHP levels (r = 0.86, P<0.001; r = 0.73,
P = 0.00000). Avsar[11] found that OHP levels in the tissue
were significantly lower in groups, which has low adhesion
formation rate in rats. Ozogul[10] considered that OHP levels
showed significant correlation with adhesion severity. In our
study, although CT decreases cecum OHP level, there was
no significant difference in abdominal wall OHP content
between the groups. CT plays a role in the prevention of
adhesion formation without affecting wound healing.
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Abstract
AIM: To summarize clinical features of probable severe
acute respiratory syndrome (SARS) in Beijing.
METHODS: Retrospective cases involving 801 patients
admitted to hospitals in Beijing between March and June
2003, with a diagnosis of probable SARS, moderate type.
The series of clinical manifestation, laboratory and radiograph
data obtained from 801 cases were analyzed.
RESULTS: One to three days after the onset of SARS, the
major clinical symptoms were fever (in 88.14% of patients),
fatigue, headache, myalgia, arthralgia (25-36%), etc. The
counts of WBC (in 22.56% of patients) lymphocyte (70.25%)
and CD3, CD4, CD8 positive T cells (70%) decreased. From
4-7 d, the unspecific symptoms became weak; however,
the rates of low respiratory tract symptoms, such as cough
(24.18%), sputum production (14.26%), chest distress
(21.04%) and shortness of breath (9.23%) increased, so
did the abnormal rates on chest radiograph or CT. The
low counts of WBC, lymphocyte and CD3, CD4, CD8 positive
T cells touched bottom. From 8 to 16 d, the patients presented
progressive cough (29.96%), sputum production (13.09%),
chest distress (29.96%) and shortness of breath (35.34%).
All patients had infiltrates on chest radiograph or CT,
some even with multi-infiltrates. Two weeks later, patients’
respiratory symptoms started to alleviate, the infiltrates
on the lung began to absorb gradually, the counts of WBC,
lymphocyte and CD 3, CD 4, CD 8 positive T cells were
restored to normality.
CONCLUSION: The data reported here provide evidence
that the course of SARS could be divided into four stages,
namely the initial stage, progressive stage, fastigium

and convalescent stage.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
A novel coronavirus[1-3] has been identified as an etiologic
agent for severe acute respiratory syndrome (SARS), which
caused about 8 437 SARS cases in the world between
December 2002 and October 2003. The previous reports[4-7]
described the clinical features of SARS, but there is little
information available in literature about features of this
illness in a large SARS population. In this paper, we will
describe the characteristics of SARS during the whole course
systematically, through investigation of the data derived
from 801 cases of probable SARS.
MATERIALS AND METHODS
Patients
This study includes 801 cases of patients admitted to hospitals
between March and June 2003 in Beijing. These cases are
consistent with the criteria of WHO for a probable SARS,
with fever, abnormality of chest radiograph or CT scan and
history of exposure to an index patient suspected of SARS
or to have had direct contact with an individual who became
ill after exposure to a patient with SARS.
Methods
Clinical manifestation, laboratory and chest radiographic data
were documented prospectively. Investigations included a
complete blood count, CD3, CD4, CD8 positive T cell,
lymphocyte count, and serum biochemical measurements
(including electrons, renal function and liver function, creatine
kinase, creatine kinase MB and lactate dehydrogenase). After
the patients were admitted to hospitals, the above examinations
were performed every week during the entire course of this
illness.
Statistical analysis
All analyses were performed using Statistica software. Data
are expressed as mean±SD and percentage.
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RESULTS
Our cohort comprised 801 cases of probable SARS, the mean
age of the study population was 37.04±15.64 years (range,
0.72-92.89 years), 412 cases (51.56%) were female, and 154
patients (9.23%) were medical personnel. Sixty-five patients
(8.1%) had coexisting conditions, hypertension in 21 cases,
hepatitis cirrhosis in 13 cases, diabetes mellitus in 9 cases
and cardiovascular disease in 8 cases. The mean day of
hospitalization was 29.02±9.07 d, and that of the entire
course was 32.79±10.82 d. 64.17% of patients were
admitted to hospital 1-3 d after onset of illness, 88.9%, 4-7 d,
93.51%, 8-11 d, 95.51%, 12-14 d, 95.76%, 15-21 d. In later
days, the percentages gradually decreased.

At d 4-7 above prodromal symptoms appeared less
worsening, but the low respiratory tract symptoms appeared
obvious, such as cough (in 24.28% of patients), sputum
production (14.26%), chest distress (21.04%) and shortness
of breath (9.23%). These respiratory symptoms deteriorated
progressively and touched the peak at the periods from
d 8-16 then alleviated gradually in the subsequent days.
The prodromal symptoms that usually persisted for 3-5 d
are cough and sputum production, occurring at the 2nd and
3rd d, and disappeared later at d 13 and 7 respectively, chest
distress and shortness of breath at d 7th and 5th, and recovered
later in d 10 and 17.5 respectively. The positive rates of
symptoms in our study cohort during the whole course are
listed in Table 1.

Temperature
The range of patient’s temperature on admission during
1-14 d after onset of illness was 38.11-38.36 ℃. On d 1,
88.14% of patients had a documented fever, and 98.12%
with a reported fever. The percentages of patients with
fever declined to 40.31%, 15.13%, 5.07% and 6.02% on
the 7 th, 14 th, 21 st and 28 th d respectively, the mean time
taken for the patient’s temperature to drop below 37.2 ℃
after admission was 5.69±4.53 d.

Hematologic findings
In the early phage (1-3 d) of the course for SARS, the white
blood cell count, lymphocyte cell count and its subtype cell
count (CD4, CD3, CD8 positive cell) presented reduction,
and touched bottom at the 4th to 7th d, then gradually went
up to the normal levels at the 4th wk. The Table 2 shows the
abnormal rates and means of hematology in our study cohort
during the course.

Hypoxemia findings
The oxygen saturation (SaO2) went down below 93% in
1.39-3.13% of patients, the mean of oxygen saturation was
more than 96%. The partial arterial pressure of oxygen (PaO2)
was noted below 12.7±3.4 kPa in 65.74% of patients (mean
12.4±1.6 kPa) from the 1st to the 3rd d, then the percentage
subsequently reduced. On the 4 th wk, 40% of patients
presented low PaO2, and the mean of PaO2 was 15.5±2.4 kPa.
The medians of low PaO2 and SaO2 occurred at the 3rd and
1st d respectively, and recovered to the normal levels in the
later 8 and 9.5 d, respectively.
There were seven cases of patients who required noninvasive
ventilation and one case with mechanical ventilation at the
1st-3 rd d, and 18 cases with noninvasive ventilation at the
4th-7th d, 15 cases at the 8th-11th d, 7 cases at the 12th-14th d,
and 3 cases at the 3rd wk.
Clinical features
At the 1st-3rd d, the predominant symptom was high fever,
and other common symptoms were fatigue (in 33.85% of
patients), headache (21.34%), myalgia (22.17%), sore throat
(18.66%), arthralgia (16.01%), chills, rigors, or both (12.6%).

Radiographic findings
At the 1st to 3rd d after onset of illness, 96.65% of patients
had abnormal chest radiographs, most of them showed a
unilateral one focal infiltrates, but some patients (11.45%)
presented unilateral or bilateral multifocal involvement and
had a dramatic worsening in the period from the 8th to 14th d.
After that, the majority of patients had radiographic evidence
of improvement in lung consolidation. There were, however,
17.35% and 10.24% of patients with abnormal chest radiograph
at the 6th and 7th wk after onset of this illness, and 4.37% at
the 8th wk. The abnormal change in SARS patients’ chest
CT scans also showed the same trend, but CT scan is more
sensitive than X-ray examination. The abnormal rates of
chest radiographs and CT in our study cohort during the
course are presented in Table 3.
Biochemical findings
A substantial proportion of patients had several abnormal
serum chemical values, which could occur early but progressively
worsened at the 2nd and 3rd wk. 64.66% of patients had an
elevated serum alanine aminotransferases levels (>40 IU/L,
ALT), 44.34% of patients with an elevated serum AST levels

Table 1 Positive rates of symptoms in our study cohort (%)
Variable

1–3 d

4–7 d

8–11 d

12 d-

Chill
Rigor
Fatigue
Headache
Arthralgia
Myalgia
Diarrhea
Cough
Sputum production
Chest distress
Breath shortness
Rales

12.6
4.29
33.85
21.34
16.01
22.17
9.88
23.76
8.02
8.43
8.24
6.2

9.34
2.39
27.59
12.03
9.64
13.23
12.09
24.18
14.26
21.04
9.23
4.78

4.32
0.61
22.65
7.45
5.31
7.63
5
29.18
13.09
31.83
15.65
5.08

2.4
1.05
14.16
3.18
3.53
5.38
3.71
28.68
11.36
35.23
20.35
4.65

15 d1.43
0.29
3.3
13.88
2.87
4.3
3.14
20.85
8.56
35.34
18.01
3.12

22 d0.31
0
8.47
1.99
2.31
2.92
1.8
8.02
3.08
26.09
7.12
1.25

29 d0.57
0.19
4.32
1.89
2.29
1.52
2.7
4.23
2.01
17.15
5.01
1.01
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Table 2 Abnormal rate (%) and value of hematology in our study cohort
Variable
WBC
Abnormal rate

1 d-

4 d-

8 d-

12 d-

15 d-

22 d-

29 d-

22.56

38.93

16.45

8.44

6.44

6.81

8.66

Mean

5.15

4.75

7.46

4.75

8.42

8.22

7.33

SD

2.56

2.73

4.21

4.83

3.96

3.76

3.49

Lymphocyte
Abnormal rate

70.25

78.81

45.21

39.29

Mean

1.11

1.19

1.50

1.70

1.75

1.87

1.74

SD

0.51

0.64

0.81

0.91

0.92

0.94

0.75

CD8
Abnormal rate

58.9

25.8

29.94

68.42

80.33

75.81

67.35

51.58

48.15

35.42

Mean

307.23

244.14

306.19

318.28

453.06

534.37

511.31

SD

274.19

182.34

251.53

227.91

433.46

428.46

269.11

CD3
Abnormal rate

68.42

87.1

82.26

71.43

60

Mean

690.97

568.03

711.48

787.24

1 068.9

SD

576.36

434.18

515.14

559.83

CD4
Abnormal rate

69.05

788.19

54.43
1 184.5
713.17

49.94
1 148.3
620.1

84.38

72.58

60.78

48.42

44.44

Mean

367

295.28

377.66

430.92

582.21

656.78

670.32

36

SD

300.64

248.96

326.16

325.07

464.04

576.2

447.19

8 d-

12 d-

15 d-

22 d-

29 d-

Table 3 Abnormal rates of chest radiographs in our study cohort
Variable

1 d-

4 d-

Abnormal rate X-ray

96.65

94.3

97.04

80.68

74.96

64.98

56.37

Multifocal opacities X-ray

11.45

15.19

25.44

25.18

20.38

15.82

16.56

Abnormal rate CT
Multifocal opacities CT

95.45
21.88

95.92
28.21

95.56
42.5

91.67
37.5

84.21
24.14

73.97
20.31

82
20.19

(>45 IU/L), and 29.72% of patients with an elevated serum
bilirubin levels. Serum urea (>7.85 mmol/L) and creatinine
(>106.5 mmol/L) were elevated in 20.87% and 11.16%
of patients respectively.

DISCUSSION
SARS is a new contagious and rapidly progressive infectious
disease with substantial morbidity and mortality. SARS-CoV
antibodies (IgM or IgG) cannot be tested until 10 d later
after infection[8-11] ; and virus RNA (by RT-PCR) can be
found in nasopharyngeal aspirates or blood samples of
patients at the early stage of illness, but it is difficult to be
used in all hospitals. So, in 2003, reliable, rapid and simple
diagnostic test was not available for the diagnosis of SARS.
The criteria for SARS relied on the definition by the World
Health Organization (WHO), a probable case of SARS is
an individual with fever [temperature >38 ℃], low respiratory
tract symptoms, and contact with a person believed to have
had SARS or a history of travel to a region where there has
been documented transmission of the illness, and present
abnormality on chest radiograph. All our subjects matched
with the above criteria. Though a worldwide SARS outbreak
in 2003 was controlled, it is unfortunate that several cases
of SARS have been reported in the early spring of 2004.
Therefore, SARS is still a potential health crisis putting
humans at danger. Then, a clear picture of clinical feature
for SARS is very valuable to medical personnel to alert the
possibility of SARS. In this study, our aim is to describe the
characteristics of SARS in different periods of the course.

In the data derived from 801 probable SARS cases, at the
initial stage of this illness (1-3 d), the predominated symptom
was fever, accompanied with the prodromal symptoms due
to the viremia. An important abnormality in routine blood count
was to present lymphonemia, especially, the counts of CD3,
CD4, CD8 positive T lymphocytes reduced dramatically. It
has been proved[12,13] that the mechanism of SARS is the SARSCoV attacking the T lymphocyte and triggering the immune
response, causing a series of pathogenic immune damage
in tissue or organs of the infected patients. SARS presents
predominantly with infiltrates on chest radiographs[14-17]. In
our study, the chest radiographic examination showed the
infiltrates occurred early (in more than 90% of patients),
which is different from the pneumonia caused by the bacteria
and common virus.
In the later 4-7 d, the vast majority of patients persisted
with high fever, but the prodromal symptoms appeared to be
alleviated, the low respiratory tract symptom and abnormalities
on chest radiographs began to deteriorate. The most specific
feature in this period was that the lymphonemia, and low
count of CD3, CD4, CD8 positive T lymphocytes had
worsened. These data indicate that the immune response in
body caused by SARS-CoV reaches the highest peak and
starts to produce pathologic lesions in tissue and organs. We
take the name of this period as progressive stage.
In the period from 8 to 16 d, the patients had progressive
low respiratory symptoms, the air-space opacities in chest
increased in size, extent and severity in majority of patients,
some of them appeared to have diffuse opacification and
required noninvasive ventilation, even the mechanical ventilation
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owing to the respiratory failure. Some patients developed
damage of liver, kidney or other organs. The lung biopsy
specimen obtained at autopsy[18,19] had shown diffuse alveolar
damage with pulmonary congestion, edema and formation
of hyaline membrane. So, this period is the most danger phage
in the whole course of SARS, and is named as fastigium stage.
When the first 2 wk passed, the patients presented the normal
temperature and hardly had the prodromal symptoms, with the
exception of some patients having only fatigue. The counts of
lymphocyte and its subtype cells (CD3, CD4, CD8) gradually
increased, meaning the pathologic damage by immune response stopped. Patients showed an improvement of respiratory
symptoms and in the air-space opacities. About 3 wk later, the
symptoms almost disappeared, the counts of lymphocyte and
its subtype cells turned back to the normal levels and body’s
immune function also returned to normal. The infiltrates in
lung were gradually absorbed and disappeared. But we found
occasionally patients (in 10.29-17.35% patients) still presented
abnormal shadows on lung at the 6th and 7th wk after onset of
illness. So, the convalescence of SARS in some patients may
need a longer time to recover, about 3-4 wk, more ever, some
of them could remain with interstitial fibrosis in lung.
In summary, at the early stage of SARS (1-3 d), the most
common symptoms were fever and the prodromal symptoms.
The low respiratory symptoms also occurred early with moderate
hypoxemia, but usually lacking of rales. The majority of
patients had the reducing counts of CD3 (+), CD4 (+) and
CD8 (+) T cells, about one-third of the patients developed
lymphopenia. Most patients presented infiltrates on chest
radiograph, but about 20% and 10% of patients had normal
results of chest X-ray and CT examination respectively on
admission. At the progressive stage (4-7 d), the patients still
had high fever, the low respiratory symptoms and inflammation
in lung began to progress, almost all patients had abnormality
on chest radiograph, the counts of CD3 (+), CD4 (+) and
CD8 (+) T cells reached the lowest levels. The fastigium
stage (8-16 d), patients may occur with serious chest distress
and shortness of breath, some with cough and sputum
produce, the air-space opacities on chest deteriorated quickly,
some of them showed diffuse infiltrates and developed
respiratory function failure, even ARDS. At the convalescent
stage (17-28 d), patients’ temperature were normal, symptoms
almost disappeared, the counts of lymphocyte and its subtype
cells increased to the normal values, and the infiltrates in
lung were gradually absorbed and disappeared.
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Abstract
AIM: To elucidate the role and alterations of syndecan-1
and E-cadherin expression in different cellular phenotypes
of differentiated-type gastric cancers (DGCs).
METHODS: A total of 120 DGCs at an early stage, and
their adjacent mucosa, were studied both by immunohistochemistry. Syndecan-1 and E-cadherin were assessed
by immunohistochemical staining with anti-syndecan-1
and anti-E-cadherin antibodies, respectively. Based on
immunohistochemistry, DGCs and their surrounding
mucosa were divided into four types: gastric type (G-type),
ordinary type (O-type), complete-intestinal type (CI-type),
and null type (N-type).
RESULTS: Syndecan-1 expression was significantly lower
in G-type cancers (29.4%) than in O-type (79.6%) and
CI-type cancers (90%) (P<0.05, respectively), but E-cadherin
did not show this result. In addition, syndecan-1 expression
was significantly reduced in DGCs comprised partly of
poorly differentiated adenocarcinoma or signet-ring cell
carcinoma, compared to DGCs demonstrating papillary
and/or tubular adenocarcinoma (P<0.05). G-type intestinal
metaplasia (IM) surrounding the tumors was observed in
23.8% of G-type, 4.9% of O-type, and 6.7% of CI-type
cancers ( P< 0.05; G-type vs O-type). Reduction of
syndecan-1 expression was significant in G-type IM (25%)
compared to non-G-type IM (75%; P<0.05).
CONCLUSION: Loss of syndecan-1 plays a role in the
growth of G-type cancers of DGCs at an early stage, and
the reduction of syndecan-1 expression in IM surrounding
the tumors may influence the growth of G-type cancer.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Gastric cancer is one of the most common malignant tumors
of the gastrointestinal tract worldwide. In the past decade,
infection with Helicobacter pylori has received wide attention
for its potential role in the induction and progression of
gastric cancer. However, the molecular pathways involved
in gastric carcinogenesis are still poorly understood.
Basic research has produced remarkable advances in our
understanding of cancer biology. Among the most important
of these advances was the recognition that syndecan-1 plays
a role as a cell adhesion molecule, similar to E-cadherin,
and is associated with the maintenance of epithelial
morphology. However, the expression of syndecan-1 was
augmented during epithelial regeneration and rearrangement
in the stomach and other tissues[1-3]. E-cadherin is a member
of the transmembrane glycoprotein family and is responsible
for the epithelial cell-cell adhesion molecule expressed by
epithelial cells. Inactivation of the E-cadherin gene and
abnormal expression of its protein are considered to be
correlated with the dedifferentiation of gastric cancer cells
with gastric phenotype[4-8], but not the intestinal phenotype.
Gastric cancers with gastric phenotype have a poor
outcome[9] and higher malignant potential in the incipient
phase of invasion and metastasis compared to those with other
phenotypes. Differentiated-type gastric cancers (DGCs) with
gastric phenotype are likely to change to undifferentiatedtype adenocarcinomas in the invasive portion of the tumor.
Phenotypic classification may be useful for predicting the
biologic behavior and choosing the therapeutic strategy[10].
To our knowledge, however, there are no data that compare
the expression of syndecan-1 and E-cadherin in human
gastric cancer. The aim of this study was to clarify the role
and alterations of syndecan-1 expression in comparison with
those of E-cadherin in different cellular phenotypes of
DGCs, by using immunohistochemical staining.
MATERIALS AND METHODS
Specimens
One hundred and sixty patients (86 men, 74 women, average
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age 52 years, range 21-60 years) with early gastric cancer
were included in this study. DGC specimens were randomly
selected from the histopathology files of our hospital
between 2000 and 2003. Written informed consent was
obtained from the patients before the interview for this
study. Pathologic findings such as tumor size, depth of
invasion, lymphatic invasion, blood vessel invasion, and
lymph node metastasis were found from surgical files.
Early gastric cancers were defined as cancers with invasion
limited to the submucosal layer. These tumors had been
treated by surgical operation, all of which included the adjacent
normal mucosa. The specimens were fixed in 40 g/L
formaldehyde and embedded in paraffin wax, and 4-µm
consecutive sections were used for histologic examination by
hematoxylin-eosin (H&E) staining and immunohistochemistry.
Histologic classification of the intramucosal lesions was
carried out according to the general rules established by the
Padova classification[11]. DGCs were divided into two types,
as follows, according to Koseki’s classification[12] : solely
differentiated type, composed of DGCs demonstrating
papillary and/or tubular adenocarcinoma; and complex type,
comprised predominantly of DGCs and partly of poorly
differentiated adenocarcinoma or signet-ring cell carcinoma.
Immunohistochemistry and classification of phenotypic
expression
Fresh 4-µm-thick serial sections were cut from routinely
fixed, paraffin-embedded blocks and placed on poly-L-lysinecoated slides (Sigma Chemical, Poole, UK). One slide of
each specimen was stained with hematoxylin-eosin and
used to confirm the recorded histological classification.
Immunohistochemical staining of syndecan-1 and Ecadherin was performed in accordance with standard
procedures on 4-µm-thick sections of formalin-fixed, paraffinembedded sequential tissue sections[13]. Antigen retrieval was
performed by boiling for 12 min in an aluminum pressure
cooker (Prestige, UK) at 103 kPa in pre-heated 10 mol/L
sodium citrate buffer (pH 6.0). After cooling in running tap
water, the slides were rinsed in 0.1 mol/L phosphate-buffered
saline (PBS; pH 7.4). Nonspecific staining was blocked by
incubation of the sections in normal horse serum for 30 min,
prior to application of the primary monoclonal antibody to
syndecan-1 (Serotec, Kidlington, UK) at a concentration of
0.001 mg/mL. This is an IgG1 antibody which reacts
specifically with syndecan-1, as revealed by molecular
cloning. After incubation in a moist chamber overnight at
room temperature, the slides were washed in PBS and
incubated for 30 min with biotinylated horse antimouse IgG
(Vectastain Elite ABC kit; Vector Laboratories, Burlingame,
CA). Slides were washed and then incubated for 30 min
with avidin-biotin complex (Vectastain Elite ABC kit),
according to the manufacturer’s recommendations. Staining
was performed by incubation with 3-3 diaminobenzidine
(DAB; Sigma) activated with hydrogen peroxide. Slides were
counter-stained with Mayer’s hematoxylin. Negative controls
were obtained by replacing primary antibody with PBS.
The avidin-biotin peroxidase complex method was
employed for the detection of human gastric mucin (HGM;
Novocastra Laboratories, Newcastle, UK), MUC2 (Novocastra
Laboratories), CD10 (Novocastra Laboratories). Paradoxical
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concanavalin A (Con A) staining, identifying class III mucins
in mucous neck and pyloric gland cells, was employed,
according to the method of Katsuyama and Spicer[14]. HGM
staining the surface of normal gastric epithelium and Con
A were defined as gastric phenotype markers. MUC2 is a
glycoprotein expressed predominantly in goblet cells, and
CD10 expression is seen at the brush border on the luminal
surface of epithelial cells. MUC2 and CD10 were defined
as intestinal phenotype markers.
Classification of tissues
DGCs and normal mucosa surrounding the tumors were
classified into four types based on the mucin phenotype,
according to a modification of the classification of Ohmura[15]:
gastric type (G-type), ordinary type (O-type), completeintestinal type (CI-type), and null type (N-type). The criteria
for each phenotype are shown in Table 1.
These cellular phenotypes were evaluated both in tumor
cells and in the background normal mucosa surrounding
the tumors.

Table 1 Criteria for cellular phenotype
HGM
expression

Con A
expression

MUC2
expression

CD10
expression

G-type

(+)

(+)

(–)

(–)

O-type

(+)

(+)

(+)

(+)

CI-type

(–)

(–)

(+)

(+)

N-type

(–)

(–)

(–)

(–)

G-type, gastric type; O-type, ordinary type; CI-type, complete-intestinal type;
N-type, null type.

Grading of intestinal metaplasia (IM)
Intestinal metaplasia (IM) in the surrounding mucosa within
1 cm of the cancer was classified according to the classification
of Egashira et al [16]: negative, slight (with scattered IM);
moderate (with continuous IM but scattered nonmetaplastic
glands in between); and severe (with continuous IM). In
this study, IM was divided into two groups based on the
classification of Egashira et al[16], for cellular phenotype: (1)
that showing G-type expression (G-type IM); and (2) that
not showing G-type mucin (non-G-type IM).
Evaluation of syndecan-1 and E-cadherin immunostaining
The results of immunohistochemical staining were evaluated
independently by two observers. Immunohistochemical
reaction intensities of syndecan-1 were classified into four
grades. Briefly, -, no staining; ±, weak staining or strong
staining in fewer than 25% of tumor cells; +, moderate
staining or strong staining in only 25-75% of tumor cells;
and ++, strong staining of more than 75% of tumor cells.
The sections for syndecan-1 were judged positive when more
than 25% of cancer cells (+ or ++) were stained; others
were judged negative. Concerning E-cadherin staining, its
expression was demonstrated not only in the plasma
membranes but also in the cytoplasm of tumor cells. The
latter staining pattern of E-cadherin was suggested to reflect
dysfunction of the cadherin cell adhesion system [17].
Therefore, reduced expression and cytoplasmic localization
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of E-cadherin in more than 20% of tumor cells was defined
as abnormal expression[17]. Staining of syndecan-1 and Ecadherin in IM was compared with that in foveolar
epithelium. Sections were regarded as negative when the
staining intensities of IM showed weak expression compared
to those of foveolar epithelium; sections were regarded as
positive when the staining intensities of IM were similar to
those of foveolar epithelium. Normal gastric foveolar
epithelium was used as an internal positive control.
Statistics
Statistical analysis was performed by the Mann-Whitney
U-test between two independent groups, and by the 2 test
and Fisher’s exact probability test between two proportions.
Statistical significance was defined as P<0.05.

RESULTS
Mucin phenotype and pathological factors
The results are summarized in Table 2. There was no significant
difference in the tumor size among the phenotypes. Fortyone surgically resected specimens had submucosal invasion.
Of the 120 gastric cancers evaluated, 12 (10%) did not
express any cellular phenotype (N-type). In the remaining
108 cases, G-type was observed in 34 cases (28.3%), O-type
in 54 cases (45%), and CI-type in 20 cases (16.7%). The
frequency of complex type was significantly higher in
G-type (52.9%, 18 of 34) and N-type (75%, 9 of 12) compared
with O-type (11.1%, 6 of 54) and CI-type cancers (10%, 2
of 20), as shown in Table 2. The G-type and N-type cancers
were associated with a higher rate of lymphatic/venous
invasion than O-type and CI-type cancers, although no
significant differences were found in lymph node metastasis
among the cellular phenotypes.
Syndecan-1 immunohistochemistry
Syndecan-1 protein was mainly stained at the basolateral
surfaces of the foveolar epithelium, IM (Figure 1A), and
tumor cells (Figure 1B). Stromal plasma cells were also
stained for syndecan-1.
Table 2 Correlation of pathological factors and expression of
syndecan-1 and E-cadherin in each mucin phenotype
G-type
(n = 34)

O-type
(n = 54)

CI-type
(n = 20)

N-type
(n = 12)

P

3.5±0.9

2.9±0.7

3.1±0.6

2.7±0.4

NS

16
18

45
9

18
2

3
9

<0.05a,c
<0.05a,c

venous invasion1

17

14

5

5

<0.05e,g

Lymph node metastasis
Syndecan-1 expression

7
10

8
43

1
18

4
8

NS
<0.05a,c

E-cadherin expression

22

32

15

8

NS

IM

21

41

15

8

NS

IM
with G-type2

5

2

1

0

Tumor size (cm, mean±SD)
Histology
Solely differentiated type
Complex type
Lymphatic and/or

a

<0.05 a

P<0.05 vs O-type; c P<0.05 vs CI-type; eP<0.05 vs O-type; gP<0.05 vs CI-type
G-type, gastric type; O-type, ordinary type; CI-type, complete-intestinal type;
N-type, null type; NS, not significant. 1 Evaluated in 41 surgically resected
specimens with submucosal invasion. 2 Evaluated in 85 cases with positive
for IM.
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A

B

Figure 1 Expression of syndecan-1 in gastric mucosa on semi-serial sections.
A: Positive staining with anti-syndecan-1 antibody is found at the basolateral
surfaces of foveolar epithelial cells, IM and at the cell surfaces of stromal plasma
cells. B: Positive staining is noted at the basolateral surfaces of cancer cells and
at the cell surfaces of stromal plasma cells.

Correlation of syndecan-1 and E-cadherin expression with
cellular phenotype and pathological factors
The expression of syndecan-1 protein was seen in 10 (29.4%)
G-type, 43 (79.6%) O-type, 18 (90%) CI-type, and 8 (66%)
N-type, and was significantly lower in G-type than in Otype and CI-type cancers (P<0.05, respectively). However,
there was no significant correlation between the expression
of E-cadherin and any cellular phenotype (Table 2).
Complex-type cancer showed a significant reduction or
loss of syndecan-1 expression compared with the solely
differentiated-type cancer (P<0.05). Moreover, the expression
of syndecan-1 was markedly decreased in poorly
differentiated-type cancer cells, and was sparse in DGCs,
whereas E-cadherin expression was not reduced in cancer
cells. Lymphatic and/or venous invasion tended to be
correlated with syndecan-1 expression (P>0.05), whereas,
with regard to lymph node metastasis, a significant correlation
was noticed for E-cadherin (P<0.05), but not for syndecan-1
(Tables 3 and 4).
Correlation of syndecan-1 and E-cadherin with cellular
phenotype and intestinal metaplasia (IM)
IM in the surrounding mucosa was observed in 21 (61.8%)
G-type cancers, in 41 (75.9%) O-type, in 15 (75%) CItype, and in 8 (66.7%) N-type cancers, none of these
differences being statistically significant (Table 2). IM with
gastric phenotype was seen in only 9.4% of IM (8 of 85).
The remaining 90.5% of IM (77 of 85) did not show Gtype. Interestingly, G-type IM in the surrounding mucosa
was observed in 5 cases (23.8%) of G-type cancers, but in
2 (4.9%) of O-type cancers, only 1 (6.7%) of CI-type, and
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Table 3 Correlation of pathological factors and expression of
syndecan-1

May 21, 2005

E-cadherin expression
P
Positive
(n = 77)

Abnormal
(n = 43)

Solely differentiated type

57

29

Complex type

20

14

NS

23
7

18
13

NS
<0.05

4

4

NS

P
Positive
(n = 80)

Negative
(n = 40)

66
14

16
24

Lymphatic and/or venous invasion1

28

13

NS

Lymphatic and/or venous invasion1
Lymph node metastasis

Lymph node metastasis

12

8

NS

IM with G-type2

2

6

<0.05

Histology

Histology

IM with G-type2

Number 19

Table 4 Correlation of pathological factors and E-cadherin

Syndecan-1 expression

Solely differentiated type
Complex type

Volume 11

<0.05
<0.05

G-type, gastric type; NS, not significant. 1Evaluated in 41 surgically resected specimens
with submucosal invasion. 2Evaluated in 85 cases with positive for IM.

none (0%) of N-type cancers (Table 4). Therefore, G-type
IM was accompanied significantly more often by G-type
cancers than by non-G-type, including O-type and CI-type
cancers (P<0.05; Table 4). In addition, G-type IM was
observed significantly more often in cancers with negative
expression of syndecan-1 (75%) than in those with positive
expression (25%; P<0.05), although there was no such
relation for E-cadherin expression (Table 4). Reduction or
loss of syndecan-1 expression and abnormal expression of
E-cadherin were not seen in foveolar epithelium.

DISCUSSION
Syndecans are a family of cell-surface transmembrane
heparan-sulfate proteoglycans. The sugar side chains of
syndecan are structurally related to heparin and have
functional cytoplasmic and extracellular domains that are
thought to participate in both cell-cell and cell-extracellular
matrix adhesion[18-21]. Syndecan-1 is expressed not only in
epithelial tissue but also in fibroblasts and plasma cells[22-24].
Studies of the role of syndecan-1 in malignant transformation
have revealed that syndecan-1 expression is associated with
the maintenance of epithelial morphology and inhibition of
invasion[25,26]. Reduced expression of syndecan-1 was associated
with malignant transformation in hepatocellular carcinoma[27]
and with poor prognosis in colorectal carcinoma [28].
Furthermore, the expression of syndecan-1 was augmented
during epithelial regeneration and rearrangement in the
stomach[29]. Syndecan-1 plays an important role in cell-cell
adhesion, and many studies have examined the role of
syndecan-1 in oncogenesis[22-28].
A number of authors have reported about an association
between E-cadherin expression and gastric cancers[17,30] .
However, there are few studies evaluating syndecan-1 in
comparison with other adherent molecules, including Ecadherin, in other malignancies[31,32]. And there are no data
that compare syndecan-1 and E-cadherin expression in each
cellular phenotype in early gastric cancers. In the present
study, we found that syndecan-1 expression was significantly
reduced in G-type cancers and G-type IM compared with
the other phenotypes of cancers and IM. Furthermore, Gtype IM was accompanied significantly more often by Gtype cancers than by O-type and CI-type cancers. These
data suggest that the reduction of syndecan-1 may play a
role in the growth of both G-type gastric cancer and Gtype IM. G-type cancers are considered to have a more

NS

G-type, gastric type; NS, not significant. 1Evaluated in 41 surgically resected
specimens with submucosal invasion. 2 Evaluated in 85 cases with positive
for IM.

aggressive nature when compared with cancers of other
cellular phenotypes[9,10]. Therefore, the altered expression
of syndecan-1 in early-stage gastric cancers may alter the
biological behavior of the transformed epithelial cells and
affect the invasive characteristics. In addition, assessment
of the expression level of syndecan-1 may serve as a novel
biomarker for predicting the malignant potential of cancers.
Human gastric foveolar epithelium, IM, and most DGC
cells expressed syndecan-1 protein and mRNA, as reported
previously [29]. Syndecan-1 was mainly localized at the
basolateral surfaces of the cells, implying that it participates
in cell-cell and cell-extracellular matrix adhesion[17-21]. The
expression of syndecan-1 was lost or reduced in G-type
cancers, which were significantly associated with complex
type cancers, comprised predominantly of DGCs and partly
of poorly differentiated adenocarcinoma or signet-ring cell
carcinoma. It is reported that DGCs with gastric phenotype
tend to change to undifferentiated-type adenocarcinomas[33].
Therefore, the reduction of syndecan-1 might affect
dedifferentiation, which appears as the loss of tumor
glandular formation. Previous report indicates that the
detachment of invading cancer cells from the nests was
more frequently observed in syndecan-1-negative colorectal
cancers[28]. As for E-cadherin, however, its expression did
not relate to cellular phenotype or to histologically complex
type cancer. A report by Koseki et al[12], showed that G-type
cancer frequently demonstrated the abnormal expression of
E-cadherin. Blok et al[34], speculated that a reduction or loss
of E-cadherin expression, with the concomitant acquisition
of a morphologically diffuse growth pattern, might be
responsible for the development of poorly differentiated
and/or dedifferentiated cells in intestinal-type gastric cancer
(which corresponds to our complex type cancer). The reasons
for the discrepancy in these results are considered to be the
differences of patient numbers examined and of the
incidence of complex type in G-type cancers. Another
explanation might be a defect in the catenin part of Ecadherin/catenin complex[34]. Day et al[31], reported that a
greater reduction of syndecan-1 expression than of Ecadherin expression was seen in the transition from moderate
to severe dysplasia in colon tumors. This result suggests
that the changes in the expression of syndecan-1 probably
occur before those in E-cadherin, perhaps influencing the
expression of the latter adhesion molecule[32] . Thus, our
data are in agreement with their results. IM is generally
known to be a precursor of DGC[35,36]. In this study, we
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focused on IM with different cellular phenotypes in the
development of DGCs. Similar to our current finding,
Egashira et al [16], have described that the IM surrounding
G-type cancers showed gastric phenotype at a significantly
higher incidence than it showed intestinal phenotype. The
reduction of syndecan-1 expression was seen in IM alone,
but not in gastric foveolar epithelium. Syndecan-1 expressed
in IM was observed in both complete-type and incompletetype IM, implying that syndecan-1 expression is not
associated with cell differentiation in IM. The mechanism
by which the functional loss of syndecan-1 contributes to
the phenotypic expression of G-type IM is unclear. However,
tumor phenotype in the early stage is widely thought to
resemble that of the tissue of origin. It is, therefore, probable
that the histogenesis of G-type cancer occurs in the pathway
through which IM exhibits gastric phenotype, with functional
loss of syndecan-1.
The present study showed that the immunoreactivity
of E-cadherin appeared to be a more useful predictor of
lymph node metastasis than syndecan-1, although many
investigations of the relationship between E-cadherin and
lymph node and/or vascular invasion have had controversial
findings[1,2,5,6,8,30,34]. We find here that the expression of
syndecan-1 was not associated with lymph node metastasis,
although lymphatic and/or venous invasion tended to be
higher in cancers with a reduction or loss of syndecan-1
expression than in those with positive expression. Further
studies are necessary to clarify the value of syndecan-1
compared with that of E-cadherin for predicting metastasis.
In conclusion, the present study shows that syndecan-1
may play a role in gastric cellular phenotyping and
dedifferentiation in DGCs at an early stage, and it also shows
that the reduction of syndecan-1 expression in the mucosa
surrounding the tumors may influence the growth of gastric
phenotype cancer. In the current study, the number of
cancers analyzed may be small, particularly considering that
four different categories of cellular phenotypes were
compared. Thus, further investigations will be required with
a larger sample size in order to confirm more clearly the
expression of syndecan-1 and E-cadherin in various cellular
phenotypes of gastric cancers and the background mucosa.
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Abstract
AIM: To evaluate the efficiency and safety of combined
recombinant human growth hormone (rhGH) and lactulose
for treatment and/or prevention of multiple organ dysfunction
in patients with chronic severe hepatitis B.
METHODS: Forty-eight inpatients with chronic severe
hepatitis B were randomly divided into rhGH group (n = 28)
and control group (n = 20). In rhGH group, 4-4.5 IU of
rhGH was injected intramuscularly once daily for 2-4 wk,
and 100 mL of enema containing 30 mL of lactulose, 2 g
of metronidazole and 0.9% saline was administered every
2 d for 2-4 wk. Their symptoms and complications were
noted. Liver and kidney functions were analyzed by an
Olympus analyzer. Serum GH, IGF-1, IGFBP1 and IGFBP3
were measured by ELISA.
RESULTS: Clinical symptoms of 90% of these patients in
rhGH group were obviously improved. The total effectiveness
in rhGH group was better than that in control group
(75% vs 40%, P<0.05). After 2- and 4-wk treatment of
rhGH respectively, serum albumin (26.1±4.1 vs 30.2±5.3,
31.9±5.1 g/L), prealbumin (79.6±28.0 vs 106.6±54.4,
108.4±55.0 g/L), cholesterol (76.3±16.7 vs 85.6±32.3,
96.1±38.7 mg/dL), and IGFBP1 (56.8±47.2 vs 89.7±50.3
ng/mL after 2 wk) were significantly increased compared
to control group (P<0.05). However, serum GH was
decreased. The increase of serum IGF1 and IGFBP3 after
rhGH treatment was also observed.
CONCLUSION: rhGH in combination with lactulose may
be beneficial to the prevention and treatment of multiple
organ dysfunction in patients with chronic severe hepatitis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Severe viral hepatitis, namely severe acute or chronic liver
failure, develops quickly with an extremely dangerous
prognosis. Its mortality rate is between 60% and 90%[1] and
there is still no breakthrough in medical treatment. It has
been proved that multiple organ dysfunction is the main
cause of death of these patients[2,3]. Therefore, it is very
important to treat effectively severe hepatitis patients with
multiple organ dysfunction. The mortality would fall significantly
if patients with multiple organ dysfunction are properly
treated. The aim of our study was to evaluate the efficacy
and safety of recombinant human growth hormone (rhGH)
in combination with lactulose for treatment and/or
prevention of chronic severe hepatitis B with multiple organ
dysfunction. The mechanism of these drugs was also studied.
MATERIALS AND METHODS
Patients and controls
Forty-eight patients with chronic severe hepatitis B from
January 1999 to February 2002 were enrolled. Chronic
severe hepatitis was previously defined during the National
Conference of Xi’an in 2002. In brief, inclusion criteria
were as follows: a history of chronic hepatitis or liver
cirrhosis; severe asthenia, serum total bilirubin more than
171 mol/L; prothrombin time activity (PTA) less than
40%. Of those patients, 28 were in treatment group (23
males and 5 females, average age of 42.6 years), 20 were in
control group (17 males and 3 females, average age of
41.5 years). Their clinical data, such as liver and kidney
biochemical parameters, were comparable.
Protocol of study
Treatment methods All patients in treatment group received
standard treatment: rhGH 4-4.5 IU im injection once daily
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for 2-4 wk, enema containing 0.9% normal saline 100 mL
plus lactulose 30 mL and metronidazole 2.0 g once every 2
d for 2-4 wk. Patients in control group only received standard
treatment.
Sample collection Venous blood 3 mL was collected at
6:00-7:00 a.m., and centrifuged at 4 ℃, stored at -20 ℃.
Clinical symptoms and complications were recorded and
the patients were followed-up for at least 6 mo according
to CRF.
Biochemical tests Serum growth hormone (GH), insulinlike growth factor-1 (IGF-1), insulin-like growth factor
binding proteins 1, 3 (IGFBP1, IGFBP3) were respectively
measured by ELISA. All the test kits were purchased from
DSL Corporation, and used according to their manufacturer’s
instructions.
Efficacy endpoints Clinical symptoms were completely
improved and complications were controlled in 4 wk, and
no new complications occurred. Liver functions were
markedly improved in 3 mo, the total bilirubin decreased
by 30-60%. PTA value was increased. All patients were
followed-up for 6 mo.
Statistical analysis
Statistical evaluations were performed using SPSS 10.0
statistical software. Clinical effects of the two groups were
compared by 2 test, quantitative data were expressed as
mean±SD and analyzed with two-way variance test. P less
than 0.05 was considered statistically significant.

RESULTS
The results of this study indicated that the clinical symptoms
of 90% of the patients were markedly improved. The total
effective rate was 75% in treatment group and 40% in
control group. There was a significant difference between
the two groups (P<0.05).
In treatment group, serum prealbumin, cholesterol and
total protein in 60% of the patients were significantly
increased (P<0.05, Table 1). The albumin level could
maintain for 2-4 wk after rhGH was stopped. In contrast,
prealbumin, cholesterol and albumin in 60% of the patients
in control group were consistently decreased.

Table 1 Effects of rhGH on liver function of patients with severe
chronic hepatitis B (mean±SD)
Marker of liver function

Pretreatment
n = 28

Total protein (g/L)
Prealbumin (g/L)
Albumin (g/L)
Cholesterol (mg/dL)
Total bilirubin (mg/dL)
PTA (%)
ALT (IU/L)
AST (IU/L)

51.6±4.3
80±28
26.1±4.1
76±17
15±14
21.3±5.5
117±210
171±243

a

2-wk treatment
n = 28
67.8±8.4a
107±54a
30.2±5.3a
86±32a
20±16
24.7±12.2
83±77
104±79

4-wk treatment
n = 16
69.2±7.8
108±55
31.9±5.1b
96±39
12±13
36.8±7.9
59±43
76±56

P<0.05, bP<0.01 vs pretreatment.

The level of serum GH in chronic severe hepatitis
patients was relatively higher than that in normal subjects.
But it decreased after rhGH was used for 2-4 wk. The level
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of IGF-1 and IGFBP3 had a trend increase, but there was
no statistical difference. The serum IGFBP1 level was
markedly increased (Table 2). The mortality rate of the patients
with high serum GH level after treatment was nearly 100%.

Table 2 Effects of rhGH on GH-IGF axis in patients with severe
chronic hepatitis B (mean±SD)
Marker of GH-IGF axis
GH (ng/mL)
IGF-1 (g/mL)
IGFBP1 (ng/mL)
IGFBP3 (g/mL)
a

Pretreatment (n = 15)
10.4±7.6
6.3±4.5
56.8±47.2
3.5±1.7

2-wk treatment (n = 15)
6.2±8.1a
8.8±6.7
89.7±50.3a
5.1±3.4

P<0.05 vs pretreatment.

DISCUSSION
Up to now, there has been no ideal treatment for severe
hepatitis. It was reported that the mortality rate of severe
hepatitis was more than 80% if liver transplantation was
not performed[4]. Liver transplantation is the optimal choice
for treatment of liver failure. Therefore, the fundamental
purpose of internal medical treatment is to make the state
of illness stable and to wait for appropriate liver donor for
liver transplantation[4]. Many complications in severe hepatitis
patients had a close relation to the prognosis[1,2]. It was found
in our previous study that the mortality rate of severe
hepatitis patients with more than two complications was
72.8% and nearly 100% of those with more than four
complications. The pathophysiological mechanism of
multiple organ dysfunction in severe hepatitis patients is
still not clear[1,3]. At present, it is considered that infection
and severe endotoxemia could play an important role
in severe hepatitis with multiple organ dysfunction[1-3].
Malnutrition of severe hepatitis patients, especially chronic
severe hepatitis patients, was the leading cause of accompanying
infections[1,5]. Therefore, if infection is controlled effectively
and endotoxin is removed, malnutrition may improve, and
the multiple organ dysfunction of severe hepatitis patients
may be prevented and cured effectively. According to this
hypothesis, we designed a new therapy method for chronic
severe hepatitis: human GH combined with lactulose enema.
GH, composed of 191 amino acids, is a sort of single
chain polypeptide secreted by adenohypophyseal acidophils.
It is well known that GH not only promote growth and
development but also has comprehensive biological functions,
concerning cell multiplication and differentiation. GH could
also regulate immunity and metabolism[6]. Furthermore, liver
is the main target organ of GH in vivo, and the center of
GH-IGF axis[7,8]. It has been found that decreased serum
IGF-1, IGFBP3 and ALS had a close relation to liver reserve
function and the prognoses of liver cirrhosis patients[9]. It
was also found[10] that serum IGF-1 and IGFBP3 were
decreased in severe viral hepatitis patients while IGFBP1
was increased. The decrease of IGF-1 also had a close
relation to the prognosis of severe hepatitis patients. Assy
et al [9] , performed hypodermic injection in liver cirrhosis
patients with rhGH 0.4 U/kg, and measured serum IGF-1
24 h later with RIA. If IGF-1 <10 nmol/L, the prognosis
was bad, the 1-year survival rate was only 15%; if IGF-1
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>10 nmol/L, the 1- and 2-year survival rates of liver
cirrhosis patients were both 100%; indicating that IGF-1
could be used to forecast the prognosis of liver cirrhosis
patients[11,12]. Our study showed that the GH level of chronic
severe hepatitis patients was high, extraneous human GH
could increase IGFBP1, IGF-1 and IGFBP3, while serum
GH level was decreased. These results indicated that
extraneous GH might improve GH resistance state of chronic
severe hepatitis[10-12]. GH resistance is related to metabolic
disturbances, such as malnutrition, energy metabolism
abnormity, both of which play an important part in
secondary hepatocyte damage and multiple organ dysfunction
of severe hepatitis. On the other hand, the prognoses of
severe hepatitis patients depend on the balance between
necrosis and regeneration of liver. Many cell factors (such
as HGF, HSGF) can stimulate the proliferation of hepatic
cells, but the clinical curative effect is not satisfactory. It
has been found that epidermal growth factor could
significantly alleviate the multiple organ failure due to
thioacetamide. Our study also showed that the use of human
GH for 2-4 wk in treating chronic severe hepatitis patients
could reduce the occurrence and development of
complications, prolong the survival and improve the lifequality of patients. Serum prealbumin, albumin level
increased and the overall effective rate was 75% without
any obvious side effect[13].
It has been proved that toxic substances (such as
endotoxin, NH3, -GABA, etc.) and high level of inflammatory
cell factors in the serum of severe hepatitis patients could
lead to fever, hypotension, ARDS, and eventually multiple
organ dysfunction[1]. Besides, these substances may affect
the regeneration capacity of liver. Therefore, it is important
to look for an effective method to reduce endotoxin and
inflammatory cell factors. Biological and non-biological
artificial livers could be used to treat severe hepatitis, through
reducing the toxic substances in serum, such as endotoxin
and bilirubin. However, most of the toxic substances could
combine with proteins into large molecules and could not
be filtered through, so treatment should be conducted
repeatedly. Some useful cell factors were also filtered.
Meanwhile there were some complications, such as
secondary bacterial or virus infections. For this reason, the
long-term treatment of severe hepatitis with artificial liver
should be further explored, and at present it has been only used
as the transient therapy before liver transplantation [3].
Professor Fan (Hong Kong University) et al, used selective
filtration to remove toxic substances, and retained some
liver growth factors meanwhile. They achieved perfect
results in animal experiments, but there has been no clinical
experiment[3]. Some scholars utilized tumor necrosis factor
antibody to treat experimental hepatic failure animals, and
also obtained good results, but there is no clinical experiment
report, either.
Lactulose can be decomposed into lactic acid and acetic
acid by enteric bacteria. Both of them can acidify the
intestinal tract, and restrain the production and absorption
of toxic substances, such as endotoxin, NH3, etc., so that
they can remove endotoxin perfectly without severe side
effects. It has been proved by clinical researches that
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lactulose can remove endotoxin and decrease the generation
of endotoxin. In this study, we preliminarily observed the
curative effects of human GH associated with lactulose in
treating chronic severe hepatitis, and achieved satisfactory
results. In treatment group, the clinical symptoms of most
of the patients were improved evidently. According to the
modified criteria of therapeutical effect, the markedly
effective rate was 21.4% (6/28), the effective rate was 53.5%
(15/28), the overall effective rate was 75%, and there was
a significant difference compared to the control group. This
result indicated that human GH combined with lactulose could
effectively prevent exacerbation of severe hepatitis, and prevent
and cure its complications. Its mechanisms may lie in the
following factors: preventing the generation and absorption of
intestinal endotoxin, curing endotoxemia; improving GH
resistance of chronic severe hepatitis patients and abnormal
metabolic status, and increasing serum prealbumin, albumin
and cholesterol level. It is preliminarily concluded that
human GH combined with lactulose could prevent and cure
severe hepatitis complicated by multiple organ dysfunction.
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Abstract
AIM: To study the effects and possible mechanisms of
fufanghuangqiduogan (FFHQ) in mice with acute liver
injury (ALI).
METHODS: ALI was successfully induced by injecting
carbon tetrachloride (CCl4) intraperitoneally and by tail
vein injection of Bacillus Calmette Guerin (BCG) and
lipopolysaccharide (LPS) in mice, respectively. Each of
the two model groups was divided into normal group, model
group, FFHQ (60, 120 and 240 mg/kg) treatment groups,
and bifendate treatment group. At the end of the experiment,
levels of alanine aminotransferase (ALT) and aspartate
aminotransferase (AST), content of malondialdehyde (MDA),
activities of superoxide dismutase (SOD) and glutathione
peroxidase (GSH-px) in liver homogenate were measured
by biochemical methods. The activities of tumor necrosis
factor- (TNF-) and interleukin-1 (IL-1) were determined
by radio-immunoassay. Hepatic tissue sections were
stained with hematoxylin and eosin and examined under
a light microscope.
RESULTS: In the two models of ALI, FFHQ (60, 120,
240 mg/kg) was found to significantly decrease the serum
transaminase (ALT, AST) activities. Meanwhile, FFHQ
decreased MDA contents and upregulated the lower SOD
and GSH-px levels in liver homogenate. Furthermore, in
immunologic liver injury model, FFHQ decreased levels
of TNF- and IL-1 in serum. Histologic examination
showed that FFHQ could attenuate the area and extent of
necrosis, reduce the immigration of inflammatory cells.
CONCLUSION: FFHQ had protective effect on liver injury
induced by either CCl4 or BCG+LPS in mice, and its mechanisms were related to free radical scavenging, increasing
SOD and GSH-px activities and inhibiting the production
of proinflammatory mediators.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Acute liver injury (ALI) is a co-operative consequence of
endotoxemia, microcirculation dysfunction as well as
inflammatory cells (such as macrophage, lymphocyte) that
release inflammatory mediators and cytokines (such as tumor
necrosis factor- (TNF-), interleukin-1 (IL-1)) when
stimulated. ALI is mostly induced by viral hepatitis, alcoholism,
iron overload, or drug toxicity. It has a very high morbidity
and mortality. The treatment might be anti-inflammatory
or antioxidant action. Many modern Western medicines
have been used to remedy ALI, but strategies are difficult
to achieve satisfied outcomes due to their side effects.
However, some traditional Chinese herbs (such as Radix
Paeonia Pall, Radix Astragali, Radix Salviae Miltiorrhizae,
Cordycep sinensis, Ginkgo biloba, Picrorhiza scrophulariflora) have
been found to have particular advantages in therapeutic
research of ALI and other liver disease for their definite
effectiveness, cheap prices and negligible side effects[1-6] .
Traditional Chinese medicine (TCM) treatment is based on
overall analysis of symptoms and signs, and the physical
condition of the patient[7]. Fufanghuangqiduogan (FFHQ)
is an extract of prescription TCM consisting of Radix Astragali,
Radix Paeonia lactiflora, etc. The present study aims at exploring
the effects of FFHQ on the prevention of immunologic ALI
induced by Bacillus Calmette Guerin (BCG)+ lipopolysaccharide
(LPS) in mice and chemical ALI induced by CCl4 in mice,
and the content of malondialdehyde (MDA) and the activities
of superoxide dismutase (SOD) and glutathione peroxidase
(GSH-px) in mice liver homogenate were determined in
order to investigate its possible mechanisms.
MATERIALS AND METHODS
Drugs and materials
CCl4, purchased from Beijing Chemical Factory, was diluted
to 0.1% in vegetable oil. LPS from Escherichia coli was
obtained from Sigma Chemical Co. (St. Louis, MO, USA).
BCG was purchased from Institute of Shanghai Biological
Products. FFHQ is an extract of traditional Chinese herbs
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consisting of Radix Astragali, Radix Paeonia lactiflora and Radix
Glycyrrhizae purchased from Anhui Heyitang Pharmacy,
China. These herbs mixed up in specified ratio (1:4:0.8)
were boiled with water and extracted by alcohol: 95% alcohol
in liquid of these herbs by the volume proportion of 2:1 was
mixed and stored at 0-4 ℃ for 24 h, then the sediments were
filtered and the suspension including the protein and amylum
was finally heated at 90-95 ℃ to evaporate the remaining
alcohol and to obtain yellow brown powders. FFHQ was
mainly composed of the total glucosides of Paeony (TGP),
the total astragalosides (TAS), the total flavonoids of
astragalus (TFA), astragalus polysaccharides and so on. TGP
and TAS, accounting for 59.3%, were main effective
components of FFHQ. FFHQ was dissolved into 0.5% sodium
carboxymethylcellulose (CMC-Na) solutions before use.
Commercial kits used for determining lipid peroxidation and
SOD activity were obtained from the Jiancheng Institute of
Biotechnology (Nanjing, China). Other chemicals used in these
experiments were of analytical grade from comm-ercial sources.
Animals
Male Kunming mice (20±2 g) were obtained from the Animal
Department of Anhui Medical University. Mice were maintained on 12-h light/dark cycles. Animals were allowed free access
to food and water. All mice were fasted for 16 h prior to
blood/tissue sampling. All experiments were performed in
accordance with the institutional ethical guideline.
Establishment of chemical liver injury model[8-10]
A CCl4 0.1% vegetable oil solution was injected intraperitoneally
into each animal in a dose of 10 mL/kg body weight. All
the mice were anesthetized with ether, then killed by cervical
dislocation 16 h after CCl4 injection and trunk blood was
collected into heparinized tubes (50 U/mL) and centrifuged
(1 500 r/min, 10 min, 4 ℃). Serum was aspirated and stored
at -70 ℃ until assayed as described below. The liver was
also removed and stored at -70 ℃ until use.
Establishment of immunological liver injury model[11]
A 2.5 mg dose of BCG (viable bacilli) suspended in 0.2 mL
saline was injected via the tail vein into each animal, and 10 d
later, injected with 7.5 µg LPS dissolved in 0.2 mL saline.
The mice were anesthetized with ether, and then killed by
cervical dislocation 16 h after LPS injection. The other
method adopted in the case of pretreatment studies was
the same as in CCl4-induced liver injury mentioned above.
Drug treatment
In the two model experiments, the animals were equally
divided into six groups randomly which included normal,
model control, FFHQ groups (three different doses) and
bifendate. The mice in FFHQ groups received daily doses
of 60, 120 or 240 mg/kg b.w. of FFHQ using an 18-gauge
stainless steel animal feeding needle for 10 d prior to LPS
injection and for 7 d prior to CCl4 injection, respectively.
Mice in normal and model control group in the two model
experiments were fed only with the same volume of vehicle.
Measurement of serum ALT, AST, TNF- and IL-1
Serum alanine aminotransferase (ALT) and aspartate aminot-
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ransferase (AST) were determined using commercial kits
produced by Jiancheng Institute of Biotechnology (Nanjing,
China). The activities of ALT and AST were expressed as
an international unit (U/L). Serum TNF- and IL-1 were
measured using commercial kits produced by Beijing
Biotechnology Co., Ltd, and their levels were expressed as
nanogram per milliliter.
Measurement of MDA, SOD and GSH-px in liver homogenate
Liver was thawed, weighed and homogenized in Tris-HCl
(5 mmol/L containing 2 mmol/L EDTA, pH 7.4). Homogenates were centrifuged (1 000 r/min, 10 min, 4 ℃) and
the supernatant was used immediately for the assays of
MDA and SOD. MDA, SOD and GSH-px were determined
following the instructions on the kit. In brief, MDA in liver
tissue was determined by the thiobarbituric acid method.
All samples were assayed in triplicates. The content of MDA
was expressed as nanomole per gram liver tissue. The assay
for total SOD was based on its ability to inhibit the oxidation
of oxyamine by the xanthine-xanthine oxidase system. The
red product (nitrite) produced by the oxidation of oxyamine
had an absorbance at 550 nm. One unit (U) of SOD activity
was defined as the amount that reduced the absorbance at
550 nm by 50%. All samples were assayed in triplicates.
Results were expressed as unit per gram liver tissue. GSHpx was measured by the DTNB method, and its content
was expressed as unit per milligram protein.
Histologic analysis
Formalin-fixed specimens were embedded in paraffin and
stained with hematoxylin and eosin for conventional
morphologic evaluation. After decapitation of rats, small
liver specimens were placed in 100 mL/L formalin solution
and processed routinely by embedding in paraffin. Tissue
sections (4-5 µm) were stained with hematoxylin and eosin
and examined under light microscope (Olympus, Japan).
An experienced histologist who was unaware of the treatment
conditions made histologic assessments.
Statistical analysis
All values were presented as mean±SD. Statistical analysis
of the data for multiple comparisons was performed by oneway analysis of variance followed by Duncan’s test. For a
single comparison, the significance of differences between
means was determined by Student’s t-test. A level of P<0.05
was taken as statistically significant.

RESULTS
Effect of FFHQ on serum ALT, AST, TNF- and IL-1
Activities of both serum AST and ALT, indices of hepatic
cell damage, were significantly higher in BCG+LPS-induced
group and CCl4 group than in the control group in the two
models. FFHQ (60, 120, 240 mg/kg b.w.) significantly reduced
the activities of serum AST and ALT. Levels of TNF- and
IL-1 in serum were significantly higher in BCG+LPS-induced
group than in the control group in the immunologic mice
model. FFHQ (60, 120, 240 mg/kg b.w.) significantly
reduced the levels of serum TNF- and IL-1 in the immunologic
mice model (Tables 1 and 2).
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Table 1 Effects of FFHQ on serum ALT, AST, TNF- and IL-1 in immunologic liver injury in mice (n = 10, mean±SD)
Group

Dose (mg/kg b.w.)

Normal
Model
FFHQ

----60
120
240
100

Bifendate
a

ALT (U/L)

AST (U/L)

TNF- (ng/mL)

IL-1 ng/mL

22.3±6.1
204.3±49.6d
171.6±33.7a
131.1±24.8b
129.7±26.5b
89.6±21.3b

31.5±8.5
197.6±42.3d
172.0±35.8a
151.2±39.8b
143.5±30.9b
95.4±28.3b

1.29±0.41
3.95±1.24d
3.00±0.98a
2.76±0.63b
2.61±0.55b
2.89±0.92a

0.157±0.054
0.341±0.101d
0.289±0.068a
0.244±0.049b
0.273±0.051b
0.279±0.046a

P<0.05, bP<0.01 vs model group; dP<0.01 vs normal group.

Table 2 Effects of FFHQ on serum ALT and AST in chemical ALI in
mice (n = 10, mean±SD)
Group

Dose
(mg/kg b.w.)

ALT
(U/L)

AST
(U/L)

Normal

---

26.4±8.2

34.1±9.3

Model

---

222.4±35.9d

231.8±40.0d

60

181.6±30.7a

182.0±35.8a

120

153.1±34.8b

161.2±39.8b

240

144.7±46.5b

153.5±30.9b

100

103.5±29.8b

139.3±31.6b

FFHQ

Bifendate
d

P<0.01 vs normal group; aP<0.05, bP<0.01 vs model group.

Effect of FFHQ on liver homogenate MDA, total SOD and GSH-px
Liver homogenate MDA content in BCG+LPS-induced
group and CCl4 group was significantly higher than that in
the control group in the two models, while liver homogenate
total SOD activity and the GSH-px level were sharply
decreased. FFHQ (60, 120, 240 mg/kg b.w.) could not
only significantly attenuate MDA generation, but evidently
increased the liver total SOD activity and the GSH-px level
in the two mice models (Tables 3 and 4).

Table 3 Effects of FFHQ on MDA, SOD and GSH-px of immunological ALI mice’s liver homogenate (n = 10, mean±SD)
Group

Dose
(mg/kg b.w.)

MDA
(nmol/g tissue)

SOD
(U/g tissue)

GSH-px
(U/mg protein)
141.4±27.5

Normal

---

6.54±1.82

396.6±60.6

Model

---

15.18±3.57d

181.3±40.7 d

60

12.57±3.15

a

10.74±2.34

b

10.08±2.28

b

12.03±3.21

a

193.8±40.5

FFHQ

120
240
Bifendate
a

100

97.9±24.7d

212.3±39.8

a

116.5±29.1a

252.1±42.0

b

129.5±30.5b

269.0±52.7

b

133.1±34.1b
107.6±30.5

P<0.05, bP<0.01 vs model group; dP<0.01 vs normal group.

Table 4 Effects of FFHQ on MDA, SOD and GSH-px of chemical ALI
mice’s liver homogenate (n = 10, mean±SD)
Group

Dose
(mg/kg b.w.)

MDA
(nmol/g tissue)

SOD
(U/g tissue)

GSH-px
(U/mg protein)
136.4±24.5

Normal

---

6.76±2.3

440.5±51.8

Model

---

18.68±4.72 d

204.3±34.1d

91.9±21.2d

60

13.21±2.88

b

310.1±35.5

b

105.5±23.6a

12.36±3.19

b

321.3±39.2

b

121.1±24.6b

240

12.08±3.28

b

337.0±35.1

b

124.3±27.9b

100

12.29±2.67b

221.6±38.5

FFHQ

120

Bifendate
a

P<0.05, bP<0.01 vs model group; dP<0.01 vs normal group.

98.3±22.5

Histologic results
In the two models, normal mice had no pathologic abnormality.
Liver parenchyma was in good morphology and hepatocytes
were arranged around the central vein. No congestion and
inflammation were noticed in the sinusoids (Figures 1A and
2A). In the two models, model group mice had severe
pathologic abnormality. Hepatocytes were prominent with
marked vacuolization; moreover, hepatocytes necrosis,
striped necrosis, bridging necrosis appeared and inflammatory
cells were arranged around the necrotic tissue. Congestions
in liver sinusoids were significant with scattering immersion
of inflammatory cells (Figures 1B and 2B). In the two models,
the area and extent of necrosis in FFHQ-treated groups
attenuated and the immigration of inflammatory cells reduced.
Liver parenchyma was well preserved with radially arranged
hepatocytes around the central vein. Regular sinusoidal
structures were noticed without congestion (Figures 1C and 2C).

DISCUSSION
FFHQ was an extract of Chinese herbs prescription that has
various kinds of pharmacologic actions. In the prescription,
the main Chinese herbs such as Radix Astragali and Radix
Paeonia lactiflora have been used to relieve the pain and be
an effective prescription for treatment of liver disease and
other diseases[1,2,7,12,13]. FFHQ has some active compounds, such
as TGP (consist of paeoniflorin, albiflorin, benzoylpaeoniflorin,
oxypaeoniflorin, paeonin, etc.), TAS (consist of astragaloside
I-VI, soyasaponin, etc.), TFA, astragalus polysaccharides and
so on. The previous results from our laboratory showed
that TGP was effective against ALI induced by CCl4, Dgalactosamine (D-GalN) and BCG+LPS in mice and
chronic liver [1]. In vivo and in vitro, TGP showed obvious
anti-inflammatory and antioxidative activities in other diseases
besides in liver disease. For example, it was found that treatment
of AA rats with TGP (50 mg/kg, ig (14-28 d)) could inhibit
the elevated level of MDA and NO, and upregulated the
lowered activities of SOD and GSH-px[14,15]. In vitro, TGP
could scavenge OH· and O2[16,17]. It was reported[13] that TAS
could protect liver from chemical injury induced by CCl4,
D-GalN and acetaminophen in mice. TAS could impede
the elevation of ALT level, decrease the MDA content and
increase the GSH concentration in mice liver homogenate.
Obvious improvements of histologic changes were also
observed. In vitro, TAS (0.75 mol/L-0.18 mmol/L) could
decrease elevated ALT level in hepatocytes separated from
rats. Previous studies of our institute showed that TAS had
an antinociceptive effect on formalin test in mice that related
to its inhibitory effect on the production of NO. Besides,
astragalus polysaccharide was found to have immunoregulatory
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Figure 1 Histologic results of tissues stained with hematoxylin and eosin under
light microscope in immunologic ALI mice. A: Normal control group; B: model

group; C: FFHQ-treated group.

activity and was used in various kinds of immunologic
diseases[17]. In our previous study, the optimum proportion
of herbs in FFHQ prescription was obtained by uniform
design in ALI mice. On the basis of the optimum proportion,
FFHQ extracts were produced with the method stated in
the part of “Drugs and materials”. In the present study, the
two kinds of ALI models in mice were successfully established,
namely immunologic ALI model induced by BCG+LPS and
chemical ALI model induced by CCl4 to observe the protective
effects and its probable mechanisms of FFHQ.
CCl4 is a well-known hepatotoxic chemical[8,10,18,19]. The
main cause of ALI by CCl4 is free radicals of its metabolites.
By the activation of liver cytochrome P-450, CCl4 generates
methyltrichloride radicals (CCl3), which are highly unstable
and immediately react with membrane components. They
form covalent bonds with unsaturated fatty acids, or take a
hydrogen atom from the unsaturated fatty acids of
membrane lipids, resulting in the production of chloroform
and lipid radicals. The lipid radicals react with molecular
oxygen, which initiates peroxidative decomposition of
phospholipids in the endoplasmic reticu lum. The
peroxidation process results in the release of soluble products
that may affect cell membrane. Cell membrane integrity is
broken and the enzymes (such as ALT, AST, etc.) in cell
plasma leak out. The free radicals and its triggered lipid
peroxidation were involved in the main mechanisms by
which CCl4 induced ALI[20-25]. MDA was one of the main
lipid peroxidation products, its elevated levels could reflect
the degrees of lipid peroxidation injury in hepatocytes.

However, SOD is a scavenger of peroxide anion radicals[26],
which could inhibit the initiation of lipid peroxidation by
free radicals; GHS-px could particularly catalyze the
reductive action of GSH to H2O2 to protect the integrity
of plasma membrane and functions. The present study
showed that level of serum ALT, AST and the content of
MDA in liver homogenate increased in the model group
mice and the activities of SOD and GSH-px decreased
correspondingly. FFHQ decreased the elevated level of ALT
and AST, markedly inhibited the increase of MDA level
and upregulated lower level of the activities of SOD and
GSH-px in different extents, in a dose-dependent manner.
These results indicated that median and high doses of FFHQ
had potential action against lipid peroxidation, and this effect
perhaps is the main mechanism of protection on ALI. The
results were consistent with that TGP and TAS showed
anti-inflammatory and antioxidate activities in our previous
and in the studies of others.
Injection of BCG followed by LPS is useful for the creation
of experimental models of immunologic ALI[11,27,28]. In the
present study, immunologic ALI in mice was successfully
induced by BCG+LPS. On this basis, administration of FFHQ
in vivo resulted in marked reduction of liver injury, as
demonstrated by significant reduction of the serum
transaminase concentration and amelioration of the severe
hepatic pathologic abnormalities. Meanwhile, FFHQ decreased
MDA content and increased GSH-px and total SOD activities
in liver homogenate, in a dose-dependent manner. Furthermore,
FFHQ significantly reduced TNF- and IL-1 production in

A

B

Figure 2 Histologic results of tissues stained with hematoxylin and eosin under
light microscope in chemical ALI in mice. A: Normal control group; B: model

C

group; C: FFHQ-treated group.
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serum, in a dose-dependent manner. In the present study, the
effects of FFHQ on two models in mice were investigated
first. The results showed that FFHQ deceased MDA content
in liver homogenate, meanwhile, SOD and GSH-px activities
rose significantly. Those results are in accordance with the
findings of FFHQ’s antioxidant properties.
TNF- is a multifunctional cytokine mostly secreted by
inflammatory cells and has been implicated in a number of
liver diseases. TNF- has been proven to be the key mediator
and cytokine in the destruction of hepatocyte in human
liver diseases[29,30]. Many previous studies have showed that
TNF- could mediate cell injuries in liver caused by alcoholism,
endotoxin, reperfusion, primary graft nonfunctional and
graft rejection and so on, and the activity of TNF- was
positively related with the extent of liver necrosis[28-31]. At
the same time, TNF- can activate nuclear transcription factorkappa B of hepatocytes, Kupffer cells and endotheliocyte,
which increases expression of intercellular adhesion molecule1, vascular-cell adhesion molecule-1 and selection, these
inflammatory factors further impel the inflammatory injury
of hepatocytes[32,33]. The present study is in accordance with
the reported results. In the two ALI models in mice, serum
TNF- level in model groups was significantly higher than
that in control groups. IL-1 is another critical inflammatory
mediator and cytokine in ALI. Although IL-1 itself has no
damage on liver, its elevation could stimulate inflammatory
cells to excrete many other cytokines including TNF-, IL-6
and IL-8, which contribute to ALI[34]. Our data provided
further evidence for the role of cytokines including TNF-
and IL-1 during ALI. Serum level of TNF- and IL-1 elevated
significantly in model group in immunologic ALI mice model.
Median and high doses of FFHQ significantly reduced the
elevated level of TNF- and IL-1 in mice serum. Therefore,
inhibition of pro-inflammatory mediator and cytokines is partly
the mechanisms of FFHQ protective effect on ALI.
In the two model experiments, histologic changes, such
as hemorrhage and necrosis in hepatic lobules, inflammatory
infiltration of lymphocytes and Kupffer cells around the
central vein, were simultaneously improved in FFHQ treatment
groups. All results mentioned above suggested that FFHQ
may not only be an anti-inflammatory agent, but also be used
as an antioxidative therapy for ALI in mice.
In summary, the present study further demonstrated that
inflammatory reaction, free radicals and its triggered lipid
peroxidation are main pathologic characteristics of ALI. FFHQ
has protective effect either on chemical ALI in mice or on
immunologic ALI in mice. The mechanisms of FFHQ on
ALI may be related to its immunoregulatory properties and
antioxidant, such as free radical scavenging, increased SOD,
GSH-px activities and proinflammatory mediators. To conform
to the modernization of TCM, the study on active components
about the prescription of FFHQ needs to be developed further.
Both experiments to extract, isolate and identify the active
components about the prescription of FFHQ and studies on
the mechanisms involved are now in progress.
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Abstract
AIM: To determine the radiosensitizing potential of
docetaxel in human hepatocellular carcinoma SMMC-7721
cells and its mechanisms.
METHODS: SMMC-7721 cells were incubated with docetaxel
at 0.125, 0.25, and 0.5 nmoL/L for 24 h and at 0.125
and 0.25 nmol/L for 48 h before irradiation. Radiation
doses were given from 0 to 10 Gy. Cell survival was
measured by a standard clonogenic assay after a 9-d
incubation. The reactive oxygen species (ROS) and
glutathione (GSH) are detected after being given the same
dose of docetaxel for the same time.
RESULTS: The sensitization enhancement ratios (SER)
for SMMC-7721 cells determined at the 50% survival level
were 1.15, 1.21 and 1.49 at 0.125, 0.25, and 0.5 nmol/L
for pre-incubation of 24 h, respectively; the SER were
1.42, 1.67 at 0.125 and 0.25 nmol/L, for pre-incubation
of 48 h, respectively. The ROS of SMMC-7721 cells
increased and GSH decreased after pretreatment with
the same doses of docetaxel for 24 or 48 h.
CONCLUSION: A radiosensitizing effect of docetaxel
could be demonstrated unambiguously in this cell line
used. In addition, our data showed that the mechanism
of radiopotentiation by docetaxel probably does not involve
a G2/M block in SMMC-7721 cells, and ROS generation
and GSH deletion may play a key role in the radiosensitizing
effect of docetaxel.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Human hepatocellular carcinoma (HCC) is one of the major
causes of death worldwide, and surgical resection is the
only curative therapy, the resection rate is only 10-30%,
the remaining patients are subjected to various forms of
non-surgical therapy. Searching for effective chemotherapeutic
agents is important to improve the survival rate of patients
with advanced or recurrent HCC after surgical treatment.
HCC is well known for its expression of multidrug resistance
gene and its poor response to chemotherapeutic agents, thus
is usually insensitive to chemotherapeutic drugs currently
used in clinical setting and there is thus an urgent need for
the evaluation of new options against HCC. External-beam
radiation is one of the options employed currently in clinical
practice. It has been recommended that a dosage greater
than 50 Gy be used to kill HCC cells, however, this dose is
associated with radiation-induced hepatitis and liver failure
when the whole liver is treated, therefore, if radiation is
used, the delivered dose should be limited to 30-35 Gy
over 3-4 wk[1,2].
Docetaxel is a new toxoid structurally similar to paclitaxel,
a semisynthetic product of a renewable resource, the needles
of the European yew, Taxus baccata L. In comparison to
paclitaxel, docetaxel is more potent as an inhibitor of
microtubule depolymerization, and a less efflux of docetaxel
from tumor cells was observed. Docetaxel has been assessed
in various cancers, and has shown an active effect against
lung cancers, breast carcinoma, the carcinoma of the head
and neck[3-5].
In vitro studies provided ample evidence that docetaxel
can enhance radiation sensitivity of tumor cells; treatment
regimens consisting of docetaxel combined with radiotherapy
have undergone extensive preclinical investigation. The focus
was primarily on cell radiosensitization because docetaxel
arrests cells in the radiosensitive G2/M phase of the cell
cycle. In contrast with paclitaxel, docetaxel seems to be a
better radiosensitizer than paclitaxel.
Studies have shown that combination therapy of docetaxel
with radiation has higher efficacy and reduced effects in
patients with lung cancer, head and neck cancer[6,7].
Docetaxel and agent combination with radiotherapy was
also feasible and, a high complete response rate could be
observed. But the related information about HCC is hardly
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MATERIALS AND METHODS
Reagents
Docetaxel (Rhone-Poulenc Rorer Pharmaceuticals Inc.) was
stored as 100 µmol/L stock solution in absolute ethanol at
-80 ℃. This solution was further diluted in the medium and
used in the cell culture immediately before each experiment.
Cell cultures
Human HCC SMMC-7721 cell line was obtained from
Liver Cancer Institute of Fudan University. The cells were
cultured in flasks with RPMI1640 (Gibco BRL, Grand
Island, NY) medium supplemented with 100 IU/mL
penicillin, 100 µg/mL streptomycin and 10% new-born
bovine serum (Hyclone, Logan, UT) and maintained at
37 ℃ in a humidified atmosphere containing 50 mL/L CO2.
Colony forming assay
Exponentially growing SMMC-7721 cells were trypsinized
and seeded on the basis of different density in a 60-mm
culture plate (Corning, NY) with 4 mL of medium, and
allowed to bind. Twenty-four hours later, the medium was
discarded and replaced by different concentrations of
docetaxel containing medium. The cells were incubated
for 24 and 48 h and then irradiated at room temperature
with an Oris 137Cesium source at doses ranging from 0 to
10 Gy. For 24 h group, docetaxel was added at 0.125, 0.25,
0.5 nmol/L and for 48 h group docetaxel was added at
0.125 and 0.25 nmol/L, respectively. For each radiation
dose, four dishes were irradiated control and drug-treated
cells. After irradiation, the docetaxel containing medium was
replaced with equal volume of fresh medium without drug.
The dishes were incubated at 37 ℃ in air and 50 mL/L
CO2 for 9 d. The cells were fixed in ethanol, and stained
with Giemsa, and manually counted. Colonies of >50 cells
were considered as survivors. For all of the data obtained by
cologenic assays, drug toxicity was adjusted for the surviving
fraction of drug-treated cells to yield corrected survivals
of 100% for non-irradiated but doctaxel-treated cells. The
effect shown is therefore the sensitizing action, after the
subtraction of the direct cytotoxic effect of docetaxel.
Reactive oxygen species measurement
After logarithmic growth phase SMMC-7721 cells were
treated with 0.125, 0.25, and 0.5 nmol/L docetaxel for
24 h, 0.125 and 0.25 nmol/L docetaxel for 48 h, the cells
were incubated with 2’,7’-dichlorofluorescin diacetate
(DCF/DA; 5 µmol/L; Sigma) at 37 ℃ for 50 min to estimate
the reactive oxygen species (ROS) level. The cells were
harvested and detected immediately for fluorescence
intensity detection on Becton Dickinson FACSCalibur flow
cytometer and data were acquired and analyzed using FACS/
CELLQuest software (San Jose, CA) on a Power Macintosh

7 600/120 computer (Apple Computers, Cupertino, CA)[8],
three independent experiments were repeated in each drug
treated group and the control group was not given docetaxel
and incubated with DCF/DA. All experiments were
conducted in triplicate.
Determination of intracellular glutathione content
The determination of intracellular glutathione (GSH) content
was conducted according to Shen et al[9], with modification.
Briefly after logarithmic growth phase SMMC-7721 cells
(≥10 6) were treated with different doses of docetaxel
(0.25, 0.5, 10 nmol/L) for 24 h, harvested by trypsination,
washed, resuspended in PBS and counted under phase
contrast microscope. The cells suspension was centrifuged
at 300 r/min for 5 min, the cell pellets were added with
0.75 mL distilled water and 0.25 mL thiosalicylic acid to
precipitate protein. After centrifugation at 12 000 g for
5 min at 4 ℃, the supernatant was used for GSH assay.
The control group was not given docetaxel. All experiments
were conducted in triplicate.
Statistical analysis
The intracellular GSH content was expressed as mean±SD.
Their differences between drug treated groups and the
control group were analyzed with Student’s t-test.

RESULTS
The radiopotentiating effect of docetaxel on SMMC-7721 cells
Different doses of docetaxel incubated with SMMC-7721
cells both for 24 and 48 h show radiopotentiating effect:
SERs for SMMC-7721 cells determined at the 50% survival
level were 1.15, 1.21, 1.49 at 0.125, 0.25, 0.5 nmol/L for
pre-incubation 24 h, respectively; SERs were 1.42, 1.67
at 0.125 and 0.25 nmol/L, for pre-incubation of 48 h,
respectively. The surviving fraction of drug-treated cells
was adjusted drug toxicity to yield corrected survivals of
100% for non-irradiated but doctaxel-treated cells. The effect
shown is therefore the sensitizing action, after the subtraction
of the direct cytotoxic effect of docetaxel (Figures 1 and 2).

1.0
Survival fraction

reported and needs investigation, and the mechanism of
docetaxel underlying its radioenhancing effect remains to
be elucidated further. This study is to investigate the
radiosensitizing effect of docetaxel and its mechanism in
SMMC-7721 human HCC cells in vitro and to provide the
basis for clinical application study in patients with HCC.
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Figure 1 Dose response to radiation incubated with or without docetaxel for
24 h.

Effect of docetaxel on intracellular ROS
As demonstrated in Figure 3, The SMMC-7721 cells ROS
level (corresponding to the fluorescence intensity) increased
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significantly after treatment with 0.125, 0.25, and 0.5 nmol/L
docetaxel for 24 h and 0.125 and 0.25 nmol/L docetaxel
for 48 h. In comparison with that of the control group, the
ROS level increased by 1.61, 1.69, 1.72, 1.33 and 1.38 times,
respectively.
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Figure 2 Dose response to radiation incubated with or without docetaxel for
48 h.
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Figure 3 Effect of docetaxel on ROS generation of SMMC-7721 cells. Data
were from three independent experiments.

Effect of docetaxel on intracellular GSH
Intracellular GSH decreased significantly after treatment
with 0.125, 0.25, and 0.5 nmol/L docetaxel for 24 h and
0.125 and 0.25 nmol/L docetaxel for 48 h, in comparison
with that of the control group (P<0.05) (Figure 4), and on
a dose- and time-dependent basis.
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DISCUSSION
Docetaxel is a new toxoid cytotoxic agent which promotes
tubulin assembly into microtubules and inhibits their
depolymerization, in comparison to paclitaxel, docetaxel is
a more active tubulin assembly promoter and microtubule
stabilizer.
It has been demonstrated that docetaxel can enhance
radiation sensitivity of tumor cells, potentiate tumor response,
and increase the therapeutic ratio of radiotherapy, compared
with tumor radioresponse, normal tissue radioresponse was
much less affected by docetaxel[10]. In contrast to previously
published results with paclitaxel, docetaxel seems to be a
better radiosensitizer than paclitaxel.
Our results demonstrated that several doses of docetaxel
incubated with SMMC-7721 cells for both 24 and 48 h
shows radiosensitizing effect on this cell line, and on doseand time-dependent basis. It is suggested that radiosensitization
by paclitaxel require progression of cells through the cycle
and accumulation in G2/M phase. But the colony forming
assay and flow cytometric analysis of SMMC-7721 cells
after treatment with different concentrations of docetaxel
show that docetaxel at radiopotentiating doses did not cause
any cell cycle redistribution, and the G2/M phase arrest
gets apparent at a much higher dose (10 nmol/L), but the
survival fraction decreases to 0 (data not shown here) at
this dose of docetaxel, and this high dose docetaxel cannot
be applied to radiation sensitizing study any further. So we
speculate that the radiopotentiating effect of docetaxel on
SMMC-7721 cells probably does not involve a G2/M arrest,
and the mechanism underlying this phenomenon remains
to be investigated. This is in agreement with results showing
that docetaxel radiopotentiated human lung cancer cell line
H460 cells, but did not cause any cell cycle redistribution
and G2/M phase block. It is reported that reoxygenation of
radioresistant hypoxic cells could account for radioenhancement
by taxanes. Whether reoxygenation of SMMC-7721 cells
by docetaxel occurred and is involved in radioenhancement
needs investigation.
In order to investigate the mechanisms underlying the
radioenhancement of docetaxel in SMMC-7721 cells, after
SMMC-7721 cells were treated with different doses of
docetaxel for 24 or 48 h, the ROS and GSH levels were
determined. Our results demonstrated that the drug-treated
SMMC-7721 cells ROS increased and GSH decreased
significantly compared with that of the control group
(P<0.05), suggesting that intracellular oxidative stress and
GSH deletion occurred after docetaxel treatment, and
increased ROS and GSH deletion may be involved in
the radioenhancement of docetaxel in SMMC-7721 cells.
According to radiation biology, radiation in the presence of
oxygen caused generation of peroxide, and peroxide could
damage DNA, prevent DNA from repairing, thus enhancing
the radiosensitivity of DNA, potentiating the radiosensitizing
effect. ROS has been found to regulate translocation of
NF-B as well as translocation of p53 and the p53-mediated
apoptosis pathway[11,12]. Also it has been found that induction
of apoptosis was accompanied by the generation of
intracellular ROS prior to the activation of caspase-3.
Recently it was reported that arsenic trioxide and l-S,Rbuthionine sulfoximine (BSO) combination treatment
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enhanced HCC cells apoptosis through increased production
of ROS[13], modulation of the ROS production inside and
outside of cells may influence the cell survival during
oxidative insults. Oxidative stress can occur in irradiated
human leukemia “blasts”, and may play a direct role in
radiation-induced apoptosis. Early studies have also
demonstrated that the onset of apoptosis is associated with
a fall of intracellular GSH in different cellular systems and
GSH could significantly reduce apoptosis mediated by a
monoclonal antibody directed to Fas antigen, and apoptosis
could be almost prevented by GSH. GSH is an important
cellular thiol which is regarded as the major determinant of
the intracellular redox potential; on the other hand, apoptosis
may be regulated by the redox status within the cells. Loss
of GSH was shown to be tightly coupled with a number of
downstream events in apoptosis, in caspase activation
and events in chromatin, and GSH depletion may act as a
link between oxidative stress and ceramide-mediated
apoptosis [14]. Also it was found that decreased cells
proliferation associated with decreased levels of intracellular
GSH, and blockade of GSH synthesis enhanced ROS
production and suppressed cells proliferation, cells with
compromised cellular GSH were susceptible to redox
imbalance-induced inhibition of proliferation[15]. But if there
is GSH in the cells, the peroxide can be cleared and DNA
damage can be repaired. Depleting the intracellular GSH
by specific inhibitor BSO could increase cellular radiosensitivity.
GSH plays a critical protective role in maintaining nuclear
and mitochondrial DNA functional integrity, determining
the intrinsic radiosensitivity of Hep G2 cells, the protective
role of GSH may relate to modification of DNA damage
dependent signaling.
It was reported that buthionine sulfoximine-mediated
GSH depletion increased radiation-induced chromosome
aberrations, apart from exchange aberrations, this could be
due to reduction in the free-radical scavenging effect of
GSH, a failure in rejoining of DNA double-strand breaks,
or induction of apoptosis. Induction of endogenous GSH
in living cells following low-dose gamma-ray irradiation is
partially responsible for the appearance of radioresistance
to a subsequent lethal dose of radiation, and may make it
possible to use higher doses of radiation in radiotherapy
for tumor patients. Radiation-induced apoptosis in radiationresistant murine lymphoma cell line (LY-ar) cells was restored
by pretreatment with paclitaxel, was correlated with lowered
levels of intracellular GSH[16].
In summary, the present study demonstrates that
docetaxel shows radiosensitizing effect on SMMC-7721
HCC cells in vitro. It leads to ROS generation and GSH
deletion, subsequently results in redox imbalance in SMMC7721 cells, and it is speculated that the redox imbalance
caused by docetaxel may play an important role in the
radioenhancement in SMMC-7721 cells. As far as we know,
this is the first report concerning radiosensitization and of
docetaxel and liver carcinoma the role of redox imbalance
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by docetaxel in the radiosensitization so far. Our results
not only provide the basis for further in vivo and clinical
studies in HCC but also contribute to understanding the
pharmacology of docetaxel further.
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Abstract
AIM: To investigate the protective effect and possible
mechanism of L-arginine preconditioning on ischemia and
reperfusion injury associated with small bowel transplantation
(SBT).
METHODS: Male inbred Wistar rats weighting between
180 and 250 g were used as donors and recipients in the
study. Heterotopic rat SBT was performed according to
the techniques of Li and Wu. During the experiment,
intestinal grafts were preserved in 4 ℃ Ringer’s solution
for 8 h before being transplanted. Animals were divided
into three groups. In group 1, donors received intravenous
L-arginine (50 mg/kg, 1 mL) injection 90 min before graft
harvesting. However, donors in control group were given
normal saline (NS) instead. In group 3, six rats were used
as sham-operated control. Specimens were taken from
intestinal grafts 15 min after reperfusion. Histological
grading, tissue malondialdehyde (MDA) and myeloperoxidase
(MPO) levels were assessed. The graft survival of each group
was monitored daily until 14 d after transplantation.
RESULTS: Levels of MDA and MPO in intestine of shamoperated rats were 2.0±0.22 mmol/g and 0.66±0.105 U/g.
Eight hours of cold preservation followed by 15 min of
reperfusion resulted in significant increases in tissue MDA
and MPO levels. Pretreatment with L-arginine before graft
harvesting resulted in lower enhancement of tissue levels
of MDA and MPO and the differences were significant
(4.71±1.02 mmol/g vs 8.02±3.49 mmol/g, 1.03±0.095 U/g
vs 1.53±0.068 U/g, P<0.05). Besides, animals in L-arginine
pretreated group had better histological structures and
higher 2-wk graft survival rates comparing with that in
NS treated group (3.3±0.52 vs 6±0.1, 0/6 vs 6/6, P<0.05
or 0.01).
CONCLUSION: L-arginine preconditioning attenuates
ischemia and reperfusion injury in the rat SBT model,
which was due to antioxidant activities partially.
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INTRODUCTION
Small bowel transplantation (SBT) has become an accepted
therapy for intestinal disease in patients who require total
parenteral nutrition. Although the results of SBT have
dramatically improved during the past few years, ischemiareperfusion injury (IRI), rejection and infection continues
to be a major obstacle.
Ischemic preconditioning is the process in which one or
more brief periods of ischemia with intermittent reperfusion
confer a state of protection against subsequent long-term
IRI. This phenomenon has been reported in small intestine[1].
During the study an increase in NO synthesis was detected
after intestinal preconditioning, and the protection induced
by this process could be partly inhibited by the addition of
the NO synthesis inhibitor L-NAME, so the preconditioning
response might depend on the release of endogenous protective
substances such as NO. Further investigation confirmed
the protective effect of ischemic preconditioning on cold
preservation and reperfusion injury in SBT[2].
L-arginine is the substrate of NO in vivo. Studies showed
L-arginine application could improve graft morphology,
mucosal structure and mucosal barrier function after SBT[3,4].
Another report[5] confirmed sustained NO production via
L-arginine administration ameliorated effects of intestinal
IRI. In the studies mentioned above L-arginine was given
to recipients before reperfusion, it is uncertain whether the
administration of L-arginine to donor has the same effect,
so the purpose of this study was to investigate the effect of
L-arginine preconditioning on graft IRI.
MATERIALS AND METHODS
Animal protocols
Male inbred Wistar rats weighting between 180 and 250 g
(Shanghai Laboratory Animal Center of the Chinese
Academy of Sciences) were used as donors and recipients.
Housed and fed at the Animal Center of Jinling Hospital,
the rats were made to get accustomed to the environment
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for at least 7 d before experiment. The donor and recipient
were paired according to similar body weight.
Rat SBT was performed according to the techniques
of Li and Wu. Briefly, the total length of intestinal graft
was harvested with the vessel pedicle composed of superior
mesenteric artery (SMA) and portal vein (PV). The graft
intestine was preserved in Ringer’s solution at 4 ℃ for 8 h
before being transplanted heterotopically. In recipient the
graft SMA and PV were anastomosed to the abdominal
aorta and left renal vein respectively.
Animals were randomly assigned to the following groups.
In group 1 (L-arginine), the donors were infused with Larginine (50 mg/kg, 1 mL) 90 min before graft harvesting.
In group 2 (control), donor animals received normal saline
(NS), 1 mL injection instead of L-arginine. In group 3 (shamoperated), six rats were used as sham-operated control, of
which the intestine was mobilized without enterectomy to
exclude the influence of operation.
Measurement of MDA and MPO contents
Tissue malondialdehyde (MDA) and myeloperoxidase (MPO)
activities were determined as indexes of tissue antioxidant
status and neutrophils accumulation. The samples were
obtained after 15 min of reperfusion and stored at -70 ℃.
Tissue MDA activity was determined by thiobarbituric acid
test[6]. To measure tissue MPO activity, frozen intestine was
thawed and extracted for MPO, following the homogenization
and sonication procedure as described by Krawisz[7]. MPO
activity in supernatant was measured and calculated from
the absorbance (at 460 nm) changes that resulted from
decomposition of H2O2 in the presence of O-dianisidine.
Histology
Full-thickness graft specimens for histological examination
were fixed in 10% buffered formalin and processed for
H&E light microscopy. The sections were graded for tissue
injury using a scale of 0 (none) to 8 (severe)[8] based on the
following criteria: (0) normal mucosa; (1) development of
subepithelial (Gruenhagen’s) spaces at villus tips; (2) extension
of the subepithelial space with moderate epithelial cell lifting
from the lamina propria; (3) massive lifting down sides of
villi, some denuded tips; (4) denuded villi, dilated capillaries;
(5) disintegration of the lamina propria; (6) crypt layer injury;
(7) transmucosal infarction. All histological analyses were
performed in a blinded fashion so as to avoid bias.

A

Two-week graft survival rate
After operation the graft survival of each group was
monitored daily until 14 d after transplantation.
Statistical analysis
All results were expressed as mean±SD. Significance was
determined using one-way analysis of variance (ANOVA)
for repeated measures followed by Newman-Keuls correction
where appropriate. For comparison of graft survival, MannWhitney U test was used. All the changes and differences
were considered statistically significant when the P value
was less than 0.05.

RESULTS
Tissue MDA and MPO contents of intestinal grafts
The results of tissue MDA and MPO contents are shown
in Table 1. The tissue concentrations of MDA and MPO
in intestine of sham-operated rats were 2.0±0.22 mmol/g
and 0.66±0.105 U/g. Eight hours of cold preservation
followed by 15 min of reperfusion resulted in significant
increases in tissue MDA and MPO levels. But the increases
of MDA and MPO activities were significantly lower in Larginine group than in control group.
Table 1 MDA and MPO levels after heterotopic SBT with or without
L-arginine treatment
Sham-operated
MDA
MPO
a

2.0±0.22 mmol/g
0.66±0.105 U/g

8.02±3.49 mmol/g
1.53±0.068 U/ga

L-arginine
a

4.71±1.02 mmol/gc
1.03±0.095 U/gc

P<0.05 vs sham-operated. cP<0.05 vs control.

Histology
After 15 min of reperfusion, grafts in control group showed
moderate to severe histological changes of IRI. A significant
decrease in extent of IRI-related changes was observed in
grafts of recipients treated with L-arginine 90 min before
graft harvesting (Figure 1 and Table 2).
Two-week graft survival rate of intestinal grafts
The results of this experiment demonstrated that 8 h of
preservation induced severe IRI with none surviving for

B

Figure 1 Small intestine underwent 8-h cold preservation and 15-min reperfusion,
A: with L-arginine preconditioning; B: without L-arginine preconditioning; C:

Control

C

normal small intestine.
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Table 2 Histologic grading of graft with or without L-arginine
treatment

a

Control

L-arginine

6±0.1

3.3±0.52a
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Table 3 Effect of L-arginine on 2-wk graft survival rate of intestinal
graft
Group

2-wk survival

Control
L-arginine

0/6
6/6 b

Longest survival time
36 h
8 mo

P<0.05 vs control.
b

P<0.01 vs control.

more than 2 wk in control group. The longest survival time
of graft in control group was 36 h. On the other hand, all
grafts in L-arginine-treated group survived for more than
2 wk (Table 3).

DISCUSSION
Improvements in immunosuppression and the decrease in
severe acute rejection after clinical SBT have allowed us to
focus on issues other than the aforementioned complications.
SBT is considered not optimal (including the preservation
solution, preservation temperature and the mechanical and
technical aspects). There has been increasing evidence that
small bowel IRI will cause postoperative complications such
as initial graft dysfunction, endotoxemia, peritonitis and an
increased risk for the development of acute and chronic
rejection. To efficiently improve the result of SBT, further
investigations into the prevention and treatment of IRI are
necessary.
Although the exact mechanism of IRI is still unknown,
studies have shown that the effects of IRI are mediated
partially by reactive oxygen metabolites and abnormal
recruitment of activated polymorphonuclear neutrophils
(PMN). This complex process can be modulated by numerous
factors such as luminal pancreatic proteases[9], phospholipase
A2 (PLA-2)[10], nitric oxide (NO)[11], diamines[12], regulators
of calcium influx[13], adenosine[14], and other processes
associated with PMN activation in the gut[15].
Studies of intestinal IRI linking the local process to
the resulting systemic changes have identified NO as a
potential mediator. Although some studies showed NO was
detrimental[16,17] to IRI, the majority of studies demonstrated
NO was beneficial to IRI[18-20]. NO was considered to have
a potent vasodilative action and a strong anti-platelet effect,
in addition to prevention of neutrophil-endothelial cell
interaction.
The substrate for NO synthesis is the amino acid, Larginine, which combines with molecular oxygen in the
presence of cofactors flavin mononucleotide and heme, a
process that is catalyzed by NO synthase. Arginine is oxidized
to produce an NO molecule and L-citrulline, which can be
recycled through two intermediates back to L-arginine.
Supplementation with L-arginine has been used in animal
models to reduce the reperfusion injury to the heart or
liver[21-23]. In SBT, L-arginine has been proved effective on
improving mucosal structure and barrier function when
infused intravenously before reperfusion[3,4].
As we all know, L-arginine can stimulate the immune
function, so it may affect the immunosuppression treatment
when given to the recipient. Therefore in our study we gave
L-arginine to the donor before graft harvesting, hoping it
could protect the graft from IRI without affecting anti-

rejection treatment. The present study demonstrated that
the graft survival rate significantly improved after a relatively
low dose of L-arginine was given to donor animals 90 min
before harvesting. A concomitant lower increase of tissue
MDA and MPO activities were also observed. The change of
MDA and MPO activities indicated L-arginine preconditioning
alleviated IRI partially through attenuating the oxidative
stress.
We did examine the NO activity in graft after 15 min
of reperfusion. The result suggested IRI induced a marked
increase in graft NO level compared with normal intestine,
which accorded with other studies[24]. But the difference of
NO activity between control and L-arginine group was not
significant. The possible reasons may be as follows: At the
time of graft harvesting, the vessel was irrigated with Ringer’s
solution, so the concentration of L-arginine in graft might
be very low. Low concentration of L-arginine together with
the short half-life of NO and long period of preservation
might explain the similar changes of NO level between the
two groups. It strongly suggests that alternative cytoprotective
mechanisms of L-arginine should be involved in the
attenuation of IRI instead of direct vasodilative and antiplatelet effects of NO.
In conclusion, the result of this study demonstrates
that L-arginine preconditioning attenuates ischemia and
reperfusion injury in the rat SBT model, which was due to
antioxidant activities partially. The exact role of NO in it
needs further investigation.
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Abstract
AIM: To characterize the tumor suppressor gene p53
mutations in exon 4, esophageal cancer and adjacent noncancerous tissues.
METHODS: We performed p53 (exons 4-8) gene
mutation analysis on 24 surgically resected human
esophageal cancer specimens by PCR, single-strand
conformation polymorphism, and DNA sequencing.
RESULTS: p53 gene mutations were detected in 9 of
22 (40.9%) esophageal cancer specimens and 10 of
17 (58.8%) adjacent non-cancerous tissues. Eight of
sixteen (50.0%) point mutations detected were G–A
transitions and 9 of 18 (50.0%) p53 gene mutations
occurred in exon 4 in esophageal cancer specimens. Only
1 of 11 mutations detected was G-A transition and 4 of
11 (36.4%) p53 gene mutations occurred in exon 4 in
adjacent non-cancerous tissues.
CONCLUSION: Mutation of p53 gene in exon 4 may play
an important role in development of esophageal cancer.
The observation of p53 gene mutation in adjacent noncancerous tissues suggests that p53 gene mutation may
be an early event in esophageal carcinogenesis. Some
clinical factors, including age, sex, pre-operation therapy
and location of tumors, do not influence p53 gene
mutation rates.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Esophageal cancer is one of the most fatal cancers both in
China and in the rest of the world[1]. The p53 tumor suppressor
gene, located in chromosome 17p13, is a well-known transcription factor of cell cycle regulation and mutation of p53
gene is the most common phenomenon in carcinogenesis
and tumor progression[2,3].
We investigated p53 (exons 4-8) gene mutations in
esophageal cancer and adjacent non-cancerous tissues by
PCR and single-strand conformation polymorphism (SSCP)
analysis to evaluate p53 mutation correlation and to compare
the relationship between p53 (exons 4-8) gene mutations
and some clinical factors.
MATERIALS AND METHODS
Specimens
Twenty-two esophageal cancer tissue specimens and 17 noncancerous tissue specimens, from a high-incidence area of
Linxian County in Henan Province, China, were selected
for this study. Patients were admitted to hospitals during
1997-1999 (Table 1) and underwent radical surgery for
thoracic esophageal carcinoma. The resected specimens were
embedded in paraffin and subjected to subsequent molecular
analysis after the pathological findings were confirmed as
squamous cell carcinoma.
DNA extraction
DNA was extracted using chelating resin for PCR amplification.
In brief, three 10-µm-thick paraffin sections were cut, transferred
into sterile distilled water containing 20% chelating resin
iminodiacetic acid (Sigma, St. Louis, MO), and boiled for
30 min. After centrifugation, the supernatant was transferred
to a sterile 500-µL tube and stored at -20 ℃.
PCR amplification
The primers used for PCR amplification of the p53 (exons
4-8) gene were as follows: 5’-TTT TCA CCC ATC TAC
AGT CC-3’, 5’-CAA GAA GCC CAG ACG GAA AC-3’,
5’-CCT GGC CCC TGT CAT CTT CT-3’ and 5’-AAG
AAA TGC AGG GGG ATA CG-3’ for exon 4; 5’-TCT
GTC TCC TTC CTC TTC CTA-3’, 5’-CAT GTG CTG
TGA CTG CTT GT-3’, 5’-TGT GCA GCT GTG GGT
TGAT TC-3’ and 5’-CAG CCC TGT CGT CTC TCC AG3’ for exon 5; 5’-TTG CTC TTA GGT CTG GCC CC-3’
and 5’-CAG ACC TCA GGC GGC TCA TA-3’ for exon 6;
5’-TAG GTT GGC TCT GAC TGT ACC-3’ and 5’-TGA
CCT GGA GTC TTC CAG TGT-3’ for exon 7; 5’-AGT
GGT AAT CTA CTG GGA CGG-3’ and 5’-ACC TCG
CTT AGT GCT CCC TG-3’ for exon 8.
Hot start PCR was performed as follows: 45 cycles of
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Table 1 Characteristics of patients with squamous cell esophageal cancer
Sample
Patient
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Age(yr)
65
48
39
61
40
70
54
70
50
66
43
60
62
60
51
67
53
49
57
61
63
65
60
54

Sex
M
M
M
F
M
F
M
F
M
M
M
M
M
F
M
M
F
M
F
M
M
F
M
M

Location
of tumor
Upper
Upper
Lower
Lower
Lower
Mid
Mid
Lower
Mid
Upper
Mid
Upper
Upper
Upper
Upper
Upper
Mid
Upper
Lower
Lower
Lower
Mid
Mid
-

Therapy of
preoperation

Radiotherapy

Radiotherapy

Radiotherapy

Chemotherapy
Radiotherapy

Time of
operation

Tumor

Adjacent tissue

1997
1997
1998
1998
1998
1998
1998
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
-

Upper: upper thoracic esophageal cancer, Mid: mid-thoracic esophageal cancer, Lower: lower thoracic esophageal cancer.

denaturation at 95 ℃ for 30 s; annealing at 58 ℃, at 62 ℃,
at 60 ℃ and at 60 ℃ for 30 s for exons 4-8; extension at
72 ℃ for 1 min, and final extension at 72 ℃ for 7 min.
The amplified products were subjected to electrophoresis
in 1.5% agarose gel containing 2 µg/mL ethidium bromide
in TBE buffer. After electrophoresis the gels were examined
under an ultraviolet light transilluminator.
SSCP analysis
Nonradioactive SSCP was performed as previously reported[25].
Twenty microliters of reaction mixtures containing 52 µL
of PCR product (20-200 ng of DNA), 0.2 µL of 1 mol/L
methylmercury hydroxide, 3 µL of loading buffer (15%
Ficoll, 0.25% bromphenol blue, 0.25% xylene cyanol),
and TBE buffer were heated to 90 ℃ for 4 min, then
put on ice and electrophoresed in 18% polyacrylamide
TBE gel at 300 V, while the temperature was maintained
at 20 ℃ for exon 4, at 35 ℃ for exon 5, at 5 ℃ for exon
6, and at 25 ℃ for exons 7 and 8. The gels were stained
with 0.5 µg/mL ethidium bromide in TBE buffer for
20 min at room temperature. The bands migrated apart
from that of wild type were determined as SSCP positive.
The bands possibly mutated by SSCP were extracted from
the gels and amplified by 25 cycles of PCR to enrich the
mutated alleles.
DNA sequencing
Sequencing was carried out on PCR products of SSCP positive
cases. To purify single- or double-stranded PCR products
with a range of 100 bp, the PCR products were processed
using the QIAquick PCR purification kit (QIAGEN Inc.,
Valencia, CA, USA) according to the manufacturer’s protocol.
Sequencing was performed by the dideoxy chain termination

method using a big dye terminator cycle-sequencing kit
(Perkin-Elmer Corporation, Foster City, CA, USA). The same
primers were as used for PCR. Cycle sequencing was performed
following the protocol, i.e., 30 cycles of denaturation at 95 ℃
for 20 s, annealing at 54 ℃ for 30 s, and extension at 72 ℃
for 3 min. After ethanol precipitation, the samples were
analyzed by a genetic analyzer (ABI Prism 310, PerkinElmer Corporation). PCR-SSCP analysis and sequencing
of the possible positive cases were repeated thrice to rule
out contamination and artifacts.
Statistical analysis
Results among p53 exon 4-8 mutations and clinical factors
were analyzed using 2 test and Fisher’s exact test. P<0.05
was considered statistically significant.

RESULTS
p53 gene mutations in esophageal carcinomas
We found p53 gene mutations in 9 of 22 specimens of
esophageal carcinomas (40.9%). Sixteen of eighteen mutations
were caused by single-nucleotide substitutions, among them,
nine were missense mutations leading to amino acid substitution,
and the other five were silent mutations without any amino
acid change. Two of eighteen mutations were caused by
deletions (Table 2). Eight of sixteen point mutations detected
were G-A transitions at various codons. Nine of eighteen
(50.0%) p53 gene mutations occurred in exon 4 at codons
102, 107, 111, 131, 135.
p53 gene mutations in adjacent non-cancerous tissues
We found p53 gene mutations in 10 of 17 specimens of
adjacent non-cancerous tissues (58.8%). All mutations were
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caused by single-nucleotide substitutions, among them, seven
were missense mutations leading to amino acid substitution,
and the other four were silent mutations without any amino
acid change. Only 1 of 11 mutations detected was G-A
transitions at codon 145. No deletion was found (Table 3).
Four of eleven (36.4%) p53 gene mutations occurred in
exon 4 at codons 58, 107, 111, and 141.
Table 2 p53 gene mutations in tumor tissue from esophageal cancer patients
No.

Exon

1
2

None
4
4
None
5
None
4
None
None
4
4
5
None
None
4
6
None
None
None
7i
None
4
4
5
6
7i
6
7i
None
None
4

3
4
5
6
7
8
9
10
11

12
13
14
15
16
17
18
19
20

21
22
23
24

Codon

Nucleotide

Amino acid

111
131

CTG-CTA
GGG-GAG

Leu-Leu
Gly-Glu

179

CCA-CTA

Pro-Leu

107

TAC-TAT

Tyr-Tyr

102
135

ACC-ACT
Thr-Thr
CAT-TAT
His-Tyr
16 bp deletion

131
196

GGG-GAG
CGA-TGA

Gly-Glu
Arg-stop

242

CTG-CCG

Leu-Pro

111
131
152
208
250
208
248

CTG-CTA
GGG-GAG
CCG-CCA
GAC-AAC
CCC-TCC
GAC-AAC
CGG-TGG

Leu-Leu
Gly-Glu
Pro-Pro
Asp-Asn
Pro-Ser
Asp-Asn
Arg-Trp

6 bp deletion

Table 3 p53 mutation in adjacent non-cancer tissue from esophageal cancer patients
No.

Exon

1
2
3
4
5
6
7
8

7i
5
None
5
4
4
7i
None
None
4
None
4
None
None
None
5
None
7i
8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Codon

Nucleotide

Amino acid

256

ACA-GCA

Thr-Ala

144

CAG-CGG

Gln-Arg

145
111
141
256

CTG-CTA
CTG-CAG
TGC-TGT
ACA-GCA

Leu-Leu
Leu-Gln
Gys-Cys
Thr-Ala

107

TAC-TAT

Tyr-Tyr

58

TTG-TGG

Leu-Trp

144

CAG-CGG

Gln-Arg

267
282

CCT-TCT
CGG-CGC

Pro-Ser
Arg-Arg
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p53 gene mutations and their correlation with clinical factors
40.9% and 58.8% of p53 gene mutations occurred in
esophageal carcinoma specimens and adjacent noncancerous tissue specimens. A comparison of p53 gene
mutations in esophageal carcinoma specimens and adjacent
non-cancerous tissue specimens with other clinical factors,
including age, sex, pre-operation therapy and location of
tumors, showed no clear correlation between two kinds of
specimens (P>0.05).

DISCUSSION
The wild-type p53 protein has an inhibitory effect on cell
proliferation and transformation and this effect has been
believed to be mediated by its ability to arrest cells in G1
phase of the cell cycle[2]. Recent studies also reported that
p53 gene mutation was correlated with an increased risk of
developing human papilloma virus-associated cancers[4]. In
addition to its role in cell regulation, p53 has been implicated
in DNA synthesis and repair [5], maintenance of genomic
stability[6], cell differentiation and apoptosis[7]. Point mutational
damage to p53 could significantly alter regulatory tumor
suppressor activity of this gene[8].
In the worldwide, esophageal cancer is the fourth most
common malignancy, after gastric, colorectal and hepatocelluar
malignancies[9]. It has been reported that squamous cell carcinoma
accounts for 70% of esophageal cancers[10]. During the last
30 years, an increased incidence of 350%, particularly of
adenocarcinoma has been described in population of USA,
Western Europe and Sweden[11-13]. Because surgical resection
alone could rarely result in long-term survival, efforts are
focused now on combined modality therapy in an attempt
to improve its local control and to eliminate micrometastatic
diseases present at the time of resection.
We found p53 tumor-suppressor gene mutations in 9
of 22 (40.9%) esophageal carcinoma specimens examined
and 10 of 17 (58.8%) adjacent non-cancerous tissue specimens
examined from Linxian County, China. Gao et al[14], detected
p53 gene mutations in normal epithelia (33.3%), basal cell
hyperplasia (13.0%, BCH), and dysphasia (36.4%, Dys).
Shi et al [15], showed that p53 gene mutations were detected
in 70% of 43 surgically resected esophageal cancer specimens
and in p53 positive immunostaining non-cancerous lesions
adjacent to cancer containing BCH (47%) and Dys (67%).
Fujiki et al [16] , reported that the p53 gene mutation rates
were 28.6% in esophageal cancer specimens, 20% in Dys,
and 50% in BCHs. The observation of p53 gene mutation
in adjacent non-cancerous tissues suggests that such mutations
may occur even before morphological changes can be
observed. The different p53 gene mutation rates were also
reported from other esophageal carcinoma high-incidence
areas, ranging 30-75%[17-20]. The mutation frequency was
significantly different. The difference may be due to different
exons examined or due to different tumor samples, which
contained inflammatory and stromal cells. A mutation might
be hidden by the wild-type sequence of the gene in normal
cells and was not detectable by screening procedures or there
were differences in areas where specimens were collected
and in examination methods.
Most point mutations of p53 gene have been known to
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occur at codons 97-292[21]. Greenblatt et al[22], reported that
p53 played an important role in transcription of target genes
in a sequence-specific manner. Our study showed that,
except one mutation in codon 58, 28 of 29 identified point
mutations were involved in Linxian County, a highly conserved
region. It is worth noting that 8 of 16 point mutations detected
were G-A transitions and 2 of 18 mutations were caused
by deletions in esophageal carcinoma tissues, but only 1 of
11 mutations detected was G-A transition and no deletion
was found in adjacent non-cancerous tissues. G-A transitions
may be a result of carcinogen-induced alkylations of DNA.
The formation of O6-methylguanine may cause a mispair
for thymine in DNA replication. In the subsequent round
of DNA replication, an adenine would replace the original
guanine and result in G-A transitions[23].
It has been reported that mutations have rarely been
found outside exons 5-8 of the p53 gene[24]. Shi et al[15], reported
the exon distributions of p53 mutations in Henan Province,
China. The exon 4 mutation was not found both in esophageal
carcinoma and in adjacent non-cancerous tissue specimens.
But in our study, 9 of 18 (50.0%) p53 gene mutations occurred
in exon 4 in esophageal carcinoma tissues and 4 of 11 (36.4%)
p53 gene mutations occurred in exon 4 in adjacent noncancerous tissues. The results may be due to the differences
the methods we used contributed to the higher detection rate
of genetic alteration.
Our findings indicate that the mutation of p53 gene in
exon 4 may play an important role in the development of
esophageal cancer. The observation of p53 gene mutation
in adjacent non-cancerous tissues suggests that p53 gene
mutation may be an early event in esophageal carcinogenesis.
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Abstract
AIM: To evaluate the causes and the relative factors of
recurrent acute pancreatitis.
METHODS: From 1997 to 2000, acute pancreatitis
relapsed in 77 of 245 acute pancreatitis patients. By
reviewing the clinical treatment results and the follow-up
data, we analyzed the recurrent factors of acute
pancreatitis using univariate analysis and multivariate
analysis.
RESULTS: Of the 245 acute pancreatitis patients, 77 were
patients with recurrent acute pancreatitis. Of them, 56
patients relapsed two times, 19 relapsed three times,
each patient relapsed three and four times. Forty-seven
patients relapsed in hospital and the other 30 patients
relapsed after discharge. Eighteen patients relapsed in
1 year, eight relapsed in 1-3 years, and four relapsed
after 3 years. There were 48 cases of biliary pancreatitis,
3 of alcohol pancreatitis, 5 of hyperlipidemia pancreatitis,
21 of idiopathic pancreatitis. Univariate analysis showed
that the patients with local complications of pancreas,
obstructive jaundice and hepatic function injury were easy
to recur during the treatment period of acute pancreatitis
(P = 0.022<0.05, P = 0.012<0.05 and P = 0.002<0.05,
respectively). Multivariate analysis showed that there
was no single factor related to recurrence. Of the 47
patients who had recurrence in hospital, 16 had recurrence
in a fast period, 31 after refeeding.
CONCLUSION: Acute pancreatitis is easy to recur even
during treatment. The factors such as changes of pancreas
structure and uncontrolled systemic inflammatory reaction
are responsible for the recurrence of acute pancreatitis.
Early refeeding increases the recurrence of acute
pancreatitis. Defining the etiology is essential for reducing
the recurrence of acute pancreatitis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
With the knowledge of progress and prognosis for acute
pancreatitis, the diagnosis and treatment of acute pancreatitis
are more and rational. But some acute pancreatitis patients
have frequent occurrence in hospital or after discharge. These
patients obviously had increased hospital-stay and cost, and
their quality of life decreased. About 25% patients with
acute pancreatitis had recurrence[1]. We reviewed the clinical
data of acute pancreatitis patients in our hospital for 3 years,
and evaluated the relative factors that affected the recurrence
in 77 patients.
MATERIALS AND METHODS
Clinical data
From 1997 to 2000, 245 acute pancreatitis patients (based
on clinical diagnosis and classification standard of pancreatitis,
1997, Chinese Medical Association[2]) were admitted to our
hospital. According to the different causes, classification
and clinical stages, the patients received different treatments.
Routing treatments included: intravenous fluid resuscitation,
anti-shock, water maintenance, electrolyte and acid-base
balances, fluid replenishment, fast, naso-gastric decompressing,
using somatostatin, parenteral nutrition, pain relief, using
wide-spectrum antibiotics and serum albumin. In clinical
observations and follow-up, 77 acute pancreatitis patients
had recurrence. Of them, 32 were men and 45 were women,
and the average was 58.04±15.43 years. The average followup time was 26 mo (12-60 mo).
Diagnosis standard of recurrent acute pancreatitis
After conservative or operative treatment, the clinical
syndromes and signs of acute pancreatitis disappeared,
serum and uric amylase returned to normal. Other laboratory
tests such as blood leukocyte counting, liver functions, renal
functions, blood sugar, etc., were normal, and there were no
uncomfortable complaints after refeeding. After that, if the
patients had acute pancreatitis syndromes or signs with
elevating serum and uric amylase again, they were diagnosed
as recurrent acute pancreatitis.
Classification of recurrent acute pancreatitis
Biliary pancreatitis: Clinical jaundice with elevated serum
bilirubin, direct bilirubin/total bilirubin>50%, the dialation of
intra-hepatic and extra-hepatic bile duct (the diameter more
than 1 cm) by image examinations such as B-ultrasound,
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computer tomography (CT), endoscope retrograde cholangiopancreatography (ERCP), magnetic resonance cholangiopancreatography (MRCP).
Alcohol-induced pancreatitis: An average of 80 g alcohol
taken daily for more than 5 years or an excess alcohol taken
immediately before the acute attack.
Hyperlipidemia pancreatitis: The levels of serum lipid,
especially the triglyceride was obviously elevated.
Idiopathy pancreatitis: No remarkable findings in his or
her disease history, clinical manifestations, laboratory and
image examinations.
Refeeding recovery
The naso-gastric tube was removed when clinical syndromes
and signs were disappeared. Then the patients were allowed
to drink water for 1-3 d. If there were no discomforts, the
patients were told to eat non-fat fluid and non-fat semifluid diets gradually, and at last to eat low-fat semi-fluid
diets. The total calorie of non-fat fluid diets was 510 kcal/d,
containing 2.7% protein, 0.6% lipid, 96.7% carbon hydrate.
The total calorie of non-fat semi-fluid diets was 1 500 kcal/d,
containing 8.2% protein, 1.6% lipid, 90.2% carbohydrate.
The total calorie of low-fat semi-fluid diets was 1 600-1 800
kcal/d, containing 15.5% protein, 17.6% lipid and 66.9%
carbohydrate respectively.
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pancreatitis were found. With the clinical diagnosis and
classification standard by Chinese Medicine Association, 13
patients were confirmed to have severe acute pancreatitis
in 77 recurrent acute pancreatitis patients. Of them, five
had pancreas necrosis, five pseudocyst, one pancreatogenic
encephalopathy and two respiratory failure.
Laboratory tests of recurrent acute pancreatitis patients
Of the 77 recurrent patients, 61 had their serum or uric
amylase three times higher than the values of upper limit
of normal. Fifty-three had the leukocyte counting more
than 10.0×109, 47 the glucemia more than 6.1 mmol/L, 37
with acute hepatic function injury, and 32 the serum calculi
less than 2.2 mmol/L.
Analysis of relative factors of recurrent acute pancreatitis
The univariate analysis indicated that the recurrence of
acute pancreatitis in treatment period was associated with
local complications of pancreas, obstructive jaundice and
hepatic function injury (P = 0.022<0.05, P = 0.012<0.05
and P = 0.002<0.05, respectively). Multivariate analysis
showed that there was no single factor related to recurrent
acute pancreatitis (Table 1).

Table 1 Relative factors of recurrent acute pancreatitis

Analysis of relative factors
The clinical data of each patient were recorded in detail.
The possible factors related to recurrent acute pancreatitis
were calculated, including age more than and equal 60 years
or less than 60 years; etiology, biliary pancreatitis; bile duct
obstruction; levels of serum amylase, three times more than
normal values; acute hepatic function injury manifested as
high levels of serum glutamic-pyruvic or serum glutamicoxalacetic transaminase with or without elevated serum
bilirubin; severe systemic infection; local complications of
acute pancreatitis such as acute fluid accumulation, necrosis,
pseudocyst, abscess formation.
Statistical analysis
2 test was used for univariate analysis, and logistic regression
for multivariate analysis by SPSS. P<0.05 was considered
statistically significant.

RESULTS
Status of recurrent acute pancreatitis
The recurrent rate of acute pancreatitis in this study was
31.43% (77/245). Of the 77 relapsed patients, 56 (72.73%)
had two relapses, 19 (24.67%) had three relapses, and each
one (2.60%) had four and five relapses. Forty-seven (61.04%)
had their recurrence in hospital, and 30 (38.96%) after
discharge. Seventeen had recurrence in 1 year after discharge,
nine in 1-3 years, and four 3 years after discharge.
Etiology and classification of recurrent acute pancreatitis
Of the 77 recurrent acute pancreatitis patients, 48 had
biliary pancreatitis, 3 had alcohol-induced pancreatitis, 3
had hyperlipidemic pancreatitis, and 21 had idiopathy
pancreatitis. No trauma, post-operative and drug-induced

Relative factors

Total cases
(n)

Recurrent
(%)

Univariate
analysis
P

Multivariate
analysis
P

Age≥60

101

37 (36.63)

0.142

0.423

Male

109

32 (29.36)

0.532

0.569

Biliary

162

48 (29.36)

0.397

0.215

58

26 (44.83)

0.012

0.144

Obstructive jaundice
Amylase elevation

167

48 (28.74)

0.185

0.194

Liver injury

127

51 (40.16)

0.002

0.257

Systemic infection

12

5 (41.67)

0.642

0.082

Local complication

18

10 (55.66)

0.022

0.091

DISCUSSION
Recurrent acute pancreatitis represents a challenging clinical
problem because of its high recurrent rate[1,3]. Of the 245
patients with acute pancreatitis in this study, 77 (31.43%)
had relapses. Of the 77 recurrent patients 47 (61.04%)
had relapse in hospital, suggesting that acute pancreatitis is
easy to relapse. Gullo et al[1], reported that 288 (27%) had
recurrence in the total of 1 068 acute pancreatitis patients,
and alcohol was the most frequent factor. Pelli et al[4], found
that 46% alcohol-induced acute pancreatitis patients had
recurrence, 80% of them had relapses during the first 4 years.
We analyzed 30 recurrent acute pancreatitis patients after
discharge by follow-up, 50% patients had recurrence in 1 year
after discharge, one-third patients in 1-3 years and 13%
patients 3 years after their discharge.
Some factors were probably related to recurrent acute
pancreatitis[4-6]. Theoretically, if the causes of acute pancreatitis
existed, they could make the acute pancreatitis to relapse
repeatedly. For example, biliary pancreatitis could recur,
while the choledocholithiasis was existed or small gallstones
went to the common bile duct from cholecyst duct[7-9]. In
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hyperlipidemia pancreatitis a high level blood viscosity in
patients would make the pancreas microcirculation abnormal
and acute pancreatitis could relapse. Somogyi et al [3],
suggested the causes of recurrent acute pancreatitis could
be categorized into: (1) toxic-metabolic acute pancreatitis
such as alcohol, hypertriglyceridemia, hypercalcemia and
medications; (2) mechanical obstructive acute pancreatitis
such as choledocholithiasis (microlithiasis), periampullary/
ampullary obstruction (diverticulum, cyst, polypus, tumor,
stenosis and infection), pancreatic duct obstruction (tumor,
non-neoplastic stricture), congenital malformations (annular
pancreas); and (3) miscellaneous acute pancreatitis such as
vascular (hypotension, vasculitis, hypercoagulable state,
embolism), infections (cytomegalovirus, tuberculosis, Coxsackie
virus, mumps, human immunodeficiency virus, parasites),
tropical pancreatitis, cystic fibrosis. Of the 77 recurrent
acute pancreatitis patients in this paper, 8 (10.39%) belonged
to toxic-metabolic pancreatitis, 48 (62.34%) mechanical
pancreatitis, and 21 (27.27%) miscellaneous pancreatitis.
In our country, alcohol-induced pancreatitis was fewer.
Although a lot of drugs could induce acute pancreatitis,
but it was mainly limited in case reports. Recent years,
hyperlipidemia pancreatitis was emphasized[10]. Therefore,
it is suggested that acute pancreatitis patients should do
serum lipid tests routinely in order to find their causes and
reduce relapse. Biliary pancreatitis could be properly
diagnosed by using B-ultrasound, CT, ERCP and MRCP.
But for idiopathy pancreatitis, the causes were difficult to
find and it could have a higher recurrent rate[11-13].
Univariate analysis indicated that patients with local
complications such as acute fluid accumulation, necrosis,
pseudocyst, abscess formation had a tendency to recur,
which should be responsible for the changed pancreas
structure. Levy et al [14], reported that patients with higher
Balthazar’s CT scores had abdominal pain recurrence more
often than the others[14], indicating that the acute pancreatitis
patients with obstructive jaundice and hepatic function injury
are easy to relapse. We previously studied acute pancreatitis
patients with hepatic function injury and found that the
liver was a common organ that could be affected by acute
pancreatitis. It is known that acute pancreatitis is a systemic
disease. Patients with obstructive jaundice and hepatic
function injury meant that the systemic infection was
uncontrolled, and so it was easy to relapse[15]. Multivariate
analysis showed that there was no single factor related to
recurrence during treatment, indicating that the recurrence
of acute pancreatitis probably is a result of multiple factors
acting together.
In our study, the symptoms and signs, serum amylase,
blood glucose, blood calculi, liver function tests, local and
systemic complications and mortality of recurrent acute
pancreatitis patients were not different from those of
primary acute pancreatitis[1].
So far there is no report that the refeeding in acute
pancreatitis patients was associated with their relapsing.
Naso-gastric decompression, parental nutrition, using
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histamine H2-receptor antagonists and somatostatin were
not found to have any relations with relapsing of acute
pancreatitis[14]. But in our studies two-thirds of the patients
relapsing in hospital were associated with refeeding, and the
most were after refeeding of non-fat fluid diets. To prolong
the fast time properly by using parenteral or enteral
nutritional support therapies and to pay attention to the
levels of serum amylase and lipase of patients can decrease
the risk of recurrence after refeeding in patients with acute
pancreatitis.
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Abstract
AIM: To determine whether mild hypothermia could protect
liver against ischemia and reperfusion injury in pigs.
METHODS: Twenty-four healthy pigs were randomly divided
into normothermia, mild hypothermia and normal control
groups. The experimental procedure consisted of temporary
interruption of blood flow to total hepatic lobe for different
lengths of time and subsequent reperfusion. Hepatic tissue
oxygen pressure (PtiO2) and aspartate aminotransferase
(AST) values were evaluated, and ultrastructural analysis
was carried out for all samples.
RESULTS: Serum AST was significantly lower, and hepatic
PtiO2 values were significantly higher in the mild hypothermia
group than in the normothermia group during liver ischemiareperfusion periods (P = 0.032, P = 0.028). Meanwhile,
the histopathologic injury of liver induced by ischemiareperfusion was significantly improved in the mild hypothermia
group, compared with that in the normothermia group.
CONCLUSION: Mild hypothermia can protect the liver
from ischemia-reperfusion injury in pigs.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatic vascular exclusion is a major performance of hepatic

resection with minimal intraoperative blood loss. Interruption
of hepatic inflow is required during extension liver resection.
Temporary vascular inflow occlusion by clamping of the
hepatic pedicle (Pringle maneuver) is an effective measure
to control blood loss during the operative procedure because
it is associated with the least hemodynamic consequences
and side effects. However, liver dysfunction is still a relatively
frequent complication of clinical surgeries as a result of
liver ischemic reperfusion[1,2]. Therefore, the ability to
improve liver tolerance to ischemia is clinically important.
Several pathways for ischemic reperfusion injury have been
postulated, such as oxygen-derived free radicals[3], calcium
influx[4], adenosine triphosphate depletion, mitochondrion
dysfunction, activation of lysosomal enzymes and disturbance
of microcirculation[5,6]. However, the precise mechanisms
of hepatic injury remain obscure. It has been shown that
ischemic reperfusion injury in the liver first becomes evident
in microvascular system particularly in sinusoidal endothelial
cells of the liver. Because intrahepatic tissue oxygenation
depends on delivery of oxygen by the liver microvasculature,
microcirculatory disturbances due to ischemia-reperfusion
injury will result in tissue oxygen changes in the liver
parenchyma [7]. The partial pressure of oxygen (the PtiO2),
which is physically dissolved in interstitial fluid, corresponds
to the availability of oxygen at cellular level. The PtiO2 value
not only follows metabolic rate, perfusion and microcirculation,
but also reflects the functional number of capillaries per
tissue volume, the highly variable O2 diffusion in capillary
wall, parenchyma and intercellular substance.
The experimental and clinical findings suggest that
hypothermic perfusion technique and topical cooling of liver
in hepatic resection may be very useful in preserving hepatocytes
and sinusoidal endothelial cells and in maintaining stability
of the systemic or hepatic circulation after reperfusion[8,9].
In recent years, mild hypothermia has been proved to be of
protective role in brain injury with few systemic side-effects.
In this study, we evaluated the role of mild hypothermia in
liver ischemia-reperfusion injury.

MATERIALS AND METHODS
Animals
Twenty-four healthy pigs weighing 30-35 kg with male/
female ratio of 1:1 (kindly provided by Experimental Animal
Center, Sun Yat-Sen University of Medical Sciences, Guangzhou, China) were included in the study. All pigs were acclimatized for at least 7 d before the experiment and allowed
free access to food and water. The animals were randomly
divided into three experimental groups: normothermia, mild
hypothermia, and normal control groups.
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Surgical procedures
All surgical procedures were carried out under intravenous
anesthesia. The pigs underwent laparotomy with a median
incision, and the inflow of liver blood was occluded by the
Pringle’s method, i.e., the liver was exposed after supramedian incision into the abdomen, and the hepatic artery,
portal vein and common bile duct in the hepato-duodenal
ligament were clamped off with non-injury clamps. When
the clamps were taken away, the inflow of liver blood was
resumed, which is termed as reperfusion. In group A
(normothermia group), the inflow of liver blood was
occluded for 30 min at normothermia (normal body temperature), and reperfusion was performed for 60 min. In group
B (mild hypothermia group), the liver and rectal temperatures
were lowered down to 33-35 ℃ with cooling blanket before
liver ischemia, while other treatments were the same as for
group A. In group C (controlled group), the liver and hepatoduodenal ligament was exposed at normothermia without
interruption of the inflow of liver blood.
Establishment of mild hypothermia
The pigs were cooled with cooling blankets (Kangnuo Tech
Co. Ltd, Beijing, China) for 1-2 h to reach a temperature in
rectal and liver of 34-35 ℃ (±0.2 ℃) with subsequent use
of light flash to maintain the temperature.
Detection of hepatic tissue oxygen pressure (PtiO2)
PtiO2 was measured in each animal by LICOX CMP monitors
(Kiel-Mielkendorf Co. Ltd, Germany) with a polarographic
microcatheter PtiO2 probe and a micromputer [10]. After
calibration in a saline bath, the PtiO2 probe was inserted
into the hepatic parenchyma of the middle lobe using an
18-gauge venous cannula. PtiO2 was measured serially before
and during the ischemia period (at 10, 20, and 30 min) and
after reperfusion at two different points (30 and 60 min).
Detection of serum aspartate aminotransferase (AST)
The serum levels of aspartate aminotransferase (AST) were
determined by an autonomic-physiotechnic monitor. Venous
blood samples for AST were drawn before ischemia, 30 min
after ischemia and 60 min after reperfusion.
Histopathological examination of liver
Liver tissues were collected before ischemia, 30 min after
ischemia and 60 min after reperfusion from the left and
right of the liver, and fixed in 10% neutral buffered formalin,
embedded in paraffin, sectioned at 5 m, and stained with
hematoxylin and eosin. They were observed under a light
microscope to examine histopathological changes.
Ultrastructural investigation
To study the ultrastructural changes of hepatocytes, liver
tissues from all groups were fixed for observation under
transmission electron microscope (TEM). The cut samples
for TEM underwent technical procedures as previously
described[11]. Thin sections were observed under HITACHH600 electron microscope.
Statistical analysis
The data were presented as mean±SE, the differences of these
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groups were compared by a t-test. P<0.05 was considered
statistically significant.

RESULTS
Changes of liver PtiO2
The hepatic PtiO2 values of three groups before ischemia
were 43.3±6.9, 42.7±9.5, and 41.9±8.2 mmHg (1 mmHg =
0.133 kPa) respectively. There were no significant differences
among these groups (P>0.05). The liver PtiO2 value declined
to 18.6±2.8 mmHg at 30 min after ischemia in group A,
but increased slowly to 30.9±2.6 mmHg 60 min after
reperfusion. There were significant differences between the
ischemic and non-ischemic periods (P<0.05). In group B,
the hepatic PtiO2 value was 28.7±1.9 mmHg 30 min after
ischemia and 37.9±5. mmHg 60 min after reperfusion.
There were significant differences between the groups in
pre-ischemia and reperfusion periods (P<0.05). Meanwhile,
there were significant differences in each stage of ischemiareperfusion of pig livers between groups A and B (P<0.05,
Figure 1).

PtiO2 (mmHg)
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Figure 1 Changes of intrahepatic PtiO2. P: pre-ischemia; I: ischemia; R: reperfusion.

Changes in serum AST
Serum AST values are shown in Figure 2. AST values were
42.6±5.7, 46.2±3.9, and 49.0±6.8 U/L, respectively, before
ischemia in groups A, B, and C. There were no significant
differences between the groups (P>0.05). However, AST
values at 30 min after ischemia, 30 and 60 min after
reperfusion were significantly different between groups A
and B (P<0.05).

Aspartate
aminotransferase (u/L)

3006

600

Pre-ischemia

500

Ischemia 30 min

400

Reperfusin 30 min
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Reperfusion 60 min

200
100
0
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Figure 2 The changes in serum AST. AST values at 30 min after ischemia, 30
and 60 min after reperfusion were significant differences between normothermia
group and mild hypothermia. P<0.05.

Histopathological examination of liver
Before ischemia, the histopathological structures were normal
in three groups. In the ischemic group of normothermia, light
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microscopy showed swelling of hepatocytes, stenosis of
hepatic sinus, infiltration of inflammatory cells in the
interstitial tissue and dotted necrosis of hepatocytes after
30 min of ischemia. The swelling of hepatocytes was even
worse and local necrosis of hepatocytes could be observed
60 min after reperfusion. In the mild hypothermia group,
the pathological changes of liver were significantly lighter
compared to the normothermia group during the periods
of ischemia and reperfusion.
Ultramicrostructural analysis
Under electromicroscope, swelling of mitochondria and
enlargement of endoplasma were observed 30 min after
ischemia, even worse swelling, destruction, bubble-degeneration
of mitochondria, and degranulation of rough endoplasm were
found 60 min after reperfusion. However, the mild hypothermia
group only showed widening and swelling of mitochondria
with complete membrane and few changes in nuclear
membrane and nucleoli.

DISCUSSION
The induction of hepatic hypothermia began with wholebody cooling in experimental models in 1953 and clinically
in 1961. It was designed to minimize the ischemia-reperfusion
injury associated with hepatic inflow occlusion. Body surface
cooling and cooling via an extracorporeal circuit, however,
are not widely accepted for hepatic surgery because of the
adverse effects on extrahepatic organs[12-15]. In this study,
we found that hypothermia had a protective effect against
hepatic ischemia-reperfusion injury in pigs. Our study showed
that the PtiO2 values during ischemia and reperfusion in
group B were significantly higher than those in group A. It
has been previously shown that intrahepatic PtiO2 as an
indicator of microvascular perfusion is a parameter of early
ischemia-reperfusion injury[6,16-18]. Microcirculatory disturbances
during ischemia and reperfusion period might induce local
hypoxia in the liver, thereby causing liver damage. We
postulate that mild hypothermia might decrease hepatic
oxygen consumption during ischemic and attenuate endothelial
injury and microcirculatory dysfunction in reperfusion period,
and then increase hepatic tissue oxygenation and reduce
liver damage.
Liver damage associated with different models of ischemiareperfusion injury is most commonly characterized by the
release of hepatocellular enzymes into extracellular fluids.
AST is a comparatively sensible parameter reflecting the injury
of liver cells, and serum AST values reflect the extent of
injury in liver cells. Mild hypothermia is associated with
reduction in serum AST after reperfusion. This means that a
relatively well maintained state of hepatic cells by mild
hypothermia during ischemia leads to a lesser degree of liver
cell injury following reperfusion. The data indicate that the
decrease in mitochondria destruction, hepatocyte degeneration
and necrosis due to mild hypothermia also presumably
contributes to an increase in hepatic tissue PtiO2, resulting in
attenuation of tissue damage following hepatic injury.
In conclusion, mild hypothermia prevents hepatic injury
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after ischemia-reperfusion in pigs, and may play a crucial
role in clinical situations associated with liver dysfunction
after ischemia-reperfusion.
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• CASE REPORT •
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Abstract
Various benign and malignant conditions could cause biliary
obstruction. Compression of extrahepatic bile duct (EBD)
by right hepatic artery was reported as a right hepatic
artery syndrome but all cases were compressed EBD from
stomach side. Our case compressed from dorsum was
not yet reported, so it was thought to be a very rare
case. We present here the first case of bile duct obstruction
due to the compression of EBD from dorsum by right
hepatic artery.

(CT) showed compression from the dorsum and stenosis
of the EBD (Figure 1: thick arrow head, EBD; Figure 3)
by the right hepatic artery (Figure 1: thin arrow head,
anterior branch and posterior branch), but did not reveal a
mass or lymph node swelling around the EBD. Endoscopic
retrograde cholangiography (ERC) showed a stenotic
lesion of the common hepatic duct (Figure 2). An intraductal
ultrasonography and biopsy were performed transpapillary,
but no malignant finding was reported. Drainage of the
bile duct using an endoscopic nasobiliary drainage tube
improved fever and normalized enzymes. The resultant
diagnosis was cholangitis due to compression of the EBD
by the right hepatic artery from the posterior side. As a
treatment, the stenotic site of the common hepatic duct
was removed and end-to-side hepaticojejunostomy was
performed. The operation showed that the right hepatic
artery had crossed EBD from posterior side of EBD and
compressed it. Pathologic examination showed no malignancy
or inflammatory cell invasion, but demonstrated sclerosis
and severe tortuosity of right hepatic artery. The postoperative course was uneventful and the patient has been
well for 1 year after the operation.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
In the biliary legion, anatomic variation is relatively common.
Arterial anomalies are not infrequent findings during biliary
surgery and variations in the positions of hepatic arteries[1-5]
are well known. However, it has been rarely reported that
the extrahepatic bile duct (EBD) is compressed by the vessels
of hepatobiliary lesion.
CASE REPORT
A 55-year-old Japanese man with an unremarkable
medical and family history was admitted for fever and
body weight loss. On laboratory examination, alkaline
phosphatase was 1 403 IU/L (normal range: 120-340 IU/L)
and gamma-glutamyl transpeptidase was 130 IU/L (normal
range: 8-60 IU/L). An abdominal computed tomography

Figure 1 An abdominal CT showed compression from the dorsum and stenosis
of the EBD (thick arrow head: EBD) by right hepatic artery (thin arrow head:
anterior branch and posterior branch), but did not reveal a mass or lymph node
swelling around the EBD.

Figure 2 3D CT showed compression from the dorsum of the EBD (arrows).

Miyashita K et al. The right hepatic artery syndrome
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was short and proximal ramification of the right hepatic
artery of the anterior segment branch and posterior segment
branch or severe tortuosity of the right hepatic artery by
arterial sclerosis.
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World Journal of Gastroenterology standard of quantities and units
Number

Nonstandard

Standard

Notice

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

4 days
4 days
day
Four d
2 hours
2 hs
hr, hrs,
10 seconds
10 year
Ten yr
0,1,2 years
0,1,2 year
4 weeks
Four wk
2 months
Two mo
10 minutes
Ten min
50% (V/V)
50% (m/V)
1M
10 M
1N HCl
1N H2SO4
4rd edition
15 year experience
18.5 kDa
25 g.kg-1/d-1
6900
1000 rpm
sec
1 pg·L-1
10 kilograms
13 000 rpm
1000 g
Gene bank
Ten L
Ten mL
umol
30 sec
1 g/dl
OD260
One g/L
A260 nm
b
P<0.05

4d
four days
d
Four days
2h
2h
h
10 s
10 years
Ten years
0,1,2 yr
0,1,2 yr
4 wk
Four weeks
2 mo
Two months
10 min
Ten minutes
500 mL/L
500 g/L
1 mol/L
10 mol/L
1 mol/L HCl
0.5 mol/L H2SO4
4th edition
15- year experience
18.5 ku,18 500u or Mr18 500
25 g/(kg·d) or 25 g/kg per day
6 900
1 000 r/min
s
1 pg/L
10 kg
13 000 g
1 000 r/min
GenBank
Ten liters
Ten milliliters
mol
30 s
10 g/L
A260
One microgram per liter
A260 nm
a
P<0.05

In figures, tables and numerical narration
In text narration
After Arabic numerals
At the beginning of a sentence
After Arabic numerals
After Arabic numerals
After Arabic numerals
After Arabic numerals
In text narration
At the beginning of a sentence
In figures and tables
In figures and tables

45

*F=9.87, §F=25.9,
#
F=67.4
KM
CM
MM
Kg, KG
Gm, gr
nt
l
db
rpm
bq
amp
coul
HZ
w
KPa
p
ev
Jonle
J/mmol
10×10×10cm3
N·km
x±s
Mean±SEM
im
iv
Wang et al
EcoRI
Ecoli
Hp
Iga
igA
-70 kDa

1

46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

F=9.87,2F=25.9,
F=67.4
km
cm
mm
kg
g
N
L
dB
r/min
Bq
A
C
Hz
W
kPa
Pa
EV
J
kJ/mol
10 cm×10 cm×10 cm
KN·m
mean±SD
mean±SE
im
iv
Wang et al.
EcoRI
E.coli
H pylori
Iga
IgA
~70 ku

At the beginning of a sentence
In figures and tables
At the beginning of a sentence
At the beginning of a sentence

After Arabic numerals
High speed; g should be in italic and suitable conversion.
Low speed. g cannot be used.
International classified genetic materials collection bank
At the beginning of a sentence
At the beginning of a sentence
10-fold conversion
“OD” has been abandoned.
At the beginning of a sentence
A should be in italic.
In Table, no note is needed if there is no significance in statistics: aP<0.05, bP<0.01
(no note if P>0.05). If there is a second set of P value in the same table, cP<0.05 and
d
P<0.01 are used for a third set: eP<0.05, fP<0.01.
Notices in or under a table

3

kilometer
centimeter
millimeter
kilogram
gram
newton
liter
decibel
rotation per minute
becquerel, a unit symbol
ampere
coulomb
watt
kilo-pascal
pascal
volt (electronic unit)
joule
kilojoule per mole
moment
In figures, tables or text narration
In figures, tables or text narration
intramuscular injection
intravenous injection
Eco in italic and RI in positive. Restriction endonuclease has its prescript form of writing.
Bacteria and other biologic terms have their specific expression.
writing form of genes
writing form of proteins
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Abstract
Helicobacter pylori (H pylori), one of the most common
bacterial pathogens on human beings, colonizes the gastric
mucosa. In its 95 paralogous gene families, there is a
large outer membrane protein (OMP) family. It includes
32 members. These OMP are important for the diagnosis,
protective immunity, pathogenicity of H pylori and so on.
They are significantly associated with high H pylori density,
the damage of gastric mucosa, high mucosal IL-8 levels and
severe neutrophil infiltration. We introduce their research
progress on pathogenicity.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Helicobacter pylori (H pylori) is a noninvasive bacterium. Since
Warran and Marshell isolated H pylori successfully in 1983,
it has been identified as the major causative factor of chronic
gastric and peptic ulcer disease and closely related to the
occurrence and development of gastric carcinoma, mucosaassociated lymphoid tissue (MALT) lymphoma. In 1994
international cancer institute had determined it being type I
carcinogen[1]. Studies regarding the H pylori virulence have
primarily focused on urease, vacuolating cytotoxin, and
cytotoxin-associated antigen. However, in its 95 paralogous
gene families there is a large H pylori outer membrane protein
(Hop) family. It includes 32 members[2,3], such as adhesin

protein, proinflammatory protein, and micropore protein.
Although some functions of these OMP have still been
indefinite, the scholars at home and abroad have paid attention
to them on diagnosis, protective immunity, pathogenicity and
so on. The documents show that Hop is significantly
associated with high H pylori colonization, the damage of
gastric mucosa, high mucosal IL-8 levels, and neutrophil
infiltration. We will review these aspects of OMP.

OMP AND CHRONIC GASTRITIS AND PEPTIC
ULCERS
Adhesin protein
We have known that adherence to the epithelium is an
important premise that bacteria settle down in the body.
Adherence is believed to help protect the bacteria from
gastric acidity, as well as from displacement due to peristalsis.
HopZ, babA, and babB (blood-group antigen-binding gene),
alpAB (adherence-associated lipoprotein) in the OMP are
mainly related to adherence.
HopZ (HP9) is a vital adhesin protein. HopZ is primarily
located in the bacterial surface, the number of its amino
acids largely vary, ranging from 126 to 281. This is primarily
because that HopZ gene suffers length-short regulation of
different CT dinucleotide repetitive motif of different strains
in the translational level. Birgit Peck[4] discovered that the wildtype strain ATCC43504 (HopZ negative) adhered to human
gastric epithelial cells whereas a knockout mutant strain
showed significantly reduced binding to the cells. Yamaoka[5]
concluded: HopZ was significantly related to H pylori density
and colonization ability in the mouse model.
babA (HP1234) and babB (HP0896) are OMP of having
vital relation with adherence. Because their production binds
LewisB antigen of human gastric cells, so are called bloodgroup-antigen-binding gene. Moreover the activity that the
product of babA2 (allele of babA) binds LewisB antigen is
higher[6]. But because people discovered H pylori expresses
LewisB antigen, too. Therefore, some scholars doubt
whether gastric epithelial cell-LewisB is the receptor of
H pylori[7]. Ai-Fu Tang in China[8] persistently researched and
testified that LewisB antigen expressed by H pylori did not
affect H pylori adherence to LewisB and summit to secretion
of host (secretory people have LewisB antigen in humoral
fluid). But the author thought that the babA2 gene was not
related to peptic ulcer, the same type of LewisB antigen
expressed by H pylori as their host had the advantage of
evading host immune system to survive, then triggered
disease. Furthermore, host may trigger disease through
producing autoantibody aiming at LewisB antigen. The
research by Zambon[9] showed that babA2 and CagA-s1 and
m1(allele of Vac) in H pylori acted together, which could
obviously worsen the degree of inflammation.
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AlpAB is also concerned with adhesion of H pylori. At
present, it is being ascertained that AlpAB are two kinds of
channel-forming membrane pore: hopB and hopC, which
are organized in an operon[10]. Through designing the mutant
strain AlpA or AlpB, Odenbreit testified AlpAB-specific
adherence and concluded that the adherence was independent
of the composition of the lipopolysaccharide (LPS)[11].
Proinflammatory
oipA (outer inflammatory protein, oipA), encoding OMP
gene of relative molecular mass (M r) of 34 ku, is called
HopH (HP0638). The product is called proinflammatory.
As early as 1998, Yamaoka [12] discovered that Mr ranging
33 ku to 35 ku OMP were positively correlated with the
level of IL-8. However, there was no relationship between
other antigens including CagA and production of IL-8. The
33-35 ku antigen was present in 97.5% patients with gastric
or duodenal ulcer compared to 70% those with chronic
gastritis. In order to ascertain the genic position of the protein,
in 2000, Yamoka [13] designed the knockout mutant strain
HP0638(Mr34 ku), HP0796(Mr33 ku), HP1501(Mr32 ku),
compared with wild-type about inducing to secrete the level
of IL-8. The result showed HP0796 and HP1501 had no
significant effect on IL-8 product. However, knockout of
the HP0638 gene reduced IL-8 product approximately 50%.
Cag-negative strains that contained a functional HP0638
gene produced more than three-fold greater IL-8 than Cagnegative nonfunctional HP0638 strains. So the author denoted
HP0638 gene as outer inflammatory protein (oipA). The
recent data[14] showed that HP0638 frame status was correlated
strongly with CagA, vacA iceA genotypes. All of the strains
in which HP0638 was in frame were CagA positive and
vacAs1, whereas most of the strains in which HP0638 was
out of frame were CagA negative (80%) and vacAs2 (70%).
So the author thought it suggested that CagA positivity could
affect transcription of HP0638. But Yamaoka[15] discovered
in his further research that oipA status remained in the final
model to discriminate duodenal ulcer from gastritis. Functional
oipA was significantly associated with high H pylori density,
severe neutrophil infiltration and high mucosal IL-8 levels
and further research that polyclonal antisera to either a synthetic
oipA peptide or a recombinant oipA protein detected oipA
expression in H pylori and correlated with functional oipA
status determined by PCR sequence[16]. Moreover, the recent
research showed that the detecting of oipA+HP was 46.6%.
But oipA was detected in patients with gastric ulcer and the
rate was 100%, which was obviously higher than in patients
with gastritis. Thus, it indicated that oipA was significantly
more frequent in patients with gastric ulcer[17].

OMP AND GASTRIC CARCINOMAS
Before discovering H pylori, people believed that gastric
carcinomas evolved from superficial gastritis to chronic
atrophic gastritis , then intestinal metaplasia and turned into
gland cancer[18]. Hop played an important role in the process.
Zambon[9] research testified that coexpressed by the same
H pylori strain, CagA, s1 and m1Vac worded synergistically,
not only were worsening inflammation, but also were at higher
risk for intestinal metaplasia. The scholars in Taiwan[19] discovered
that a significant association was found between the serum
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antibodies against lower-molecular-weight proteins of H pylori,
especially 19.5 ku and 26.5 ku, and malignant outcome of
H pylori infection. Wei-Hong Yang[20] discovered that antibody
titre of 26.5 ku protein in gastritis group was higher than that in
ulcer group, in moderate, severe inflammatory gastritis was
higher than that in subinflammatory gastritis. These have
the advantage of the occurrence and development of tumor.
Therefore some scholars believe lower-molecular-weight OMP
may act as gastric carcinomas and its hypercrowd screening , it
is a kind of marking antigen[21,22].

OMP AND IMMUNITY
Cytokine
When infected by H pylori, inflammatory cytokine induced
by OMP plays an important role in H pylori pathopoiesis. It
has been definite that oipA is positively correlated with product
of IL-8 as former statement[12]. Petra[23]discovered that
HpaA and OMP18(Mr18 000) induced IL-12 and IL-10 to
secrete when researching their antigenicity . IL-8 is an main
inflammatory promoter and regulatory factor. IL-12 was
obviously positively correlated with the degree of T lymphoid
infiltration in the mucous membrane and worsen gastric
mucous inflammation[24].
Vaccinal research
Most OMP locates the surface of bacterial body, surface
exposing, conserving relatively, inducing humoral immunity
and so on. Thus, since early, people have begun researching its
protective immunogenicity, but can get partial effect on
protecting immunity[25,26]. Nowadays, many scholars have
researched polyvalent vaccine. Zheng Jiang succeeded in
constructing divalent vaccine of HpaA,OMP18 (Mr18 000)
and HpaA, OMP26 (26 000), which laid the foundation of
constructing H pylori protein vaccine[27,28].

CONCLUSIONS AND PERSPECTIVES
There are other OMP which deserve to be further studied.
For example, Ping Cao[29]through researching two HopQ alleles
discovered that type I HopQ alleles were found significantly
more commonly in cag+/s1-vacA strains from patients with
peptic ulcer disease than in cag-/s2-vacA strains from patients
without ulcer disease. But Akihiro[30 ]through researching
OMP29 (Mr29 000) from being isolated ATCC43504 strains
discovered that OMP29 could alter its antigenicity through
gene modifications mediated by nucleotide transfer. These
discovers are looking forward to further probing and studying.
At present, genome sequence of H pylori OMP have finished,
but the function of many OMP has been indefinite: how
on earth they induce to disease, the relation with other virulence
factor: Cag pathogenicity island and VacA, which antigenicity
is more. These are still not clear. However, there are many
questions in former research, for example , Yamaoka thought
oipA frame status was an unique index that discriminated
duodenal from gastritis. But the author didn’t examine gene
of encoding 35 ku protein. Wei-Hong Yang[20] in China did
the correlation research and discovered that in quantitative
study ,the antibody titre of 35 ku protein in original duodenal
bulb ulcer group was obviously higher than that in chronic
superficial gastritis group.

Shao SH et al. Progress on Hop

In a word, researching virulence and pathogenicity of
H pylori is a vital significance. This can discover new strains
and further illuminate pathogenic mechanism, on the other
hand, can provide basis for vaccinal screening, designing
and immunity strategy. This can avail the development of
a new particularity diagnosis reagent kit.
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Abstract
Although tumor gene therapy falls behind its clinical use,
the combination of irradiation and gene therapy is full of
promise in cancer therapy based on traditional radiotherapy,
chemotherapy and surgery. We have termed it as radiogenic
therapy. This review focuses on the following aspects of
radiogenic therapy in recent years: improvement of gene
transfer efficiency by irradiation, radiotherapy combined with
cytokine gene delivery or enhancement of the immunity of
tumor cells by transgene, direct stimulation by radiation to
produce cytotoxic agents, increase of tumor cell radiosensitivity
in gene therapy by controlling the radiosensitivity genes and
adjusting the fraction dose and interval of radiation so as
to achieve the optimum antitumor effect while reducing
the normal tissue damage, radioprotective gene therapy
enhancing radiation tumor killing effect while protecting
the normal tissue and organs with transgene using transfer
vectors.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Among the therapies for malignant tumor, the main disease
threatening human health, traditional radiotherapy, chemotherapy and surgery still dominate at present. Nevertheless, because
the reaction of tumor cells is much severer to chemotherapy
than to radiotherapy, the later is so vital to the therapy of
tumors. During the past decade, the development in new
radiotherapy technologies, such as modern radiotherapy
equipment and tumor-shaped stereoadaptability treatment,
enables more patients to accept radiotherapy. The therapeutic

effect has been improved as well. On the other hand, radiotherapy
still faces difficulties, such as recurrence or metastasis after
radiation, damage of normal tissues around the tumor. Although
the history of tumor gene therapy is not as long as radiotherapy,
it has shown some promising results in many in vitro experiments. Because therapy of tumors covers many aspects
and is quite difficult, gene therapy has not made any
breakthrough and falls far behind its clinical application.
Molecular biology has provided a theoretical basis for tumor
radiotherapy at molecular level, and a breakthrough will be
made in increasing the radiation sensitivity and decreasing
the damage to normal tissues. Gene therapy technology is
also introduced into radiotherapy. How to organically
combine gene therapy and radiotherapy has become the
new topic in these fields.

R A D I AT I O N I M P R O V E S G E N E T R A N S F E R
EFFICIENCY
In 1980s, Perez and Skarsgard [1] successfully used X-ray,
ultraviolet radiation and 144 keV/µm of argon ion to
increase DNA-mediated gene transfer efficiency, and found
that the heavy ion was more noticeable in enhancing transfer
efficiency and this enhancement was related to the radiation
dose. It was also found that radiation could contribute to the
conformity of exogenous DNA and host DNA, as well as to
the expression of transferred genes and the expression time
was also longer than that with no radiation. Stevens et al[2] ,
found that 9 Gy of -ray radiation could increase the initial
transfection efficiency of DNA mediated by plasmid vectors
to 1 400 times. The copies of dissociated plasmid in cells
from the -ray radiated group were 50% of those from the
non-radiated group, but the cell quantity with conformed
plasmids was much more than that from non-radiated
group, and also the transfection efficiency of linear DNA
was higher than that of ring DNA. Zeng et al[3], also found
that low radiation dose of 3 Gy could increase the Ad5CMVlacZ-mediated gene transfer efficiency to 40 times.
Tang et al[4], used adenovirus vectors (AdCMVluc) to infect
lung cancer cells of mice radiated by -ray, and found that
the luc gene encoding products inside a cell increased in a
dose-dependent manner, and the efficiency could increase
as high as 24 times, which effectively controlled the tumor
growth. The mechanism of ion radiation-mediated gene
transfer might be as follows. Radiation makes receptors on
cell surface damage and perforate, which change both transit
of cytomembrane and its electrical level so that the exogenous
DNA with negative electricity can go into the cells. The
radiation results in DNA damage of cells and activation of
their restoration, so the exogenous DNA and host cells DNA
can be recombined and conformed[5]. In the later researches,
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all the DNA base analogs, H2O2, ultraviolet radiation, Xray, heavy ion had similar effects, indicating that cytotoxin
or radiotherapy could make the exogenous DNA go into
host cells easily. In addition, similar to the physically electrical
perforation-mediated gene transfer, there is no cell specificity
for the radiation-mediated gene transfer.

IMMUNE GENE THERAPY AND RADIOTHERAPY
OF TUMORS
Human tumor immunity is mostly weak and easy to escape
from body’s immune system monitoring. Additionally, tumor
cells can produce various immuno-suppressive factors so
as to suppress the host cellular and humoral immunity. In
aid of the molecular biology technology, some immunityrelevant factor genes are transferred to cells and expressed
in the body constantly or in tumor cells to stimulate the host
immune system or enhance the immunity of tumor cells so
that the body immune system can recognize them and take
certain killing actions. The combination of immune gene
therapy and radiotherapy in tumor treatment can theoretically
enhance antitumor immune effect while providing a quick
external killing radiotherapy. This kind of therapy can obtain
a better result than any single therapy as mentioned above.
The facts also proved that clinical use of single cytokines
for tumor therapy is not only expensive, but also brings
severe toxic and side effects in a large dose, and most clinical
applications did not achieve good results[6,7].
Radiotherapy combined with IL-2, INF, TNF cytokines,
has obtained preferable antitumor effects. The gene expression
of cytokines induced by radiation was first reported by
Hallahan et al [8] , and Sherman et al [9] . They found that
radiation not only could make DNA damage but also might
be related to the tumor killing effect caused by the increase
of cytokine secretion. After plasmid pEgr-TNF transfected
human tumor cells HL525, Weichselbaum et al[10], injected
it into squamous cancer cell line SQ-20B of nude mice
combined with 20 Gy of radiation. The outcome showed
that, in the simple radiotherapy group, the tumor itself
shrank by 1.1% on the 36th d and on the 50th d all the other
nude mice died except one (1/7); whereas in the combined
therapy group, all the other tumors in nude mice were
completely vanished on the 20 th d, except recurrence in
only one (1/7) on the 36th d. It indicates that the combination
of TNF and radiotherapy can achieve better therapeutic
effects than either one alone. As indicated in some animal
experiments[11], radiation combined with Ad-EGR-TNF 
vector was carried on human glioma cell line D54, and resulted
in complete tumor regression in 71% of xenografts. Its
histopathological results showed pronounced vessel thrombosis
and tumor necrosis, but no obvious effect was found on the
live D54 cells after being treated with TNF  or radiation.
Raben et al [12] , proved that expression of human carcinoembryonic antigen (CEA) could be induced on D54MG
human glioma cell line infected with adenovirus vector with
CEA gene in vitro, and could be recognized by COL-1
antibody of CEA marked by radionuclides. In China, Zhang
and Cao[13] and Wei et al [14] , used adenovirus vectors coexpressing the heterodimer of human IL-12 combined
radiation to treat mice with liver cancer. Compared with
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the methods mentioned above, this combination achieved
complete disappearance of 50% cancers. If the mice in
combined therapy group were inoculated again with tumor
cells, tumor would not form anyway. Moreover, the INF-
level was notably increased in mice blood serum from the
combined group, and induced specific and restricted T cell
activity.
On the basis of large experiments in vitro and in vivo,
TNF was also applied to some clinical therapies for solid
tumors, such as breast cancer, lung cancer, rectal cancer,
pancreatic cancer, melanoma, head and neck tumors. No
obvious effect of simplex radiotherapy or chemotherapy
was found. During phase I clinical experiment, Hanna et al[15],
observed seven patients who received Ad-EGR-TNF
injection at doses of 4×10 9-4×10 9.5 particle units with
concurrent radiotherapy. Of the seven patients, two had
complete responses, two partial responses, two minor shrinkage
and one no change. Meanwhile, the tumors which accepted
radiotherapy only at the same dose were not controlled. In
the above experiment, complete responses occurred in breast
and rectum tumors and the partial responses were observed
in pancreatic and lung cancers. There were no obvious toxic
and side effects except pain on the injection site and slight
chills. No virus was detected in blood or urine from any of
the patients. All these have shown the importance, effectiveness
and safety of radiogenic therapy.

G E N E T H E R A P Y O F T U M OR S IN D U CE D B Y
RADIAT ION
The safety and effectiveness of gene therapy of tumors
are the key factors in gene therapy, and its control mechanism
affects the targets of gene therapy. At present there are two
types of control mechanisms, one is called “transcriptional
target control”, which means to choose tumor-related antigens.
For example, some cis-effect elements (such as promoter,
enhancer) of AFP and CEA genes are formed into expression
boxes with their corresponding target genes, and then are
inserted into gene transferring vectors. In this case, the transgene
only expresses in tumor cells that produce tumor-related
proteins as mentioned above, thereby it can bring a specific
killing effect to tumor cells. The other is called “exogenous
control of transgene expression”, which means to use the
cis-effect elements, that can be induced by some factors to
express genes, are formed into expression boxes with
corresponding target genes and then are inserted into gene
transferring vectors. In this case, the transgene will be
directly controlled by corresponding inducible factors
whether it expresses in the body or not. Among the first
genes that were induced by radiation, the early growth gene
(EGR)[8] is related to the early growing reaction, c-Jun, -actin
and interleukin-1[16]. These gene encodings can bind to the
specific DNA sequences and control other gene expressions.
For instance, by means of increasing transcriptional induction
of the expression of c-Jun by ionizing, Jun protein could
combine DNA at Ap-1 site and activate the downstream
gene expression. The vectors constructed by radiationinduced EGR-1 gene and different therapeutic genes have
been studied most. EGR-1 encodes a nuclear phosphoprotein
containing 533 amino acids. The active oxygen generated
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by ionizing can act on the CC (A+T rich) 6GG structural
domain of this gene’s promoter and promote EGR-1 gene
expression[8].
Kawashita et al[17], constructed the plasmid vectors,
pEGR-TK and pEGR-luc, which meant to insert herpes
simplex virus thymidine kinase (HSV-TK) gene or report
gene luc into the downstream of early growing gene (EGR-1)
promoter. On the next day after the liver cancer cell line
was transfected by these two plasmid vectors, 10 Gy of radiation
was given and prodrug ganciclovir (GCV) was added as well.
As shown in the final results, after transfected by pEGRluc, the luc gene expression in radiated cells was 15-28 times
of that in non-radiated cells. Additionally, the expression
level was dependent on the radiation dose. The drug sensitivity
of liver cancer cell line transfected by pEGR-TK and
radiation to GCV increased by 103-104 compared with the
non-radiated group. The therapeutic effects were good on
other cancer cell lines when the vector contained EGR-1
and HSV-TK. Scott et al[18], and Marples et al[19], designed a
type of molecular switch with a recombination system of
bacteriophage to establish a radiation-induced gene
expression model. EGR-1 enhancer/promoter regulated the
expression of Cre recombinase. Through the recombination
of loxP site-mediation, the molecule switch was activated
and turned on, then was given 1 Gy of X-ray radiation to
achieve the goal of completely suppressing the growth of
tumor cells. The research on EGR-1 promoted other studies
on radiation inducible promoters, such as P21 (WAF1)[20].
Worthington et al[20], used WAF1 as a promoter to construct
a vector with NO synthetic enzyme gene, and then injected
it into the rat tail artery. They found the quantity of nitric
oxide synthase increased by four times after a radiation
dose of 4 Gy was given.
The study on applying radiotracer combined with the
gene therapy, to the tumor targeted diagnosis and therapy
has made many progresses. The radiation-inducible gene
encodes a type of ligands or transits agents, which can be
taken as a target to cytotoxins radiolabeled. The functions
are as follows: one is to use the new cytomembrane receptors
induced by irradiation for receptor development, the other
is to use the transgene products to metabolize the specific
substances radiolabeled, and to retain the metabolism of
products inside the cells for position display and target study.
Tjuvajev et al [21] , transfected tumor cells by Ad-HSV-TK
and then injected a therapeutic dose of FIAU radiolabeled
with radionuclide I 131, finally the transferring target was
improved. Meanwhile, -ray emitted by 131 I-FIAU was
incorporated to DNA and the killing effect was enhanced
on tumor cells. Auger emitting therapeutics can specifically
deliver the ray to receptors bearing tumor cells. Many
researches indicated that the ray emitted during radionuclide
decay by low-energy Auger electron was highly cytotoxic.
In the early experiments, 85 patients with unresectable
somatostatin receptor-positive neuroendocrine tumor were
given somatostatin analogs with 111In-labeled, 62-69% of
the tumors obviously shrank. It was found in research that
the dose deposited by -ray emission from In111 did little
damage to the cells, but low-energy Auger electron had a
killing effect instead. However, -ray emitted by In111 could
be used for tumor positioning diagnosis[22,23]. The sodium/
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iodine symporter (NIS) gene concentrates iodine in the
thyroid gland, salivary gland, gastric mucosa, etc. Radioiodine
(131I) has been shown to selectively concentrate on tumor
cells transfected with NIS gene and suppressed the growth
of tumor cells in vitro and in vivo. Tissue-specific promoters
combined NIS gene such as PAS promoter should be further
studied[24,25].

INC R E AS E O F RA D IO S E NS ITIV ITY IN G EN E
THERAPY
The same type of tumors, even with similar clinical phases,
is different in radiosensitivity. In recent years, many genes
related to radiosensitivity of tumor cells have been found.
The current research focuses on, through controlling
radiosensitive genes and adjusting the fraction dose and
interval of radiation, how to realize individualization of
radiotherapy and how to change tumor cell radiosensitivity,
and how to reduce the normal tissue damage so as to achieve
the optimum therapeutic effect. P53 and bcl-2 gene play an
important role in the tumor generation and development,
they have attracted researchers’ attention most. Some results
of in vitro experiments showed that the high expression of
bcl-2 protein was related to cell apoptosis induced by
radiotherapy and chemotherapy, while to suppress the
expression of bcl-2 gene might increase tumor radiosensitivity.
Kawabe et al[26], compared the ability of adenovirus-mediated
wild-type P53 to radiosensitize non-small lung cancer and
normal human lung fibroblasts. Ad/CMV/P53 increased
the radiosensitivity of two types of non-small lung cancer
cell lines and meanwhile the Bax gene expression of lung
cancer cells rose, but there was no obvious change of these
characteristics in normal lung fibroblast cells. In in vivo
studies, tumor growth suppression was enhanced by this
combination strategy in xenograft tumors in nude mice
compared to Ad/CMV/P53 or radiation therapy used alone.
Grunbaum et al[27], observed tumor cell apoptosis and change
of radiosensitivity after P53 mutant and radioresistant soft
tissue sarcoma cell line combined treatment with DNA
transfection either with mdm2 antisense oligodeoxynucleotides
or with a wild-type P53 plasmid and irradiation. At the same
radiation dose, the sensitivity of tumor cells with wtP53plasmid transfection was higher than those without transfection,
and clone formation was reduced by two times. Forty-eight
and 72 h after radiation, the percentage of apoptotic cells
was 25% and 38.9% respectively. Compared with the control
group, the apoptotic cell ratio of tumor cells transfected
with mdm2 antisense oligodeoxynucleotides was 7.7%. A
striking result was obtained with the combined treatment
of wtP53 and 12 Gy irradiation, which produced 25% and
38.9% of apoptotic cells 48 and 72 h after transfection,
respectively. Besides the regulation of P53 gene, people
have also done a lot of work on enhancing the tumor cell
radiosensitivity through combining regulation with other
genes. Subtraction hybridization identified mda-7 gene as a
gene associated with melanoma cell differentiation and
growth, which could selectively suppress the growth of
various tumor cells without much effect on normal cells.
Su et al [28] , transfected human glioma cell lines by mda-7
adenovirus vector (Ad.mda-7) and found that the expression
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of mda-7 could induce growth inhibition and apoptosis in
malignant human gliomas with mutants and wild P53, and
these effects correlated with an elevation in expression of
growth arrest and DNA damage genes. The growth of human
glioma cells expressing mutant P53 was inhibited when
transfected with AdP53 vector and the sensitivity of the
cells increased when transfected with Ad.mda-7 vector. Since
the heterogeneity in P53 expression is common in gliomas,
it indicates that Ad.mda-7 may, in many cases, be more
beneficial to gene-based therapy of malignant gliomas than
administration of wild-type P53. Applying Ad-P53 injection
to solid tumors, such as breast cancer, lung cancer, rectal cancer,
pancreatic cancer, melanoma, head and neck tumors, has
been licensed and is in clinic phase III now. Zhang et al[29],
and Chen et al[30], reported that the results of rAd-P53 agent
combined with radiotherapy in treatment of head and neck
squamous cell carcinomas and nasopharyngeal carcinoma
respectively. Randomized controlled study of patients with
head and neck squamous cell carcinomas showed that the
radio-sensitized enhancement rate was 1.72 times higher at
40 Gy time point and the CR rate of the combined treatment
group at the validation point was 1.68 times higher than
that of the radiotherapy group. The nasopharyngeal carcinoma
was reduced by 95±10% and 80±17% (P<0.001) 8 wk after
treatment and the rate of CR of tumor 12 wk after treatment
was 75% in the combined treatment group and 15% in the
radiotherapy group respectively (P<0.01). Swisher et al [31],
evaluated the feasibility and mechanisms of apoptosis induction
after Ad-P53 (INGN 201) gene transfer and radiation therapy
in patients with non-small cell lung cancer in clinic phase II
study. They found that 17 of 19 patients completed all planned
radiation and Ad-P53 (INGN 201) gene therapy as outpatients
with radiation alone. The most common adverse events were
grade 1 or 2 fever (79%) and chill (53%). Three months
after completion of therapy, pathologic biopsies showed
that 12 of 19 patients (63%) had no viable tumor, 3 of 19
patients (16%) had viable tumor, and 4 of 19 patients (21%)
were not assessed. Quantitative reverse transcription-PCR
analysis of the four P53-related genes (p21 (CDKN1A),
FAS, BAK, and MDM2) revealed that BAK gene expression
was most closely related to Ad-P53 (INGN 201) gene
transfer. In clinical trial no significant toxicity was observed
in Ad-P53 patients with mild fever and flu-like symptoms
during dose escalation studies. P53 gene can increase the
radiosensitivity of tumor cells, and the mechanism has not
been fully elucidated. It has been observed that the
introduction of P53 induces apoptosis. The clinical trial of
head and neck carcinoma treatment by Ad-P53 combined
with radiotherapy and chemotherapy is undergoing in 34
centers of the world.
There are many radiosensitive relevant genes. In 1995,
ataxia telangiectasia (AT) gene was cloned. The cell lines
from AT patients (usually used fibrous cells) showed
hypersensitivity to irradiation in vitro. The AT cells did not
have clear fractionated radiation effect, and high LET ray
made much less damage to AT cells than low LET ray. Further
research revealed that the activity of DNA topoisomerase
suppressor of AT cells was high and highly sensitive to the
restricted endonuclease, which influenced its DNA damage
repair. Moreover, there was no DNA synthesis suppression
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in radiated AT cells, so it was characterized with DNA
synthetic radioresistance and easy to die from radiation.
The high radiosensitivity of AT cells was related to the
delayed raise of P53 protein. With the adenovirus vector,
Fan et al [32] , transferred antisense ATM RNA into P53
mutational prostate cancer cells and found that abnormal
control of cell-cycle and the radiosensitivity were distinctly
increased. Tribius et al[33], also proved that, compared with
primary glioma cells, the established glioma cells gained
adaptive characteristics during cell cultures. The expression
of ATM gene products decreased and its radioresistance
increased accordingly.

GENE THERAPY AND RADIOPROTECTION
Normal tissue damage around tumors caused by ionizing
radiation limits the radiotherapy dose. In order to increase
the radiation killing effect on tumor cells, while protecting
the normal tissues and organs at the normal tolerant dose,
people have been working a lot on physics, chemistry, and
biology including the introduction of multileaf collimators,
sophisticated immobilization techniques, and intensity
modulated radiotherapy vs computer-controlled radiotherapy
beam modulation, as well as some medicines used to protect
the normal organs. However, the medical protection has
let people think of tumor cells possibly escaping from
radiation killing, so the therapeutic effect would decline[34].
When transgene therapy is used particularly for normal
tissues, the radiation dose for tumor cells can be increased
while the normal tissue generates tolerance to radiation.
The candidate genes involved in radioprotection should have
the function to inhibit the apoptotic pathway, repair the
damage induced by oxidative stress and radiation, as well as
neutralize cytopathic cytokine effects. The transgenic vector
should target specific organs and has minimal pathological
effects on normal cells. What was studied most was superoxide
dismutase (SOD), an important enzyme that widely exists
inside the body to clean out the free radicals. The function
of this type of enzymes is to protect cells against oxidative
stress. SOD can be induced by many environmental factors
and chemical substances. Due to the induction to SOD, the
ability of body to protect the organs against damage can be
strengthened and the body can tolerate these exogenous
toxic substances.
Manganese superoxide dismutase (Mn-SOD) gene is an
ideal radioprotective gene at present because other genes
have some toxic and side effects. The radioresistance mechanism
of Mn-SOD gene might be related to the upregulated gene
expression after ionizing radiation, probably caused by
activating the Mn-SOD gene promoter through the radiationinduced NF-transcriptional activator. Mn-SOD is mainly
localized at the mitochondrial matrix of prokaryocytes and
eukaryocytes. Because of the importance of mitochondriamediated irradiation apoptosis, genes associated with stabilization
of mitochondrial membranes were first evaluated in vitro.
Epperly et al[35], proved the importance of Mn-SOD positioning
in radioprotection of mitochondria. They transferred Cu/ZnSOD gene and Mn-SOD gene into 32D cl3 cells respectively
so as to overexpress the genes. Both groups showed similar
antioxidant activity, but Cu/Zn-SOD gene transferring cells
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did not have radioprotection effect and this effect was related
to the mitochondrial localization signals. Recent data showed
that cells which transduced Mn-SOD gene at mitochondria
were radiated, the stable mitochondrial membrane could
prevent cytochrome C from releasing and going to cytoplasm
to activate the cell death pathway[36]. A herpes simplex viral
vector containing the full-length human Mn-SOD gene has
been successfully expressed on human hematopoietic progenitor cells. Further research will determine whether the
hematopoietic progenitor cells transduced Mn-SOD gene
has differentiation and self-renewal abilities. Currently the
research on human umbilical cord blood transgene would
provide experimental information on protecting normal
hematopoietic stem cells during total body irradiation in
patients receiving chemotherapy who might need marrow
transplantation[37,38]. Epperly et al [39-41], applied C57BL/6J
mouse model to the research on the relationship between
radiated TGF, IL-I and TNF- cell factors and the effect
of lung tissue inflammation on MnSOD-PL protection.
Before radiation, MnSOD-PL or intra-tracheal administration
of adenovirus-mediated Mn-SOD could prevent acute or
chronic radiation damage. Administrating 250 g of
MnSOD-PL 24 h before radiation could decrease radiationinducible electron spin resonant signals. Lung tissue pathology
showed that alveolus fibrosis was obviously reduced,
compared with the group not given MnSOD-PL and the
group given MnSOD-PL at different times after radiation.
The mechanism might be as follows. Macrophages and
macrophage progenitor cells of bronchoalveolar macrophages
from bone marrow are recruited to the vasculature of
radiated lung, then by means of the combination of adhesion
molecules on its surface and VCAM-1 and VCAM-2 on
endothelial cells, they differentiate into macrophages and
produce TGF-1 and TGF-2 which recruit fibroblast
progenitor cells of bone marrow origin to the lungs. Some
experiments have proved that TGF-1 and TGF-2 produced
by bronchoalveolar macrophages could mediate signaling
from lung macrophages so as to cause fibroblast progenitor
cells moving to the lungs[42] . Other hypotheses include
fibroblast progenitor cells in circulation independent on
TGF-1 and TGF-2, and can directly bind to the upregulated
adhesion molecules in the lung tissue. Acute and chronic
damages due to esophageal irradiation were similar to the
lung damage, but with some differences[43]. Epperly et al[44],
and Stickle et al[45], observed acute apoptosis of esophageal
basal squamous stem cells 24 h after irradiation. The apoptotic
cells gradually developed into microscopic ulceration and
then macroscopic ulceration 10 d later. During the treatment,
lots of mice had dehydration, weight loss, high-frequent
esophagostenosis or even died. MnSOD-PL administration
to mice 24 h prior to single radiation or intermittently during
the fractionated radiation every 3-4 d could greatly help to
reduce the radiation-induced cell apoptosis, dehydration,
weight loss and death, and occurrence of esophagostenosis.
At present, the research on esophageal irradiation toxicity is
focused on the mechanism of MnSOD-PL radioprotection
of esophageal stem cells. The above experimental results
showed, compared with the simple radiated control group,
giving MnSOD-PL 24 h before radiation could speed-up
the recovery of esophageal stem cells.
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SUMMARY
The role of genes in human diseases has been gradually
identified with the development of human genome planning
work. Gene therapy of tumors is becoming one of the
important therapies for tumors. In radiogenic therapy, the
current problems to be solved are high-efficient gene
transferring vectors, efficient targeted genes and the safety
of gene therapy.
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Abstract
AIM: DNA mismatch repair (MMR) is an important mechanism
for maintaining fidelity of genomic DNA. Abnormalities in
one or more MMR genes are implicated in the development
of many cancers. We investigated the role of expression
of MMR genes (hMLH1, hPMS1, hPMS2, GTBP/hMSH6,
hMSH2) in hepatocellular carcinogenesis.
METHODS: We evaluated the expression level of MMR
genes in 33 hepatocellular carcinoma (HCC) cases using the
multiplex reverse transcription (RT) PCR assays, as well
as in 16 cases of normal adjacent hepatic tissues. -actin
gene was used as an internal control and calibrator for
quantification of gene expression.
RESULTS: Out of the 33 studied cases, 25 were HCV positive
and 30 (90.9%) showed reduced expression in one or more
of the studied MMR genes. Reduced expression was found in
hMSH2 (71.9%), hMLH1 (53.3%), GTBP (51.1%), hPMS2
(33.3%) and hPMS1 (6%). A significant correlation was
found between reduced expression of hPMS2 (P = 0.0069)
and GTBP (P = 0.0034), hPMS2 and non-cirrhosis (P = 0.0197),
hMLH1 and high grade. On the other hand, 57.1%, 50%,
20%, 18.8%, and 6% of the normal tissues distant to
tumors showed reduced expression of hMSH2, hMLH1,
GTBP, hPMS2, and hPMS1 respectively. Multivariate analysis
revealed a significant correlation between the expression
level of hMSH2 (P = 0.008), hMLH1 (P = 0.001) and GTBP
(P = 0.032) and HCC, between hPMS2, GTBP and HCVassociated HCC (P<0.001, 0.002).
CONCLUSION: Reduced expression of MMR genes seems
to play an important role in HCV-associated HCC. hPMS2 is
likely involved at an early stage of hepatocarcinogenesis
since it was detected in normal adjacent tissues. Reduced

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common
malignant tumors worldwide, with the highest frequencies
reported in Asia and Africa. In countries endemic for viral
hepatitis, HCC represents 20-40% of human cancers and
most of the cases in these areas are late complications of
chronic viral hepatitis[1]. The major risk factors for HCC
development are now well defined including chronic viral
hepatitis, alcohol, aflatoxin and metabolic disorders. These
factors induce malignant transformation by increasing
cellular turnover as a consequence of chronic liver injury,
regeneration and cirrhosis[2] . Although advances in the
treatment of HCC have recently been achieved, the prognosis
of this disease generally remains very poor[3].
Understanding the molecular basis of HCC is very
important, since novel therapeutic approaches, which target
these molecules, may lead to improvement in the prevention
and treatment strategies of HCC. Therefore, identification
of molecular markers related to prognosis is a vital target
to improve the clinical outcome and for a more effective
therapy[4] . Recently, some of the multisteps involved in
hepatocarcinogenesis have been elucidated. Activation of
oncogenes, inactivation of tumor suppressor genes, overexpression of certain growth factors and DNA mismatch repair
(MMR) defects may contribute to the development of HCC[5].
The DNA MMR system is expressed in all tissues at
various levels and plays an important role in the maintenance
of genomic integrity as it corrects replicative mismatches
of the escaped DNA polymerase proof reading[6]. Biochemical
and genetic studies in eukaryotes have defined at least five
genes (MSH2, MSH3, GTBP, MLH1, and PMS2) whose
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protein products are required for DNA MMR [7] . Direct
evidence for the association of genetic instability and mutant
MMR genes is derived from the biochemical studies in vitro
in which nuclear extracts from human tumor cell lines with
mutated MMR genes were unable to efficiently repair heteroduplex DNA fragments[8]. Hence, it was proposed that
cells with defective MMR mechanisms had a reduction in
the fidelity of DNA and could not correct genetic errors
that occurred during cellular replication[9].
Several studies have focused on the impact of defective
MMR genes on the pathogenesis of tumors and genes encoding
components of the MMR system have been mentioned in relation
to several human solid tumors[10-13]. It was shown that defects
in MMR genes could lead to a genome-wide instability of
the microsatellites[10] . When this occurs in oncogenes or
tumor suppressor genes, loss of control over cell growth
and proliferation may develop[14]. Moreover, loss of expression
of the MMR genes leads to resistance of tumor cells to the
damage induced by some chemotherapeutic agents such as
6-thioguanine, some methylating agents, cisplatin and
carboplatin[6,15,16]. This acquired resistance could be achieved
through several mechanisms including failure to recognize
DNA adducts formed by some chemotherapeutic agents or
failure to activate signaling pathways that trigger apoptosis[6].
This work was conducted to investigate the possible role
of MMR gene defects in the development of HCV-associated
HCC through studying the expression levels of hMSH2,
GTBP, hMLH1, hPMS-1 and hPMS2 genes using the RTPCR assay.

MATERIALS AND METHODS
Tumor samples
In the present study, 49 samples were analyzed (17 samples
of HCC and 32 samples of HCC and their associated normal
hepatic tissues obtained from morphologically normal areas
distant to the tumor in the same patient). All samples were
obtained from patients undergoing hepatectomy at the
National Cancer Institute, Cairo University during the period
2000-2002. The mean age of patients was 55.77±11.53 years
(range 10-80 years) and the male:female ratio was 1.13:1.
Out of the 33 HCC cases, 15 were cirrhotic and 18 showed
no evidence of cirrhosis. All clinicopathologic features of
the patients are illustrated in Table 1. Fresh tumor and
normal distant hepatic tissues (NDHTs) were obtained at
the operation theater and immediately divided into two
pieces. One was snap frozen in liquid nitrogen and stored
at -80 ℃ for subsequent DNA and RNA extraction, the
other was fixed in neutral buffered formalin and processed
for histopathologic examination to determine tumor type,
grade, presence of cirrhosis and percent of neoplastic cells
in tumor samples. Only cases composed 75% or more
neoplastic cells were included in the study to avoid the
neutralizing effect of normal cells. NDHTs were obtained
from areas distant to tumors (4-5 cm from the periphery
of the tumor) and confirmed to be normal by microscopic
examination of hematoxylin and eosin-stained sections. Both
normal and neoplastic tissues were examined by two
independent pathologists. Unintentional bias was prevented
by coding patient tissue samples, so that genomic studies
were done without the knowledge of the patient and tumor
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characteristics. All samples included in this study were HBVPCR negative.
A written consent was obtained from all studied patients
and the Ethical Committee of the NCI approved the protocol
according to the ethical guidelines of the 1975 Declaration
of Helsinki.
ELISA
Sera collected from 5 mL of coagulated blood were aliquoted
and stored at -80 ℃. All sera from patients and controls
were tested for HCV antibody and HBsAg by the third
generation ELISA using kits from Innogenetics (Belgium)
and Equipar (Saronno, Italy). They were also tested for
HBs-Ab, anti-HBc total, anti-HbeAg and HBeAg by the
third generation ELISA using kits from Innogenetics (Belgium).
All tests were done according to the manufacturer’s instructions.
DNA extraction
High molecular weight DNA was prepared from 0.5-2.0 g
fresh tissue samples according to standard protocols[17].
RNA extraction
RNA from both tumor and normal tissues was extracted using
a SV total RNA isolation system (Promega Biotech). The
extracted total RNA was assessed for degradation, purity and
DNA contamination by a spectrophotometer and electrophoresis in an ethidium bromide-stained 1.0% agarose gel.
Control
Ten samples of normal human DNA and RNA were extracted
from PBL and used to optimize the best conditions for the
multiplex PCR of -actin gene vs each of the five studied
MMR genes. Amplification of -actin gene (621-bp fragments)
was performed to test for the presence of artifacts and to
set a base line for each sample that enabled the evaluation
of the expression of target genes in the multiplex RT-PCR
(i.e., semi-quantitation). The -actin gene fragments were
used to monitor DNA contamination. Since all genes were
amplified in the same test tube, designing only one pair of
primers should be sufficient for controlling DNA contamination.
A water control tube containing all reagents except c-DNA
was also conducted in each batch of PCR assays to monitor
contamination of genomic DNA in the PCR reagents, negative
RT-PCR control was used against each sample.
c-DNA synthesis
Reverse transcription (RT) of the isolated total RNA was
done in 25 L reaction volume containing 1 volume of
Superscript II RT enzyme (Gibco-BRL, Gaithersburg, MD,
USA), 2.5 L 10×RT-buffer [250 mmol/L Tris-HCl pH
8.3, 375 mmol/L KCl, 15 mmol/L MgCl2], 0.251 L of
100 mmol/L dithiothreitol, 1 L of 25 ng from random
primer, 1.5 L of 10 mmol/L deoxynucleotide triphosphates,
0.5 L RNAsin (Promega, USA), 5.0 L of extracted RNA.
Samples were then incubated at 50 ℃ for 60 min followed
by a 4 ℃ until the PCR amplification reaction.
PCR amplification for the MMR genes
The PCR and quantitation were performed in a 50 L reaction
volume according to Ref.[12] with some modifications. Briefly,
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5 L of the RT reaction mixture (c-DNA), 2.5 units
Taq polymerase (Gibco-BRL, Gaithersburg, MD, USA),
1×PCR buffer [500 mmol/L KCl, 200 mmol/L TrisH Cl , 1 . 5 mmol/L MgCl 2, 1 mg/mL bovine serum
albumin], 200 mol/L each of the deoxyribonucleotide
triphosphate and 0.25 mol/L of each primer were mixed.
Samples were denatured at 95 ℃ for 5 min and subjected
to 35 rounds of thermal cycling (T-gradient, Biometra,
Germany). Each cycle consisted of denaturation for 1 min
at 95 ℃, annealing for 1 min at different annealing
temperatures as shown in Table 2 and extension for 1 min
and 30 s at 72 ℃. Samples were then incubated at 72 ℃
for 10 min. All samples were analyzed twice for MMR by
RT-PCR on different days with different RT-PCR mixtures
to ensure the reproducibility of results.
Quantitation
Fifteen microliters of each PCR product was separated by
electrophoresis through a 2.0% ethidium bromide-stained
agarose gel and visualized with ultraviolet light. Gels were
video-photographed. Then the bands on the photograph
were scanned as digital peaks, and the areas of the peaks
were calculated in arbitrary units with a digital imaging system
(Model IS-1000; Alpha Innotech Co., San Leandro, CA,
USA). To evaluate the relative expression levels of target
genes in the multiplex RT-PCR, the value of the internal
standard (-actin) in each reaction was used as a normalizing
factor and a relative value was calculated for each target
genes amplified in the reaction. Reduced expression in any
of the studied gene was considered if there was a complete
absence or decrease in the intensity of the desired band
more than 75% compared to the band of -actin gene
expression which was used as a calibrator. Samples were
assayed in batches including both cases and controls. The
absence of bands was verified by repeating the multiplex
PCR and consistent presence of -actin gene amplification
(Figures 1A-C).
RT-PCR of HCV
The RT and PCR were performed as described in Refs.[18]
and[19]. After completion of the reaction, 10 L of each
sample was analyzed by electrophoresis through 1.2%
ethidium bromide-stained agarose gel.
Detection of HBV-DNA in tissues
PCR amplification of HBV was done as previously
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Figure 1 A: PCR amplification for MMR genes. A: Multiplex RT-PCR of hMSH2
gene in some HCC cases. M: 100-bp marker; lanes 1-6: hMSH2 co-amplified
with -actin in HCC cases; lanes 1-3 and 5: hMSH2 reduction; lane 4: 50
reduced expression of hMSH2; lane 6: hMSH2 co-amplified with -actin gene
in normal PBL as a control. The accepted band of -actin was at 621 and 492 bp
for hMSH2. B: Multiplex RT-PCR of GTBP and hPMS2 genes in some HCC
cases. M: 100-bp marker; lanes 1-10: GTBP co-amplified with -actin in HCC
cases; lanes 1 and 6: no reduction; lanes 2, 3, 4, 8 and 9: different expression
levels of GTBP gene; lane 5: GTBP co-amplified with -actin gene in normal
PBL as a control; lane 10: overexpression of GTBP; lane 11: GTBP co-amplified
with -actin without NA as reagent control; lane 12: hPMS2 co-amplified with actin without NA as reagent control; lanes 13 and 14: overexpression of hPMS2.
C: Multiplex RT-PCR of hMLH1 and hPMS1 genes in HCC cases. Lane 1:
hMLH1 co-amplified with -actin gene in normal PBL as a control; lanes 2, 3
and 6: reduced expression of hMLH1 gene; lane 5: overexpression of hMLH1.
M: 100-bp marker; lanes 7-10: hPMS1 co-amplified with -actin gene in HCC
cases with no changes on the expression level.

described in Ref. [20], and after the completion of the
reaction, 10 L of each reaction product was analyzed by
electrop-horesis through an ethidium bromide-stained 2%
agarose gel.
Statistical analysis
The results were analyzed using the Graph pad prism
computer program (Graph pad software, San Diego, USA).
2, t-test, and simple correlation tests were used to test for
the correlation between the studied parameters. P<0.05 was
considered statistically significant.

Table 1 Relation between reduced expression of the MMR genes and clinicopathological features of HCC patients
Clincopathological
features
Age (yr)

No.

GTBP

hPMS1

hPMS2

hMLH1

hMSH2

HCV-RT-PCR

HBV-PCR
0

<50

9

6

0

5

5

7

6

>50

24

11

2

6

11

16

19

0

Gender

M

18

8

2

4

9

13

12

0

F

15

9

0

7

7

10

13

0

Grade

I and II

24

12

2

8

15

16

17

0

Cirrhosis

Present

III
Absent
Total

9

5

0

3

1

7

8

0

15

7

1

2

8

12

14

0

18

9

1

9

8

11

11

0

33

17

2

11

16

23

25

0
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Table 2 Oligonucleotide sequences of primers -actin, MMR genes,
HCV, and HBV

Table 3 Correlation confident analysis of the association between
the five MMR gene expressions

Gene sequence

MMR

hMSH2

hPMS2

GTBP

hMLH1

13/29

6/30

9/30

1/30

P = 0.0308 a

P = 0.178

P = 0.39

P = 0.5

2/32
P = 0.407

0/33
P = 0.391

1/30
P = 0.95

13/30

8/32

P = 0.149
6/32

P = 0.0034 a

Size (bp)

Temperature (℃)

-actin
5’-ACA CTG TGC CCA ACG AGG-3’

621

55-59

5’-AGG GGC CGG TCA T AC T-3’
hMPS-2
5’-TGC ATG CAG GAT TTG GAA A-3’

hPMS1
385

55

GTBP

5’-GAA CCC CTC AGA ATC CAC GGA-3’
GTBP
5’-CCC TCA GCC ACC AAA GAA GCA-3’

288

56

hPMS2

5’-CTG CCA CCA CTT CCT CAT CCC-3’

P = 0.407

hMLH-1
5’-GTG CTG GCA ATC AGG GAC CC-3’
5’-CAC GGT TGA GGC ATT GGG TAG-3’

hPMS1

215

58

174

57

429

58

a

P = 0.05 was considered statistically significant.

hMPS-1

5’-GTC GGC TTC GTG CGC TTC TTT-3’
5’-TCT CTG GCC ATC AAC TGC-3’
HCV
RB6A
5’-GTG AGG AAC TAC TGT CTT CAC G-3

266

75

LBL
460

55

GTT TTT GC-3’
RBL
5’-GCA AGC TCT AAC AAC AGT AGT TTC CCG G-3’

RESULTS
Reduction in the expression of one or more of the five
studied MMR genes (hMSH2, hMLH1, GTBP/hMSH6,
hPMS2 and hPMS1) was reported in 30/33 (90.9%) HCC
cases, whereas none of the cases showed simultaneous
reduction in the five genes. The most commonly affected
gene was hMSH2, where reduced expression was detected
in 23/30 (76.7%) cases, followed by hMLH1 16/30 (53.3%)
cases, GTBP 17/30 (56.7%) cases, hPMS2 11/30 (36.7%)
cases and hPMS1 2/30 (6.7%) cases (Figures 2A and B).
Out of the 30 HCC cases showing reduced expression
of one or more genes, 13 (43.3%) had a reduced expression
in both hMSH2 and hMLH1, another 13 (43.3%) in both
hMSH2 and GTBP, 9 (30%) in both hMLH1 and GTBP, 8
(26.7%) in both GTBP and hPMS2, 6 (20%) in both hMSH2
and hPMS2, another 6 (20%) in both hMLH1 and hPMS2,
2 (6.6%) in both hMSH2 and hPMS1, 1 (3%) in both hMLH1
and hPMS1, and another one (3%) showed a reduction in
both GTBP and hPMS1. None of the cases showed a reduction
in both hPMS2 and hPMS1. A significant association was
found between reduced expressions of GTBP and hPMS2
(P = 0.0034) as well as between hMS H2 and hMLH1
(P = 0.0308, Table 3).
Relation between MMR gene and cirrhotic HCC
Reduced expression of hMSH2 was found in 12/15 (75%)
patients with cirrhosis compared to 11/18 (61.1%) noncirrhotic cases as well as in 8/15 (53.3%) compared to
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Figure 2 Reduced expression of five studied MMR genes. A: Percent of reduction
of five studied MMR genes in HCC cases; B: percent of reduction of the five
MMR genes in each of the studied HCC cases.

8/18 (44.4%) cases for hMLH1, 7/15 (46.7%) compared
to 9/18 (50%) cases for GTBP, 2/15 (13.3%) compared to
9/18 (50%) cases for hPMS2 and in 1/15 (6.7%) compared
to 1/18 (5.5%) cases for hPMS1. No significant relation
was found between reduced expression of any of the studied
genes and the clinicopathological features of patients except
for the relationship between reduced expression of hPMS2
and non-cirrhotic HCC cases only (P = 0.0197, Figure 3A).
Relation between MMR and grade of HCC
Regarding the relationship between the reduced expression
of MMR and grade I and II vs grade III, strong significant
relation was found between reduced expression of hMLH1
and grade II (P = 0.0069, Figure 3B).
Expression level of MMR genes in NDHT
The expression level of hMSH2 was reduced in 8/16 (50%)
NDHT samples compared to 23/30 (71.9%) for their
associated HCC samples, 7/16 (43.75%) NDHT compared
to 16/30 (53.3%) of HCC cases for hMLH1, 3/16 (18.8%)
NDHT samples compared to 17/30 (561.7%) of HCC
cases for GTBP, in 3/16 (18.8%) NDHT samples compared
to 11/30 (36.7%) of HCC cases for hPMS2 and in 1/16
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Figure 3 Relation between the five studied MMR genes and cirrhosis (A) and
grade (B) of HCC.

(6.3%) NDHT samples compared to 2/30 (6.6%) of HCC
cases for hPMS1. A statistically significant difference in the
expression levels of GTBP was found between cases of
HCC and NDHT (P = 0.04, Figures 4A and B).
Relation between MMR genes expression and HCV infection
A significant relation was found between reduced expression
of hPMS2, GTBP and the presence of HCV infection in
HCC cases (P<0.001 and 0.002, respectively).

DISCUSSION
DNA MMR is an important mechanism involved in maintaining
the fidelity of genomic DNA. Defective MMR was implicated
in a variety of gastrointestinal tumors; however, its role in
HCC has been incompletely defined[9]. In this preliminary
study, multiplex RT-PCR assay was used to assess the expression
levels of five MMR genes in HCV-associated HCCs and
their NDHTs.
Reduced expression of hMSH2, hMLH1, GTBP and
hPMS2 but not hPMS1 was frequently observed in HCC
cases. In general, reduced expression of more than one
gene was more frequent than in a single gene. The most
frequently affected genes in the present study were MSH2
(71.9%), GTBP (56.7%), and MLH1 (53.3%). The reduced
expression could be speculative for somatic mutations
affecting these genes in particular and might lead to reduced
expression. Literature review showed only very few reports
with controversial data in this context. In 1999, Yanno et al[21],
reported the presence of mutations in hMSH2 gene in HCC
patients and demonstrated that these mutations were closely
correlated with the overall survival of patients. In a recent
study on the gene expression profile of HCC cases using
the cDNA array, reduced expression of MSH2 was found
to be a frequent event in HCC and was closely associated
with tumor metastasis. In contrast, Wang et al [22], using
immunohistochemical techniques did not find any correlation
between the expression level of hMLH1 or hMSH2 and
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the incidence or prognosis of HCC patients. They concluded
that defects in hMSH2, hMLH1 did not contribute significantly
to hepatocellular carcinogenesis. This controversy in the
results of different studies may be attributed to the difference
in the detection method of MMR gene defects, the presence
of different HCV genotypes of viral infection, epigenetic
factors or other factors including race, geographical area,
genetic profile and other environmental hazards. It was
shown that some mutations could cause premature translation
termination that mediates degradation of mutant mRNAs.
Moreover, hypermethylation might be another mechanism
of gene silencing where hypermethylated genes have reduced
mRNA levels. It is also likely that inactivation of transcription
factors may reduce the expression of MMR genes with the
occurrence of gradual shutdown as a tumor progresses[12].
In addition, several studies demonstrated that the
affected MMR genes and the pattern of defects differed
according to the type of studied tumors[23]. Whereas in the
current study the most frequently affected genes were MSH2,
GTBP, and MLH1. Thomas et al[24], studied germline mutations
of the MMR genes in African Americans with CRC and
found an association between germline mutations of hMLH1
and hMS H2 and the development of CRC in African
Americans. Therefore, it seems possible that defects in
MMR genes could be induced by the interplay between several
genetic and non-genetic factors and even in the same tumor
type we may find different patterns of gene defects.
A novel finding in this work is the frequent involvement
of GTBP since this gene has not been mentioned before in
relation to hepatocellular carcinogenesis. Moreover, in the
majority of cases which had a reduced expression of more
than one gene, GTBP was usually a partner. Therefore, we
assume that genetic defects leading to loss of function of
GTBP might represent an important step in the chain of
MMR gene defects involved in hepatocyte transformation
especially in the presence of HCV infection. This assumption
has been confirmed in the present study by finding a
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significant difference between the expression level of GTBP
in tumor and normal hepatic tissues obtained from the same
patients. Additional evidence is provided by the high association
reported in the present study between reduced expression
of GTBP and the presence of HCV in HCC cases.
On the other hand, hMLH1 was the third most frequently
affected gene and commonly associated with reduced
expression of MSH2. Moreover, reduced expression of
hMLH1 in NHTDT was comparable to that reported in
tumor tissues in cases from which paired samples of normal
and neoplastic tissues were taken (43.2% vs 53.3%). These
findings indicate that hMLH1 is a likely candidate gene in
hepatocarcinogenesis and possibly exerts its role in the early
steps of hepatocyte transformation. Our data in this regard
have confirmed the results of Macdonald et al[9], who detected
LOH at hMSH2 and/or hMLH1 in malignant, premalignant
and adjacent normal hepatic tissues. The high association
reported in the current study between reduced expression
of hMSH2 and hMLH1 (P = 0.03) suggests the presence
of a co-operation between these two genes at a certain stage
of hepatocarcinogenesis. Moreover, there was a significant
association between reduced expressions of PMS2 gene and
absence of cirrhosis in HCC patients (P = 0.0197) since
reduced expression of PMS2 was secondary to MSH2 in
this group of patients. This provides a possible pathogenetic
pathway for the development of HCC in non-cirrhotic
patients via failure to repair damaged DNA. Subsequently,
it could be proposed that defects in hPMS2 are likely
associated with growth advantage and proliferative
stimulation which in the absence of effective DNA repair
mechanisms may lead to malignant changes in the noncirrhotic patients. The significant association between
reduced expressions of GTBP and hPMS2 in HCC especially
in non-cirrhotic cases (P = 0.003) could be explained by the
presence of a co-operation between these two genes in the
development of HCC.
The significant association reported in the present study
between the presence of HCV in HCC cases and reduced
expression of hPMS2 and/or GTBP (P<0.001 and 0.002
respectively) suggests that these genes could be targets for
HCV in the genetic cascade controlling HCV-associated
hepatocarcinogenesis. Alternatively reduced expression or
inactivation of these genes may interfere with (prevent)
efficient repair of DNA as a result of HCV infection.
It is now well known that HCV-associated HCC involves
alterations in the concerned action of proto-oncogenes,
growth factors and tumor suppressor genes. The presence
of two nuclear localization signals and a DNA binding motif
in the HCV core protein suggests a possible functional role
for HCV as a gene regulatory element[25]. Moreover, some
studies suggested that this protein could interact with certain
cellular proto-oncogenes at the transcriptional level, resulting
in the promotion of cell proliferation which in the presence
of DNA damage and/or in the absence of efficient DNA
repair mechanisms affects normal hepatocyte growth and
differentiation. Therefore, the pathogenesis of HCV might
contribute at least in part to the upregulation of hepatocyte
growth induced by HCV core protein and the loss of DNA
repair[26].
To the best of our knowledge, no previous study has
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revealed the relation between MMR defects and HCV infection
in the process of hepatocarcinogenesis. Numerous studies
have shown that overexpression of growth factor receptors
is associated with altered cellular response to damage and
DNA repair. In breast and ovarian cancer cells, overexpression
of c-erbB2 gene products increased sensitivity to drugs
through inhibition of DNA repair[27-29] and we previously
reported overexpression of c-erbB2 in HCC and chronic
active hepatitis patients in association with HCV genotype-4
which is the predominant genotype in Egyptian patients[25]. It
has been clearly indicated that modulation of c-erbB2 could
inhibit DNA repair either directly or indirectly[30]. Finally,
the high mutation rate occurring in case of MMR gene defects
in the coding or regulatory sequences of other genes could
lead to more and more genomic damages with an increased
probability for neoplastic transformation[6]. This finding may
in part explain the high resistance of HCC to the most known
regimen of chemotherapy, since it has been previously reported
that a close correlation exists between MMR gene defect
and resistance to chemotherapy.
In conclusion, the present study represents a step forward
for understanding the genetic events that induce HCC in
HCV-infected patients. Reduced expression of MSH2,
GTBP, MLH1, and PMS2 is a frequent event in HCC. Both
GTBP and PMS2 are possible candidates for HCC in HCVinfected patients. However, the mechanisms involved in
this process have to be clarified. Reduced expression of
hMLH1 occurs in the early stages of hepatocarcinogenesis
as evidenced by the finding that there is no significant
difference in the expression level of hMLH1 between
tumors and NDHTs, and reduced expression of hPMS2
most frequently in non-cirrhotic HCC is associated with
HCV infection.
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Abstract
AIM: The aims of this study were to explore individualized
treatment method for hepatocellular carcinoma (HCC)
patients whose maximum tumor size was less than 5 cm
to improve prognosis and survival quality.
METHODS: Thirty cases of primary HCC patients undergoing
tumor resection were retrospectively analyzed (resection
group). All the tumors were proved as primary HCC with
pathologic examination. The patients were divided into
two groups according to follow-up results: group A, with
tumor recurrence within 1 year after resection; group B,
without tumor recurrence within 1 year. Immunohistochemical stainings were performed using 11 kinds of
monoclonal antibodies (AFP, c-erbB2, c-met, c- myc ,
HBsAg, HCV, Ki-67, MMP-2, nm23-H1, P53, and VEGF),
and expressing intensities were quantitatively analyzed.
Regression equation using factors affecting prognosis of
HCC was constructed with binary logistic method. HCC
patients undergoing percutaneous microwave coagulation
therapy (PMCT) were also retrospectively analyzed (PMCT
group). Immunohistochemical stainings of tumor biopsy
samples were performed with molecules related to HCC
prognosis, staining intensities were quantitatively
analyzed, coincidence rate of prediction was calculated.
RESULTS: In resection group, the expressing intensities
of c-myc, Ki-67, MMP-2 and VEGF in cancer tissue in group
A were significantly higher than those in group B (t = 2.97,
P = 0.01; t = 2.42, P = 0.03<0.05; t = 2.57, P = 0.02<0.05;
t = 3.43, P = 0.004<0.01, respectively); the expressing
intensities of 11 kinds of detected molecules in para-cancer
tissue in groups A and B were not significantly different
(P>0.05). The regression equation predicting prognosis of
HCC is as follows: P(1) = 1/[1+e-(3.663–0.412mycc-2.187Ki-67c-0.397vegfc)].
It demonstrates that prognosis of HCC in resection group
was related with c- myc , Ki-67 and VEGF expressing
intensity in cancer tissue. In PMCT group, the expressing
intensities of c-myc, Ki-67 and VEGF in cancer tissue in

group A were significantly higher than those in group
B (t = 4.57, P = 0.000<0.01; t = 2.08, P = 0.04<0.05;
t = 2.38, P = 0.02<0.05, respectively); the expressing
intensities of c-myc, Ki-67 and VEGF in para-cancer tissue
in groups A and B were not significantly different (P>0.05).
The coincidence rate of patients undergoing PMCT in group
A was 88.00% (22/25), in group B 68.75% (11/16), the
total coincidence rate was 80.49% (33/41).
CONCLUSION: The regression equation is accurate and
feasible and could be used for predicting prognosis of
HCC, it helps to select treatment method (resection or
PMCT) for HCC patients to realize individualized treatment
to improve prognosis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Originally resection was the first choice for hepatocellular
carcinoma (HCC), however, high recurrence rate after
resection was a major problem influencing the therapeutic
effect [1] . Percutaneous microwave coagulation therapy
(PMCT) plays an important role in the treatment for HCC.
Some patients survived for more than 5 years after PMCT.
PMCT has the superiority of enhancing immune function
both in the tumor and the whole body. An increased systemic
immune response directed against the tumor may play an
important role in improved survival for HCC patients[2].
Individualized therapy is one new trend in cancer
treatment in the 21st century. The purpose of individualized
treatment is to improve prognosis, as appropriate therapy
method is selected for each patient[3]. There are no sufficient
theoretical fundamentals for HCC patients to either select
resection or PMCT for therapy. Recurrence and/or
metastasis are the main factors affecting prognosis of HCC[4,5].
Patients’ clinical conditions before resection and therapeutic
measures after operation may be similar, however, their
prognosis after resection may differ largely. Some have
tumor recurrence within 1 year after resection, while others
do not, and the reason leading to this difference is not clear.
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The occurrence and prognosis of HCC is related to activation
of proto-oncogene, inactivation of tumor suppressor
gene, abnormal expression of growth factors and/or their
receptors[6-8].
The way to realize individualized treatment is to predict
prognosis of HCC patients before treatment, and then
according to the prediction suitable treatment methods are
selected to best improve prognosis. Therefore, how to predict
prognosis of HCC patients becomes the major problem.
The aims of this study were: (1) to compare the expressing
intensity of 11 kinds of molecules related to HCC in
resection group; (2) to construct a regression equation
predicting prognosis of HCC patients; (3) to verify the
accuracy of the regression equation in PMCT group.

MATERIALS AND METHODS
Patients
Thirty cases of primary HCC patients undergoing resection
(resection group) in the Department of Hepatobiliary
Surgery in General Hospital of PLA of China (301 Hospital)
were retrospectively analyzed. The selecting standards listed
were as follows: solitary nodule, maximum size less than
5 cm, no transarterial chemoembolization (TACE) or local
thermal therapy performed before resection, no other
specific treatments performed after resection. All the tumors
were proved as primary HCC with pathologic examination.
The patients were divided into two groups according to
follow-up results: group A, with tumor recurrence within
1 year after resection; group B, without tumor recurrence
within 1 year. The differences of clinical data were not
significant (P>0.05, Table 1).
Table 1 Clinical data of patients in resection group
Item

Group A (n = 15)

Group B (n = 15)

Sex (m/f)

14 /1

14 /1

Age (yr)

54.7±14.3

48.2±8.4

3.2±1.0

2.9±1.1

Mean diameter (cm)
Child–Pugh grade

A

Serum AFP (g/L)

180±200

A
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Table 2 Clinical data of patients in PMCT group
Item

Group A (n = 25)

Group B (n = 16)

Sex (m/f)

21/4

Age (yr)

55.8±13.4

57.2±11.2

3.5±1.0

3.0±0.8

Mean diameter (cm)
Child–Pugh grade

A

Serum AFP (g/L)

160±200

15/1

A
120±160

ALT (U/L)

52.0±42.5

48.1±40.1

AST (U/L)

51.9±38.9

41.2±36.5

76% (16/21)

95 (20/21)

HBsAg positive rate

Immunohistochemical staining
HPIAS-1000 Diagram-Writing Analyzing System was
produced by Wuhan Champion Image Technology Corporation
Ltd. SP and DAB kit, monoclonal antibodies of AFP, c-erbB2,
c-met, c-myc, HBsAg, HCV, Ki-67, MMP-2, nm23-H1, P53
and VEGF were all purchased from Beijing Zhongshan
Biological Technology Corporation Ltd. Serial sections were
made with wax sample of resected tumors, the thickness
of the slice was 4 m. Immunohistochemical staining was
performed with SP three-step method using the monoclonal
antibodies listed above.
Quantitative analysis of detected molecules
Quantitative analysis of the detected molecules was performed
with HPIAS-1000 imaging analysis system. The molecules
in cancer and para-cancer tissues were both analyzed. Three
fields of view (FOVs) were randomly selected in cancer
tissue and para-cancer tissue to quantitatively analyze the
expressing intensity. One hundred cells were observed in
each FOV, positive-staining cells were calculated, finally the
average positive-staining cells in 100 observed cells were
determined. The cells were determined as positive-staining
cells only if they were stained, without considering their
staining intensity. The medium optical density (MOD) of
plasm or nucleus in positive-staining cells was calculated,
the product of positive-staining cells and MOD was
calculated, which was considered as expressing the intensity
of positive-staining molecules[9].

120±200

ALT (U/L)

58.0±54.1

64.9±56.6

AST (U/L)

49.9±46.8

42.0±37.7

87% (13/15)

100 (15/15)

HBsAg positive rate
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Forty-one cases of primary HCC patients undergoing
PMCT (PMCT group) in the Department of Ultrasound
in General Hospital of PLA of China (301 Hospital) were
retrospectively analyzed. The selecting standards were the
same as those in resection group. It included 36 males and
5 females. All the nodules were biopsied under ultrasonic
guidance and proved as primary HCC with pathologic
examination. The patients were divided into two groups
according to follow-up results: group A, with tumor
recurrence within 1 year after PMCT; group B, without
tumor recurrence within 1 year. The differences of clinical
data were not significant (P>0.05, Table 2).

Statistical analysis
Data were presented as mean±SD. Paired-sample t test was
used to compare the difference, the statistic software SPSS
10.0 was used. Recurrence state after treatment (resection
or PMCT) was defined as 0 or 1: that with tumor recurrence
within 1 year after treatment was defined as 0 (group A),
that without tumor recurrence within 1 year was defined as
1 (group B). Regression equation predicting prognosis of
HCC was constructed using binary logistic regression
analysis[10]. In this study, P<0.05 was considered statistically
significant.

RESULTS
Expressing intensity of detected molecules in resection group
The expressing intensities of c-myc, Ki-67, MMP-2, and
VEGF in cancer tissue in group A were significantly higher
than those in group B (Table 3).
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Table 3 Expressing intensity of detected molecules in cancer tissue
in groups A and B
Molecule

Group A

Group B

AFP
c-erbB-2

2.72±2.93
9.44±5.02

1.55±3.00
6.82±6.10

c-met

2.04±2.68

1.61±3.22

c-myc

3.95±2.81b

1.34±2.74

HBsAg
HCV

0.45±0.96
0.51±1.40

2.26±5.04
0.96±2.44

Ki-67

1.57±2.20a

0.18±0.38

MMP-2

3.70±4.13a

0.61±1.70

Nm23-H1
P53

2.18±3.05
1.31±3.37

1.49±2.20
0.39±1.16

VEGF

5.44±4.20b

1.04±3.38

a

and B. Recurrence state (0 or 1) was used as a dependent
variable; expressing intensities of c-myc, Ki-67, MMP-2, and
VEGF in cancer tissue in groups A and B were used as
covariates to construct an equation with binary logistic
regression analysis.
The regression equation predicting prognosis of HCC
is as follow:
P(1) = 1/[1+e–(3.663–0.412mycc-2.187Ki-67c-0.397vegfc)]
The variables in the regression equation are listed in
Table 5.
MYCC: c-myc expressing intensity in cancer tissue; Ki-67c:
ki-67 expressing intensity in cancer tissue; VEGFC: vegf
expressing intensity in cancer tissue.

b

P<0.05, P<0.01 vs group B.

The expressing intensities of 11 kinds of detected
molecules in para-cancer tissue in groups A and B were not
significantly different (Table 4).

Expressing intensity of detected molecules in PMCT group
The expressing intensities of c-myc, Ki-67, and VEGF in
cancer tissue in group A were significantly higher than those
in group B (Table 6).

Table 6 Expressing intensity of detected molecules in cancer tissue in groups A and B
Table 4 Expressing intensity of 11 detected molecules in paracancer tissue in groups A and B

Molecule

Group A

Group B

Molecule

Group A

Group B

c-myc
Ki-67

8.31±4.71b
1.53±1.79a

2.52±2.30
0.47±1.19

AFP
c-erbB-2

0.09±0.35
0.76±2.50

0.00±0.00
0.01±0.04

VEGF

6.23±5.44a

2.88±3.57

c-met

0.00±0.00

0.00±0.00

c-myc

0.00±0.00

0.26±1.00

HbsAg
HCV

9.02±5.83
1.32±2.88

9.11±6.19
0.08±0.20

Ki-67

0.57±2.22

0.01±0.04

MMP-2

0.80±3.10

0.00±0.00

Nm23-H1
P53

0.33±0.81
0.00±0.00

0.00±0.00
0.00±0.00

VEGF

0.04±0.15

0.00±0.00

a

P<0.05, bP<0.01 vs group B.

The expressing intensities of c-myc, Ki-67, and VEGF
in para-cancer tissue in groups A and B were not significantly
different (Table 7).

Table 7 Expressing intensity of detected molecules in para-cancer
tissue in groups A and B

Micrographs of c-myc, Ki-67, MMP-2 and VEGF
The micrographs of c-myc, Ki-67, MMP-2, and VEGF
expression are shown in Figures 1-4.
Construction of regression equation
From the tables listed above, it demonstrated that c-myc,
Ki-67, MMP-2, and VEGF were perhaps key factors
determining prognosis difference of patients in groups A

Molecule
c-myc
Ki-67

Group A

Group B

2.20±3.91
6.40×10–3±3.20×10–2

VEGF

0.95±1.84
0.00±0.00

0.66±1.84

0.54±2.16

Verification of regression equation
The values of expressing intensities of c-myc, Ki-67, and

Table 5 Variables in the regression equation

Step 1

Step 2

B

SE

Wald

df

Sig

Exp (B)

MYCC

–0.357

0.213

2.807

1

0.094

KI-67C

–2.118

1.251

2.865

1

0.091

MMP-2C

–0.244

0.306

0.638

1

VEGFC
Constant

–0.367
3.680

0.160
1.363

5.269
7.289

MYCC

–0.412

0.211

KI-67C

–2.187

1.271

VEGFC
Constant

–0.397
3.663

0.159
1.410

Variable(s) entered on step 1: MYCC, KI-67C, MMP-2C, VEGFC.

95.0% CI for EXP (B)
Lower

Upper

0.700

0.461

1.063

0.120

0.010

1.397

0.425

0.783

0.430

1.426

1
1

0.022
0.007

0.693
39.640

0.506

0.948

3.795

1

0.051

0.663

0.438

1.003

2.959

1

0.085

0.112

0.009

1.356

6.222
6.750

1
1

0.013
0.009

0.672
38.991

0.492

0.918
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Figure 1 Positive and negative c-myc (×400). A: Positive c-myc; B: Negative c-myc.

A

B

Figure 2 Positive and negative Ki-67 (×400). A: Positive Ki-67; B: Negative Ki-67.

VEGF in PMCT group were introduced into the regression
equation, coincidence rate of prediction was calculated.
Coincidence rate in group A was 88.00% (22/25) that in
group B was 68.75% (11/16); total coincidence rate was
80.49%.

DISCUSSION
The expressing intensities of AFP, c-erbB2, c-met, c-myc,
MMP-2, nm23-H1, VEGF in cancer tissue were higher
than those in para-cancer tissue in group A. The expressing
intensities of c-erbB2 and nm23-H1 in cancer tissue were
higher than those in para-cancer tissue in group B. The
expressing intensity of HBsAg in para-cancer tissue was
higher than that in cancer tissue in groups A and B. The
expressing intensities of c-myc, Ki-67, MMP-2 and VEGF
in cancer tissue in group A were higher than those in group
B, the expressing intensities of the 11 kinds of molecules
listed in this study in para-cancer tissue in groups A and B
were not significantly different.
It was reported in the literature that AFP[11,12], c-erbB-2[13],
c-met [14] , HBsAg [15] , HCV [16] , nm23-H1 and P53 [17]
expressions were related to prognosis of HCC, however, it
demonstrated in this study that their expressions were not
significantly related to prognosis of HCC in resection group.
The reason was probably that the clinical characters of
patients in groups A and B were similar. These seven kinds
of molecules played minor roles in determining malignancy
of HCC in this study. The expressing intensities of c-myc,
Ki-67, MMP-2, and VEGF in groups A and B in resection
group were significantly different. The clinical data in groups

A and B were similar, there might be some key molecules
closely related to prognosis difference of groups A and B,
and these four kinds of molecules were perhaps such key
molecules.
Matrix metalloproteinases (MMPs) specially degrade
extracellular matrix (ECM) and basement membranes, they
are involved in tissue remodeling and angiogenesis of HCC.
Ishii et al [18], reported that MMP-2 was associated with
carcinogenesis and progression of HCC. Kuyvenhoven et
al, measured serum MMP-2 by ELISA in 91 patients with
chronic liver disease, including 25 patients with
hepatocellular carcinoma (HCC), and in 60 controls, they
demonstrated that MMP-2 was significantly higher in
patients with chronic liver disease compared to controls,
and increased with Child-Pugh class. There was a significant
correlation between MMP-2 and liver function (bilirubin,
albumin, and prothrombin time). MMP-2 levels in patients
with HCC were significantly higher than those in controls.
Serum MMP-2 correlates with the severity of liver disease
and may reflect changes in extracellular matrix remodeling[19].
It was demonstrated in this study that the expressing intensity
of MMP-2 in cancer tissue was much higher than that in
para-cancer tissue in group A, and it was much higher in
cancer tissue in group A than that in group B. It seems that
MMP-2 was related to prognosis of HCC.
Over-expression of c-myc oncogene could promote
cellular proliferation and cancerous invasion, it is related to
prognosis of HCC. Wang et al, evaluated the association of
c-myc amplification with the prognosis of patients with HCC,
they demonstrated that c-myc amplifications in single nodular
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Figure 3 Positive and negative MMP-2 (×400). A: Positive MMP-2; B: Negative MMP-2.

A

B

Figure 4 Positive and negative VEGF (×400). A: Positive VEGF; B: Negative VEGF.

and multiple-nodular HCCs were significantly different (12%
vs 38%, P<0.01). More frequent c-myc amplification was
detected in metastatic HCC (45%) compared with primary
HCC (29%) and in recurrent HCC (60%) compared with
primary HCC (38%). The results strongly suggest that
amplification of the c-myc oncogene was correlated with a
poor prognosis[20]. It was demonstrated in vitro that the block
of c-myc expression could suppress the growth of hepatoma
cells[21].
Ki-67 proliferation associated antigen was used for
determining the cellular proliferation and prognosis of
patients with tumor. Ki-67 could label any proliferating cells
in cellular cycle except cells in G0 stage, however, it could
not label cells in silent period, so Ki-67 was considered as
an objective marker indicating cell proliferation. Ki-67
locates in cell nucleus, it is always in particle shapes in
immunohistochemical staining. King et al, reported 67 cases
of HCC undergoing tumor resection, no other treatment
(TAE, TACE) was perfor med before resection.
Immunohistochemical staining showed that Ki-67 labeling
index in cancer tissue was much higher than that in normal
liver, the survival period of HCC patients with a Ki-67
labeling index >10% was shorter than those with a Ki-67
labeling index ≤10%. Ki-67 expression helped to select
treatment method after tumor resection[22]. Ito et al [23],
reported that HCCs with high expression of Ki-67 had the
characters of poor cell differentiation, with portal vein
invasion, high chance of stage III and intrahepatic metastasis,
short survival period.
Vascular endothelial growth factor (VEGF) is known to

promote the development of new blood vessels, which is
fundamental to tumor growth and metastasis. Expression
of VEGF in HCC tissue was positively correlated with
growth and metastasis of HCC, it could be a marker for
determining prognosis of HCC[24,25]. Expression of VEGF
was strongly correlated with microvessel density (MVD)
and tumor size[26,27] . Overproduction of the angiogenic
growth factor VEGF by HCC cells may increase vascularity
and tumor growth in a paracrine manner[28]. Preoperative
serum VEGF was increased in patients with resectable HCC
compared with healthy controls. Increased serum VEGF
was correlated with HCC recurrence[29]. Multivariate analysis
showed that serum VEGF was the most significant predictor
of disease-free survival (DFS) and overall survival (OS) in
HCC patients after surgical resection. So preoperative serum
VEGF is a significant independent predictor of tumor
recurrence, DFS, and OS in patients with resectable HCC[30].
The frequency of venous invasion in HCC patients with a
high serum VEGF level was significantly greater compared
with patients with a low serum VEGF level. It demonstrated
that a high preoperative serum VEGF level was a predictor
of microscopic venous invasion in HCCs and could be used
as a biologic marker of tumor invasiveness and a prognostic
factor in HCCs[31,32]. The expression of VEGF mRNA was
higher in HCCs with portal vein tumor thrombus (PVTT)
than that without PVTT. PVTT was more often seen in
HCC patients with positive expression of VEGF mRNA
than in patients who had negative expression. VEGF
correlated well with the formation of PVTT of HCC[33].
A regression equation predicting prognosis of HCC
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using binary logistic regression analysis was constructed, it
demonstrated in the equation that c-myc, Ki-67, and VEGF
expressions were greatly related to prognosis of HCC,
however, MMP-2 did not enter the equation, which
demonstrated that MMP-2 was not closely related to
prognosis of HCC. Taken together, it could be inferred
that high expressions of c-myc, Ki-67, and VEGF in HCC
tissue were related to prognosis of HCC. The regression
equation was verified further with patients in PMCT group,
it demonstrated that total coincidence rate was 80.49%, it
could be used as a kind of prognosis predicting method for
HCC patients, and help HCC patients to select individualized
treatment method.
Some scholars predicted that the focal point of HCC
research in the 21 st century would be recurrence and/or
metastasis. With currently available techniques (surgical
resection or thermal coagulation), it is no problem to have
HCC nodules with maximum size less than 5 cm fully
resected or coagulated. Post-treatment recurrence is a
problem puzzling clinicians. Some recurrence occurs within
1 year after resection. Considering that surgical resection
for HCC had the disadvantage of suppressing immunological
function at an early stage, PMCT treatment for HCC had
the advantage of enhancing local tumor and whole-body
immunological functions[2]. The following points should be
considered in choosing treatment methods for HCC whose
maximum size is less than 5 cm: ultrasound guided biopsy
should be performed for suspected HCC patients to confirm
its pathological diagnosis; if it is diagnosed as HCC,
immunohistochemical staining of c-myc, Ki-67, and VEGF
and quantitative analysis of the molecules should be
performed; the prognosis of the patients could be predicted
with the regression equation in this paper. If the predicted
value is less than 0.5, then the patient has the tendency of
high recurrence even after surgical resection; if the predicted
value is more than 0.5, then the patient does not have the
tendency of high recurrence after surgical resection. The
former, micro-trauma methods such as PMCT or TACE
should be chosen for treatment, meanwhile, other auxiliary
methods such as biological and traditional Chinese medicine
treatment should be adopted, and moreover, close followup should be done to detect new lesions. For the latter,
surgical resection is suggested.
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Abstract
AIM: To determine the features of microsatellite alterations
and their association with clinicopathological characteristics
of hepatocellular carcinoma (HCC).
METHODS: Loss of heterozygosity (LOH) and microsatellite
instability (MSI) of 55 microsatellite loci were detected
with PCR-based microsatellite polymorphism analyses in
tumors and corresponding noncancerous liver tissues of
56 surgically resected HCCs using the MegaBACE 500
automatic DNA analysis system.
RESULTS: LOH was found in 44 of 56 HCCs (78.6%) at
one or several loci. Frequencies of LOH on 1p, 4q, 8p,
16q, and 17p were 69.6% (39/56), 71.4% (40/56),
66.1% (37/56), 66.1% (37/56), and 64.3% (36/56),
respectively. MSI was found in 18 of 56 HCCs (32.1%) at
one or several loci. Ten of fifty-six (17.9%) HCCs had
MSI-H. Serum HBV infection, alpha-fetoprotein concentration,
tumor size, cirrhosis, histological grade, tumor capsule,
as well as tumor intrahepatic metastasis, might be correlated
with LOH on certain chromosome regions.
CONCLUSION: Frequent microsatellite alterations exist
in HCC. LOH, which represents a tumor suppressor gene
pathway, plays a more important role in hepatocarcinogenesis. MSI, which represents a mismatch repair gene
pathway, is a rare event during liver carcinogenesis.
Furthermore, LOH on certain chromosome regions may
be correlated with clinicopathological characteristics in HCC.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most frequent
human cancers worldwide and has become the second cancer
killer in China, since the 1990s[1]. Epidemiological studies in
high-risk populations have identified chronic hepatitis B or
C virus infections as well as dietary exposure to aflatoxin
B1 as major factors in the etiology of this disease[2]. The
genesis of human cancers is a multistep process reflecting
cumulative genetic alterations that include activation of
oncogenes or inactivation of tumor suppressor genes[3,4]. It
has been proposed that genetic instability or genomic
instability in human cancers can be divided into two types:
chromosomal instability or loss of heterozygosity (LOH),
which can result from errors in chromosome partitioning,
and microsatellite instability (MSI), which is usually equated
with DNA polymerase errors. Both LOH and MSI are
considered to be phenotypes of genomic instability[5,6]. LOH
is frequently observed on chromosomes 1p, 4q, 5q, 8p, 8q,
9p, 10q, 11p, 13q, 14q, 16q, 17p, and 22q in HCC, which
suggests that tumor suppressor genes may take part in
hepatocarcinogenesis[7-9]. MSI and mutations of mismatch
repair gene have been reported in chronic hepatitis, cirrhosis
and HCC in recent studies[10-14]. In the present study, we
examined the genetic instability in 56 HCCs with 55 highpolymorphic microsatellite markers of chromosomes 1, 4,
8, 16, and 17, and analyzed the association of microsatellite
alterations and the clinicopathological characteristics of
HCC, in order to further understand the molecular mechanisms
of hepatocarcinogenesis.
MATERIALS AND METHODS
Patients and samples
Fifty-six liver cancer specimens from surgically resected
tissues were obtained from Eastern Hepatobiliary Surgery
Hospital, Second Military Medical University. All patients
have not received any prior therapy. All specimens were
confirmed with histopathological examination. This study
included 43 men and 13 women. The age ranged from 29
to 78 years. Thirty-five of fifty-six patients had serum alphafetoprotein (AFP) ≥20 µg/L. There were 39 cases positive
for HBsAg. Twelve cases had small HCCs (≤3 cm) and 44
had advanced HCCs (>3 cm). Histopathological diagnosis
was made according to the WHO histological classification
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of tumors of the liver and intrahepatic bile ducts (2 000).
Twenty HCCs were well differentiated, 28 were moderately
differentiated and 8 were poorly differentiated. Of the 56
patients, 45 had evidence of intrahepatic metastasis (portal
vein invasion and/or intrahepatic dissemination). Forty-seven
HCCs were detected accompanying liver cirrhosis.
DNA extraction
Fresh samples were obtained, immediately frozen in liquid
nitrogen and stored at -80 ℃ until analysis. A microdissection
technique with a cryostat was used to separate tumor cells
from corresponding noncancerous liver tissues. Genomic
DNA was extracted from carcinoma tissue and corresponding
noncancerous liver tissues, using the standard phenol/
chloroform method[15]. Concentration of DNA was determined
with both spectrophotometric and fluorometric methods.
Microsatellite markers and polymerase chain reaction
Fifty-five microsatellite loci used in this study with
chromosomal positions are listed in Table 1. The chromosomal
positions and sequences of each microsatellite marker could
be referenced to the genome database (http://gdbwww.gdb.
org/) and the co-operative human linkage center (http://
www.chlc.org/). Each primer pair was fluorescent dye
labeled. The PCR mixture contained more than 10 ng of
genomic DNA, 200 µmol/L of each dNTP, 1.5 mmol/L
MgCl2, 0.5 unit of AmpliTaq Gold DNA polymerase (PE
Applied Biosystems, Foster City, CA, USA), 0.5 µmol/L of
each primer, and 10× AmpliTaq Gold PCR buffer in a
final volume of 10 µL. After denaturation at 94 ℃ for
12 min, DNA amplification was performed for 15 cycles
at 94 ℃ for 30 s, at 63 ℃ for 60 s (decreased 0.5 ℃ of
each cycle), and at 72 ℃ for 90 s; then for 25 cycles at 94 ℃
for 30 s, at 56 ℃ for 60 s, and at 72 ℃ for 90 s; with a
final extension at 72 ℃ for 10 min. PCRs were run in a
Biometra thermocycler (Biometra, Germany).
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detected in noncancerous liver tissue specimens (Figure 1B).
For a given informative marker, LOH was identified when
one of two bands was absent between the tumor DNA and
normal DNA (Figure 2). MSI was assessed using the five
markers recommended by the NCI workshop. MSI high
(MSI-H) HCCs were defined as those having two unstable
markers of the five markers (D2S123, BAT-26, D5S346,
D13S170, and D17S250). MSI was defined as a band shift
in one of the two alleles or the presence of novel bands in
the two alleles or in the tumor DNA (Figure 3)[16]. Analysis
of LOH and MSI was performed at least in duplicate.
A
G01 D17S921-1 G01 Q Score: 6.4 Allele 1: 141.2 (I) Allele 2: 147.0 (L)
18 000
12 000
6 000
0

N

130
140
150
G02 D17S921-1 G02 Q Score: 4.8 Allele 1: 141.3 (I) Allele 2: 147.1 (L)

12 000
8 000
4 000
0
130

T
140

B

150

Identification of LOH and MSI
The existence of LOH or MSI was determined by comparing
the area between cancerous tissues and corresponding
noncancerous liver tissues. When two amplified bands per
locus were detected in noncancerous liver tissue specimens,
the case was defined as informative for analysis (Figure 1A).
It was abandoned when only one amplified band per locus was

160

B03 D16S512-2 B03 Q Score: 6.1 Allele 1: 203.3 (H)
4 000
2 000

N

0

190
200
B04 D16S512-2 B04 Q Score: 5.0 Allele 1: 203.3 (H)

210

220

210

220

6 000
4 000
2 000
0

T

190

200

Figure 1 Heterozygosity on loci D17S921 (A) and D16S512 (B) in a noninformative case. N: non-tumor liver tissue, T: tumor tissue.

G01 D1S507-2 G01 Q Score: 4.1 Allele 1: 182.5 (K) Allele 2: 200.2 (T)
8 000
4 000
N

0

170
180
190
G02 D1S507-2 G02 Q Score: 5.8 Allele 1: 182.5 (K)

Microsatellite analysis
PCR products were purified by 70% alcohol, twice after
amplification. The reaction conditions sometimes yielded
an unsatisfactory amplification for certain markers and were
modified, and if necessary, these particular markers were
run singly. The injection mixture was prepared for each
capillary buffer by adding the following to each well of the
injection palate: 2 L purified sample, 0.25 L ET400-R
size standard, and 2.75 L loading solution (Amersham
Pharmacia Biotech). The injection mixture was centrifuged
and heat-denatured for 2 min at 94 ℃, then immediately cooled
and placed on ice. Samples were electrophoresed on the
MegaBACE-500 capillary array electrophoresis sequencer, and
the fluorescent signals from different sized alleles were recorded
and analyzed using Genetic Profiler version 2.1 software.

160

200

8 000
4 000

T

0

170

180

190

200

Figure 2 LOH on locus D1S507. N: non-tumor liver tissue, T: tumor tissue.

A

H01 D2S123-2 H01 Q Score: 3.6 Allele 1: 210.6 (K) Allele 2: 226.1 (S)

8 000
4 000
0
12 000
8 000

N
190
200
210
220
H02 D2S123-2 H02 Q Score: 3.1 Allele 1: 212.5 (L) Allele 2: 216.4 (N)

4 000
0
190

B

T
200

210

220

230

G03 D5S346-2 G03 Q Score: 0.7 Allele 1: 124.1 (R) Allele 2: 128.0 (T)

6 000
4 000
2 000
0 90
6 000
4 000
2 000
0

N

100
110
120
130
G04 D5S346-2 G04 Q Score: 10.0 Allele 1: 112.9 (>L) Allele 2: 129.0 (>T)

T

90

100

110

120

130

Figure 3 MSI on loci D2S123 (A) and D5S346 (B). N: non-tumor liver tissue,
T: tumor tissue.
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Statistical analysis
The differences between the frequency of LOH and
clinicopathological features were statistically analyzed using
2 test. P<0.05 was considered statistically significant.

RESULTS
Frequency of LOH and MSI
LOH was found in 44 of 56 HCCs (78.6%) at one or
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several loci. The frequency of LOH in HCC at 55 loci is
shown in Table 1. Frequencies of LOH on 1p, 4q, 8p, 16q,
and 17p were 69.6% (39/56), 71.4% (40/56), 66.1% (37/56),
66.1% (37/56), and 64.3% (36/56), respectively. The loci
with the highest frequency of LOH were RIZ (76.7%) on
1p, D4S426 (61%) on 4q, D8S261 (53.5%) on 8p,
D16S3091 (59.5%) on 16q and D17S831 (67.6%) on 17p.
We perfor med MSI analysis using the five markers
recommended by the NCI workshop. MSI was found in 18

Table 1 Characteristics of microsatellite markers analyzed and patterns of microsatellite alteration in HCC
Locus

Location

D1S243
D1S468
D1S2893
D1S2694
D1S450
D1S434
RIZ
D1S507
D1S199
D1S234
D4S1538
D4S1534
D4S406
D4S1625
D4S1652
D4S1615
D4S2361
D4S1554
D4S426
D4S2921
D8S264
D8S277
D8S1706
D8S1721
D8S520
D8S549
D8S261
D8S298
D8S1733
D8S1771
D16S408
D16S512
D16S515
D16S507
D16S534
D16S3091
D16S422
D16S520
D16S413
D16S498
D17S849
D17S926
D17S831
D17S938
D17S786
D17S520
D17S799
D17S921
D17S261
TP53
D2S123
BAT-26
D5S346
D13S170
D17S250

1p36.3
1p36.3
1p36.2
1p36.2
1p36.2
1p36.2
1p36.2
1p36.1
1p36.1
1p36.1
4q22
4q22
4q26
4q27-31
4q31.1
4q34-qter
4q
4q35
4q35
4q35
8p23
8p23
8p23
8p23
8p23
8p22
8p22
8p22
8p21
8p21
16q13
16q22.1
16q22.1
16q24.1
16q24.2
16q24.2
16q24.2
16q24.3
16q24.2
16q24.3
17p13.3
17p13.3
17p13.3
17p13.1-p13.3
17p13.1
17p13.1
17p13-p12
17p12
17p11.2
17p11.2
hMSH-2
APC
Rb

Allelic size (bp)

Heterozygosity (%)

Informative cases

LOH n (%)

MSI n (%)

142–170
173–191
201–223
241–255
243–267
240–252
–
183–203
94–116
268–294
149–161
146–158
234–258
182–210
115–125
138–150
149–164
184–208
177–191
141–163
121–145
148–180
257–281
170–212
179–199
166–172
128–144
155–167
253–257
218–240
–
201–211
222–244
175–195
296–364
115–129
188–212
181–197
208–246
131–149
251–261
243–259
224–246
164–182
–
135–157
–
186–200
169–185
157–171
197–227
116
96–122
220–240
151–169

0.86
0.75
0.47
0.65
0.81
0.61
–
0.78
0.84
0.50
0.69
0.77
0.87
0.74
0.75
0.71
0.70
0.86
0.78
0.56
0.83
0.73
0.88
0.71
0.77
0.61
0.79
0.68
0.64
0.77
–
0.77
0.81
0.78
0.87
0.72
0.79
0.84
0.68
0.84
0.69
0.81
0.81
0.76
–
0.77
0.80
0.70
0.72
0.54

35
35
44
38
38
42
30
45
39
37
41
41
42
38
38
39
42
37
41
44
43
38
41
40
40
44
43
44
38
40
41
45
36
44
42
42
42
44
36
46
39
36
37
42
39
40
42
39
41
7
36
37
41
32
33

16 (45.7)
13 (37.1)
18 (40.9)
16 (42.1)
17 (44.7)
15 (35.7)
23 (76.7)
24 (53.3)
14 (35.9)
14 (37.8)
17 (41.5)
22 (53.7)
22 (52.4)
13 (34.2)
16 (42.1)
19 (48.7)
15 (35.7)
14 (37.8)
25 (61)
23 (52.3)
19 (44.2)
18 (47.4)
20 (48.9)
21 (52.5)
20 (50.0)
20 (45.5)
23 (53.5)
23 (52.3)
17 (44.7)
21 (52.5)
17 (41.5)
20 (44.4)
12 (33.3)
20 (45.5)
21 (50.0)
22 (59.5)
23 (54.8)
19 (43.2)
16 (44.4)
23 (50.0)
21 (53.9)
21 (58.3)
25 (67.6)
21 (50.0)
15 (38.5)
15 (37.5)
21 (50.0)
15 (38.5)
15 (36.6)
4 (57.1)
3
2
1
4
3

3 (8.57)
3 (8.57)
2 (4.55)
1 (2.63)
1 (2.63)
0
0
2 (4.44)
1 (2.56)
3 (8.11)
0
0
1 (2.38)
1 (2.63)
0
0
1 (2.38)
0
0
2 (4.55)
1 (2.32)
1 (2.63)
1 (2.43)
0
2 (5.00)
2 (4.55)
1 (2.33)
1 (2.27)
1 (2.63)
1 (2.50)
1 (2.22)
6 (13.3)
2 (5.56)
4 (9.09)
5 (11.9)
2 (4.76)
2 (4.76)
2 (4.55)
2 (5.56)
1 (2.17)
1 (2.56)
1 (2.78)
3 (8.11)
0
1 (2.56)
2 (5.00)
2 (4.76)
0
1 (2.44)
0
7 (19.4)
9 (24.3)
8 (19.5)
7 (21.9)
5 (15.2)
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of 56 HCCs (32.1%) at one or several loci. The frequency
of MSI was as follows: 10 of 56 (17.9%) HCCs had MSI-H,
8 of 56 (14.3%) had MSI-L. The top two loci were BAT-26
(9/37, 24.3%) and D13S170 (7/32, 21.9%). All seven cases
were positive serum HBsAg, of them five were positive for
serum HBsAg. There was no significant difference in viral
status between the cases with and without MSI. MSI-L was
also found in some loci except these five loci.
Relationship between LOH and clinicopathological
characteristics
To determine whether LOH was associated with clinicopathological features and to reveal its biological role in HCC
development and/or progression, we compared LOH with
clinicopathological findings including HBV infection, serum
AFP concentration, tumor size, cirrhosis, histological grade,
tumor capsule, and tumor intrahepatic metastasis. However,
no statistically significant association was found between
total LOH and clinicopathological findings. Correlation
between clinicopathological features and LOH in HCC is
shown in Table 2.
Table 2 Clinicopathologic correlation of LOH in HCC
Parameter

Locus

LOH/informative cases

Positive
Negative
17/31
1/13
13/21
1/16
20/26
2/16
16/22
2/16
10/27
13/16
11/29
12/15
7/24
10/14
10/31
10/14
5/27
7/9
19/21
6/16
19/25
2/14
13/27
8/9
AFP (µg/L)
<20
≥20
D1S507
3/17
21/29
D16S413
9/12
7/24
Liver cirrhosis
Present
Absent
D16S534
20/34
1/9
D16S3091
24/33
1/9
D16S422
22/34
1/8
D17S849
21/31
1/8
D17S831
24/39
1/8
D17S799
20/35
1/7
Tumor size
≤3 cm
>3 cm
D8S298
2/9
21/35
D8S1771
0/9
21/31
D16S498
4/12
19/24
D17S926
3/11
18/25
Histological grade
Well
Moderate and poor
D4S426
2/11
23/30
D4S1615
2/12
14/26
D4S1652
2/11
17/28
D16S498
2/18
21/29
D17S926
4/13
17/23
Tumor capsule
Absent or not intact
Intact
D8S1721
20/28
1/12
Intrahepatic metastasis
Not observed
Observed
D1S468
8/10
5/25
D4S2921
2/21
21/23
D8S298
2/10
21/34
D8S1771
2/9
19/31
D17S926
1/11
20/25
D17S786
0/10
15/29

P

HBsAg

D1S2893
D1S507
D4S406
D8S277
D8S261
D8S298
D8S1733
D16S512
D16S515
D17S831
D17S938
D17S926

0.004
0.001
0.001
0.001
0.005
0.008
0.011
0.014
0.001
0.001
0.001
0.032
0.001
0.009
0.011
0.001
0.008
0.005
0.011
0.038
0.043
0.001
0.007
0.012
0.002
0.04
0.031
0.001
0.012
0.001
0.001
0.023
0.02
0.039
0.001
0.004
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DISCUSSION
Recently, genomic alterations in HCC have been studied by
comparative genomic hybridization, and several chromosome
changes have been reported. The gain of 1q, 8q, and 17q
and the loss of 4q, 8p, 13q, 16q and 17p were commonly
found in HCC. The chromosome regions with gain contained
critical oncogenes, whereas those with loss contained tumor
suppressor genes[17-19]. Frequent LOH on chromosomes 1p,
4q, 6p, 8p, 13q, 16q, and 17p by whole genome allelotyping
suggested that putative tumor suppressor genes on these
chromosome regions might play important roles in the
development and progression of HCC[7-9].
Frequent deletions and translocations of the short
arm of chromosome 1 (1p) have been found in HCCs by
cytogenetic analysis, in situ hybridization, RFLP and
microsatellite analysis, and mapped a commonly affected
LOH region to 1p35-36 [8,20] . In the present study, LOH
was found in 39 of 56 HCCs (69.6%) on at least 1 locus,
the top two loci were RIZ (76.7%) at 1p36.2 and D1S199
(53.3%) at 1p36.1. Early studies have demonstrated that
high frequency of LOH on chromosome 4q in HCC was
mapped to 4q11-q12, 4q12-23, 4q22-24 and 4q35[8,21]. Our
data also showed that LOH was found in 71.4% HCCs on
at least one locus, the top two loci were D4S426 (61%) at
4q35, and D4S1534 (53.7%) at 4q22. A high frequency of
LOH on chromosome 8p has been reported in HCC and
other cancers[22,23]. Nagai et al[8] reported that 42% of HCCs
had LOH on 8p21-23 and argued that a tumor suppressor
gene for HCC located in this region. Candidate tumor
suppressor genes, such as PRLTS gene, DLC-1 gene, and
EXTR1 gene located on 8p21-22, have been found to be
mutated in a variety of tumors, including HCC, ovarian cancers,
breast cancer and sporadic colorectal carcinoma[24-27]. Our
study showed that LOH was found in 37 of 56 HCCs
(66.1%) on at least 1 locus, the top three loci were D8S261
(53.5%) at 8p22, D8S1721 (52.5%) at 8p23 and D8S1771
(52.5%) at 8p21. The highest LOH regions were mapped
to 16q12.1, 16q12.2 and 16q22-24 [8,21,28] . Our data also
showed that 71.4% HCCs harbored LOH on at least 1
locus, the alterations occurring in the top two loci were
D16S3091 (59.5%) and D16S422 (54.8%) at 16q24.2. These
regions contain many important genes, such as adenine
phosphoribosyl transferase (APRT, 16q24.2) and Nacetylgalactosamine-6-sulfatase (GALNS, 16q24.2). The
deletion of these genes in this region might interfere with
cell growth or function[28] . LOH of 17p in 70% has been
reported previously[29]. A missense mutation with replacement
of arginine by serine at codon 249 has been reported
previously in HCCs from Qidong, Shanghai and other
geographical areas where aflatoxin and HBV are present[30].
Our data revealed a high level of LOH in D17S831
(67.6%) and D17S926 (58.3%) at 17p13.3. Zhao et al [31] ,
also found a novel growth suppressor gene on chromosome
17p13.3 with a high frequency of mutation in human HCC.
These results suggest that tumor suppressor genes at 1p36,
4q22, 4q35, 8p22-23, 16q24.2, and 17p13.3 may be involved
in hepatocarcinogenesis.
HBV infection has been regarded as an important factor
in the development of HCC[32] . However, the molecular
mechanism is unclear. Wong et al [18], have assessed the
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genome-wide chromosomal analysis in 83 tumor samples
from Hong Kong, Shanghai, Japan, and USA by comparative
genomic hybridization. The most striking feature from the
analysis was the high number of aberrations per sample in
the HBV-related cases from Shanghai, which was significantly
more than that in the other groups. Becker et al [33], have
shown frequent loss of chromosome 8p in HBV-positive
HCC from China. In this study, we found that the incidences
of LOH on D1S2893, D1S507, D4S406, D8S277, D17S831,
and D17S938 were significantly higher in patients with
positive serum HBsAg than in those with negative HBsAg.
These data imply that HBV infection might cause genetic
changes within chromosomal regions where this is important
for the development of some HCCs. Interestingly, LOH
on D4S1538, D8S261, D8S298, D8S1733, D16S512,
D16S515, and D17S926 occurred more frequently in
HBsAg-negative patients than in HBsAg-positive patients.
These results suggest that the tumor suppressor genes near
these loci might be responsible for HBV-negative HCC.
Aggressive tumor phenotypes such as larger tumor size,
poor cellular differentiation, absence of tumor encapsulation
and intrahepatic metastasis were associated with LOH at
several specific loci [34,35]. LOH was associated with an
elevated serum AFP[21]. LOH on D8S298 at 8p22 was closely
associated with venous permeation, tumor microsatellite
formation, and larger tumor size[22]. LOH on locus D8S1721
at 8p23.1 was seen more frequently in nonencapsulated
tumors and LOH on D8S1771 at 8p21.3 was associated
with a larger tumor size and poorer cellular differentiation.
LOH on D1S214 (lp36.3) and D1S2797 (1p34) was more
frequently detected in tumors with intrahepatic metastasis
than in those without[9]. In this study, large tumor size
(>3 cm) tended to have a higher frequency of LOH on
D8S298, D8S1771, D16S498, and D17S926. LOH on
D4S426, D4S1615, D4S1652, D16S498, and D17S926
was more frequent in poorly or moderately differentiated
HCC than in well-differentiated HCC. LOH frequencies
of D8S1721 were significantly higher in patients without
intact tumor capsule than in those with intact tumor capsule.
LOH on D4S2921, D8S298, D8S1771, D17S926, and
D17S786 were more frequently detected in tumors with
intrahepatic metastasis than in those without. These results
supported that 1p, 4q, 8p, 16q, and 17p deletions at specific
loci were associated with tumor progression and aggressive
behavior. Association of LOH at specific loci with a more
aggressive tumor behavior suggests that loss/inactivation
of putative tumor suppressor gene (s) located at these
regions may confer a tumor growth advantage and contribute
to the progression of HCC. This finding agrees with a
previous report using CGH analysis, which suggested that
the deletion was associated with tumor metastasis in HCC
patients[35].
MSI with associated deficient DNA mismatch repair
was first described in hereditary nonpolyposis colorectal
cancer and has been implicated in the pathogenesis of a
variety of gastrointestinal and other cancers[5]. It is noteworthy
that there are some differences in MSI frequency of HCC
reported in literatures. The MSI frequencies of HCC were
41-66.6% in Greece, USA and France[11,36]. However, Piao
et al[37], and Yamamoto et al[38], reported the absence of MSI
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in Korean or Japanese HCCs, and considered that MSI
played no role in the development or progression of HCC.
Macdonald et al [39], found that the frequent LOH of MSI
in HCC linked to hMSH2 and/or hMLH1 was only 19.
6%, usually in association with MSI. Besides, another recent
study on Chinese HCCs spanning 22 autosomes using 292
highly polymorphic markers showed that MSI was rarely
seen[28] . In our study, MSI was found in 18 of 56 HCCs
(32.1%) at one or several loci. Ten of fifty-six (17.9%) HCCs
had MSI-H. Cases mostly were positive for serum HBsAg.
Some studies showed that the incidence of MSI in cirrhotic
liver tissues (27%) was almost three times higher than that
in noncancerous liver tissues exhibiting findings compatible
with chronic hepatitis (10%). In addition, the incidence of
MSI in cirrhotic liver tissues did not differ from the incidence
in HCCs[40] . The above-mentioned discrepancies may be
partly due to the difference in selected cases, the sensitivity
of methodology, and the type and number of polymorphic
markers used in these studies. The other factors such as
different geographic area and different criteria for MSI
might contribute to the difference.
In conclusion, frequent microsatellite LOH on
chromosomes 1, 4, 8, 16, and 17 existed in HCC. LOH,
representing a tumor suppressor gene pathway, plays a more
important role in hepatocarcinogenesis. MSI is less
frequently found than LOH, suggesting a minor role of
DNA mismatch repair deficiency in liver carcinogenesis.
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Abstract
AIM: To explore both the in vitro and in vivo effects of
denbinobin against colon cancer cells and clarify its
underlying signal pathways.
METHODS: We used COLO 205 cancer cell lines and nude
mice xenograft model to study the in vitro and in vivo
anti-cancer effects of denbinobin.
RESULTS: Denbinobin at concentration of 10-20 mol/L
dose-dependently suppressed COLO 205 cell proliferation by
MTT test. Flow cytometry analysis and DNA fragmentation
assay revealed that 10-20 mol/L denbinobin treatment
induced COLO 205 cells apoptosis. Western blot analysis
showed that caspases 3, 8, 9 and Bid protein were activated
by denbinobin treatment to COLO 205 cells accompanied
with cytochrome c and apoptosis-inducing factor (AIF)
translocation. Pretreatment of MEK 1 inhibitor (U10126),
but not p38 inhibitor (SB203580) and JNK inhibitor
(SP600125), reversed denbinobin-induced caspase 8, 9
and Bid activation in COLO 205 cells suggesting that
extracellular signal-regulated kinase were involved in the
denbinobin-induced apoptosis in COLO 205 cells. Significant
regression of tumor up to 68% was further demonstrated
in vivo by treating nude mice bearing COLO 205 tumor

xenografts with denbinobin 50 mg/kg intraperitoneally.
CONCLUSION: Our findings suggest that denbinobin could
inhibit colon cancer growth both in vitro and in vivo .
Activation of extrinsic and intrinsic apoptotic pathways
and AIF were involved in the denbinobin-induced COLO
205 cell apoptosis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Colon cancer is one of the most prevalent malignances in
the world. It ranked as the second cause of cancer death in
the Western societies[1]. In Taiwan, colon cancer is the third
most common form of lethal cancer[2]. Although surgical
treatment of early stage colon cancer showed promising
effect, the prognosis for those advanced staging patients is
still not satisfactory, mostly owing to high local recurrent
rate and metastasis. Therefore, finding new therapeutic
strategies to improve survival rate in colon cancer patients
are very important issues.
There are growing evidences that compounds of plant
origin have the ability to treat or prevent cancer. For example,
the Chinese herbal preparation called PC-SPES, a mixture
consisting of extracts from eight herbs, has been used
increasingly in prostate cancer[3] and demonstrated activity
against androgen independent prostate cancer in a prospective,
multicenter, randomized phase II study[4]. Another example
was taxol, which was purified from the stem bark of Taxus
brevifolia and showed anti-tumorigenesis effect on breast and
ovarian cancers[5]. Other pure compounds isolated from
herb could provide novel therapeutic advantage in the
treatment of cancers. For example, solamargine, a pure
compound isolated from Solanum incanum herb, could be a
potential drug for cisplatin-resistant human lung cancer
cells[6] and beta-elemene, a wide spectrum anticancer drug
derived from the Chinese herb Curcuma chaeocaulis, could
reverse adriamycin-induced resistance in human breast
cancer cell line[7]. Therefore, it is reasonable for us to search
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useful anti-cancer drugs from the traditional herbal medicine.
Previous study had demonstrated that denbinobin
isolated from Dendrobium nobile, Ephemerantha lonchophylla,
and E. fimbriata exerted potential anti-inflammatory,
antioxidant, and anti-tumorigenesis effect[8-10]. Denbinobin
was found to be cytotoxic against A549 (human lung
carcinoma), SK-OV-3 (human ovary adenocarcinoma), and
HL-60 (human promyelocytic leukemia) cell lines [9].
However, the anti-cancer effect of denbinobin and its
underlying molecular mechanisms remain obscured. The
purpose of this study is to explore the in vitro and in vivo
anti-tumorigenesis effects of denbinobin against colon cancer
and clarify its underlying molecular mechanisms.

MATERIALS AND METHODS
Cell lines and cell culture
The COLO 205 cell line was isolated from human colon
adenocarcinoma (American Type Culture Collection CCL-222).
The cells were grown in RPMI 1640 supplemented with
10% fetal calf serum (FCS), penicillin (100 U/mL),
streptomycin (100 mg/mL), and 0.3 mg/mL glutamine in a
humidified incubator (37 ℃, 50 mL/L CO2). Denbinobin
(Pharmaceutical Industry, Technology and Development
Center, Taiwan) was added at the indicated doses in 0.1%
dimethylsulfoxide (DMSO). For control specimens, the
same volume of DMSO was added in a final concentration
of 1 mL/L without denbinobin.
MTT assay
COLO 205 cells were seeded in a 96-well plate at a density
of 1×104 cells/well and allowed to adhere overnight. After
removing the medium, 200 L of fresh medium per well,
containing 10 mmol/L Hepes (pH 7.4) was then added.
Then, 50 L of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl2H-tetrazolium bromide (MTT) was added to the wells and
the plate was incubated for 2-4 h at 37 ℃ in the dark. The
medium was removed and 200 L DMSO and 25 L
Sorensen’s glycine buffer was added to the wells. Absorbance
was measured using an ELISA plate reader at 570 nm.
Drug treatment, and flow cytometry analysis
At 24 h after plating of cells, cells were washed thrice with
phosphate-buffered saline (PBS) and then added with
medium containing 10% FCS with various concentrations
of denbinobin in a final concentration of 1 mL/L DMSO.
The cell cycle stages in the denbinobin and DMSO-treated
groups were measured by fluorescence-activated cell sorter
(FACS) analysis. Cells were harvested and stained with
propidium iodide (50 g/mL) (Sigma Chemical Co., St.
Louis, MO), and DNA content was measured using a
FACScan laser flow cytometer analysis system (BectonDickinson, San Jose, CA); and 15 000 events were analyzed
for each sample.
Analysis of DNA fragmentation
Analysis of DNA fragmentation was performed as previously
described[11]. Briefly, the denbinobin and DMSO-treated cells
were seeded on 100-mm dishes. The DNA was extracted
twice with equal volumes of phenol and once with
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chloroform-isoamyl alcohol (24:1 v:v), then precipitated
with 0.1 volume of sodium acetate, pH 4.8, and 2.5 volumes
of ethanol at -20 ℃ overnight, and finally centrifuged at
13 000 g for 1 h. Genomic DNA was quantitated, and
equal amounts of DNA sample in each lane were
electrophoresed in a 2% agarose gel. The DNA was visualized
by ethidium bromide staining.
Western analysis
Cells were washed with cold PBS, lysed in Golden lysis
buffer, and performed Western blotting as described
previously [12] . Briefly, cell lysates were prepared,
electrotransferred, immunoblotted with anti-bax, bcl-2,
cytochrome c (Cyto c), and apoptosis-inducing factor (AIF)
monoclonal antibody or anti-caspases 9, 3 and Bid, total
Akt polyclonal antibody (1:1 000 dilution, Santa Cruz
Biotechnology, Santa Cruz, CA); or with anti-caspase 8 and
phosphorylated Akt monoclonal antibody (1:1 000 dilution,
Cell Signaling Technology, Beverly, MA); or with antiglyceraldehyde-3-phosphate dehydrogenase (GAPDH)
monoclonal antibody (1:2 000 dilution, Biogenesis, Kingston,
NH), and then with anti-mouse or anti-rabbit or anti-goat
IgG antibody conjugated to horseradish peroxidase (1:5 000
dilution, Santa Cruz Biotechnology) and visualized bands
using enhanced chemiluminescence kits (2 min, ECL,
Amersham). The expression of GAPDH was used as the
control for equal protein loading.
Subcellular fractionation
As previously described[13], COLO 205 cells were harvested
in isotonic mitochondrial buffer (210 mmol/L mannitol,
70 mmol/L sucrose, 1 mmol/L EDTA and 10 mmol/L
HEPES pH 7.5), supplemented with protease inhibitor
cocktail Complete (Boehringer Mannheim), and homogenized
for 40 strokes with a Dounce homogenizer. Samples were
centrifuged at 500 r/min for 5 min at 4 ℃ to eliminate
nuclei and unbroken cells. The resulting supernatant was
centrifuged at 10 000 g for 30 min at 4 ℃ to separate the
heavy membrane pellet, and the resulting supernatant was
stored as the cytosolic fraction.
Treatment of COLO 205-derived xenografts in vivo
As previously described[14], COLO 205 cells were grown in
RPMI 1640 supplemented with 10% FCS as described
above. Cells were harvested through two consecutive
trypsinizations, centrifuged at 300 r/min for 5 min, washed
twice, and resuspended in sterile PBS. Cells (5×106) in 0.2 mL
were injected subcutaneously between the scapulae of each
nude mouse (purchased from National Science Council
Animal Center, Taipei, Taiwan). After transplantation,
tumor size was measured using calipers and the tumor
volume was estimated according to the formula tumor
volume (mm3) = L×W2/2, where L is the length and W is
the width[15]. Once tumors reached a mean size of 200 mm3,
animals received intraperitoneal injections of either 25 L
DMSO or 50 mg/kg denbinobin thrice per week for 4 wk.
Statistical analysis
Results were expressed as mean±SE for each study. Data
were analyzed by Student’s t-test or linear regression method;
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a P value of 0.05 or less was considered statistically significant.
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RESULTS
Denbinobin suppressed colon cancer cell growth
We first examined the antiproliferative effect of denbinobin
on the colon cancer cells. Treatment of the COLO 205
cells with 10 mol/L denbinobin in a time course study
showed significant inhibition of COLO 205 cell growth
starting from 12 to 24 h by MTT test (Figure 1A). Dosedependent study by MTT test further demonstrated that
treatment of denbinobin (10-20 mol/L) to COLO 205
for 24 h suppressed cancer cell growth (Figure 1B).
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Figure 2 Treatment of COLO 205 cells with denbinobin (10-20 mol/L) for 24 h
induced apoptosis. A: FACS analysis of DNA content after 24-h incubation in
culture medium supplemented with 10% FCS and 0.1% DMSO or 0-20 mol/L
denbinobin in 0.1% DMSO. Percentages of cells in sub-G1, G0/G 1, S, and G2/M
phases of the cell cycle determined using established CellFIT DNA analysis
software were shown. Increased sub-G1 percentage of COLO 205 cells was
shown after treatment with 10-20 mol/L denbinobin. Two independent experiments
were performed in triplicate. aP<0.05 vs DMSO control. B: Electrophoresis of
genomic DNA from COLO 205 treated with denbinobin. A typical DNA ladder
pattern associated with apoptosis was seen at 10-20 mol/L denbinobin.
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Figure 1 Effect of denbinobin on COLO 205 cell growth. COLO 205 cells
were seeded in a 96-well plate until subconfluence and viable cells were
determined by MTT assay. A: Time course study with 10 mol/L denbinobin
in 0.1% DMSO. Two independent experiments were performed in triplicate.
a
P<0.05 vs time 0. B: Dose-dependent study after treatment of denbinobin for
24 h. Two independent experiments were performed in triplicate. cP<0.05 vs
DMSO control.

Denbinobin induced apoptosis
To further investigate the cellular mechanism of the
denbinobin-induced growth inhibition, FACS analyses of
DNA content in both DMSO- and denbinobin-treated
COLO 205 cells were conducted. Figure 2A showed that
10-20 mol/L denbinobin treatment to COLO 205 cells
for 24 h induced a significant accumulation of cells at
the sub-G1 phase of the cell cycle, suggesting that the
observed growth inhibitory effect of denbinobin was due
to induction of cell death. Further study by using DNA
fragmentation assay also demonstrated that, at concentrations
of 0-5 mol/L denbinobin, apoptosis was not observed.
However, when denbinobin concentration was increased to
10-20 mol/L, apoptosis was observed in COLO 205 cells
(Figure 2B).

Denbinobin activated caspases 3, 8 and 9
Since it has been suggested [16] that the occurrence of
apoptosis requires the activation of caspases, we investigated
the involvement of caspase activation in the denbinobininduced apoptosis in COLO 205 cells by Western blot
analyses. Treatment of COLO 205 cells with 20 mol/L
denbinobin for 24 h induced caspase 3 activation evidenced
by degradation of procaspase 3 bands (Figure 3A). To
elucidate the apoptotic pathways involved in the activation
of caspase 3, we examined the changes of caspases 8 and 9
protein levels in the denbinobin-treated COLO 205 cells.
After treatment of COLO 205 cells with 20 mol/L
denbinobin for 12 h, activations of caspases 8 and Bid
were evidenced by the degradation of the proenzymes of
caspases 8 and cleavage of Bid proteins. Furthermore,
increased expression of activation form of caspase 9 was
noted after 18 h of 20 mol/L denbinobin treatment to
COLO 205 cells (Figure 3A).
Denbinobin induced Cyto c and AIF release from mitochondria
It has been demonstrated that activation of caspase 9 occurred
during the release of Cyto c from mitochondria[17]. To examine
whether this occurs in the denbinobin-induced apoptosis in
COLO 205 cells, Cyto c release was monitored at various
times after 10 mol/L denbinobin treatment. Figure 3B
showed that denbinobin treatment resulted in a significant
accumulation of Cyto c as well as AIF in the cytosol fraction
of cell extracts (Figure 3B). This denbinobin-induced
elevation of cytosolic Cyto c was observed at 12 h and
peaked at 24 h after denbinobin treatment. Under the same
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Figure 3 Effect of denbinobin on caspases, Bid protein levels or Cyto c and AIF
translocation from mitochondria to cytosol. The whole cell proteins (A) or cytosolic
proteins for Cyto c, AIF (B) were extracted from the cultured COLO 205 cells,
which had been grown in 10% FCS and incubated for the indicated times with
0.1% DMSO or 20 mol/L denbinobin in 0.1% DMSO. After electrophoresis, proteins
were transferred onto Immobilon-P membranes, and then probed with proper
dilutions of specific antibodies. Membranes were also probed with anti-GAPDH
antibody to correct for difference in protein loading. Denbinobin time-dependently
induced the activation of caspases and Bid (A), translocation of Cyto c and AIF (B).

Figure 4 Effect of denbinobin on caspases (A) or Bid, bcl-2 and bax protein
levels (B). The whole cell proteins were extracted from the cultured COLO 205
cells, which had been grown in 10% FCS and incubated for the indicated times
with 0.1% DMSO or 20 mol/L denbinobin in 0.1% DMSO. After electrophoresis,
proteins were transferred onto Immobilon-P membranes, and then probed with
proper dilutions of specific antibodies. Membranes were also probed with antiGAPDH antibody to correct for difference in protein loading. Denbinobin dosedependently induced the activation of caspases (A), Bid protein activation and
decreased expression of bax (B).

conditions, apoptosis was not observed until 12 h after
denbinobin treatment (Figure 1A) sug gesting that
translocation of Cyto c and AIF occurred in the denbinobintreated COLO 205 cells beforehand, and then caspases 9
and 3 activation, and apoptosis followed thereafter.

processes, we applied an MEK 1 inhibitor (U10126), a p38
MAP kinase (p38 MAPK) inhibitor (SB203580) and a JNK
inhibitor (SP600125) to examine whether they also participated
in the denbinobin-induced COLO 205 cell apoptosis. As
illustrated in Figure 5A, pretreatment of COLO 205 cells
with 100 nmol/L U10126, but not SB20358 (20 mol/L)
and SP600125 (100 nmol/L), blocked the denbinobininduced caspases 8, 9 and Bid protein activation in COLO
205 cell, suggesting that the ERK, but not p38 and JNK
pathways, was involved in this process.
The serine/threonine kinase Akt is important for antiapoptotic signaling pathways for normal cells. Accordingly,
we tested whether Akt activity was regulated by denbinobin
treatment to COLO 205 cells. Time course study in Figure
5B demonstrated that treatment of denbinobin to COLO
205 cells induced activation of Akt evidenced by increased
phosphorylated form of Akt peaked from 30 to 60 min
after treatment. Pretreatment of PI3K-Akt pathway inhibitor
(Wortmannin, 100 nmol/L) failed to affect denbinobininduced caspases activation (data not shown). These findings
suggested that Akt pathway might not be directly involved in
the denbinobin-induced apoptosis in COLO 205 cells.

Denbinobin activated Bid protein
Proteins of the bcl-2 family are also believed to be involved
in the control of apoptosis[18]. Activation of Bid by caspase
8 links the extrinsic to the intrinsic apoptotic pathway through
mitochondrial damages[19] by releasing Cyto c from mitochondria,
and thereby initiate apoptosis. Bcl-2 directly or indirectly
operates to prevent the release of Cyto c from mitochondria.
On the other hand, bax can trigger mitochondria to release
Cyto c from mitochondria, and thereby initiate apoptosis.
Accordingly, we examined the changes of bcl-2 protein
levels in denbinobin-treated COLO 205 cells. Treatment of
COLO 205 cells with 10-20 mol/L denbinobin caused a
dose-dependent activation of caspases 3, 8, and 9 (Figure 4A)
as well as Bid activation evidenced by decreased Bid protein
and appearance of its cleavage product (Figure 4B). In
contrast, bcl-2 protein levels were not changed significantly
(Figure 4B). Surprisingly, proapoptotic bax protein showed
decreased expression (Figure 4B). These findings suggest
that Bid but not bcl-2 or bax participated in the denbinobininduced COLO 205 cells apoptosis.
Denbinobin-induced apoptosis involved extracellular signalregulated kinase (ERK) pathway
To further study the signaling pathways involved in the
denbinobin-induced COLO 205 cell apoptosis, the following
experiments were performed. Since the extracellular signalregulated kinase (ERK), p38 and JNK pathways have been
suggested to be involved in the regulation of apoptotic

Denbinobin inhibited colon tumor growth in vivo
We further examined the anti-tumor effect of denbinobin
in vivo by treating athymic mice bearing COLO 205 tumor
xenografts. After establishment of palpable tumors (mean
tumor volume, 200 mm3), animals received denbinobin at
dosage of 50 mg/kg or DMSO (control) thrice a week. A
reduction in tumor volume between denbinobin-treated vs
the DMSO-treated control group was detected by d 15.
This difference became progressively more conspicuous,
with the average tumor volume in the denbinobin-treated
mice 32% that of the DMSO-treated mice after 4 wk of
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treatment (Figure 6A). In mice receiving these treatment
regimens, no significant difference of body weight was noted
(Figure 6B) and no gross signs of toxicity were observed
(visible inspection of general appearance, and microscopic
examination of individual organs) (data not shown). Our
results indicated that denbinobin might be a potential useful
chemotherapeutic agent in treating colon tumor.
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Figure 5 Effect of MAPK and Akt pathways in the denbinobin-induced COLO
205 cells apoptosis. A: Cells were pretreated with various kinds of MAPKs
inhibitors; U10126 (U, 100 nmol/L), SB203580 (SB, 20 mol/L), or SP600125
(SP, 100 nmol/L) for 1 h. The whole cell proteins were extracted from the
cultured COLO 205 cells, which had been grown in 10% FCS and incubated for
the indicated times with 0.1% DMSO or 20 mol/L denbinobin in 0.1% DMSO for
24 h. After electrophoresis, proteins were transferred onto Immobilon-P
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Effect of Akt pathway on the denbinobin treatment to COLO 205 cells. Time
course study of 20 mol/L denbinobin-treated COLO 205 cells was used to
detect the total Akt proteins and the phorphorylated Akt by Western blot.
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or DMSO intraperitoneally thrice per week for 4 wk. (A) Average tumor volume
(B) body weight of DMSO-treated (n = 5, filled circles) vs denbinobin-treated
(n = 4, open circles) nude mice. Samples were analyzed in each group, and
values represent the mean±SE. Comparisons were subjected to linear regression
method in (A) and showed significant difference between DMSO vs denbinobin
treatment group.
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DISCUSSION
Denbinobin is one of the pure compounds isolated from
the stems of D. moniliforme, known as Shi-Hu in Chinese
medicine, which has been used for a long time to treat respiratory
tract infection, fever and heat stroke[10]. Denbinobin has been
shown to suppress the lipopolysaccharide-induced TNF-
formation in mouse macrophage cells suggesting that it
exerts potent anti-inflammatory effect [10] . Chemical
compounds with anti-inflammatory activity has been shown
to protect against chemical toxicity and cancer[20,21]. In our
in vitro study, we demonstrated that denbinobin at
concentrations of 10-20 mol/L inhibited the growth of
COLO 205 cells in a dose-dependent manner (Figure 1).
These results were not due to inhibition of cell division and
indicated that there was an induction of apoptosis by
denbinobin in the subcultured cancer cells (Figure 2). In
vivo studies showed that intraperitoneal administration of
denbinobin caused a striking and substantial regression of
the COLO 205 tumor in nude mice (Figure 6). To our knowledge,
this is the first demonstration that denbinobin inhibits the
growth of colon cancer cells both in vitro and in vivo.
Apoptosis is a cell suicide mechanism that requires
specialized cellular machinery. A central component of this
machinery is a proteolytic system involving caspases, a highly
conserved family of cysteine proteinases with specific
substrates[16]. By Western blot analysis, we demonstrated that
10-20 mol/L denbinobin induces activations of caspases
8 and 9 in COLO 205 cells, evidenced by decreases in the
stainable procaspases 8, and increases in the active form
of caspase 9 enzyme expression (Figures 3A and 4).
Activation of caspases 8 and 9 can cleave and activate
downstream caspases such as caspase 3 (Figures 3A and 4),
which eventually leads to apoptosis[22].
Bcl-2 family proteins have been suggested to be involved
in the regulation of apoptosis by controlling the release of
Cyto c from mitochondria[18]. Activation of Bid by caspase
8 links the extrinsic to the intrinsic apoptotic pathway through
mitochondrial damages[19]. Bcl-2 prevents apoptosis by blocking
the release of Cyto c from mitochondria[23] . Bax, on the
other hand, directly induces Cyto c release from mitochondria,
and thereby triggers caspase 9 activation[24]. The results of
the present study demonstrate that activation of Bid protein
by denbinobin treatment in COLO 205 cells seems to be
responsible for stimulating the release of Cyto c (Figure 3).
One of the major challenges in the cancer treatment is
that many tumor cells carry mutations in key apoptotic genes
such as p53, Bcl family proteins or those affecting caspase
signaling. These defects resulted in failure of traditional
chemotherapeutic treatments. Therefore, it is important to
search for caspase-independent cell death mechanism in
tumor[25]. It has been discovered that, in response to apoptotic
stimuli, mitochondria can also release caspase-independent
cell death effector such as AIF[26]. AIF is a phylogenetically
ancient mitochondrial intermembrane flavoprotein endowed
with the unique capacity to induce caspase-independent
peripheral chromatin condensation and large-scale DNA
fragmentation when added to purified nuclei[27]. In our study,
20 mol/L denbinobin treatment induced the release of
AIF from mitochondria to cytosol. These findings suggest
a potential therapeutic advantage of denbinobin in the
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treatment of colon cancer.
Mitogen-activated protein (MAP) kinases, including
ERK, c-Jun NH2-terminal kinases (JNK) and p38 MAPK
are important intermediates of the signal-transduction
pathway associated with proliferation or apoptosis[28] . A
report has shown that ursodeoxycholic acid could induce
colon cancer cell apoptosis through modulation of ERK
pathway. Our results demonstrated that MEK 1 inhibitor
but not JNK or p38 inhibitors could reverse the denbinobininduced caspases 8, 9 and Bid activation (Figure 5A)
sug gesting that ERK pathway was involved in the
denbinobin-mediated apoptosis in COLO 205 cells.
Akt promotes cell survival by inhibiting proapoptotic proteins
such as Bad, forkhead, and p53, and activating pro-survival
proteins such as NF-B. It is likely that hyperactivity of the
PI3K-Akt pathway is a selected mechanism for tumor cells
to overcome apoptotic stimuli. In our results, we demonstrated
that Akt was not suppressed but transient activated after
denbinobin treatment to COLO 205 cells (Figure 5B) and
pretreatment of Akt inhibitor has no effect on the denbinobininduced COLO 205 cell apoptosis. These findings suggest
that Akt pathway was not primarily regulated by denbinobin,
instead its activation might be a secondary effect.
Our findings introduced our basic observations that
denbinobin, a pure compound derived from Chinese herb,
could induce apoptosis in colon cancer cells and suppress
colon cancer growth in tumor bearing nude mice. The results
from the present in vitro and in vivo studies highlight the
molecular mechanisms of denbinobin-induced apoptosis in
COLO 205 cells, which might have potential applications
in the treatment of human colon cancer.
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Abstract
AIM: To explore the relationship between matrix metalloproteinase-2 (MMP-2) and tissue inhibitor of metalloproteinase-2 (TIMP-2) in the development of colorectal
carcinoma and to provide a valuable marker for clinical
diagnosis.
METHODS: Twenty-five patients with colorectal carcinoma
underwent surgical resection. Samples were taken from
tumor sites and normal tissues. MMP-2 activity was determined
by gelatin zymography. Western blot and ABC immunohistochemical staining were used to detect the expression
levels of MMP-2 and TIMP-2 in normal and colorectal carcinoma
tissues. Statistical analyses were performed using the
Student’s t test and one-way ANOVA. P<0.05 was considered
statistically significant. All the statistical analyses were
performed using SPSS 10.0 software.
RESULTS: MMP-2 activity could be detected in both normal
and colorectal carcinoma tissues. MMP-2 activity in colorectal
carcinoma tissues was much higher than that in normal
tissues (P<0.05, t = 3.916, 4.227). MMP-2 activity was positively
related to the colorectal carcinoma invasion depth, lymph
node metastasis and Duke’s stage. Western blot and ABC
immunohistochemical staining demonstrated that the
expression level of MMP-2 in colorectal carcinoma tissues
was much higher than that in normal tissues (P<0.05,
t = 9.429), but the expression level of TIMP-2 in colorectal
carcinoma tissues was much lower than that in normal
tissues (P<0.05, t = 7.329). The MMP-2/TIMP-2 ratio of
colorectal carcinoma was much higher than that of normal
tissues. With the progression of invasion depth, lymph
node metastasis and tumor Duke’s stage, the activity and
expression level of MMP-2 and TIMP-2 gradually increased,
but the MMP-2/TIMP-2 ratio gradually decreased.
CONCLUSION: The balance between MMP-2 and TIMP-2

INTRODUCTION
Colorectal carcinoma is one of the most common malignant
tumors with a relatively high incidence in China. Despite
major advances in the diagnosis and treatment of this disease,
its mortality has remained unchanged during the last 20 years.
Tumor invasion and metastasis are considered to be the major
causes of death in colorectal carcinoma patients. Recent
researches in the field of mechanism for tumor invasion
and metastasis have demonstrated that the degradation of
extracellular matrix (ECM) and basement membrane (BM)
is an essential step and the contribution of matrix
metallopro-teinases (MMPs) is very important during this
process[1-4]. MMPs are a family of zinc-dependent endopeptidases that are collectively capable of degrading most
components of the BM and ECM [5]. Several studies have
proved that there are high expression level and activity of
MMPs in many kinds of tumors, such as carcinoma of
esophagus, lung, stomach, etc. Tissue inhibitors of
metalloproteinases (TIMPs), as the main endogenous
inhibitors of the metalloproteinases, can reversibly inhibit
MMPs in a 1:1 stoichiometric fashion and influence the
process of tumor invasion and metastasis[6] . At present,
there have been many reports about the overex-pression
of matrix metalloproteinase-2 (MMP-2) in colorectal
carcinoma tissues. However, few reports concerning the
detailed pathophysiological significance of MMP-2 and
the relationship between MMP-2 and tissue inhibitor of
metalloproteinase-2 (TIMP-2) are available. Therefore, the
aim of the present study was to investigate the expression
characteristics of MMP-2 and TIMP-2 in colorectal
carcinoma tissues and to explore the relationship between
MMP-2 and TIMP-2 and the correlation with colorectal
carcinoma progression, trying to provide a valuable marker
for its clinical prognosis.
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MATERIALS AND METHODS
Clinical specimens
Twenty-five patients with colorectal carcinoma were
recruited at the Fourth Hospital of Hebei Medical University
from March 2002 to July 2002. Paired colorectal tumor
and normal mucosal tissue samples (taken at a site 10 cm
or more from the primary tumor) were collected immediately
after surgical resection. Of the 25 cases, 9 had colon carcinoma, 16 had rectal carcinoma. All colorectal tumors were
confirmed by their pathological examination. All the
specimens were divided into two parts. One part was stored
at -70 ℃, the other part was fixed quickly into formalin
solution at pH 7.0, embedded in paraffin and cut into
sections (4-m thick).
Gelatin zymography
MMP-2 activity was analyzed by gelatin zymography.
Frozen samples werehomogenized in lysis buffer containing
100 mmol/L Tris-Cl, pH 7.6, 20 mmol/L NaCl, 1% Triton
X-100. The lysates were incubated on ice for 30 min and
insoluble materials were removed by centrifugation. Samples
containing 100 g of protein were mixed with 5×sample
buffer (4:1) and electrophoresed (120 V) for 2-3 h at 4 ℃.
When the tracking dye at the front reached the bottom of
the gel, the gel was removed and shaken gently for 30 min
in 2.5% Triton X-100 to remove SDS. Then, the gel was
incubated in 50 mmol/L Tris-HCl, pH 8.0, 50 mmol/L
NaCl, 10 mmol/L CaCl2, 1% Triton X-100 for 9 h at 37 ℃.
At last, following staining with 0.5% Coomassie brilliant blue
R250 for 1.5-2 h and decolorized for 1 h. The clear band
against a blue background representing the activity of MMP-2
was measured by using a gel image system (Image master 1D
analysis software).
Western blot analysis
MMP-2 and TIMP-2 protein levels in normal and colorectal
carcinoma tissues were determined by Western blot analysis.
Tissue homogenates were prepared as described above for
gelatin zymography. Five times loading buffer was added
to an equal amount (150 g) of protein extracts, which was
subsequently boiled for 5 min. Then proteins were subjected
to SDS-PAGE and transferred to the PVDF membrane
for immunodetection. The PVDF membranes were blocked
in 5% nonfat milk for 3 h at room temperature and then
probed with anti-MMP-2 or anti-TIMP-2 antibody for 9 h
at 4 ℃. After that, the membranes were washed thrice with
TBS-Tween and incubated with secondary antibody for 2 h
at room temperature. Immunoreactive proteins were detected
using a color development system (NBT/BCIP) by the
standard procedure.
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were incubated with 5% normal goat serum for 30 min at
room temperature and then incubated with primary
antibodies to MMP-2 and TIMP-2 at an antibody concentration
of 1:200, overnight at 4 ℃. The negative control was used
with PBS buffer replacing the polyclone antibody. ABC
immunohistochemical kits and DAB substrate solution were
used to detect the immune complex. The procedures of
blocking, linkage, and labeling of binding reaction were
carried out according to manufacturer’s instructions. The
peroxidase activity was visualized by a DAB kit (SinoAmerican Biotechnology Co.). The deep yellow particles
were defined as positive.
Statistical analysis
All the experiments were repeated thrice. Statistical analyses
were performed using the Student’s t test and one-way
ANOVA. P<0.05 was considered statistically significant. All
the statistical analyses were performed using SPSS 10.0
software.

RESULTS
MMP-2 activity analysis
As shown in Figure 1, the major band was 72 000 Mr and
the minor band was 62 000 M r on SDS-PAGE. They
corresponded to the latent and active forms of MMP-2
respectively. The MMP-2 activity was much higher in
colorectal carcinoma tissues than in normal tissues (Figure 1,
P<0.05, t = 3.916, 4.227). Further, the invasive and metastatic
capacity of colorectal carcinoma was significantly correlated
with the MMP-2 activity. With the progression of tumor
Duke’s stage, the MMP-2 activity gradually increased
(Figure 2, P<0.05, F = 219.296). As shown in Figure 3, the
MMP-2 activity was much higher in the lymph node
metastatic group than in the group without lymph node
metastasis (Figure 3, P<0.05, t = 6.042, 20.174). The
MMP-2 activity was also higher in colorectal carcinoma
tissues with subserosal invasion than in those with muscularis
propria invasion (Figure 3, P<0.05, t = 4.341, 3.151).
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ABC immunohistochemical staining
Streptavidin–biotin complex (SABC) method was adopted
in formalin-fixed, paraffin-embedded sections. Sections were
de-paraffinized and incubated with 1% hydrogen peroxide
in methanol for 10 min to block the endogenous peroxidase
activity. After being washed with phosphate-buffered saline
(PBS), sections were treated with 0.01 mol/L citric acid
buffer to recover the antigen activity. After that, the sections
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Figure 1 MMP-2 and pro-MMP-2 activity in normal and colorectal carcinoma
tissues. A: Results of gelatin zymography. Lanes 1-4: normal tissues; lanes
5-8: colorectal carcinoma tissues; B: Densitometric intensity of absorbance
(IOD) of pro-MMP-2 and MMP-2 activity in normal and colorectal carcinoma
tissues.
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Figure 4 MMP-2 and TIMP-2 expression in normal and colorectal carcinoma
tissues. A: Western blot analysis for MMP-2 and TIMP-2 expression. Lanes
1 and 2: normal tissues; lanes 3 and 4: colorectal carcinoma tissues; B:
Densitometric intensity of absorbance (IOD) of MMP-2 and TIMP-2 expression
in normal and colorectal carcinoma tissues.
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Figure 2 MMP-2 and pro-MMP-2 activity in colorectal carcinoma tissues at
different Duke’s stage. A: Results of gelatin zymography. Lane 1: Duke’s A
stage, lane 2: Duke’s B stage, lane 3: Duke’s C stage, lanes 4 and 5: Duke’s D
stage; B: Densitometric intensity of absorbance (IOD) of pro-MMP-2 and MMP-2
activity in colorectal carcinoma tissues at different Duke’s stage.
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Figure 3 Densitometric intensity of absorbance (IOD) of pro-MMP-2 and MMP-2
activity in colorectal carcinoma tissues. A: Different lymph node metastases.
1: lymph node negative; 2: lymph node positive; B: Different invasion depths.
1: muscular layer invasion; 2: serous membrane layer or surrounding soft
tissue invasion.

Western blot analysis for MMP-2 and TIMP-2
As shown in Figure 4, Western blot analysis revealed the
specific bands of MMP-2 (72 000 Mr) and TIMP-2 (22 000 Mr)
in normal and colorectal carcinoma tissues. The MMP-2
expression level was found to be significantly increased
whereas significantly decreased in colorectal carcinoma
tissues in comparison with normal colorectal tissues (P<0.05,
t = 9.429, 7.329). The MMP-2/TIMP-2 ratio of colorectal
carcinoma was much higher than that of normal tissue (Table 1,
P<0.05, t = 6.474). With the progression of tumor Duke’s
stage, the MMP-2 and TIMP-2 expression levels were
gradually increased (Figure 5, P<0.05, F = 74.318, 124.426).
The ratio of MMP-2/TIMP-2 was gradually decreased
(Table 1, P<0.05, F = 6.330). It also could be seen that the
MMP-2 and TIMP-2 expression levels in colorectal carcinoma
tissues with regional lymph node metastasis were significantly

Figure 5 Western blot analysis for MMP-2 and TIMP-2 expression in carcinoma
tissues at different Duke’s stages. Lane 1: Duke’s A stage; lane 2: Duke’s B
stage; lane 3: Duke’s C stage; lane 4: Duke’s D stage; B: Densitometric intensity
of absorbance (IOD) of MMP-2 and TIMP-2 expression in colorectal carcinoma
tissues at different Duke’s stages.

high, while they were very low in those without lymph node
metastasis (Figure 6, P<0.05, t = 10.361, 5.609). The ratio
of MMP-2/TIMP-2 in the former was lower than the latter
(Table 1, P>0.05, t = 2.252). The MMP-2 and TIMP-2
expression levels were much higher in colorectal carcinoma
tissues with subserosal invasion than in those with muscularis
propria invasion (Figure 6, P<0.05, t = 3.042, 4.004), the
MMP-2/TIMP-2 ratio in the former was also lower than
that in the later (Table 1, P>0.05, t = 2.476).
Immunohistochemical staining for MMP-2 and TIMP-2
Figure 7 shows the expression and localization of MMP-2
and TIMP-2 in normal and colorectal carcinoma tissues.
Immunohistochemical staining for MMP-2 revealed that
normal colorectal tissues were slightly positive while colorectal
carcinoma tissues in early stage were strongly positive. In
contrast, the positive staining with TIMP-2 in normal
colorectal carcinoma tissues was much higher than that in
colorectal carcinoma tissues. MMP-2 immunoreactivity was
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Table 1 MMP-2/TIMP-2 ratio of normal and colorectal carcinoma
tissues (mean±SD)
Variable

MMP-2/TIMP-2

Tissues
Normal
Carcinoma
Invasion depth
Muscular layer invasion
Serous membrane layer or
surrounding soft tissue invasion
Lymph node metastasis
Negative
Positive
Duke’s stage
A
B
C
D

A

P
P<0.05

0.5807±0.2061
2.4179±0.6534
2.5781±0.4336
2.1308±0.7311
2.2907±0.5102
1.7643±0.2597
2.6419±0.5429
1.7081±0.3631
1.9880±0.1551
1.5407±0.1794
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Figure 6 Densitometric intensity of absorbance (IOD) of MMP-2 and TIMP-2
expression in colorectal carcinoma tissues. A: different lymph node metastases. 1:
lymph node negative; 2: lymph node positive; B: Different invasion depths. 1: muscular
layer invasion; 2: serous membrane layer or surrounding soft tissue invasion.
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observed mainly in the cytoplasm of colorectal carcinoma
cells and matrix around tumor cells. It was also observed
frequently in stromal cells. However, the positive staining
with TIMP-2 was mainly distributed in the matrix around
the tumor.

DISCUSSION
Our results in this study demonstrated that MMP-2 activity
and expression level were much higher in colorectal carcinoma
tissues than in normal tissues. Moreover, there was a significant
positive correlation between the MMP-2 activity or expression
level and tumor invasion depth, lymphatic metastasis and
tumor Duke’s stage. These results strongly indicated that
MMP-2 expression level was not only associated with the
development of colorectal carcinoma, but also played a very
important role in the process of colorectal carcinoma invasion
and metastasis. Immunohistochemical staining for MMP-2
identified that MMP-2 positive staining mainly occurred in
the cytoplasm of colorectal carcinoma cells and matrix around
them. It also frequently occurred in stromal cells. This suggests
that the major cell source of MMP-2 in colorectal carcinoma
is heterogeneous. Western blot analysis also demonstrated
that the TIMP-2 (22 000 Mr) expression level in colorectal
carcinoma tissues was significantly lower than that in normal
colorectal tissues. Furthermore, with the progression of
tumor invasion depth, lymph node metastasis and tumor
Duke’s stage, the TIMP-2 expression level was increased
gradually, but did not reach the normal level. Our study
also showed that there was an increase in the MMP-2/TIMP2 ratio in colorectal carcinoma tissues compared to that in
normal colorectal tissues. However, with the progression of
tumor Duke’s stage, the MMP-2/TIMP-2 ratio was gradually
decreased. We think that it is related to the increased TIMP-2
expression in the late stage. So we infer that the increased
TIMP-2 expression in the late stage of colorectal carcinoma

A

B

C

D

E

F

Figure 7 MMP-2 and TIMP-2 expression in normal and colorectal carcinoma
tissues (SABC ×40). A: MMP-2 expression in normal colorectal tissue, B:
MMP-2 expression in colorectal carcinoma tissue, C: MMP-2 negative control,

D: TIMP-2 expression in normal colorectal tissue, E: TIMP-2 expression in
colorectal carcinoma tissue, F: TIMP-2 negative control.
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is a secondary change towards the increased MMP-2 activity.
Since the dynamic balance between MMP-2 and TIMP-2
is the decisive factor for the maintenance of ECM homeostasis
and integrity, the balance disorder between them not only
presents the regulation of colorectal carcinoma cells to ECM
turnover, but also shows the influence of ECM on the
behavior of tumor cells, which is important for colorectal
carcinoma invasion and metastasis. During the progression
of colorectal carcinoma, TIMP-2 plays a double role. On
the one hand it inhibits MMP-2 activity, on the other hand,
it is necessary for MMP-2 activation as a major cofactor, which
has been reported in several studies[7,8]. In order to expand
the growing space, colorectal carcinoma needs to enhance
the MMP-2 activation and keep the ECM environment suitable
for tumor cells, which must depend on TIMP-2 as a cofactor.
In a word, the increase of TIMP-2 expression in the late
stage of colorectal carcinoma predicts a worse prognosis.
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Abstract
AIM: To investigate the killing effect and radiosensitization
of double suicide gene mediated by adenovirus on colorectal
carcinoma cells.
METHODS: Colorectal carcinoma cell line SW480 was
transfected with adenovirus expression vector containing
cytosine deaminase (CD) and thymidine kinase (TK) fusion
gene. The expression of CD-TK fusion gene was detected
by reverse transcriptase-polymerase chain reaction. The
toxic effect of ganciclovir (GCV) and 5-fluorocytosine (5FC) on infected cells was determined by MTT assay. The
radiosensitization of double suicide gene was evaluated
by clonogenic assay.
RESULTS: After prodrugs were used, the survival rate of
colorectal carcinoma cells was markedly decreased. When
GCV and 5-FC were used in combination, the cytotoxicity
and bystander effect were markedly superior to a single
prodrug (2 = 30.371, P<0.01). Both GCV and 5-FC could
sensitize colorectal carcinoma cells to the toxic effect of
radiation, and greater radiosensitization was achieved
when both prodrug were used in combination.
CONCLUSION: CD-TK double suicide gene can kill and
radiosensitize colorectal carcinoma cells.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Colorectal carcinoma is one of the most frequent and lifethreatening diseases throughout the world, especially in
developed and industrialized countries [1]. Despite the
improvements in surgery, radiotherapy and chemotherapy,
the overall 5-year survival is around 50%[2] . Therefore,
interest has been in the development of new treatment
modalities due to the significant limitations of currently used
local and systemic therapies for colorectal carcinoma. Gene
therapy is a promising new treatment which can be used in
combination with existing therapies[3]. The most extensively
used strategy is suicide gene therapy. The suicide genes are
those that have the ability to convert a nontoxic prodrug
into a toxin within tumor cells when they are introduced
into tumor cells[4]. Two of the best characterized genes are
herpes simplex virus thymidine kinase (TK) gene and
Escherichia coli cytosine deaminase (CD) gene. The enzyme
TK efficiently phosphorylates nucleoside analogs such as
GCV, and phosphorylated products interact with DNA
polymerases, causing an arrest of DNA synthesis and
fragmentation and thereby leading to cell death[5,6]. The CD
gene is present in many bacteria and fungi but not in
mammalian cells. The enzyme CD can convert the relatively
non-toxic prodrug 5-FC to 5-flurouracil (5-FU), a metabolite
highly toxic to mammalian cells[7,8]. Both TK and CD have
been shown not only to kill transfected cells but also to exert
toxic effect on neighboring cells, the so called “bystander
effect”[9,10]. This is the phenomenon by which small molecules
such as active drug metabolites are able to pass between
cells so that untransfected cells are subjected to the same
effects as those expressing the transgene. It has been shown
that experimental tumors can be completely eradicated by
cytotoxic gene therapy when only a proportion of the cells
have taken up and expressed the relevant gene[11,12].
However, there are contradictions existing about double
suicide gene therapy. For example, single suicide gene
systems employing TK or CD may be preferable over
combinations of the two[13]. In order to develop a protocol
for an effective prodrug gene therapy of colorectal
carcinomas, we used adenovirus-mediated gene delivery
vectors to investigate whether CD-TK fusion gene systems
could be combined to produce synergistic antitumor effects
and whether CD-TK fusion gene systems could increase
radiosensitization on colorectal carcinoma.
MATERIALS AND METHODS
Cell lines and culture conditions
Human colorectal adenocarcinoma SW480 and human
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embryonic kidney (HEK) 293 cells obtained from American
Type Culture Collection (ATCC) were cultured in Dulbecco’s
modified Eagle’s medium (DMEM) supplemented with 10%
heat-inactivated fetal bovine serum. All cells were grown in
50 mL/L CO2 humidified atmosphere at 37 ℃.
Generation of CD-TK adenoviral vector
Adenoviral backbone vector pAdEasy-1 and shuttle vector
pAdTrack-CMV-CD/TK were generous gifts of Cancer
Research Institute in Xiangya Medical School of Central
South University. Adenoviral vector was generated based
on the principle of He et al[14]. Briefly, pAdEasy-1 plasmid
was transformed into competent BJ5183 bacteria to generate
pAdeasy-1 bacteria. pAdtrack-CMV-CD/TK plasmid was
linearized with PmeI and transformed into competent
pAdeasy-1 bacteria prepared by CaCl2 method to generate
recombinant CD-TK adenoviral plasmid. HEK293 cells
were transfected by lipofectamine with recombinant
adenoviral plasmid which was linearized with PacI.
Transfected cells were monitored for green fluorescent
protein (GFP) expression and collected 7-10 d after
transfection. After three consecutive freeze-thaw cycles, the
virus was collected from supernatant. The titer of the virus
was determined by plaque assay using HEK293 cells, and
expressed as plaque-forming units (PFU). The presence of
CD-TK fusion gene in recombinant adenoviral plasmid and
viral DNA was identified by PCR with forward primer (5’GTGAATTCAGGCTAACAGTGTCGAATAACGCT-3’)
and reverse primer (5’-TCCTTGCGTGTTTCAGTTAGCCTC-3’).
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Radiosensitivity assays
SW480 and SW480/CD-TK cells were plated in six-well
tissue culture plate and allowed to adhere overnight. Then
the medium was replaced by a fresh medium containing
100 g/mL of 5-FC or 10 g/mL of GCV or both. After
48 h, cells were exposed to a single dose of X-irradiation
(0-6 Gy). Clonogenic survival was determined by counting
crystal violet-stained clones 14 d after treatment. Cytotoxicity
was assessed using cell survival curve.
Statistical analysis
All experiments were repeated at least three times, and SD
or standard error (SE) was calculated. 2 test was used to
analyze the data of in vitro cytotoxicity and bystander effect
assays. Survival curves were fit using SPSS 10.0 software.
Statistical analysis and data fitting of radiosensitivity assays
were performed using GraphPad Prism 4.02. A two-sided
t-test was used to compare the means between sample groups.

RESULTS
Recombinant adenoviruses containing CD-TK gene
HEK293 cells were transfected with the recombinant
adenoviral CD-TK plasmid linearized with PacI. After 3
days, 30% of cells expressed green fluorescent protein (GFP)
under fluorescence microscope (Figure 1). After three
consecutive freeze-thaw cycles, the titer of adenoviruses
was 1×1012 pfu/mL by plaque assays. We used the recombinant
CD-TK adenoviral plasmid and adenoviral DNA as
templates to amplify CD-TK fusion gene. The result showed
that the CD-TK fusion gene was present (Figure 2).

Transfer of HSV-TK gene to colorectal carcinoma cells
SW480 cells were plated one day prior to infection and
infected with adenovirus at the desired MOI for 1 h at
37 ℃, followed by the addition of growth media. In order
to confirm the successful infection, RT-PCR was performed
according to the manufacturer’s protocol (Promega Corporation).
In vitro cytotoxicity assays
A total of 1×104 infected (SW480/CD-TK) or non-infected
cells (SW480) were plated per well into a 96-well tissue culture
plate and allowed to adhere overnight. For prodrug treatment,
medium was removed and replaced by a fresh medium
containing 5-FC or GCV or both of them in different
concentrations. Seventy-two hours later, cell survival rate
was determined using routine MTT-method and absorbance
value (optical density, A) was read on a BioRad plate reader
at 570 nm wavelength. All experiments were performed at
least in triplicate. Survival rate was determined by ratios of
absorbance values from test conditions over absorbance
values from non-infected cells. Survival rate = (A value of
the test well/A value of the control) ×100%.
Bystander effect assays
SW480 and SW480/CD-TK cells were seeded at a density
of 5×10 3 cells/well in 96-well plates with proportion of
1:1. GCV and 5-FC were added at a concentration of 10
and 100 g/mL, respectively. Then routine MTT assay
was performed and assays were tested at least thrice.

Figure 1 Green fluorescent protein expression of HEK293 cells transfected with
recombinant adenoviral CD-TK plasmid under fluorescence microscope (×100).
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Figure 2 One percent gel electrophoretogram of PCR product (2 500 BP). M:
Marker; lane 1: recombinant CD-TK adenoviral plasmid; lane 2: recombinant
adenoviral DNA.
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Figure 3 A: One percent agarose gel electrophoresis of total RNA from SW480
and SW480/CD-TK cells. Lane 1: SW480/CD-TK cells; lane 2: SW480 cells; B:
Expression of CD-TK gene in SW480 and SW480/CD-TK cells by RT-PCR. M:
Hind III marker; lane 1: SW480/CD-TK cells; lane 2: SW480 cells.

Cytotoxicity of double suicide gene treatment
To determine whether double prodrugs could enhance the
cytotoxicity of suicide gene in vitro, SW480 cells were
infected with the recombinant adenovirus containing CDTK fusion gene and their sensitivity to prodrugs was
compared using MTT assays. As shown in Figure 4, both
prodrugs yielded killing effects on SW480/CD-TK cells
in a concentration-dependent manner. The sensitivity of
SW480/CD-TK cells to 5-FC+GCV was greater than that
to 5-FC or GCV alone (2 = 30.371; P<0.01). To achieve
the equal killing effect, lower doses of 5-Fc+GCV should
be used. These results demonstrated that double prodrug
therapy was superior to a single prodrug. From Figure 5,
we found that both GCV and 5-FC had no significant
effects on non-infected SW480 cells compared to the control
(2 = 6.540; P>0.05).

100

% survival
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0

( 0)
(0.8) .00 (1.6) .00 (3.2) 0.00 (6.4) .00 (12.8)
0.00
20.00
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16
320

5-FC (GCV) concentration (g/mL)

▲

▲

Figure 4 Sensitivity of SW480 and SW480/CD-TK cells to GCV or 5-FC or both
of them ■SW480/CD-TK+ GCV+5-FC; ●SW480/CD-TK+ GCV; ◆SW480/
CD-TK+5-FC; SW480+ GCV; SW480 +5-FC; ▲SW480+ GCV+5-FC; ▼
SW480 (Control).

Bystander effect
SW480/CD-TK cells exhibited a bystander effect when
mixed with non-infected SW480 cells. The results showed
that the cell inhibitory rate was 75.3±6.8% when both
prodrugs were used. The inhibitory rate was 39.3±5.4%
and 32.6±6.3%, respectively when 5-FC or GCV was added
alone, demonstrating that 5-FC and GCV could be combined
to achieve synergistic effect (Figure 5).
Radiosensitization of SW480/CD-TK cells
For radiocytotoxicity studies, SW480/CD-TK cells were
treated with fixed concentrations of 5-FC or GCV alone or
both for 48 h prior to irradiation. The SERSF2 of SW480/
CD-TK cells was 1.86 for GCV, 2.96 for 5-FC and 5.05
for both GCV and 5-FC, respectively. Although GCV or 5FC alone sensitized the tumor cells to radiation, 5-FC and
GCV in combination had a more radiosensitizing effect than
a single prodrug (P<0.01).

100
Survival fraction

Identification of CD-TK fusion gene expression in colorectal
carcinoma cells
Total RNA extracted from SW480 and SW480/CD-TK
cells was confirmed to have no degradation by agarose gel
electrophoresis (Figure 3A). RT-PCR detection of CD-TK
gene expression in SW480 and SW480/CD-TK cells is shown
in Figure 3B. SW480/CD-TK cells infected with recombinant
adenovirus expressed CD-TK gene.
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Figure 5 Effects of 5-FC and GCV on radiosensitization of SW480/CD-TK
cells.

DISCUSSION
Insertion of genes that activate pro-drugs to produce
cytotoxity in tumor cells is considered as a potential therapeutic
strategy for cancer treatment. As demonstrated before,
double suicide gene therapy is important in controlling tumor
growth, reducing cell survival and eradicating tumors such
as gliosarcoma[15], mammary adenocarcinoma[16], pancreatic
cancer, prostatic[17] and ovarian cancer[18]. We transferred
CD-TK fusion gene into human colorectal carcinoma and
investigated the in vitro efficacy of single and combined
prodrugs. The results showed that CD-TK fusion gene had
a killing effect on colorectal carcinoma. Although each single
prodrug effectively kills tumor cells, prodrugs in combination
could have a more powerful killing effect (P<0.01). In
addition, the advantage of combined prodrugs can also be
appreciated by reduction of dose. Taken together, our study
demonstrated that strong synergism occurred when tumor
cells expressing CD-TK fusion gene were treated with 5FC and GCV in combination.
Our study also found that SW480/CD-TK cells exhibited
a bystander effect when 5-FC and GCV were used alone or
in combination. The bystander effect represents the ability
of tumor cells expressing a prodrug-activating enzyme to
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eradicate neighboring nontransduced tumor cells following
prodrug treatment[19,20] . We found that improvement in
bystander effect was achieved by double prodrugs. In
culture, the bystander effects of these prodrugs probably
result from transfer of active metabolites of prodrugs from
enzyme-expressing cells to nontransduced tumor cells, either
by facilitating diffusion in the case of 5-FC or through gap
junctions or apoptotic vesicles in the case of GCV[19,21-23].
The synergy bystander of double prodrugs is important
especially in in vivo gene therapy, because it can decrease
the disadvantage of low gene transfer efficiency and augment
the antitumor effect of suicide gene[24].
In humans, treatment of advanced tumors usually
requires a more rigorous approach, involving several different
modalities. In this regard, we explored the possibility that
combining suicide gene therapy with radiation therapy might
result in enhanced cytotoxicity, thereby providing a more
effective means of eliminating tumor. Our results demonstrated
that suicide gene therapy could sensitize tumor cells to
radiation therapy. 5-FC and GCV could independently
potentiate the killing effects of radiation. Even greater
radiosensitivity was observed when both prodrugs were used
in comparison with a single prodrug. The advantage of this
approach is that it is possible to decrease radiation dose and
minimize damage to normal tissues[25]. Suicide gene therapy
and radiotherapy produce a synergistic effect and make the
combined therapeutic effect even greater[26].
Although current gene therapy techniques are potentially
powerful therapeutic tools, practical clinical application of
these techniques remains to be studied[27]. One of the ratelimiting factors affecting gene therapy is the development
of a safe and reliable vector that can insert the desired
gene into the target[28]. Adenoviral vectors can facilitate highly
efficient transfection of therapeutic genes into tumor cells.
Adenovirus has several characteristics that make it ideal
for use in tumor gene therapy. For example, since adenovirus
can be efficiently delivered into replicating or nonreplicating
cells of epithelial origin, it may be ideal for in vivo systemic
therapy. The safety of adenoviral gene therapy vectors has
been proved in human trials[29]. In conclusion, CD/5-FC
and TK/GCV can enhance radiosensitization of colorectal
carcinoma.
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Abstract
AIM: To investigate the viral and host causes of fatty liver
in chronic hepatitis B patients and the role of fat deposits
in liver damage.
METHODS: A total of 164 patients (113 males and 51
females, average age 35±11.3 years, and range 10-62 years)
with previously untreated chronic hepatitis B were included
in the study. The patients were divided into two groups
depending on the result of liver biopsy: group without
steatosis (100 patients with <5% hepatosteatosis) and
group with steatosis (64 patients with >5% hepatosteatosis).
The groups were compared in terms of gender, body
mass index (BMI), liver enzymes (ALT, AST, ALP, GGT),
cholesterol, triglyceride, HBeAg, viral load, and histological
findings. In the group with steatosis, the patients were
subdivided depending on the degree of steatosis into mild
group (45 patients with 5-24% steatosis), and severe
group (19 patients with >25% steatosis).
RESULTS: In the group of chronic hepatitis B with
steatosis, the mean age, BMI, cholesterol, and triglyceride
levels were significantly higher than those in the group
without steatosis (P<0.05). Steatosis was found in 53
(46.9%) of male patients and 11 (22%) of female patients
(P<0.05). No significant difference was found in the
positivity of ALT, AST, ALP, GGT, HBeAg, viral load,
histological activity index (HAI) and stage between the
two groups (P>0.05). In the group with severe steatosis,
the BMI was significantly higher than that in the group with
mild steatosis (P<0.05). No significant difference was found
in the other parameters between the groups (P>0.05).
CONCLUSION: Steatosis in chronic hepatitis B appears
to be a result of metabolic factors of the host rather than
the effect of viruses. Steatosis is unrelated to the HAI and
degree of fibrosis, which are considered as the histological
indicators of liver damage.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatosteatosis is defined as fat deposition in the liver that
exceeds 5% of the total weight of liver, or with more than
5% of hepatocytes containing fat deposits under light
microscopic examination[1]. It occurs under several disease
states. The most common causes are alcohol, metabolic
diseases, drugs, and nutritional disorders.
Chronic hepatitis C and hepatosteatosis have been shown
to occur together often. It is thought that the hepatosteatosis
of chronic hepatitis C is associated with the effects of viruses.
In these patients, fat deposition appears to be an augmenting
factor in liver damage[2-5].
In the literature, few data is available on the role of
chronic hepatitis B, which forms an important disease group
in hepatology, in steatosis. Some hepatitis C viruses are
termed steatovirus[6,7] . No important study investigating
the relationship between chronic hepatitis B and fatty liver
and the effect of steatosis on the course of the disease is
available.
In this study, whether the cause of fatty liver in chronic
hepatitis B patients who received no previous treatment is
due to viral or host factors and the role of fat deposition in
liver damage were investigated.
MATERIALS AND METHODS
The study included 164 patients in 1997-2002 with the
diagnosis of chronic hepatitis B (positive for HBsAg, elevated
transaminase levels for at least 6 mo, and histopathological
findings) who received no antiviral treatment. The following
patients were excluded from the study. Those receiving
antiviral treatment before the study, those on hepatotoxic
drug treatment, those consuming alcohol regularly or
excessively, those diagnosed of cirrhosis, anti-HCV or
anti-Delta positive patients, those diagnosed as having
autoimmune or other metabolic liver diseases. The height
and weight of all patients were determined and the body
mass index (BMI) was calculated. Based on the BMI, the
patients were classified as normal (BMI = 18.5-24.9), over
weight (BMI = 25-29.9), obese (BMI = 30-34.9), or extremely
obese (BMI = 35-39.9). Liver function, blood glucose,
cholesterol and triglyceride levels of each patient were also
determined. For each patient HBsAg, HBeAg (Abbot
Laboratories, North Chicago, IL, USA) were measured and

Altlparmak E et al. Causes of steatosis

3057

HBV DNA was determined by PCR (Amplicor, Roche).
The viral load was measured by hybridization (Hybrid
Capture Assay, Digene, USA) in 122 patients.
Liver biopsy was perfor med on each patient.
Determination of the histological activity index (HAI) and
staging of the biopsy materials were done according to the
Knodell’s classification [8]. HAI was scored as portal
inflammation (0-4), lobular degeneration (0-4), and periportal
necrosis (0-10). According to the degree of fibrosis, staging
was made from 0 to 4 (0: no fibrosis, I: mild, II: moderate,
III: severe, IV: cirrhosis). In the classification of steatosis
less than 5% was considered normal, 5-25% as mild, greater
than 25% as severe fat deposition.
Statistical analysis
Kruskall-Wallis variance analysis, Mann-Whitney U tests and
the 2 tests were performed.

RESULTS
The 164 chronic hepatitis B patients included in the study
were subdivided into group with and without steatosis
according to the findings of the liver biopsy materials. One
hundred patients had no steatosis, while 64 had steatosis.
Fifty-one of the patients were females and 113 were males.
The mean age was 35±11.3 years (range 10-62 years). Eleven
of female patients (22%) and 53 (46.9%) of the male
patients were found to have steatosis. The difference was
statistically significant (2: 9.67; P<0.05).
The average age, BMI, cholesterol and triglyceride level
in the group with steatosis were found to be significantly
higher than those in the group without steatosis (P<0.05).
The differences in the average AST, ALT, ALP, GGT and
viral load values showed no statistical significance (P<0.05).
The group of patients without steatosis according to
the degree of fibrosis showed that 30 (30%) patients were
of stage 0, 50 (50%) of stage 1, 7 (7%) of stage 2, and 13
(13%) of stage 3. In the patients with steatosis, however,

Table 1 Comparison of groups according to demographic features

Age (yr)
BMI

Steatosis (–)
n = 100

Steatosis (+)
n = 64

33.23±11.70
25.25±3.93

37.90±10.09
27.75±3.70

Sex (female, %)

40 (78)

11 (22)

(male, %)

60 (53.1)

53 (46.9)

a

P
0.006a
0.000a
0.008a

24 (37.5%), 29 (45.3%), 3 (4.7%), and 8 (12.5%) of the
patients were of stages 0, 1, 2, and 3, respectively. The
difference between them was not statistically significant
(²: 1.19; P>0.05). Examination of the group without
steatosis according to the HAI revealed 16 (16%) patients
to be of HAI 1 [Knodell score (KS) 0-3], 48 (48%) of HAI
2 (KS 4-8), 23 (23%) of HAI 3 (KS 9-12) and 13 (13%)
of HAI 4 (KS 13-18). In the group with steatosis, however,
the corresponding number was 7 (10.9%), 34 (53.1%), 16
(25%), and 7 (10.9%), respectively. The differences between
the groups were not statistically significant (²: 1.12; P>0.05).
Of the 164 patients, 106 were found to be HBeAg (-)
and 58 HBeAg (+). Steatosis was discovered in 17 (29.3%)
of those with HBeAg (+) and in 46 (44.3%) of those with
HBeAg (-). The difference between the two groups was not
statistically significant (²: 3.55; P>0.05). The findings are
summarized in Tables 1-3 and in Figure 1.
mg/dL
200
150
100
75
50
25
0

Table 3 Comparison of groups according to virological and histopathological features

HBV DNA

76.50±56.14
131.62±109.39

P

70.04±54.61
113.45±68.19

0.469
0.686

GGT

39.67±38.27

44.29±35.33

0.139

ALP

175.08±75.53

173.39±65.68

0.834

Cholesterol
Triglyceride

162.20±38.58
102.50±44.66

184.89±34.54
133.67±65.96

0.000a
0.004a

a

P<0.05 difference is statistically significant.

Triglyceride

The presence of diabetes mellitus or a history of alcohol
was considered as a risk factor in the patients. Based on
this, 23 patients were found to carry the risk factor, 141
patients did not carry this risk.
Although steatosis was found in 12 (52.2%) patients
among those with risk factors, and in 52 (36.9%) of those
without the risk factors, the difference between the groups,

Table 2 Comparison of groups according to biochemical features

AST
ALT

Cholesterol

Figure 1 Comparison of cholesterol and triglyceride levels of groups with and
without steatosis (P<0.05).

HBeAg

Steatosis (+)
n = 64

Steatosis (+)

125

Steatosis (-)
n = 100, %

P<0.05 difference is statistically significant.

Steatosis (–)
n = 100

Steatosis (-)

175

Steatosis (+)
n = 64, %

P
0.059

(–)

58 (58.6)

46 (73)

(+)

42 (41.4)

17 (27)

9 (12.2)

12 (25)

65 (87.8)

36 (75)

(–)
(+)

0.067

Viral load

(pg/mL) 1 628.24±2 944.29

781.55±1 292.36

0.063

Stage

0
1

30 (30)
50 (50)

24 (37.5)
29 (45.3)

0.754

2

7 (7)

3 (4.7)

3

13 (13)

8 (12.5)

0–3
4–8

16 (16)
48 (48)

7 (10.9)
34 (53.1)

9–12

23 (23)

16 (25)

13–17

13 (13)

HAI

7 (10.9)

0.772
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however, was not statistically significant (²: 1.94; P>0.05).
The 164 patients admitted into the study were subdivided
into three groups depending on the biopsy findings: group
without steatosis (<5%), group with mild steatosis (5-25%),
and group with advanced degree steatosis (>25%). There
were 100 patients without steatosis, 45 with mild steatosis,
and 19 with advanced degree steatosis. Comparison of the
three groups in terms of the mean AST, ALT, ALP, GGT
and viral load values showed no statistically significant
differences (P>0.05). In terms of the mean age, BMI,
cholesterol and triglyceride levels, statistically significant
differences were observed between the groups (P<0.05).
Comparison of the groups in pairs revealed significantly
higher values in BMI and cholesterol levels in the group
with mild steatosis than in those without steatosis (P<0.05).
In the group with advanced degree steatosis, the BMI,
triglyceride and cholesterol levels were found to be
significantly higher than those in the group without steatosis
(P<0.05). The BMI in the group with advanced degree
steatosis was found to be significantly higher than that in
the group with mild steatosis (P<0.05, Figure 2).
kg/m2
30

27.75
25.25

Steatosis (-)

25
Steatosis (+)

20
15
10
5
0
BMI

Figure 2 Comparison of BMI of groups with and without steatosis (P<0.05).

DISCUSSION
Viral hepatitis steatosis is thought to be associated with
chronic hepatitis C. Steatosis in chronic hepatitis C has been
postulated to be associated with the effects of the viruses
rather than an immunological response. We, therefore, in
our own study, tried to investigate the relationship between
chronic hepatitis B virus, another viral agent causing chronic
liver diseases, and steatosis. In the end, it was concluded
that steatosis in chronic hepatitis B was independent of the
viral effect.
In chronic liver diseases other than chronic hepatitis C,
no study showing the relationship between steatosis and the
disease is available. In these diseases steatosis has been
thought to be a different independent pathological entity[9,10].
A study reports that chronic hepatitis B has occurred
concurrently with steatosis in 27% of patients[11]. In another
study, patients with hepatitis C and B in terms of risk factors
were compared, and steatosis was found to occur more
frequently in chronic hepatitis C[12]. Unfortunately, the
number of chronic hepatitis B patients with steatosis in this
study was rather very small.
Some studies, demonstrating the association between
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steatosis and chronic hepatitis B, described the viruses as
“fibroviruses” in some patients and as “steatoviruses” in
others[6,7]. One of these studies included patients with relapse
of chronic hepatitis B after liver transplantation. This is an
interesting study in view of the fact that it was able to
compare the histopathological findings of uninfected liver
before transplantation and after exposure to the viruses
after transplantation[6].
In our study genotyping of the virus could not be
conducted due to the combined economic constraints,
inadequate laboratory facilities and the fact that this
procedure was not yet done routinely. It has been reported
that chronic hepatitis C steatosis is associated with some
HCV genotypes[2]. There could have been the chance of
defining some of the viruses as exhibiting “steatoviruses”
based on genotyping.
Steatosis often occurs in some conditions and diseases
such as obesity, hyperlipidemia, alcohol consumption and
diabetes mellitus. In this study, steatosis was found to be
associated with obesity and hyperlipidemia. The BMI was
the only factor that was related to the degree of steatosis in
a linear fashion. Whereas in some studies this linear
relationship between the BMI and degree of steatosis was
mentioned[13], other studies showed the opposite[14]. On this
issue, the distribution of body fat rather than the quantity
should be the determinant [15]. This might explain why
steatosis was observed to be associated with the male gender
in this study. It has been reported that steatosis is highly
associated with the female gender[13,16]. Some recent studies
describe equal rates[17]. In our study, the observation that
steatosis showed an increase with advancing age is in
agreement with what was reported in literature[18].
It was reported that steatosis was a promoting factor
for liver damage in HCV infections[2,3]. The effect of steatosis
on histopathological damage in chronic hepatitis B is
unknown. In our study, no relationship was established
between liver damage and steatosis in chronic hepatitis B.
In conclusion, steatosis in chronic hepatitis B seems to
be a result of metabolic causes attributable to the host rather
than the effect of the viruses.
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Abstract
AIM: To express the complete PreS region of HBV in

E.coli with good solubility and stability, and to establish
an effective method for purification of the recombinant
PreS protein.
METHODS: The complete PreS region (PreS1 and PreS2)
was fused into a series of tags including glutathione Stransferase (GST), dihydrofolate reductase (DHFR),
maltose binding protein (MBP), 6× histidine, chitin binding
domain (CBD), and thioredoxin, respectively. Expression
of recombinant PreS fusion proteins was examined by
SDS-PAGE analysis and confirmed by Western blot. Two
fusion proteins, thio-PreS, and PreS-CBD, with desirable
solubility and stability, were subjected to affinity purification
and further characterization.
RESULTS: Recombinant PreS fusion proteins could be
synthesized with good yields in E.coli. However, most of
these proteins except for thio-PreS and PreS-CBD were
vulnerable to degradation or insoluble as revealed by SDSPAGE and Western blot. Thio-PreS could be purified by
affinity chromatography with nickel-chelating sepharose
as the matrix. However, some impurities were also copurified. A simple freeze-thaw treatment yielded most of
the thio-PreS proteins in solution while the impurities were
in the precipitate. Purified thio-PreS protein was capable of
inhibiting the binding of HBV virion to a specific monoclonal
antibody against an epitope within the PreS1 domain.
CONCLUSION: Increased solubility and stability of the
complete PreS region synthesized in E.coli can be achieved
by fusion with the thioredoxin or the CBD tag. A simple
yet highly effective method has been established for the

purification of the thio-PreS protein. Purified thio-PreS
protein likely assumes a native conformation, which
makes it an ideal candidate for studying the structure of
the PreS region as well as for screening antivirals.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Virally encoded small (HBs), middle (MHBs), and large
(LHBs) surface proteins together with cellular phospholipids
form the envelope of HBV virion. These proteins are
translated from distinct initiation codons, but share a
common reading frame and stop codon. The HBs protein
contains 226 amino acids and is the major component of
the viral envelope. The MHBs protein has 55 extra amino
acids (PreS2) located to the N-terminal of HBs and the
LHBs protein carries an additional 119 amino acid (or 109
amino acids depending on the viral subtype, PreS1) Nterminal extension with respect to the MHBs protein[1]. All
envelope proteins are co-translationally inserted into the
endoplasmic reticulum (ER) membrane directed by the
topogenic elements in HBs[2,3].
LHBs protein plays pivotal roles in infection and budding
processes during the HBV life cycle. The N-terminal PreS
region of the LHBs protein can adopt one of two topological
conformations depending on whether it undergoes a
posttranslational translocation. Thus, LHBs proteins in
virions exhibit a mixed population with their PreS region
(PreS1 and PreS2) located either inside or outside of viral
envelopes[2,3]. Encapsidation of viral nucleocapsids and
secretion of mature viral particles require LHBs proteins
with cytoplasmic PreS region[4-8]. A stretch of amino acids
across the PreS1 and the PreS2 is thought to be involved in
the interaction with the cytosolic nucleocapsid before the
budding event[7,8]. During the infection process, externally
exposed PreS region may mediate the binding of virion to
a putative cellular receptor [9,10]. Amino acids 21-47 of the PreS1
domain likely bear the major epitope for cell attachment[9-11].
Given its important functional role in the HBV life cycle
and being a potential target for the development of novel
antivirals, efforts have been made to express the PreS region
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for structural analysis, however, with little success. To date,
the PreS region synthesized in E.coli is either insoluble or
quickly degraded[12-14] . Nunez et al [12] , produced the PreS
region fused with a 6× histidine (6× His) tag that is largely
insoluble. Purification of the His-tagged PreS protein under
non-denaturing condition failed owing to a severe proteolysis.
Structure analysis is difficult due to the fragile nature of
the PreS region synthesized in E.coli after denature-renaturing
cycles. Study with UV-CD spectra indicates that almost half
of the proteins display non-ordered conformations[12], which
may reflect an inherent instability of the PreS region or the
improper folding of the recombinant PreS region. Alternative
ways have been adopted to synthesize partial regions of
PreS[15,16] . However, it is not clear whether these partial
regions retain their original structures.
In this study, we fused the PreS region with different
tags respectively and studied the expression of these PreS
fusion proteins in E.coli, in the hope of stabilizing the PreS
region by a structurally linked tag. We observed increased
solubility and stability of the PreS fused with the thioredoxin
or the CBD tag. We have further established a simple yet
highly effective method for purification of thio-PreS. The
thio-PreS protein purified with this method is capable of
inhibiting the binding of viral particle to a PreS1-specific
monoclonal antibody.

MATERIALS AND METHODS
Plasmid construction
Primers (PreS-forward: 5’-ATGGGAGGTTGGTCTTCCAAAC-3’; PreS-reverse: 5’-GTTCGGTGCAGGGTCCCCAGTC-3’) with adaptors harboring appropriate restriction
endonuclease sites were used to amplify the fragment
encoding the PreS region from the p3.6II plasmid[17,18] that
contains a terminally redundant HBV genome (subtype
adr-1). After digestion with appropriate enzymes, the PCR
product was inserted into several prokaryotic expression
vectors, respectively. Expression vectors used in this study
were pET28a+ (Novagen), pQE40 (Qiagen), pMalC2x
(NEB), pGEX2T (Pharmacia), pThioHisA (Invitrogen), and
pTXB1 (NEB) (Figure 1). Clones containing correct inserts
were verified by sequencing (Bioasia, Shanghai).

Vectors

1aa

pET28 (+)

6X His

pET28 (+)
pQE-40
pMAIC2
pGEX2T
pThioHisA
pTXB1

DHFR
MBP
GST
Thio
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Expression was induced by IPTG for 4 h at room temperature.
Optimized IPTG concentrations were 0.1 mmol/L for
DHFR-PreS, 1 mmol/L for thio-PreS, and 0.3 mmol/L
for other fusion proteins. Bacteria were harvested and
resuspended in PBS with 1 mmol/L EDTA and 100 mmol/L
PMSF. Lysates were prepared by sonication on ice and
centrifuged before further SDS-PAGE analysis.
Purification of fusion proteins
Purification of PreS-CBD was performed with chitin
resin (NEB) according to the manufacturer’s instructions.
PreS-CBD coupled on the resin was subjected to an intermediated self-cleavage, induced by incubation overnight with
50 mmol/L DTT in PBS at 4 ℃. Purification of thio-PreS
was performed with ProBondTM nickel-chelating sepharose
resin (Invitrogen), taking advantage of a conformational
His-Patch motif within the thioredoxin tag. Supernatant of
the bacteria lysate was mixed with the resin and rocked
gently. The resin was washed thoroughly with PBS, followed
by a stringent wash with five column volumes of wash
buffer (500 mmol/L NaCl, 5 mmol/L imidazole, 20 mmol/L
phosphate, pH 6.0) at a flow rate of 1 mL/min. Recombinant
proteins were collected in 2.5 column volumes of elution buffer
(500 mmol/L NaCl, 250 mmol/L imidazole, 20 mmol/L
phosphate, pH 6.0). Impurities were removed by centrifugation
of the thawed sample having undergone an overnight freeze
at -70 ℃. Purified proteins were subjected to desalting
with Sephadex G25 (Pharmacia). Protein concentration was
determined by the Bradford assay.
Virus capture assay
125E11 [19,20] is a monoclonal antibody against PreS1. For
virus capturing, the antibody was immobilized on a
microplate (Nunc) in carbonate buffer. PBS diluted sera
of HBV patients (provided by Ruijin Hospital, Shanghai)
were added at 106 infectious virions per well and incubated
for 1 h at room temperature. HBV virions were then detected
with HRP conjugated anti-HBs antibody (Sino-America
Biotech) and subjected to TMB developed color reaction.
The optical density values were measured at 450 nm (A450)
with an automatic photometer (Bio-rad). For competitive
binding assays, different amount of purified thio-PreS, or
thioredoxin as the control, was added to the diluted sera
prior to virus capturing.

Expression products

174aa
6X His
preS

PreS-His

preS

His-PreS

preS
preS

DHFR-PreS

preS

GST-PreS

MBP-PreS

preS

Thio-PreS

preS

intein-CBD CBD-PreS

Western blot
Western blot analyses of PreS fusion proteins were
performed according to a standard method[21]. Supernatants
of the expression lysates were separated on SDS-PAGE,
and transferred to nitrocellulose filters. 125E11 (1:1 000)
was used as the primary antibody for PreS detection. Blots
were developed using the ECL method (PerfectBio) with
HRP-labeled rabbit anti-mouse Ig (1:2 000, Dako).

Figure 1 Diagram of various PreS fusion proteins.

Expression of fusion proteins
E.coli Top10 (F’) strain was used for the expression of
DHFR-PreS and thio-PreS while the BL21 (DE3) strain
was used for the expression of other fusion proteins.

RESULTS
Construction and expression of PreS fusion proteins
A series of prokaryotic expression vectors (Figure 1) were
employed to construct PreS expression plasmids. The DNA
fragment encoding the PreS region of HBV was amplified

3062

A

ISSN 1007-9327

ku
96
65
43

M

1

2

3

4

CN 14-1219/ R

B

M

1

World J Gastroenterol
2

C

96

ku
96
65

65

43

43

32

32

22

ku

M

1

May 28, 2005
2

D

3

ku
96
65

Volume 11
M

1

Number 20

2

3

43

32
32

22
14

22

Figure 2 SDS-PAGE of the PreS fusion proteins. A: His-tagged PreS. Lanes 1
and 2: His-PreS; lanes 3 and 4: PreS-His; lanes 1 and 3: supernatants of the
E.coli lysate; lanes 2 and 4: insoluble pellets; B: MBP-PreS. Lane 1: bacteria
lysate without IPTG induction; lane 2: supernatant of the bacteria lysate after
IPTG induction. The 60 kD intact protein and degradation products of MBP-PreS
are indicated with triangles; C: thio-PreS. Lane 1: bacteria lysate without IPTG

induction; lane 2: whole lysate after IPTG induction; lane 3: supernatant of the
E.coli lysate after IPTG induction; D: PreS-CBD. Lane 1: bacteria lysate without
IPTG induction; lane 2: PreS-CBD in the supernatant of the bacteria lysate after
IPTG induction; lane 3: Purified PreS-CBD coupled to the chitin resin. Molecular
weight marker is denoted as M in all figures.

by PCR and inserted into these vectors respectively. 6×
His tag was fused to either the N-terminal or the C-terminal
of PreS. The CBD tag was joined to the C-terminal of
PreS by an intein (Figure 1). Other tags (GST, DHFR, MBP,
and thioredoxin) were located at N-terminal respectively.
SDS-PAGE was performed to examine the synthesis of
fusion proteins. His-tagged PreS fusion proteins were insoluble,
though fairly high yields were achieved (Figure 2A). GSTPreS was found in soluble fraction of the bacteria lysate.
However, severe degradation was obvious. Even worse
degradation was observed with DHFR-PreS (data not
shown). Previous studies by Cho et al[14], suggested a more
stable recombinant product of MBP fused PreS. In our
study, however, moderate proteolysis still occurred. Besides
the full-length 60 ku protein, other bands with a smaller
molecular weight were observed as indicated on SDS-PAGE,
probably represented degraded proteins (Figure 2B). On
the contrary, thio-PreS showed an excellent stability in solution
(Figure 2C) with a high yield reaching about 0.2-0.5 mg per
ml of the bacteria culture. Similarly, PreS-CBD was found
predominantly in the supernatant of the bacteria lysate, and
importantly, without any obvious degradation by SDSPAGE analysis (Figure 2D).

nickel chelating sepharose. Proteins were eluted with a buffer
containing imidazole at different concentrations. An elution
buffer containing 250 mmol/L imidazole, 500 mmol/L
NaCl and 20 mmol/L sodium phosphate, pH 6.0, gave an
optimized elution of thio-PreS. However, some impurities
were apparently present even under a highly stringent wash
condition. We also tried the resin of thio-bond (Invitrogen)
that is specific for the thioredoxin tag rather than the HisPatch motif, but with little success (data not shown).

Purification of PreS fusion proteins
Given their desirable solubility and stability, PreS-CBD and
thio-PreS were subjected to further purification. The chitin
matrix was used to purify the PreS-CBD protein. As shown
in Figure 2D, PreS-CBD could be successfully separated
from the lysate mixture and coupled to the chitin resin.
Binding of PreS-CBD to the chitin resin was highly specific,
and few contaminants were detected by SDS-PAGE analysis
(lane 3, Figure 2D). However, the purification process was
handicapped in the elution step. The intact fusion product
was difficult to be eluted off the chitin resin, and interbased cleavage was unsuccessful due to the fragile nature
of the free PreS region (data not shown).
Thioredoxin tag as in thio-PreS harbored a His-Patch
motif that allowed purification of recombinant proteins on
nickel chelating sepharose. The His-Patch motif differed
from other linear His-tags in conformation. Thus, recombinant
proteins could be purified under a non-denaturing condition.
Figure 3A shows the affinity purification of thio-PreS with
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Figure 3 Purification of thio-PreS. A: Fractions of thio-PreS eluted with increasing
imidazole concentrations listed at the bottom of each lane. The triangle indicates
the position of thio-PreS; B: Further purification with a freeze-thaw treatment.
Lanes 1 and 2: supernatants of the bacteria lysate before or after IPTG induction,
respectively; lanes 3 and 4: supernatant and precipitate of the affinity purified
thio-PreS sample after a freeze-thaw treatment. Molecular weight maker is
denoted as M.

Since thio-PreS showed a great solubility, freezing the
affinity purified sample followed by a quick thaw might
improve the purity of thio-PreS by eliminating the impurities
that were slow in redissolving. As shown in Figure 3B, with
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this approach, most impurities were completely fractioned
into the precipitate while the majority of thio-PreS remained
in the supernatant without any proteolysis. Densitometry
scan (Bio-Rad) of the sample on SDS-PAGE suggested a
high purity of above 95%. The purified thio-PreS protein
was very stable. A procedure of desalting chromatography
with Sephadex G25 did little harm to the integrality of this
fusion protein even at room temperature (data not shown).
Characterization of the PreS fusion protein
To verify the correctness of synthesized fusion proteins,
Western blot was performed with the monoclonal antibody
125E11. As shown in Figure 4, MBP-PreS, PreS-CBD, and
thio-PreS with a correct molecular weight could be detected,
respectively. Proteolysis of MBP-PreS was also apparent,
while only tiny traces of degradation of thio-PreS and PreSCBD were found. 125E11 could recognize a PreS1 epitope
exposed on the surface of the virion. As shown in Figure 5,
when immobilized on the solid surface of microplate wells,
the antibody could specifically capture viral particles from
HBV patient sera. Addition of purified thio-PreS protein
to the sera could inhibit the capturing process efficiently
and in a dose-dependent manner, suggesting that the PreS
region in the thio-PreS protein likely adopts a native
conformation that mimics that of the HBV virion.
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Figure 4 Characterization of the fusion proteins with Western blot.
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Figure 5 Virus capture assay.

DISCUSSION
The PreS region of LHBs has been implicated in the
attachment of HBV virion to the putative receptor on host
cells, while its inward conformation is thought to be involved
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in viral morphogenesis. Other important roles have also
been assigned to PreS, including regulation of viral
replication and transactivation of a variety of promoter
elements[22-24]. Thus, multiple virological functions of the
PreS region provide a useful target for anti-HBV drug
intervention. Inhibition on viral infection by E.coli expressed
PreS occurs through a direct interference with the binding
of HBV to the putative cell surface receptor[25]. Recombinant
PreS product could also be developed as a protein vaccine
that elicits B and T cell immune responses on a broader
range of MHC haplotypes [26-29]. Nevertheless, detailed
structural studies of PreS are complicated by the difficulties
in isolating large quantities of LHBs from viral particles
and in expressing soluble and stable PreS proteins.
The complete PreS on the surface of HBV virions
has been shown as an independent domain with a native
structure[2,3,9,10]. Thus, recombinant PreS proteins expressed
in the E.coli system may accurately reflect the proper
structure. However, according to previous works, the PreS
region is susceptible to heavy proteolysis during expression
and purification. In this paper, attempts have been made to
express the PreS fused with various tags in E.coli, in the
hope of stabilizing the recombinant products by structurally
linked tags[30]. Although most PreS fusion proteins expressed
in this study are still vulnerable to degradation, or exist as
insoluble inclusion bodies, a stable and soluble PreS fusion
protein containing the thioredoxin or the CBD tag has
been synthesized with a good yield. Thioredoxin is a highly
hydrophilic protein tag, designed for achieving increased
solubility of fusion proteins expressed in E.coli, and usually
accumulates at sites on the cytoplasmic inner membrane
known as adhesion zones[31]. We proposed that the environment
of adhesion zones as well as the great solubility of thioredoxin
could contribute to the better folding of the recombinant
PreS protein. The impact of intein-CBD (Figure 1) on a better
stability of PreS is also obvious. The underlying mechanism
is currently unknown. It is possible that the intein-CBD tag
forms a structure that may hinder the access of proteases
to the proteolytic sites in the PreS region.
Affinity purification based on the His-Patch motif under
a non-denaturing condition is not always efficient. In
purification of thio-PreS, the contamination of impurities
is obvious. Interestingly, after a freeze-thaw treatment, the
affinity purified thio-PreS sample is dramatically purified.
The majority of thio-PreS remains in the supernatant while
the impurities are largely precipitated. This process may
take advantage of the differential solubility between thioPreS and the impurities or act as a salting-out step. The
purified thio-PreS might adopt a native structure, since the
soluble expression product in a stable fashion usually suggests
a proper folding, and His-Patch based affinity purification
would imply a correct conformation of the thioredoxin tag.
Importantly, thio-PreS can efficiently inhibit the binding of
viral particle to the PreS1 specific monoclonal antibody,
suggesting exposed eptitopes in the recombinant protein as
those on the surface of the native virion. PreS-CBD is also
soluble and shows a high stability. Purified PreS-CBD
coupled to the chitin resin could be obtained, but the
following intein-based cleavage by DTT was unsuccessful
which may be due to the fragile nature of the PreS region.
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Similarly, thio-PreS was subjected to an enterokinasecleavage that is engineered in the thio-fusion expression
system to separate the desired PreS region from the
thioredoxin tag. However, severe proteolysis was observed
during this treatment (data not shown), suggesting an
important role of the thioredoxin tag in stabilizing the PreS
region.
In conclusion, the complete PreS region fused with the
thioredoxin or CBD tag has been successfully synthesized.
A simple yet efficient method has been established for
purification of the thio-PreS protein. The thio-PreS protein
is highly stable and soluble. The purified thio-PreS protein
may be a valuable candidate for studying the structure of
the PreS region as well as for screening antivirals.
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Abstract
AIM: To investigate the expressions of ornithine decarboxylase
(ODC), MMP-2, and Erk, and their relationship in human
colon tumors.
METHODS: ODC activity, MMP-2 expression, and mitogenactivated protein (MAP) kinase activity (Erk phosphorylation)
were determined in 58 surgically removed human colon
tumors and their adjacent normal tissues, using [1-14C]ornithine as a substrate, ELISA assay, and Western
blotting, respectively.
RESULTS: ODC activity, MMP-2 expression, and Erk
phosphorylation were significantly elevated in colon
tumors, compared to those in adjacent normal tissues. A
significant correlation was observed between ODC
activities and MMP-2 levels.
CONCLUSION: This is the first report showing a significant
correlation between ODC activities and MMP-2 levels in
human colon tumors. As MMP-2 is involved in cancer
invasion and metastasis, and colon cancer overexpresses
ODC, suppression of ODC expression may be a rational
approach to treat colon cancer which overexpresses ODC.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Ornithine decarboxylase (ODC) catalyzes the initial step in
the biosynthesis of polyamines and ODC activities are
associated with malignant status[1]. Overexpression of ODC
could lead to cell transformation, tumor invasion, and
metastasis[2-4]. A number of studies demonstrated increased
expression of ODC in a variety of cancers including
colorectal cancer[1].
Invasion and metastasis are a multistep process [5].
Degradation of basement membranes and extracellular
matrix is crucial for invasion and metastasis of cancer cells.
Basement membranes contain type IV collagen, laminin,
heparan sulfate proteoglycan, fibronectin, and other
components[5]. Degradation of type IV collagen, a major
component of basement membrane, is thought to be a
prerequisite for cancer cell invasion[6]. Increased expression
or activity of matrix metalloproteinases (MMPs) has been
linked to malignancy and tumor cell invasion[7-9]. At least
24 MMPs have been reported so far [7-9]. MMP-2 (72 ku
type IV collagenase) which preferentially degrades type IV
collagen has been shown to play an important role in invasion
and metastasis [5,8]. Several studies have demonstrated
increased expression of MMP-2 related to invasion and
metastasis of colorectal cancer[10-13].
Mitogen-activated protein (MAP) kinase is a key enzyme
of the signal transduction pathways triggered by extracellular
signals, including mitogens, growth factors, and cytokines[14-16].
Erk1/2, extracellular signal-regulated kinases that are also
termed as p44 and p42 MAP kinases, are ubiquitously
expressed. p38 MAP kinase is activated by a variety of
cellular stresses, including osmotic shock, inflammatory
cytokines, lipopolysaccharides, UV irradiation, and growth
factors[17]. Limited information is available concerning MAP
kinase expression in human surgically removed colon cancer
tissues and its adjacent normal tissues[18]. Hoshino et al[18]
showed constitutive activation of MAP kinases in 138
human cancer cell lines, and primary tumor tissues including
colon cancer. However, it was reported that the activities
of Erk1/2, and p38 MAP kinase were downregulated in
the majority of human colon cancers[19]. Sakakura et al[20] also
reported infrequent activation of MAP kinase in human colon
cancer. Recently, the p38 MAP kinase signaling pathway
was shown to be important for the induction of MMP-1
and MMP-9 by extracellular stimuli[21,22]. Therefore, it is
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imperative to analyze the expression levels of MAP kinases
(Erk1/2 and p38) in human surgically removed colon cancer
tissues and its adjacent normal tissues.
Colon cancer is one of the most common malignancies
in the world and is incurable in its advanced stages[23].
Therefore, it is important to understand the mechanism of
invasion and metastasis, and to develop better treatments
to prevent or cure metastatic colon cancer. As colon cancer
has increased expression levels of ODC, MMP-2, and MAP
kinase, these three molecules are the candidate targets
for treatment of colon cancer. It is important to clarify a
correlation among expressions of these three molecules.
We previously found that ODC overexpression in fibroblasts
led to cellular transformation and invasion with concomitant
induction of MMP-2 and Erk1/2 [3]. Little information is
available concerning the correlation among ODC, MMP-2,
and MAP kinase expressions in cancer in vitro and in vivo.
The aim of this study was to investigate the expressions of
ODC, MAP kinase, and MMP-2, and further to elucidate
the relationship among these expressions in human colon
cancer. We discussed the strategies of colon cancer treatment
or prevention using -difluoromethylornithine (DFMO),
an irreversible inhibitor of ODC.

MATERIALS AND METHODS
Reagents
Antibodies against phospho-Erk and phospho-p38 MAP
kinase were obtained from New England Biolabs (Beverly,
MA, USA). MMP-2 ELISA system and DL-[1-14C] ornithine
were obtained from Amersham Phar macia Biotech
(Buckinghamshire, UK).
Samples
Paired specimens (tumor and non-cancer tissues adjacent
to tumor) were obtained from a total of 58 colon cancer
patients who had undergone surgical operation for
adenocarcinoma at Saitama Medical University Medical
Center. Written informed consent was obtained from all
patients before surgical operation. All specimens were
immediately stored at -80 ℃ until use.
ODC enzyme assay
ODC activity was determined using [1-14C]-ornithine as a
substrate as described previously[3].
MMP-2 ELISA and Western blot analysis
Tissue lysates were prepared by sonicating tissues in lysis
buffer (10 mmol/L Tris-HCl buffer, pH 7.5, containing
1 mmol/L EDTA, 0.5 g/mL aprotinin, 1 g/mL leupeptin,
and 0.2 mmol/L PMSF) and centrifuged at 12 000 g for
10 min at 4 ℃. Measurement of protein concentration in
supernatant was performed using a Bio-Rad protein assay
kit (Hercules, CA, USA). Western blotting was performed
as previously described[24]. MMP-2 ELISA was performed
according to the manufacturer’s protocol. Quantification
of the bands was performed using a NIH image.
Statistical analysis
The results were expressed as mean±SD from three
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independent experiments. The significance was determined
by the paired t-test or Pearson’s test. Statistical analyses
were performed using the Statview 4.5 software (Abacus
Concepts, Inc., Berkeley, CA, USA).

RESULTS
ODC activity in colon cancer tissues
We examined ODC activities in surgically excised human
colon cancer (Figure 1). A remarkable increase in ODC
activities was seen in colon cancers. Using the paired t-test,
a significant increase in ODC activities in colon cancer tissues
(6.57±0.94 pmoL CO2 release/h/mg protein) was shown
(P = 0.0004 by the paired t-test, n = 58), compared with those
observed in adjacent non-cancer tissues (3.08±0.27 pmoL
CO2 release/h/mg protein). Increased ODC activity over
the normal mean±SD level of colon cancer was seen in
17 of 58 (29.3%) cases.
50
ODC activity
(pmoL CO2 release/h/mg protein)
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P = 0.0004
Figure 1 ODC activity in colon cancer tissues and adjacent normal tissues.
ODC activities in colon cancer tissues and adjacent normal tissues were assayed
as described in Materials and methods, and the data are shown as mean±SD
(pmol CO 2 release/h/mg protein).

MMP-2 levels in colon cancer tissues
Next, we investigated MMP-2 expression in colon cancer
using a MMP-2 ELISA kit. A significant increase in MMP-2
levels was shown in colon cancer tissues (26.40±5.83 ng/mg
protein), compared with adjacent non-cancer tissues
(9.02±1.47 ng/mg protein) (Figure 2) (P = 0.046 by the
paired t-test, n = 58). Increased MMP-2 expression over
the level of the normal mean±SD in colon cancer was
observed in 28 of 58 (48.3%) cancers.
Expressions of phosphorylated Erk and p38 MAP kinase in
colon cancer tissues
Expression of phosphorylated Erk1/2 and p38 MAP kinase
was analyzed by Western blotting using the antibodies against
phosphorylated Erk and p38 MAP kinase, respectively.
Because of limited amount of tumor tissues, 33 out of 58
samples were used for this experiment. Using the paired
t-test, a significant increase in phosphorylated Erk1/2
was shown in colon cancer (423.76±71.46 pixel counts)
(P = 0.0002, n = 33), compared with the adjacent tissues
(184.15±15.0 pixel counts) (Figure 3). Mean value of
phosphorylated p38 MAP kinase had a tendency to
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Correlation between ODC activity, MMP-2 and Erk expressions
A significant correlation was noted between ODC activity
and MMP-2 expression in colon cancer tissues and adjacent
normal tissues (r2 = 0.368, P<0.001, n = 58) (Figure 5). Although
a correlation between ODC activity and phosphorylated
Erk1/2 expression was not found (r2 = 0.028, P = 0.35) in
colon cancers (Figure 6), increased expression of phosphorylated
Erk1/2 over the level of the normal mean±SD level was
observed in 9 of 33 (27.3%) colon cancers (Figure 3). Increased
expression of phosphorylated p38 MAP kinase over the
level of the normal mean±SD was observed only in 3 of
33 (9.1%) colon cancers (Figure 4).
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9.02±1.47 26.40±5.83

P = 0.0458
Figure 2 MMP-2 expression levels in colon cancer tissues and adjacent
normal tissues. MMP-2 expression levels in colon cancer tissues and adjacent
normal tissues were analyzed by MMP-2 ELISA, and the data are shown as
mean±SD (ng MMP-2/mg protein).

ODC (fold induction: cancer/mucosa)

MMP-2 expression (ng MMP-2/mg protein)

increase in colon cancer (232.00±29.67 pixel counts in colon
cancer tissues vs 179.54±28.48 pixel counts in adjacent
tissues), although P value did not reach a significant level
(P = 0.0627) (Figure 4).
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Figure 5 Relationship between ODC activities and MMP-2 expression in colon
cancer tissues. Correlation between ODC activities and MMP-2 expression
levels in cancer tissues, compared to those in adjacent normal tissues was
shown. Statistical significance was analyzed as described in Materials and
methods.
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Figure 3 Erk expression in colon cancer tissues and adjacent normal tissues.
Expression of phosphorylated Erk1/2 in colon cancer tissues and adjacent
normal tissues was analyzed by Western blotting using a specific antibody
against phosphorylated Erk1/2, quantitated using a NIH image, and shown as
mean±SD (pixel counts).
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Figure 6 Relationship between ODC activities and Erk expression in colon
cancer tissues. Correlation between ODC activities and Erk1/2 expression
levels in cancer tissues, compared to those in adjacent normal tissues was
shown. Statistical significance was analyzed as described in Materials and
methods.

500
400
300
200
100
0

Mucosa
Colon cancer
179.54±28.48 232.00±29.67

P = 0.0627
Figure 4 p38 MAP kinase expression in colon cancer tissues and adjacent
normal tissues. Expression of phosphorylated p38 MAP kinase in colon cancer
tissues and adjacent normal tissues was analyzed by Western blotting using a
specific antibody against phosphorylated p38 MAP kinase, quantitated using a
NIH image, and are shown as mean±SD (pixel counts).

DISCUSSION
In the present study we showed that ODC activities, MMP-2
levels, and Erk1/2 expression had 2.13-, 2.93-, and 2.30fold increase in colon cancer tissues, respectively, compared
to its adjacent normal tissues. Increased ODC activity and
MMP-2 levels over the normal mean±SD level in colon
cancer were observed in 17 (29.3%) and 28 (48.3%) out
of 58 colon cancer patients, respectively. Our results were
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essentially consistent with the previous report concerning
increased ODC activities[1] and increased expression of
MMP-2 in colon cancer[10-13]. The data concerning Erk1/2
expression were consistent with the results of a previous
report [18] , but not with other reports[19,20]. The reason for
the inconsistency is not clear. A new finding in the present
study was that there was a relationship between expressions
of ODC and MMP-2 in colon cancer. We previously
demonstrated that ODC overexpression induced MMP-2
and Erk1/2 expressions in fibroblasts[3]. So, it is reasonably
assumed that ODC expression induces MMP-2 expression
in human colon cancer. A linkage of ODC and MMP-2
expressions very well explains a basis of invasive phenotype
of cancers which overexpress ODC.
Metastasis is a multistep process, which includes local
invasion, intravasation and extravasation of cancer cells[5].
Major functional contribution of MMPs is facilitation of
degradation of basement membranes between primary
tumor and distant metastasis sites. As MMP-2 preferentially
degrades type IV collagen, a major component of basement
membrane, MMP-2 has been thought to play a major role
in invasion process[5,8]. Recent evidence indicates that MMPs
including MMP-2 play a much broader role in metastasis
both before and after the degradation of basement
membrane[25]. For example, MMP-2 contributes to the
initiation of tumor growth at both primary and metastasis
sites. This may involve regulation of growth environment
by regulating access to growth factors from the extracellular
matrix surrounding the tumor, either directly or via a
proteolytic cascade. The role of MMPs in angiogenesis is
considered to be very important, as angiogenesis is required
for tumor growth and invasion. Recent studies indicated
that MMPs, especially MMP-2, played a pivotal role in
angiogenesis[26-28]. In fact, mice deficient in MMP-2 exhibited
reduced angiogenesis in vivo[29]. As MMP-2 overexpression
in colon cancer has been found to be crucial for cancer invasion
and metastasis[30], suppression of ODC using DFMO or
DFMO in combination with other chemopreventives may
be a rational approach to the treatment of colon cancer.
MAP kinase pathways play a major role in converting
mitogenic and stress stimuli into nuclear responses. Constitutive
activation of the 41-/43-ku MAP kinase (Erk1/2) signaling
pathway was shown in human tumors[18]. In the present study
we also found increased expression of phosphorylated
Erk1/2 in colon cancer. As ODC and Erk1/2 expressions
were not correlated in the present study, the data suggested
that Erk1/2 expression was not a downstream signal
transduction event after ODC expression in human colon
cancer. Wang et al[19] reported that the activities of Erk1/2,
JNK1 and p38 MAP kinase were downregulated in the
majority of human colon cancers. The reason for the
discrepancy of our result and their result concerning
Erk1/2 is not clear. They discussed that protein kinases
other than MAP kinases might play a more crucial role in
colon carcinogenesis[19]. In the present study we showed that
increased expression of phosphorylated p38 MAP kinase
over the level of the normal mean±SD was observed only
in 3 of 33 (9.1%) colon cancers. This result might be
inconsistent with that of their report [19]. p38 MAP kinase
was reported to be involved in other MMP (MMP-1 and

May 28, 2005

Volume 11

Number 20

MMP-9) expression[21,22]. However, our result and Wang’s
result[19], taken together, suggest that p38 MAP kinase may
not be involved in carcinogenesis or invasive phenotype or
MMP-2 expression in human colon cancer.
As colon cancer is still incurable at advanced stages,
new strategies for prevention and treatment are desired[23].
In the 1980s, DFMO was abandoned due to limited efficacy
and significant adverse effects such as nausea, vomiting,
abdominal pain, diarrhea, and hearing loss in phase II clinical
trials[23,31,32]. In the following decade, DFMO was resuscitated
as a chemopreventive agent[33,34]. DFMO (0.2-1.0 g/m2/d)
effectively inhibited ODC activities in target organs such as
the colorectum in patients with a personal or family history of
colorectal cancer without side effects such as cytotoxicity[35,36].
DFMO is now being tested in phase II/III trials involving
patients at risk for colorectal cancer[23]. Recent studies have
shown that DFMO had synergistic reductions in intestinal
neoplasia when DFMO was administered with cyclooxygenase
inhibitors such as piroxicam or aspirin even as the doses of
both agents were reduced as much as 50%[37-41]. Thus, DFMO
in combination with other chemopreventive agents should
be evaluated for the efficacy against colon cancer. As PD
184352 (MEK inhibitor) [42] or BB-94 (MMP inhibitor)[43]
has been available for clinical trial, DFMO in combination
of PD 184352 or BB-94 may be a rational approach to the
treatment of colon cancers overexpressing ODC.
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CONCLUSION: The DWI signal of rabbit VX-2 tumor has
its characteristics on MR DWI and DWI plays an important
role in diagnosing and discovering VX-2 tumor.
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Abstract
AIM: To investigate the implanting method of rabbit liver
VX-2 tumor and its MR diffusion-weighted imaging (DWI)
characteristics.
METHODS: Thirty-five New Zealand rabbits were included
in the study. VX-2 tumor was implanted subcutaneously
in 14 rabbits and intrahepatically in 6 for pre-experiments.
VX-2 tumor was implanted intrahepatically in 12 rabbits
for experiment and three were used as the control group.
DWI, T1- and T2-weighted of MRI were performed
periodically in 15 rabbits for experiment before and after
implantation. The distinction of VX-2 tumors on DWI was
assessed by their apparent diffusion coefficient (ADC)
values. The statistical significance was calculated by
analysis of variance (ANOVA) of the randomized block
design using SPSS10.0 software.
RESULTS: The successful rate of subcutaneous implantation
of VX-2 tumor was 29% (4/14) while that of intrahepatic
implantation of it was 33% (2/6) in the preexperiment.
The successful rate of intrahepatic implantation of VX-2
tumor in the experiment was 83% (10/12) and 15 tumors
grew in 10 successfully implanted rabbits. The DWI
signal of VX-2 tumor was high and became lower when
the b value increased step by step. The signal of VX-2
tumor on the map of ADC was low. When the b value
was 100 or 300 s/mm2, the ADC value of normal group
and VX-2 tumor group was respectively 2.57±0.26,
1.73±0.31, 1.87±0.25 and 1.57±0.23 mm 2 /s. Their
distinction was significant (F = 43.26, P<0.01), the tumor
ADC value between b values 100 and 300 s/mm 2 was
significant (Tukey HSP, P<0.05) and the ADC value
between VX-2 tumor and normal liver was also significant
(Tukey HSP, P<0.01). VX-2 tumor developed quickly and
metastasized early to all body, especially to the lung, liver,
lymph nodes of mediastinum, etc.

INTRODUCTION
The main imaging diagnostic methods of hepatic tumor
include computed tomography (CT), magnetic resonance
imaging (MRI) and ultrasonography (US)[1-4]. In recent years,
however, the application of MRI, especially MR diffusionweighted imaging (DWI) in the diagnosis of hepatic tumor
and evaluation of its progression is much less than that of
CT and US[5-8] . With the development of software and
scanning technology of MRI, many problems, for example,
poor imaging quality, slow scanning speed, have been
overcome[8-11] and more studies on it have been reported in
recent years[12-15].
Diffusion is caused by the free movement of water
molecule[8,10,13-16]. The amount of diffusion is determined
by the diffusion coefficient (DC). However, because the
measurement of DC in vivo may be affected by many factors,
such as temperature, perfusion, magnetic susceptibility in
the tissue, or other kinds of the motion, the apparent
diffusion coefficient (ADC) is used much more in clinic
than DC[14,17-19] . DWI was initially used to evaluate early
ischemic stages of the brain and its values have been accepted
in recent years all over the world. At the same time, several
research groups have concluded that DWI has great potential
for understanding normal and pathological brain function[20].
But few studies are available on the value of DWI in diagnosing
or evaluating the progression of hepatic lesions, especially
the VX-2 tumor of rabbits[17,21-23].
Hepatocellular carcinoma (HCC) is one of the most
frequent tumors and many studies about its CT, DSA, MRI
characteristics have been undertaken in recent years[3-5,6-9,24].
Rabbit VX-2 tumor is the most valuable animal model of
HCC in researching its imaging characteristics[25,26], because
the blood supply to VX-2 tumor and HCC is similar[23,26,27].
The purpose of our experiment was to investigate the
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implanting method of rabbit liver VX-2 tumor and the
characteristics of rabbit VX-2 tumor on DWI.

MATERIALS AND METHODS
Animals
Animal studies were carried out under the supervision of a
veterinarian according to the guidelines of Ministry of
Public Health of China for the use of laboratory animals.
All animals were provided by the Laboratory Animal Center
of the Second Xiangya Hospital and all protocols were
approved by the Animal Use and Care Committee of the
Second Xiangya Hospital.
Establishment of VX-2 tumor model[17-20]
The VX-2 tumor strain of rabbit was provided by the Fourth
Military Medical University.
Our experiment was divided into two steps: pre-experiment
during which subcutaneous and intrahepatic implantation
of VX-2 tumor was carried out; experiment during which
VX-2 tumor cells were harvested and implanted into the
rabbit liver after they grew up under the rabbit derm. Ten
of the twenty New Zealand white rabbits in preexperiment
were male and 10 were female, their weight ranged from
1.5 kg to 2.0 kg. Six had intrahepatic implantation while 14
had subcutaneous implantation. Eight of the 15 New Zealand
white rabbits in the experiment were male and seven were
female, their weight ranged from 2.0 to 3.0 kg. Twelve had
intrahepatic implantation while the others served as controls.
Procedure of implantation[19-23]
First, we extracted the VX-2 tumor strain from the subcutaneous
tumor which was implanted during the preexperiment. After
the rabbits were anesthetized, by injecting 3% soluble
pentobarbitone into auriborder vein or abdominal cavity at
a dose of 1 mL/kg, we incised the skin to expose one cauliflower
of the tumor and then excised one cauliflower from it.
Then we put the tumor parenchyma into saline containing
40 000 unit gentamycin per 100 mL, and discarded the
necrosed tissue and blood clot and then cut it into 1-2 mm3
microblocks.
Second, we implanted the VX-2 tumor strain into the
subcutaneous or liver parenchyma. During the subcutaneous
implanting, we pushed the VX-2 tumor strain into the
subcutaneous connective tissue through the implanting
tube after disinfecting and excising the skin. As the liver
parenchyma implanting was concerned, we exposed the lobe
of liver after excising the skin and vagina musculi recti
abdominis. We put the implanting tube containing the VX2 tumor strain into the chosen-lobe by rotating and push

the VX-2 tumor strain into the liver parenchyma, then put
the gelatin sponge into the implanting stoma to prevent
bleeding. After the liver stopped bleeding, we sutured the
peritoneum, musculi, and skin, respectively. Six of the fifteen
New Zealand white rabbits in experiment were implanted
in one lobe while six were implanted in two lobes.
After implanting, we injected 200 000-unit penicillin into
the muscle daily for 4 d. At the same time, the animal room
was kept dry and ventilated.
Magnetic resonance imaging protocol[19]
After animals were anesthetized by injecting 3% soluble
pentobarbitone into auriborder vein at a dose of 1 mL/kg
or at different doses based on different animal status to
make sure that the breathing of animals was slow and stable,
T1WI, T2WI, and DWI were performed on a 1.5-Tesla
Sigma Twinspeed MR scanner (General Electron Medical
Systems, USA) using a small diameter cylindrical brain
radiofrequency coil. DWI (axial) and MRI (T1WI and T2WI,
axial and coronal) were obtained respectively and periodically
1 d before implanting and 7, 14, 21, or 35 d after implant.
The scanning parameters of DWI included spin echo
echoplanar imaging (SE-EPI) series, b-values 100 and
300 s/mm2, repetition time (TR) 6 000 ms, echo time (TE)
45 ms, 20 cm×15 cm field of view (FOV), 8NEX, 2 mm
thickness layer, 0.5 mm Space, 128×128 matrix, etc. The
scanning parameters of common MRI included fast reverse
fast spin echo (FRFSE) series, T1WI (TR 400/TE 12.3 ms),
T2WI (TR3000/TE80 ms), 20 cm×15 cm FOV, 4 NEX,
5 mm thick layer, 0 mm space, 256×192 (T1WI) and
320×256 (T2WI) matrix, etc.
Statistical analysis
Based on apparent diffusion coefficient (ADC) value of regions
of interest (ROIs), images were evaluated quantitatively,
including the difference between normal rabbit liver
parenchyma and VX-2 tumor and between different bvalue groups. ADC values of normal rabbit parenchyma
were obtained by the average value of five different ROIs
(50 mm2 each area). We took 80% rabbit VX-2 tumor area
as their ROI and measured their ADC values.
The statistical significance was calculated by analysis of
variance (ANOVA) of the randomized block using SPSS10.0
software.

RESULTS
Results of rabbit VX-2 tumor implantation
The results of rabbit VX-2 tumor implantation are shown
in Table 1.

Table 1 Results of rabbit VX-2 tumor implant
Methods

Number

Success of implant

Postoperative infection

Postoperative death

Cause of death

Rate of success (%)

Pre-experiment
Intraderm

14

4

0

4

Diarrhea

29 (4/14)

Intrahepatic
Experiment

6

2

0

2

Diarrhea

33 (2/6)

12

10

0

1

Diarrhea

83 (10/12)

Intrahepatic
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Figure 1 Image manifestations of hepatic VX-2 tumor on DWI. A: High signal
and distinct, sharp margin of VX-2 tumor on DWI when b value is 100; B: High
signal and distinct margin of VX-2 tumor on DWI when b value was 300; C: Bluegreen VX-2 tumor and red normal liver parenchyma when b value was 100; D:

Image manifestations of hepatic VX-2 tumor
Fifteen tumors were detected in 10 rabbit hepatic parenchymas.
The diameter of the tumor was 4.73±0.78 on d 7, 11.35±1.73
on d 14, 21.82±3.12 on d 21, and 43.25±4.32 on d 35.
The image quality and tumor signal of DWI were higher
when the b-value was 100 than those when the b-value was
300 (Figures 1A and B). Eight tumors were detected with
b-value 100 on DWI while 10 tumors were detected with
b-value 300 on the 7th d after implantation and 15 tumors
were detected on DWI with b-value 100 or 300 after 14 d.
All tumors showed high signals on DWI. The tumor signal
on DWI was fairly uniform 14 d after implantation while it
was not uniform on the 21th and 35th d and it also showed
higher signals in different area tumor sometimes. In addition,
one or two low signal areas could be seen in three tumors
on the 21th d. T1WI, T2WI or DWI could not be seen on
d 35. The margin of 15 tumors not only displayed distinctly
but also differed significantly from the structure around.
ADC values of all tumors are summarized in Table 2. As
shown in Figure 1C, 12 of the 15 cases appeared to have
low signals while three were equal or slightly low signals.
The number of displayed tumors on T1WI and T2WI was
same as that on DWI on the 21 th or 35 th d. The tumors
displayed low signals on T1WI and high signals on T2WI.
In addition, the margin of most tumors was distinct but
less significant on T1WI or T2WI (Figures 1D and E)
between the tumor and the liver parenchyma with different
than that on DWI (Figures 1A and B). One of them displayed
multi-tumors sizes, the biggest diameter of tumor was about
4 cm×4 cm. They showed different high signals on DWI,
and low signals on TIWI and high signals on T2WI. In
addition, the size of low signal zones was different in the
tumor. The results of autopsy are shown in Figure 2.
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C

Low signals and distinct margin of VX-2 tumor on T1WI (note: the no signal area
in liver is artifact); E: Slightly high signals and distinct margin of VX-2 tumor on
T2WI (note: the low signal in the middle of the tumor is gelatin sponge and the no
signal area in liver is artifact).

Figure 2 Pleural effusion, abdominal cavity fluid, multi-metastases in the lungs
and lymph nodes 21 d after implantation of VX-2 tumor.

Table 2 ADC values of normal rabbit liver and VX-2 tumor (mean±SD)
ADC values

A1

A1

2.57±0.26

B1

1.73±0.31

P<0.01

C1

1.87±0.25

P<0.01

1

D

1.57±0.23

ANOVA

P<0.01

B1

C1

D1

P<0.012

P<0.01 2

P<0.012

F

P

P<0.052
P<0.05

2

43.26

P<0.01

1
A – normal rabbit liver DWI (b = 100 s/mm 2 ); B – normal rabbit liver DWI
(b = 300 s/mm 2 ); C – VX-2 tumor DWI (b=100 s/mm 2); D – VX-2 tumor DWI
b=100 s/mm 2 ); 2 Difference between different b-value groups or between
normal liver parenchyma group and VX-2 tumor group.

Yuan YH et al. DWI of rabbit liver VX-2 tumor

3073

Table 3 Progression of intrahepatically implanted VX-2 tumor in 12 rabbits
Common conditions1

Transferring conditions2 (MRI and autopsy)

No.
7d

14 d

21 d

1

1

1

2

4

2

1

1

2

3

1

1

3

4

4

5
6

1
2

1
1

1
2

1
3

1
3

7

1

1

1

3

4

8

3

2

3

3

3

3

9
10

1
1

1
1

2
2

3
3

3
4

11

1

2

3

3

12

1

1

3

3

1
3

28 d

35 d

40 d

3

3

3

3

3

4

A

B

C

+

+

+

–

+

–

Survival
time
(d)

E

F

G

H3

–

–

–

–

–

28

–

+

–

–

–

>40
39

D

+

+

+

–

–

+

+

–

–

–

–

–

–

–

–

–

3

–
+

–
+

–
+

–
–

–
+

–
+

–
–

–
–

>40
>40

–

+

–

–

–

–

+

–

33

+

+

+

–

+

–

–

–

>40

4

+
–

+
+

+
+

–
–

+
–

–
–

+
+

–
–

38
32

3

3

–

+

–

–

+

–

–

–

>40

3

4

+

+

+

–

+

–

+

–

39

1
3

2

Common conditions: 1 – well; 2 – common; 3 – bad; 4 – dead. Transferring or metastasizing conditions:– no transferring or metastasizing; + transferring or metastasizing.
A – liver; B – lung; C – mediastina; D – brain; E – thoracic or abdominal cavity; F – postperitone; G – diaphragm and heart; H – kidney or pancreas.

Progressing and transferring of rabbit liver VX-2 tumor
MRI and DWI were performed periodically on 12 rabbits
in experiment to observe their growing and transferring or
metastasizing characteristics (Table 3).
Manifestations of VX-2 tumor dissection and pathology
Intrahepatic VX-2 tumor appeared pale with no envelope
and identifiable margin, the extrahepatic surface was
uneven (Figure 3). Lung metastases showed many pale
nodular foci in size of Mung bean or soybean (Figure 2).
After the tumor was removed, the extralayer was thick and
tough with rich blood supply. The interior tumor cells were
pale. When the tumor grew bigger, irregular cavities could
be found in it. Under low power microscope, we could see
multilump nests without clear margin. In addition, more
parenchyma tissue was found in the tumor than connective
tissue in the tumor and there were rich and new blood
capillaries between tumor cells. Calcified part in VX-2
tumors could be observed at times. Under high power
microscope, VX-2 tumor cells mainly were big and irregular.
In addition, the cytoplasm was rich and the nuclei were
thickly stained and irregular.

Figure 3 Pale nodular foci of VX-2 tumor 14 d after implanting.

DISCUSSION
VX-2 tumor is induced by the Shope virus and develops

after 72 times or more transfer of culture[17,23,24]. Its blood
is mainly supplied by the hepatic artery. VX-2 tumor is
implanted easily and grows quickly so that the diameter of
the tumor can reach 2 cm, 3 or more weeks after implanted
and it is able to metastasize to the liver, the lung, mediastinum
in the early stage, which is suitable for making animal models.
The rate of lung metastasis was 91% (10/11) in our group.
In addition, it is advantageous to be manifested by imaging
because VX-2 tumor is a solid tumor and rabbit weight is
relatively great. Thus, in research of HCC imaging, VX-2
tumor is the widely used animal model[24,25].
The methods of VX-2 tumor implantation mainly include
tumor cell injection by hepatic artery catheterization,
percutaneous transhepatic injection of tumor cells and direct
intrahepatic tumor block implantation[23,24,27]. The successful
rate of the last method is the highest, which is usually more
than 90%, while that of other two methods is relatively
low, which is often lower than 70%[24-26]. In our experiment,
we chose tumor block implanting and found the successful
rate of intrahepatic implantation was 83% in experiment
and 33% in pre-experiment and that of subcutaneous
implantation was 29%. For this, on the one hand, we have
not gotten the most vigorous tumor cells because of our
poor experience and, on the other hand, many rabbits die
of diarrhea because of dampness and poorly ventilated
animal room as well as rabbits of unsuitable weight and
age. In order to increase the successful rate, it is very
important to pay attention to these implant technologies.
First, we should get the most vigorous tumor cells, the
mother of which is no more than 21 d after being implanted
and which is observed to be pale or resembling fish flesh
and is easy to separate from the tumor. Second, we should
choose an appropriate implanting spot, reduce bleeding and
prevent abdominal cavity implantation. Finally, clean,
ventilated, dry living environment and healthy, strong rabbits
are also very important.
Diffusion is caused by the free movement of water
molecule, known as “Brown motion”. It is able to change
the intensity of local magnetic field around hydrogen
proton so that its phase position in magnetic field is changed.
If we add a powerful polar and quick switching gradient
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radiofrequent (RF) pulse, we are able to amplify these phase
changes so that we can detect water molecule diffusion
motion, known as diffusion-weighted imaging (DWI). The
signals on DWI are low when water molecule diffusion
motion is high while the signals on DWI are high when
water molecule diffusion motion is low. VX-2 tumor is a
solid tumor and its body mainly consists of tumor cell nests
and other cells so that its water molecule diffusion motion
is restricted. The signals of most VX-2 tumor on DWI are
high and its margin is usually distinct (Figures 1A and B).
When b value increases, the signals of VX-2 tumor become
lower and lower (Figures 1A and B) but the ability to detect
lesions becomes stronger and stronger. All the 15 VX-2
tumors showed high signals in our experiment and the signals
of tumors were lower when b value was 300 than when
it was 100 (Figures 1A and B). The amount of diffusion is
determined by the diffusion coefficient (DC). Because DC
is affected by many factors, the apparent diffusion
coefficient (ADC) is used more clinically rather than DC.
In our experiment, the mean ADC value of 15 VX-2 tumors
was 1.87±0.25 while that of the normal hepatic parenchyma
was 2.57±0.26. When b value increased, ADC value became
low. The mean ADC value of VX-2 tumor was 1.87±0.25
when b value was 100 while it was 1.57±0.23 when b value
was 300.
In conclusion, the hepatic VX-2 tumor model is a simple
and efficient HCC model. DWI has potentially important
value in reflecting water molecular motion of tumor,
detecting tumor and monitoring tumor progression.
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Abstract
AIM: To investigate the uptake difference between bovine
serum albumin nanoparticle (BSA-NP) and bovine serum
albumin nanoparticles with their surface modified by
glycyrrhizin (BSA-NP-GL) and to develop a novel hepatocyte
targeting BSA-NP-GL based on active targeting technology
mediated by specific binding site of GL on rat cellular
membrane.
METHODS: Calcein loaded bovine serum albumin
nanoparticles (Cal-BSA-NP) were prepared by desolvation
process. Glycyrrhizin was conjugated to the surface
reactive amino groups (SRAG) of Cal-BSA-NP by sodium
periodate oxidization, which resulted in calcein-loaded
bovine serum albumin nanoparticles with their surface
modified by glycyrrhizin (Cal-BSA-NP-GL). The morphology
of the two types of prepared nanoparticles (NP) was
observed by transmission electron microscopy. The
diameter of NP was measured with a laser particle size
analyzer. The interaction between Cal-BSA-NP-GL and
primary cultured hepatocytes was studied through cellular
uptake experiments. The uptake amount of Cal-BSA-NPGL and Cal-BSA-NP by rat hepatocytes was determined
by fluorospectrophotometry. Uptake characteristics were
investigated through experiments of competitive inhibition
of specific binding site of GL.
RESULTS: Both Cal-BSA-NP-GL and Cal-BSA-NP had
regular spherical surfaces. The average diameter of CalBSA-NP-GL and Cal-BSA-NP was 77 and 79 nm respectively.
The uptake amount of the two NP by hepatocytes reached
its maximum at 2 h after incubation. The uptake amount
of Cal-BSA-NP-GL by rat hepatocytes was 4.43-fold higher
than that of Cal-BSA-NP. There was a significant difference
in the uptake of Cal-BSA-NP-GL and Cal-BSA-NP by
hepatocytes (P<0.01). The uptake of Cal-BSA-NP-GL was
inhibited when GL was added previously to isolated rat
hepatocytes, and the uptake of Cal-BSA-NP was not
affected by GL.

CONCLUSION: A binding site of GL is present on the
surface of rat hepatocytes, BSA-NP-GL may be internalized
via this site by hepatocytes and can be used as a drug
carrier for active targeting of delivery drugs to hepatocytes.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Liver cells are divided into hepatocytes (hepatic parenchymal
cells), Kupffer cells and endothelial cells (hepatic nonparenchymal
cells). Parenchymal cells are the main cells of liver. Many
fatal diseases occur in hepatocytes, such as chronic hepatitis,
cirrhosis, enzyme deficiency and hepatoma. Because of the
poor efficiency of current drugs uptaken by hepatocytes,
there are few effective therapeutic methods for hepatic
diseases. Hence, it is important to target drugs to the
hepatocytes.
Application of nanoparticles (NP) in drug delivery
systems (DDS) is of particular interest because they provide
drug targeting possibilities and sustained release action.
However, they have some disadvantages such as rapid uptake
by the reticuloendothelial system (RES) within seconds or
minutes after injection due to phagocytosis by macrophages
in the liver and spleen.
Receptor-mediated drug targeting is a promising
approach to selective drug delivery. One particular method
exploits the mechanisms of sugar recognition of some
specific cells. Among various types of cells in the body,
hepatocytes exclusively have high affinity cell-surface
receptors that can bind to asialoglycoproteins and
subsequently internalize them to the cell interior. Delivery
of drugs using liposomes bound to asialoglycoprotein in a
specific manner would provide significant therapeutic
benefits to hepatic disease. Extensive studies on chemical
modification of liposomes with asialoglycoproteins[1-3] or
low-molecular weight glycolipid have been carried out to
achieve effective targeting to hepatocytes[4-8]. However, it
was reported that galactose-bearing liposomes are also taken
up by Kupffer cells, and the distribution of these liposomes
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in hepatocytes is not very high[9]. Therefore, the discovery
of a new ligand instead of using the conventional ones
requires investigation.
Glycyrrhizin (GL), a conjugate of one molecule of
glycyrrhetinic acid and two molecules of glucuronic acid, is
one of the main compounds extracted from the root of
Glycyrrhiza glabra L (licorice). In 1990s, Negishi et al [10],
proved that there are specific binding site of glycyrrhizin
on the cellular membrane of in vitro rat hepatocytes. Based
on this research, liposome surface modified with glycyrrhizin
was prepared and proved that the uptake amount and in
vivo distribution of the modified liposomes are considerably
higher compared with the conventional liposomes[11,12].
However, liposomes have limitations due to several
factors such as leakage of their contents before reaching
the target tissue, rapid clearance from the blood stream
and their uptake by macrophages of the liver and spleen
(RES). Therefore, it is necessary to develop a novel hepatocyte
targeting DDS. We have previously prepared albumin NP
with their surface modified by glycyrrhizin and studied their
pharmaceutical characteristics[13]. In this study, calcein-loaded
bovine serum albumin nanoparticles with their surface
modified by glycyrrhizin (Cal-BSA-NP-GL) was prepared
and the uptake of Cal-BSA-NP-GL by in vitro rat hepatocytes
was investigated. The interaction between Cal-BSA-NP-GL
and isolated rat hepatocytes was determined and the uptake
mechanism and influential factors were initially investigated
through in vitro cell culture experiments.

MATERIALS AND METHODS
Chemicals and reagents
Bovine serum albumin was purchased from Bio Life Science
& Technology Co. Ltd (Shanghai, China). Calcein was
obtained from SSS Reagent (Shanghai, China). Glycyrrhizin,
desoxyribonuclease I and collagenase IV were purchased
from Sigma (USA). Carbonate buffer (CBS, pH 9.50,
0.2 mol/L Na2CO3 13.0 mL+0.2 mol/L NaHCO3 37.0 mL),
Hank’s solution and RPMI-1640 culture medium were
provided by the Department of Immunology, School of
Preclinical Medicine, Sichuan University. All the other
chemicals and reagents used were of analytical grade.
Preparation of Cal-BSA-NP and Cal-BSA-NP-GL
Albumin NP were prepared by a desolvation process as
described previously by Weber et al [14]. In brief, 100 mg
bovine serum albumin was dissolved in 10 mL solvent of
calcein (0.1 mg/ mL) by constant stirring at 25 ℃, 20 mL
ethanol and 25 L 2.5% glutaral solution were added
gradually into the solvent mixture respectively. After 3-h
stirring, ethanol was vacuum distilled and the colloidal
solution of calcein-loaded bovine serum albumin nanoparticles
(Cal-BSA-NP) was obtained. Glycyrrhizin was dissolved in
CBS to make glycyrrhizin solution (0.1 mol/L), 0.1 mol/L
NaIO4 solution was added gradually into the glycyrrhizin
solution, which resulted in glycyrrhizin oxide solution after
stirring for 3 h. Twenty milliliters of glycyrrhizin oxide
solution was added into the Cal-BSA-NP solution. After
being stirred for 3 h at 25 ℃, Cal-BSA-NP-GL was obtained.
The drug amount loaded on NP was deter mined by
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fluorospectrophotometry (RF-5000, Shimadzu, Japan), the
particle shape was observed under a transmission electron
microscope (H-600, Hitachi, Japan) and the particle size
was measured with a laser particle size analyzer (Malvern2000, UK).
Primary culture of rat hepatocytes
Hepatocytes were isolated from normal liver of male Wistar
rats weighing approximately 200 g. The livers were
purged with Hank’s solution and scissored into tissue blocks
(1 mm×1 mm). The blocks were treated with 1 mg/mL
collagenase IV solution (pH was adjusted to 7.4 using Hepes)
at 37 ℃ for 120 min and filtrated via a 200-mesh cell
sieve. Hepatocytes were washed thrice by slow centrifugation
(500 r/min, 1 min) of the cell suspension to remove cell
debris, damaged and nonparenchymal cells. Viability as
tested by trypan blue exclusion was over 95%. Isolated
hepatocytes were plated onto collagen-coated six-well culture
plates at a density of 1×106 cells/well, incubated in RPMI1640 solution in 50 mL/L CO2 at 37 ℃ for 24 h, and used
in the following experiments.
In vitro hepatocyte uptake experiment
Cal-BSA-NP and Cal-BSA-NP-GL solutions were
ultracentrifuged (1.5×10 4 g) for 20 min, the supernatants
were discarded and precipitations were ultrasonically
dispersed with 0.5 mL PBS. Then, 0.5 mL Cal-BSA-NP
and 0.5 mL Cal-BSA-NP-GL solutions were added to 1 mL
preincubated hepatocyte suspension respectively, RPMI1640 culture solution was added to 2 mL and mixed uniformly.
Hepatocytes were incubated with Cal-BSA-NP and Cal-BSANP-GL at the indicated concentration in a fresh medium.
After incubation for the indicated time, the medium was
removed and the cells were washed four times with 12 mL
ice-cold PBS, 2 mL distilled water was added into the washed
cells and the mixture was stored at -10 ℃ for 2 h. The
congelations were defrosted at room temperature to
disintegrate the cells. The achieved mixture was centrifuged
for 10 min (1×10 4 g), and the supernatants were diluted
with PBS to 5 mL. The fluorescence strength in the solutions
was determined (  ex = 491.2 nm,  em = 510.4 nm, slit
width = 10 nm). When the concentration of calcein was
0.2-6.4 ng/mL, the standard curve was described as
regression equation: F = -1.51+97.58C (ng/mL), r = 0.9997.
The uptake amount of the two types of NP by hepatocytes
was expressed as nanograms of total BSA per 10 6 cells.
Each value represented the mean±SD of three experiments.
The data were calculated according to the drug amount
loaded and the determined strength of fluorescence. For
the inhibition experiment, the cells were preincubated with
GL solution (GL dissolved in 50 mg/mL NaHCO3) at a
concentration of 0-50 mmol/L in medium. The uptake
experiments were then carried out as above.
In order to exclude the error caused by calcein absorption
of the cell culture plate, parallel processes were followed in
all experiments. 0.5 mL Cal-BSA-NP and Cal-BSA-NP-GL
solutions were incubated, centrifuged, purged and treated
with the above-mentioned method, their strength of
fluorescence was determined and deducted while the uptake
quantity of hepatocytes was calculated.
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RESULTS
Drug amount loaded, morphology and particle size
The drug amount loaded on Cal-BSA-NP and Cal-BSANP-GL was 6.02 and 5.93 µg/mg BSA respectively.
Transmission electron microscopy (Figure 1) demonstrated
that both Cal-BSA-NP (Figure 1A) and Cal-BSA-NP-GL
(Figure 1B) had a regular spherical surface. Figure 2 showed
that the average diameter of Cal-BSA-NP and Cal-BSANP-GL was 77 and 79 nm respectively with a narrow
distribution (polyindex 0.42, 0.31).

to each culture dish was 6.08, 12.16, 24.25, and 48.58 mg.
The mixtures were incubated in 50 mL/L CO2 at 37 ℃ for
2 h. The dose dependency of the uptake of Cal-BSA-NP
and Cal-BSA-NP-GL by primary cultured rat hepatocytes
was examined, and the results are shown in Figure 3. CalBSA-NP-GL was taken up by rat hepatocytes to a much
greater extent than the control Cal-BSA-NP. The uptake
of Cal-BSA-NP-GL increased dose-dependently and was
saturated at 5 220 ng BSA/dish (10 6 cells) at a dose of
24.25 mg BSA/dish. However, the uptake of Cal-BSA-NP
was slightly and linearly increased.

B
Uptake (ng BSA/106 cells)

A
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Figure 1 Transmission electron microscopy of Cal-BSA-NP (A) and Cal-BSANP-GL (B) (×15 000).
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Figure 3 Dose-response curve of uptake of Cal-BSA-NP and Cal-BSA-NP-GL
by primary cultured hepatocytes.
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Figure 2 Diameter of Cal-BSA-NP (A) and Cal-BSA-NP-GL (B).

Dose dependency of uptake of Cal-BSA-NP and Cal-BSA-NPGL by primary cultured rat hepatocytes
In these experiments, 0.5 mL Cal-BSA-NP and Cal-BSANP-GL solutions at the indicated concentration were added
respectively to 1 mL previously incubated hepatocyte
suspensions, and 0.5 mL RPMI-1640 culture solution was
added to each mixture to 2 mL. The amount of BSA added

Time course of uptake of Cal-BSA-NP and Cal-BSA-NP-GL by
primary cultured rat hepatocytes
The time course of the uptake of Cal-BSA-NP and CalBSA-NP-GL by hepatocytes is shown in Figure 4. In these
experiments, a high affinity of Cal-BSA-NP-GL for
hepatocytes was observed. The concentration of calcein in
each culture well was 29.1 g/mL (corresponding BSA in
each culture dish was 24.25 mg), at which the uptake of
hepatocytes was saturated. The mixtures were incubated in
50 mL/L CO2 at 37 ℃ for 0, 1, 2, 3, and 4 h respectively,
and the incubation was stopped at the indicated time. The
incubated mixtures were dealt with following the process in
the section “In vitro hepatocytes uptake experiment”. The
time course of the uptake of Cal-BSA-NP-GL was obtained
as a biphase curve. The uptake of Cal-BSA-NP-GL and
Cal-BSA-NP by hepatocytes reached its maximum after the
NP were incubated for 2 h. The uptake amount of CalBSA-NP-GL by rat hepatocytes was 4.43-fold higher than
that of Cal-BSA-NP. There was a significant difference
between Cal-BSA-NP-GL and Cal-BSA-NP (P<0.01).
Inhibition experiment of uptake of Cal-BSA-NP-GL by
hepatocytes
The high affinity of Cal-BSA-NP-GL for hepatocytes is
thought to be due to GL. The presumptive sites on hepatocytes
to which Cal-BSA-NP-GL bind are assumed to be specific
ones for GL. To demonstrate this theory, we examined
whether the uptake of Cal-BSA-NP-GL was inhibited by
free GL. Glycyrrhizin was dissolved and diluted to 0.1 mol/L
with 50 mg/mL NaHCO3, and 0, 0.2, 0.4, 0.6, and 1.0 mL
of glycyrrhizin solution were added to preincubated
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Figure 4 Time course of uptake of Cal-BSA-NP and Cal-BSA-NP-GL by
primary cultured rat hepatocytes.

Figure 5 Inhibitory effect of GL on the uptake of Cal-BSA-NP-GL and Cal-BSANP by primary cultured rat hepatocytes.

hepatocyte suspensions and the mixtures were incubated in
50 mL/L CO2 at 37 ℃ for 5 min. Then, 0.5 mL Cal-BSANP-GL and Cal-BSA-NP solutions were added to the
mixtures respectively, and RPMI-1640 culture solution was
added to each mixture to 2 mL (the amount of BSA in
each culture dish was 24.25 mg). The culture plate was
incubated in 50 mL/L CO2 at 37 ℃ for 2 h. An identical
process was carried out to measure the strength of fluorescence
of cell precipitation and the result is shown in Figure 5.
The uptake of Cal-BSA-NP-GL was inhibited in response
to the concentration of GL in the medium, and the inhibitory
ratio was 73% at the concentration of 50 mmol/L of GL.

with the GL moiety. If the specific binding site of glycyrrhizin
on the surface of hepatocytes is saturated by exogenous
glycyrrhizin, the internalization of Cal-BSA-NP-GL mediated
by specific binding site of glycyrrhizin is decreased, with
the addition of glycyrrhizin, which is a rational explanation
of the excessive uptake of Cal-BSA-NP-GL by hepatocytes
compared with Cal-BSA-NP.
It was reported that the uptake of liposomes with their
surface modified with glycyrrhizin by hepatocytes increases
10-fold as many as that of traditional liposomes[11]. In our
research, the uptake of Cal-BSA-NP-GL by hepatocytes
increased 4.43-fold as many as that of Cal-BSA-NP. It might
be caused by the following factors. The surface of albumin
NP is hydrophilic, its affinity to cell membrane is weaker
than liposomes. The structure of bimolecular phospholipid
layer of liposomes is similar to that of hepatocyte membrane,
the flexible affluxion of phospholipid layer of liposomes
makes it easier for GL to combine with the specific binding
site of glycyrrhizin on the surface of hepatocyte membrane.
The amount of glycyrrhizin on the surface of NP with
their surface modified by glycyrrhizin is not enough. The
results indicate that the amount of specific binding site of
glycyrrhizin on the surface of hepatocyte membrane cannot
determine the specific uptake of NP with their surface
modified by glycyrrhizin. The ability of GL to combine
with the specific binding site of glycyrrhizin and the
characteristics of the surface of NP also play an important
role in the specific uptake of NP with their surface modified
by glycyrrhizin by hepatocytes.
In conclusion, the binding site of GL are present on the
surface of rat hepatocytes, BSA-NP-GL may be internalized
via this site by hepatocytes and can be used as a promising
drug carrier for active targeting of delivery drugs to
hepatocytes.

DISCUSSION
In order to modify the BSA-NP surface with GL, GL was
converted into a glycyrrhizin oxide. Aldehyde group of
obtained glycyrrhizin oxide was conjugated with surface
reactive amino groups of BSA-NP to form Schiff bases, a
novel hepatocytes targeting DDS was successfully prepared.
In in vitro hepatocyte uptake experiments, the uptake of
modified NP depended on the dosage. However, the uptake
of Cal-BSA-NP slightly increased linearly. The uptake of
drug-loaded NP with their surface modified with glycyrrhizin
by hepatocytes could be saturated when the dosage was
high enough. Saturation appeared in the dose-response
curve of the uptake of Cal-BSA-NP-GL, indicating that
the specific binding site of glycyrrhizin is limited on the
surface of hepatocytes. The time course of the uptake of
NP by hepatocytes accords with the rule of biphase dynamics.
During the initial 1 h of incubation, Cal-BSA-NP-GL was
rapidly taken up by the cells, and subsequently the uptake
of Cal-BSA-NP-GL became slow and increased proportionally
to the incubation time. When exogenous glycyrrhizin was
added, the uptake of drug-loaded NP with their surface
modified with glycyrrhizin, by hepatocytes decreased with
increase in the concentration of glycyrrhizin, and the uptake
amount approached to traditional NP at last. At the same
circumstances, the uptake of traditional NP by hepatocytes
increased slowly and linearly. No inhibitory effect was shown
on the uptake of Cal-BSA-NP after the addition of GL,
suggesting that GL does not diminish the ability of
hepatocytes to take up BSA-NP. If the presence of a binding
site specific for GL on the surface of hepatocytes is
considered, Cal-BSA-NP-GL is likely to bind to this site
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Abstract
AIM: NF-B, regulate the expression of cytokine-inducible
genes involving immune and inflammatory responses, will
be potential therapy approach for allograft from rejection.
In this study, we use pCMV-IBM vector to inhibit NF-B
activation and investigate the effect of pCMV-IBM in
inhibition of T cells adhesion to endothelial cells.
METHODS: The NF-B activity was detected with pNF-B
reporter gene and electrophoretic mobility shift assay.
Expression of cell surface molecules was detected by
RT-PCR and flow cytometer. The cell-cell adhesion assay
was performed to determine the effect of pCMV-IBM
in inhibition of T cells adhesion to endothelial cells.
RESULTS: We could find that NF-B activity is inhibited
by over-expression of non-degraded IB protein.
Expression of adhesion molecules like ICAM-1, VCAM-1,
and P-selectin as well as cell-cell adhesion were inhibited
significantly by transfection of the pCMV-IBM vector.
CONCLUSION: Our results indicate that the pCMVIBM, which inhibit the activity of NF-B through
over-expression of non-degraded IB protein, can be
used for gene therapy in diseases involving NF-B
activation abnormally like organ transplantation via
inhibiting cell adhesion.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
NF-B, a DNA binding protein complex, is usually present
in the cytosol as an inactive complex. IB, an associated
protein, renders this complex inactive by shielding the nuclear
localization signal (NLS). Upon IB phosphorylation and
its subsequent degradation, the NF-B subunit P65 will
translocate to the nucleus, where it binds to specific DNA
sequences in the promoter region of several cytokine-inducible
genes and up-regulates their transcription[1,2] . Extensive
studies have showed that inhibition of NF-B will be
potential therapy approach for allograft from rejection[3-5].
The potent immunosuppressive agents FK506 and cyclosporin
A (CsA) are reported to switch off gene transcription by
inhibiting a key signaling phosphatase, calcinurin, which is
involved in the activation of NF-B[6,7]. Glucocorticoid,
another major immunosuppressive agent, is also believed
to work partly via inhibition of NF-B activation[8]. The
detail mechanism about inhibition of NF-B protecting the
graft is not clear till now.
Preview studies have shown that typical procedure of
graft rejection is included in three steps: adhesion of
alloantigen-activated leukocytes to the vascular endothelial
cells, infiltration of alloantigen-activated leukocytes into the
graft, activated leukocytes express immune factors which
mediate graft tissue destruction[9]. The endothelial cell, as
the first barrier faced the alloantigen, is thought to be the
most important procedure during allograft rejection[10-13].
We suppose that NF-B can be an important factor, which
participate in the above three steps especially in the adhesion
of leukocytes to the vascular endothelial cells.
In the present study, we focus on the transcriptional
factor NF-B in endothelial cells activation and adhesion
to T cells. We use the vector encoding domain negative
protein mutated at ser-32 and ser-36 IB to inhibit
activation of NF-B.
MATERIALS AND METHODS
Materials
ECV304, an endothelial cell line, established from the vein
of normal human umbilical cord, were obtained from Cell
Bank of Chinese Academy of Science. Human Jurkat cell
line was obtained from ATCC (American Type Cell Culture,
USA) and cultured for adhesion assay. The following
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materials were used in this study: pCMV-IB, pCMV-IB
M, pNF-B Luc reporter vectors were obtained from
Clontech (BD Biosciences, NJ, USA). Luciferase assay
system, Gel shift assay system (Promega, WI, USA); MuLV
reverase transcriptase, TRIzol, RPMI-1640 medium (Gibco,
CA, USA); Geneticin (G418), FuGENE 6 transfection
reagent, poly (dI-dC), Protease inhibitors cocktail (Roche,
Monnehim, Germany); Protein assay kit (Bio-Rad, CA,
USA). Phorbol myristate acetate (PMA) and all other
reagents were purchased from Sigma (Sigma Chemical, USA).
Cell culture and transfection for ECV
All of the cells were grown in RPMI 1640 supplemented
with 10% fetal bovine serum (FBS), 100 U/mL penicillin
and 100 g/mL streptomycin. Cells were maintained in a
standard culture incubator with humidified air containing
50 mL/L CO2 at 37 ℃.
We performed transfection according to the instruction
manual of FuGENE 6 Transfection Reagent with modifications.
Briefly, weseeded 1×105 cells in 1 mL RPMI 1640 containing
10% FBS medium in 24-well plate and incubated overnight
until the ECV cells were 60% confluent. As for stable
transfection, added 100 L serum-free medium (SFM)
containing 3 L FuGENE 6 and 1 g pCMV-IB or
pCMV-IBM. The plate was incubated for 24 h for
expression of reporter gene. Then we added 600 ng/mL
G418 in every well and incubated for 7 d. After 7 d incubation,
the concentration of G418 was decreased to 300 ng/mL
and incubated for more than 3 wk. The over-expression of
IB protein cells was selected using Western blotting. The
cells stably transfected with pCMV-IB and pCMVIBM were referenced to ECVWT and ECVMT, separately.
As for transient transfection, 100 L SFM containing
3 L FuGENE 6 and 1 g pNF-B Luc was added and
cells were incubated for 24 h. After treated with PMA for
12 h, the cells were lysed and luciferase activity was measured
using luciferase assay system.
Nuclear protein extraction and electrophoretic mobility shift
assay
Nuclear extracts were prepared as previously described[14].
Cytoplasmic buffer contained 10 mmol/L HEPES (pH 7.9),
0.1 mmol/L EDTA, 2 mmol/L MgCl2, 10 mmol/L KCl,
0.2% NP-40 and protease inhibitors cocktail solution was
prepared to the cell pellet and incubated in ice for 10 min
before centrifugation at 13 000 g for 1 min. The pelleted nuclei
were resuspended in nuclear buffer contained 20 mmol/L
HEPES pH 7.9, 1.5 mmol/L MgCl2, 0.2 mmol/L EDTA,
150 mmol/L NaCl and protease inhibitors. The resuspended
nuclei were incubated for 30 min on ice with vortexing
interruptedly and centrifuged for 20 min at 13 000 g.
The concentrations of samples were measured using
protein assay kit with BSA protein standard solution as
reference. Samples were stored at -70 ℃ until use.
The consensus oligonucleotide of NF-B was obtained
commercially from Santa Cruz and the sequence was shown
as the following: NF-B (5’-AGT TGA GGG GAC TTT
CCC AGG C-3’). EMSA were performed according to
Holmes’s protocol[15]. Briefly, NF-B consensus oligonucleotide
was radiolabeled with [-32 P]ATP in the presence of T4
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polynucleotide kinase. Five micrograms nuclear extract was
incubated with labeled probe in 1 µg of poly(dI-dC) for
30 min. Complexes were separated on a 5% polyacrylamide
gel in 0.5×TBE and dried using dryer (Bio-Rad, USA) and
autoradiographed at -80 ℃.
Reverse transcription polymerase chain reaction
To study cytokine gene expression patterns, we used reverse
transcription-polymerase chain reaction (RT-PCR), as
previously described. Total RNA was extracted from ECV
cells using TRIzol reagent according to the manufacturer’s
recommendations. For cDNA synthesis, 4 µg total RNA
was reverse transcribed with MuLV reverse transcriptase.
Primer sequences and reaction conditions: Sequences of
the primers used for RT-PCR analysis are described in
Table 1. Amplifications were performed under the following
conditions: 95 ℃ for 2 min, 94 ℃ for 45 s, 56 ℃ for 45 s,
72 ℃ for 45 s, totally 32 cycles. The final extension step
was performed by one cycle at 72 ℃ for 10 min. Twentyfive microliters of reaction system was used including: 2 L
cDNA template, 1 L sense primer, 1 L anti-sense primer,
2 L 25 mmoL MgCl2, 1 L dNTP and 1.5 u Taq DNA
polymerase. Reaction products were run by electrophoresis
on a 1.5% agarose gel for 30-40 min at 100 V in 0.5×TBE
buffer, and visualized with ethidium bromide staining under
UV light. Relative expression level of ICAM-1 and VCAM-1
were defined as optical density ratio (Target gene/GAPDH)
analyzed by Kodak digital science scanning system.

Table 1 Sequences of primers for amplifed cDNA of the ICAM-1,
VCAM-1, and GAPDH
Genes

Primers

ICAM-1 Sense
Anti-sense
VCAM-1 Sense
Anti-sense
GAPDH Sense
Anti-sense

Sequences

Amplifiers

5’-CAGTGACCATCTACAGCTTTCCGG-3’

555 bp

5’-GCTGCTACCACAGTGATGATGACAA-3’
5’-ACCCTCCCAAGGCACACACAG-3’

533 bp

5’-GTAAGTCTATCTCCAGCCTGTC-3’
5’-ATGGCACCGTCAAGGCTGAG-3’

225 bp

5’-GCAGTGATGGCATGGACTGT-3’

Analysis of the expression of cell adhesion molecules using
flow cytometer
ECVMT and ECVWT cells were treated with PMA (50
nmol/L) for 12 h. Then cells were harvested and washed
thrice using cold PBS. Then the cells were incubated with
FITC-labeled CD54(ICAM-1), FITC-labeled CD62
(VCAM-1) or PE-labeled CD106(P-selectin) antibodies. The
fluorescence densities were determined using flow cytometer
(Coulter, USA) and the experiment was repeated thrice.
Adhesion of Jurkat cells to ECV304
We used Jurkat cells for lymphocyte-endothelial cell
adhesion assay. The adhesion procedure was performed
according to Roy[16]. Briefly, monolayers of cells were seeded
at a density of 10 4 cells/well in 96-well plate (Becton
Dickinson, NJ, USA). After 24 h of seeding, the cells were
treated with PMA (50 nmol/L) for 12 h. Before cell-cell
adhesion assay, the ECV monolayers were washed thrice
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RESULTS
Over-expression of domain negative IB inhibit NF-B
activation
We stably transfected the ECV304 cells with the pCMVIBM vector, which encoded domain negative IB
protein mutated at ser-32 and ser-36 and also with the
pCMV-IB as control. Firstly, we extracted the total
protein after being treated with PMA (50 nmol/L) for
45 min. The expression level of IB was determined
with specific antobody. As shown in Figure 1A, IB level
was higher in ECVMT cells after treated with PMA
compared with ECVWT cells. To determine the NF-B
activity further, the nuclear proteins were extracted after
treated with PMA for 45 min. These proteins were applied
to EMSA. Figure 1B showed us that pCMV-IBM could
inhibit the activity of NF-B significantly.

Volume 11

Down-regulation adhesion molecules expression under
inhibition of NF-B
Adhesion molecules expression in endothelial cells is
dependent, at least in part, on the activation of NF-B[1] .
To determine whether the pCMV-IBM can inhibit the
expression of adhesion molecules, we performed RT-PCR
to determine the mRNA level of adhesion molecules in
the total RNA extracted from the cells treated with PMA
(50 nmol/L) for 12 h. The results were shown as ratio
compared to housekeeping gene GAPDH expression. As
shown in Figures 2A and B, we can see that the ICAM-1
and VCAM-1 mRNA levels are inhibited significantly
in ECVMT cells compared to ECVWT cells (40.3% vs
18.7% for ICAM-1 and 27.3% vs 16.7% for VCAM-1).
We also compare the protein levels of various adhesion
molecules by flow cytometer. The cells were harvested
after stimulation with PMA (50 nmol/L) for 12 h. As
shown in Figure 2C, the pCMV-IBM can inhibit the
expression of adhesion molecules including ICAM-1,
VCAM-1 and P-selectin. As for ICAM-1, 82.5% cells
expressed ICAM-1 in ECVWT cells after being treated
with PMA (50 nmol/L) compared 53.2% positive cells in
ECVMT cells. Almost the same results were found in
VCAM-1 and P-selectin expression between ECVMT cells
and ECVWT cells (25.3% vs 66.1% for VCAM-1; 65.4%
vs 35.7% for P-selectin).

24

Statistical analyses
Results are presented as mean±SD of at least three separate
experiments. Differences between means of groups were
determined by Student’s t-test. The level of significance
was set at P<0.05 or P<0.01.
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with PBS. Jurkat T-cells (2×105 cells/well) were co-cultured
with ECV monolayer for 2 h in a culture incubator. After
the co-culture period, the non-adherent Jurkat T-cells were
removed by washing each well four times with PBS carefully.
Jurkat cell adhesion was determined by visual counting under
a phase-contrast microscope. Both Jurkat cells and ECV
were counted in five fields of each well at 100× magnification
by two individuals, and the average values were taken. The
adhesion rate is expressed as the number of attached Jurkat
cells per 100 ECV cells.
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Figure 1 Determining NF-B activity in ECV304WT and ECV304MT cells. A:
IB level were detected after treated with PMA (50 nmol/L) for 12 h; B: EMSA
was performed to determine the activity of NF-B after treated with PMA
(50 nmol/L) for 12 h. Band of NF-B was marked.
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Figure 2 Down-regulation of PMA-induced adhesion molecules expression in
ECV cells transfected with pCMV-IBM compared with pCMV-IB. RT-PCR
analysis was performed with primers specific for ICAM-1 (A) and VCAM-1 (B).
C: The expression of ICAM-1, VCAM-1 and P-selectin were detected using
specific antibodies by flow cytometry. Results are representative of at least
three independent experiments.
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% adherence of Jurkat
T-cell to ECV

Inhibit the adhesion of T cells to ECV cells
We then evaluated the effect of pCMV-IBM on the
adhesion of human T lymphocyte to ECV304 cells as
mentioned in Methods section. After the ECV cells were
treated with PMA (50 nmol/L) for 24 h, the Jurkat T cells
were added and co-incubated for further 2 h. Then we
calculated the adherent cells using phase-contrast microscope
after non-adherent cells were washed away using cold PBS
(Figure 3). We found that the pCMV-IBM could inhibit
the adhesion of Jurkat T cells to ECV cells from 71.4±5.2%
to 42.2±3.7% after being treated with PMA for 12 h (P<0.05).
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Figure 3 Adhesion of human Jurkat T-cells to PMA-activated endothelial (ECV)
cells is inhibited by transfection with pCMV-IBM compared with pCMV-IB.
ECV cells were activated with PMA (50 nmol/L) for 12 h. Cells were washed
thrice with PBS and then co-cultured with Jurkat T-cells for 2 h. Then the cells
were washed with PBS thrice. Jurkat cell adhesion was determined by visual
counting under a phase-contrast microscope. P<0.05 when compared ECVMT
with ECVWT.

DISCUSSION
The adhesion of leukocyte to the vascular endothelial cells
is a critical step in the immunological response and involves
recruitment and infiltration of leukocytes to the site of
tissue injury or allograft. The endothelial cell, as the first
barrier faced the alloantigen, will be activated upon
stimulation like cytokines (e.g., PMA, IL-1, TNF-,) in vitro
as well as in vivo at sites of allograft. Activated endothelial
cells express adhesion molecules to assist adhesion between
activated T cells and endothelial cells[18,19] . Among these
molecules are P- and E-selectin, intercellular adhesion
molecule-1 (ICAM-1), and vascular cell adhesion molecule-1
(VCAM-1), on the endothelial cells, and their respective
counter receptors, P-selectin glycoprotein ligand-1 (PSGL-1),
leukocyte function-associated antigen-1 (LFA-1) and very
late antigen-4 (VLA-4), on the leukocytes[17]. Activated
endothelial cells also can secrete chemokines such as IL-6,
IL-8 and MCP-1[20,21], which can recruit leukocyte. ICAM-1,
which has been studied extensively, binds to its ligand LFA-1
on lymphocytes and promotes lymphocytes binding to the
endothelium and facilitates the lymphocytes to invade the
graft[22-24]. Blockade of ICAM-1, either with monoclonal
antibodies or with antisense oligodeoxynucleotides, has
been shown to decrease reperfusion injury and prolong the
survival of allograft[25-27].
Activation of endothelial cells requires multiple
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transcriptional factors. Nuclear factor B, one of such
transcription factors, is held in the cytoplasm by inhibitory
IB proteins (IBs) and regulates many genes involving
immune and inflammatory pathways such as various
proinflammatory cytokines, adhesion molecules and
apoptosis-associated factors[8,28] . Accumulating evidence
clearly demonstrates that blocking the activity of NF-B
might arrest the progression of acute rejection by interrupting
the activation of genes of major inflammatory cytokines
and adhesion molecules[29]. We use the pCMV-IBM
vector, which encodes domain negative nondegraded IB
protein mutated at ser-32 and ser-36 to inhibit the activation
of NF-B. We found that the adhesion molecules including
ICAM-1, VACM-1 and P-selectin were down-regulated
under inhibition of NF-B. We also mimic the procedure
of cell-cell adhesion in vitro between endothelial cells and T
cells. The results told us that inhibition of NF-B could
inhibit endothelial cell activation and decrease cell adhesion.
In conclusion, we propose that pCMV-IBM vector
can be used as novel immunological strategy. Further
explorations were needed to verify the effect of pCMVIBM to protect the allograft from rejection in vivo.
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Abstract
AIM: To investigate the clinical efficacy of leukocytapheresis
(LCAP) in patients with active ulcerative colitis (UC), and
to elucidate the mechanisms by determining the changes
in the cytokine levels in the peripheral blood and of the
functions of the peripheral blood leukocytes in these
patients.
METHODS: The subjects were 19 patients with active
UC, with a mean clinical activity index (CAI) of 9.2. The
LCAP was conducted using Cellsorba E. In each session
of LCAP, 2-3 L of blood at the flow rate of 30-50 mL/min
was processed. The treatment was carried out in
approximately 1-h sessions, once a week, for 5-10 wk.
Blood samples for determination of the cytokine levels
were collected from the inflow side of the column (site of
dehematization; at the start of LCAP) and outflow side of
the column (at the end of LCAP). Blood samples for the
determination of reactive-oxygen-producing cells were
collected from the peripheral blood before and after LCAP.
RESULTS: LCAP resulted in clinical improvement in all
the 19 patients of UC recruited for this study. Remission
(CAI: ≤4) was noted in 15 (79%) of the 19 patients. The
blood level of the pro-inflammatory cytokine IL-6 was found
to be decreased following treatment by LCAP, and the
level of the anti-inflammatory cytokine IL-10 at the outflow
side of the LCAP column was found to be significantly
elevated as compared to that at the inflow side of the
column. The reactive-oxygen-producing granulocytes in

the peripheral blood of UC patients was increased as
compared to that in healthy persons and the increase
was found to be decreased following treatment by LCAP.
CONCLUSION: LCAP exerted a high therapeutic efficacy
in patients with active UC. Our findings suggest that LCAP
is associated with enhanced production of the inhibitory
cytokine IL-10 to indirectly inhibit the functions of the
inflammatory leukocytes, and that inflammation is also
considerably attenuated by the direct removal of reactiveoxygen-producing neutrophils from the peripheral blood.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Ulcerative colitis (UC), as well as Crohn’s disease (CD), is
one of the prototype nonspecific inflammatory bowel
diseases (IBDs) of unknown cause. Drugs such as
salazosulfapyridine[1], 5-aminosalicylic acid[2], corticosteroids[3,4],
and immunosuppressants[5] have been used for the treatment
of UC; these drugs attenuate the inflammation in the colonic
mucosa by their anti-inflammatory and immunosuppressive
actions, to cause disease remission. However, some patients
with UC are even refractory to the strong anti-inflammatory
and immunosuppressive actions of steroids, and surgical
treatment often have been considered as the ultimate
treatment modality for such patients.
Extracorporeal circulation treatment methods that have
been shown to be highly efficacious for the treatment of
UC patients refractory to steroids have recently been
developed in Japan. One such is the so-called granulocyte
and monocyte adsorption apheresis (GMA)[6-8], in which
mainly granulocytes and monocytes are removed from the
blood, while another is leukocytapheresis (LCAP)[9], in which
granulocytes, monocytes, as well as lymphocytes, are
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removed from the blood. These treatment modalities have
been reported to yield a high therapeutic efficacy in many
patients of UC, including those who are refractory to steroids.
The pathogenetic mechanisms underlying the development
of the two IBDs, UC, and CD, have not yet been clearly
elucidated. However, it has been suggested that inflammation
of the intestinal mucosa results from infiltration of the
mucosa by inflammatory leukocytes, including neutrophils,
monocytes, and lymphocytes. According to several reports,
clustering of various leukocytes at the sites of inflammation
along the intestinal mucosa and the resultant release of proinflammatory cytokines and reactive oxygen species lead to
the tissue injury seen in these cases[10-15]. Thus, GMA and
LCAP were developed as treatment modalities for UC under
the contention that removal of the inflammation-inducing
activated leukocytes from the circulation might result in
attenuation of the inflammation[6,16,17].
In the present study, the clinical effects of LCAP in
cases of active UC were investigated, and the changes in
the levels of cytokines and percentage of reactive-oxygenproducing leukocytes (granulocytes, monocytes, and
lymphocytes) in the peripheral blood were determined to
elucidate the possible mechanisms underlying the clinical
efficacy of LCAP in patients of UC.

MATERIALS AND METHODS
Patient background
Nineteen patients with active UC were recruited for this
study conducted to determine the efficacy of LCAP. The
demographic characteristics of these patients are summarized
in Table 1. The patients consisted of 9 males and 10 females,
with a mean age of 37.3 years (range, 19-52 years); the
mean age of the patients at the time of the first episode
was 28.3 years (range, 14-50 years), and the mean duration
of the disease was 5.1 years (range, 0.5-19 years).
Table 1 Background factors of the 19 patients selected for LCAP
therapy
Demographic characteristics

Measurement

Male/female
Age (yr)

9/10
37.3±16.9 (19–52)

Age at first episode (yr)

28.3±12.7 (14–50)

Duration of UC (yr)

5.1±8.9 (0.5–19)

Number of relapse
Classification of severity

3.8±4.2 (2–12)

Severe
Moderate
Mild
CAI

2
11
6
9.2 (6–16)

Extent of UC
Total colitis
Left-sided colitis

12
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(severe UC) in 2 patients, CAI: ≥8, <12 (moderate UC) in
11 patients, and CAI: ≥5, <8 (mild UC) in 6 patients.
Twelve of the nineteen patients had involvement of the
entire colon (total colitis), and 7 patients had involvement
of the left-sided colitis.
Leukocytapheresis (LCAP)
LCAP was carried out using a column (Cellsorba E) filled
with a non-woven fabric made up of polyester fibers. The
fabric had a dual structure; an inner layer composed of
superfine fibers 0.8-2.8 m in diameter, and an outer layer
composed of fibers 10-40 m in diameter. The blood is
filtrated from the outside into the inside of the non-woven
fabric wound into a cylindrical shape in the column, and
leukocyte components are removed. The blood, with
leukocyte removed, is guided out from the column and
heated, and then returned to the corresponding vein of the
patient’s other arm or leg of the patient. The blood flow
rate was set at 30-50 mL/min, and 2-3 L of blood was
treated in each session of LCAP. The treatment was carried
out in 1-h sessions, once a week, for 10 wk.
Measurement of soluble IL-6 and IL-10
Peripheral blood samples for the measurement of IL-6 and
IL-10 were collected before the start of each LCAP session
and then 60 min after the LCAP session. Both IL-6 and IL-10
were measured by an ELISA method. The human IL-6
ELISA kit was obtained from R&D Systems (Minneapolis,
USA), while the ELISA kit for IL-10 (Human Interleukin-10
Ultrasensitive: hIL-10 US) was obtained from Biosource
(CA, USA).
All the assays on the serum samples were performed in
an SRL (Special Research Laboratory) in a blinded manner,
and the data were processed by an individual who was
blinded to both the clinical characteristics of the subjects
and the purpose of the study.
Determination of the percentage of reactive-oxygen-producing
cells
The percentage of reactive-oxygen-producing cells was
determined in conformation with the method established
by Bass et al [19]. In brief, phosphate-buffered saline (PBS)
mixed with 5 mol/L of 2’,7’-dichlorofluorescein diacetate
(DCFH-DA) was added to the heparinized vein blood
sample, and the sample was heated at 37 ℃ for 15 min
under shaking. Then, PBS plus 20 mmol/L of ethylenediamine
tetraacetic acid was added to the mixture to prevent
agglutination of the neutrophils. The mixture was then
centrifuged, washed, and subjected to hemolytic treatment.
The reactive-oxygen-producing cells were counted with a
flow cytometer using 2’,7’-dichlorofluorescein, a product
of oxidation with reactive oxygen species, as the indicator.

7

The clinical activity index (CAI) and the endoscopic
index (EI) were determined in conformation with the criteria
proposed by Rachmilewitz[18]. The mean CAI of the patients
at the start of the LCAP treatment was 9.2 (6-16), and the
CAI distribution in the patients was as follows: CAI: ≥12

Statistical analysis
Student’s t-test or Mann-Whitney’s U-test was used for
statistical analysis.

RESULTS
The therapeutic efficacy of LCAP treatment against active
UC was investigated in 19 patients. The results revealed
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Figure 1 A: Average CAI in the 19 patients at wk 5 and 10 following the start
of LCAP treatment; B: Average CRP level in the 19 patients at wk 5 and 10

following the start of LCAP treatment; C: Average EI in 19 patients at wk 5 and
10 following the start of LCAP treatment.

that the CAI, an indicator of the clinical severity of UC,
decreased significantly (P<0.01) from the mean value of
9.2 before the treatment, to 2.8 following the treatment
(Figure 1A). The serum level of C-reactive protein (CRP), a
marker of inflammation, decreased significantly (P<0.01)
from a mean level of 3.9 before treatment to 0.5 after the
treatment (Figure 1B). Endoscopic examination revealed a
significant decrease (P<0.01) of the EI score from a mean of
8.7 before treatment to 3.2 after the treatment (Figure 1C).
Evaluation 12 wk after the LCAP treatment revealed that
remission (CAI≤4) had occurred in 15 (79%) of the 19
patients; in the remaining 4 patients, even though remission
had not occurred, the values of each of the above-described
markers had nevertheless decreased, showing a beneficial
therapeutic effect of the treatment against the disease. Dull
headache as a side effect of LCAP treatment was observed
in only one patient. Based on the above results, LCAP was
confirmed to be a highly safe treatment modality.
The blood levels of IL-6, a pro-inflammatory cytokine,
and IL-10, an inhibitory cytokine, were determined during
the treatment in randomly selected patients. A decrease of
IL-6 level in the peripheral blood during the treatment was
observed in six patients (Figure 2A). The IL-10 level, on
the other hand, was found to be increased in the blood in
the outflow side of the LCAP column as compared to that
in the inflow side of the LCAP column (Figure 2B). This
elevation of IL-10 production was found to be particularly
marked in the early stages of the treatment.

IL-10 has been reported to markedly inhibit the protein
and mRNA expression of IL-1, a pro-inflammatory cytokine
produced in response to lipopolysaccharide (LPS) stimulation
of neutrophils and monocytes[20]. It was revealed that the
production of IL-10 was stimulated by LCAP treatment.
Based on this observation, the effects of LCAP on the
functions of neutrophils and monocytes were investigated,
using the percentage of reactive-oxygen-producing cells as
an indicator. The percentages of reactive-oxygen-producing
cells in the peripheral blood of healthy persons and UC
patients prior to LCAP were determined first. The percentage
of these cells was found to be significantly increased in the
peripheral blood of UC patients as compared in that of
healthy persons (7.1±4.9 vs 20.1±12.0) (Figure 3A). On the
other hand, there were scarcely any reactive-oxygenproducing cells among the lymphocytes and monocytes
in the peripheral blood of either healthy persons or UC
patients in the absence of stimulation (data not shown).
The percentage of reactive-oxygen-producing cells before
LCAP treatment (one occasion) was compared with that
determined after the treatment (one occasion) in the UC
patients. The percentage was found to be significantly
decreased after the LCAP treatment (20.8±12.4 vs 12.0±9.5)
(Figure 3B). Representative results of fluorescein-activated
cell-sorter (FACS) analysis before and after LCAP treatment
in the UC patients are shown in Figure 4.
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Figure 2 A: The serum IL-6 concentrations in six patients at wk 1, 2, 3, 5, and 10
following the start of LCAP treatment; B: The serum IL-10 concentrations measured
at the Cellsorba inflow (at the start of LCAP) and outflow (at the end of LCAP).
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Figure 4 Representative results of FACS analysis in the peripheral blood of
one patient before (A) and after (B) LCAP treatment. The percentages of reactiveoxygen-producing cells in A and B were 22.9% and 7.1%, respectively.

DISCUSSION
A previous clinical trial conducted in Japan revealed that
LCAP yielded high therapeutic efficacy, that is, it yielded
beneficial effects in 74% of UC patients who were refractory
to steroid treatment[9]. In the present study, 73% of active
UC patients entered into remission following LCAP
treatment, and in the remaining patients also, the treatment
was found to have beneficial therapeutic effects. In other
words, LCAP was confirmed again to have a high therapeutic
efficacy in cases of UC. Another extracorporeal circulation
treatment strategy, GMA, has also been reported to exert
high therapeutic efficacy in cases of UC (efficacy rate: 80%
or higher), similar to LCAP. GMA was reported in one
study to yield a beneficial effect in 100% of UC patients, in
particular, steroid-naive UC patients[7]. Furthermore, both
LCAP and GMA have been confirmed to be associated
with only a low frequency of side effects and mild side
effects, and high safety[6-9]. The use of these treatment
methods has become more widespread since they were
approved for reimbursement under the National Health
Insurance in Japan, and they have been found to be useful
for improving the quality of life of many patients, by inducing
remission in a high percentage of patients, minimizing the
side effects of steroids associated with high doses, and
allowing surgery to be avoided.
However, the mechanisms underlying the therapeutic
efficacy of these extracorporeal circulation treatment
methods have not yet been clearly elucidated. Some
mechanisms have been proposed, as follows: Marked
infiltration by neutrophils and lymphocytes is observed at
sites of inflammation along the colonic mucosa in UC;
many of these leukocytes are activated, and adhere to
hemangioendothelial cells via the enhanced surface
expression of adhesion molecules, leading to penetration
of the mucosa. LCAP has been suggested to cause attenuation
of the process of inflammation and exert a therapeutic
effect by removing these activated leukocytes from the
peripheral blood [17] . In connection with the second
mechanism of actions of LCAP treatment, the ability of
lymphocytes in peripheral blood to produce cytokines before
and after the treatment was investigated. It is shown that
LCAP enhances the ability of the peripheral blood lymphocytes
to produce IL-4, i.e., an anti-inflammatory cytokine, whereas
it does not affect the ability of these cells to produce
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interferon , a pro-inflammatory cytokine[21]. As for the third
mechanism, it has been clarified that not only leukocytes,
but also platelets are removed by LCAP (ca. 35% of platelets
in the peripheral blood are removed during each session of
LCAP); it has been reported that platelets induce leukocytes
to produce reactive oxygen species[22], and that removal of
platelets by LCAP, therefore, indirectly inhibits the production
of reactive oxygen species by leukocytes, thereby preventing
tissue injury.
Some mechanisms underlying the therapeutic efficacy
of GMA have also been proposed. It has been suggested
that GMA exerts its therapeutic effects by removing
granulocytes and monocytes from the peripheral blood,
thereby attenuating inflammation, similar to the mechanism
proposed for LCAP[6,16]. Another explanation proposed was
based on the observation that leukocytes in the peripheral
blood showed decreased expression of membrane LECAM-1
and decreased ability to produce TNF-, IL-6, and IL-8
under stimulation of LPS following GMA treatment. It has
also been suggested that GMA exerts its therapeutic effects
by inhibiting leukocyte infiltration at sites of inflammation
and inhibiting inflammatory cytokine production[16,23]. Other
mechanisms proposed include induction of immature
monocytes in the bone marrow following GMA treatment[16].
In the present study, the cytokine levels in the peripheral
blood after LCAP were investigated. The level of IL-6, a
pro-inflammatory cytokine, was significantly decreased
following LCAP treatment. The blood level of IL-10, an
inhibitory cytokine, was found to be elevated following
LCAP, as compared to the levels measured before treatment.
This elevation was particularly marked in the early stages
of the treatment, suggesting that the therapeutic efficacy might
be closely related to this finding. IL-10 has been reported
to functionally inhibit neutrophils and monocytes[20]. In the
present study also, the blood levels of IL-6, produced from
neutrophils and monocytes, was decreased following LCAP
treatment. In other words, the results of the present study
suggested that LCAP exerted anti-inflammatory effects by
enhancing the production of IL-10, thereby inhibiting the
functions of activated leukocytes. LCAP treatment exerts
the best therapeutic efficacy when it is carried out once a
week for 5-10 wk. It would be of interest to determine the
duration of functional inhibition of leukocytes and elevation
of IL-10 level following one session of LCAP.
LCAP has also been shown to exert high therapeutic
efficacy in cases of CD[24], rheumatoid arthritis (RA)[25], and
rapidly-progressive glomerulonephritis[26], in addition to those
of UC. Hidaka et al[27] who conducted a study of the efficacy
of LCAP in RA patients reported that the serum levels of
IL-10 increased, whereas those of the pro-inflammatory
cytokine IL-15 decreased, following LCAP treatment in RA
patients, and that LCAP may influence some chemotactic
factors as well. Based on the present results and a review
of the literature, LCAP treatment is considered to exert its
effects against inflammatory diseases by influencing the
cytokine balance through adsorption and removal of
activated leukocytes, and causing functional changes of
inflammatory cells.
Another report has shown that LCAP removes large
numbers of granulocytes and monocytes from the peripheral
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blood [17]. It has been revealed by many studies that
granulocytes and monocytes are closely associated with the
morbid condition in cases of UC[28-32]. Some reports have
shown that clustering of these cells at sites of inflammation
along the colonic mucosa in cases of UC[10] and the possibility
that these activated granulocytes and monocytes induce
tissue injury in response to production of various proinflammatory cytokines and reactive oxygen species[11-15].
In fact, some reports have shown that the amount of
reactive oxygen species is increased at the site of histological
inflammation in cases of IBD[33-35]. A report has recently
described marked oxidation of actin, which may be caused
by the accumulation of reactive oxygen species, at sites of
inflammation in IBD[36]. It has also been shown that such
oxidation disrupts the cytoskeleton, causing tissue injury.
D’Odorico et al [14] , have also reported that activation of
neutrophils in the peripheral blood is associated with chronic
intestinal inflammation in IBD. In other words, they
indicated that neutrophils in the peripheral blood of UC or
CD patients show higher chemiluminescence in response
to stimulation, as compared to those of healthy persons,
and produce larger amounts of reactive oxygen species.
This phenomenon was particularly marked in cases with
active UC and ileal CD, strongly suggesting its correlation
with the morbid condition in these diseases. Some reports
have also shown high levels of nitric oxide metabolites, i.e.,
one of the reactive oxygen species, in the serum, stool
and colonic lumen of IBD patients[37-39] . Based on these
observations, it is believed that activated neutrophils and
monocytes in the peripheral blood of IBD patients infiltrate
the intestinal mucosa to produce reactive oxygen species
and cause mucosal injury. There has also been a report
discussing the absence of correlation of the amount of
reactive oxygen species in the blood with the morbid
condition in cases of IBD[40], even though the present study
revealed an increase in the percentage of reactive-oxygenproducing cells in the blood in cases of active UC as compared
to that in healthy persons, and a decrease in the percentage
of these cells with improvement of the morbid condition,
showing close involvement of the neutrophils in the
peripheral blood with the morbid condition in cases of UC.
In conclusion, LCAP treatment was confirmed to exert
high therapeutic efficacy against active UC in the present
study, and it was clarified for the first time that LCAP directly
decreases the percentage of reactive-oxygen-producing cells
in the peripheral blood. The results suggested that the
mechanisms underlying the therapeutic effects of LCAP
include enhanced production of IL-10 associated with
indirect inhibition of the functions of leukocytes, and potent
anti-inflammatory effects by the direct removal of reactiveoxygen-producing neutrophils from the peripheral blood.
Further studies in the future are proposed to clearly elucidate
the underlying mechanisms.
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Abstract
AIM: Gastro-esophageal reflux disease (GERD) is becoming
increasingly common in Asia. Data on the efficacy of proton
pump inhibitors in patients with non-erosive GERD (NERD)
in Asia is lacking. This double-blind study compared the
efficacy and safety of rabeprazole with esomeprazole in
relief of symptoms in patients with NERD.
METHODS: One hundred and thirty-four patients with
reflux symptoms of NERD and normal endoscopy were
randomized to receive rabeprazole 10 mg or esomeprazole
20 mg once daily for 4 wk. Symptoms were recorded in a
diary and changes in severity of symptoms noted.
RESULTS: At 4 wk of treatment, rabeprazole 10 mg and
esomeprazole 20 mg were comparable with regards to
the primary endpoint of time to achieve 24-h symptomfree interval for heartburn 8.5 d vs 9 d and regurgitation
6 d vs 7.5 d. Rabeprazole and esomeprazole were also
similarly efficacious in term of patient’s global evaluation
with 96% of patients on rabeprazole and 87.9% of patients
on esomeprazole, reporting that symptoms improved
(P = NS). Satisfactory relief of day- and night-time symptoms
was achieved in 98% of patients receiving rabeprazole
and 81.4% of patients receiving esomeprazole. Adverse
events were comparable in both groups (P = NS).
CONCLUSION: Rabeprazole 10 mg has a similar efficacy
and safety profile in Asians with NERD as esomeprazole
20 mg. Further study is necessary to investigate whether
the small differences between the two drugs seen in this
study are related to the improved pharmacodynamic
properties of rabeprazole. Both drugs were well tolerated.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Gastro-esophageal reflux disease (GERD) is characterized
by recurrent return of gastric contents back into the esophagus,
causing heartburn, regurgitation and symptoms, such as chest
pain, coughing, hoarseness and dysphagia[1,2]. GERD symptoms
can cause significant patient distress and can interfere with
everyday life[2].
GERD is a common condition, with an estimated 44%
of the adult population in USA experiencing GERD symptoms
monthly and about 20% experiencing symptoms weekly[1].
However, prevalence of GERD in Asia is reported to be lower
than that in Western countries[3]. A study from Singapore in
1988 reported that the prevalence of monthly reflux symptoms
in the community was 1.6%[4]. Recently, a study performed in
Hong Kong reported that the monthly and weekly prevalence
of GERD symptoms was 8.9% and 2.5%, respectively[5].
GERD can be subdivided into several groups: (1) nonerosive GERD (NERD), (2) erosive GERD, (3) Barrett’s
esophagus, and GERD-related complications. NERD has
been defined as the presence of typical symptoms of GERD
caused by intra-esophageal acid in the absence of visible
esophageal mucosal injury[1]. In NERD patients the total
acid reflux time has been found to be significantly lower
than that in patients with erosive esophagitis. Furthermore,
as much as 50% of NERD patients have normal 24-h
esophageal pH study[6]. It is estimated that up to 70% of
patients with typical GERD symptoms in the West have
normal endoscopy[7]. In Asia, NERD and endoscopically
mild form of erosive esophagitis may account for up to 90%
of patients with GERD symptoms[8].
Proton pump inhibitors (PPIs), such as omeprazole,
esomeprazole, lansoprazole and rabeprazole, are widely used
for the treatment of GERD. PPIs effectively inhibit the
duration and extent of gastric acid secretion and provide
more complete remission of the symptoms of heartburn than
other forms of acid suppression therapy[9,10]. However, the
response to PPI in patients with NERD is less efficacious
when compared to patients with erosive GERD[1,11].
The goal of treatment is to improve patients’ quality of
life by providing rapid relief of symptoms and reducing the
severity and number of recurrent episodes[8]. Therefore, an
important endpoint in clinical trials assessing the efficacy
of treatment in NERD patients is time taken for complete
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relief of symptoms, especially the pivotal symptoms of
heartburn and regurgitation[8]. This can be measured as time
to the first 24-h interval free from GERD/NERD symptoms
of heartburn or acid regurgitation. Other endpoints include
global symptom improvement, satisfactory, and complete
relief of day- and night-time symptoms.
Two new PPIs have been introduced in Asia recently:
rabeprazole and esomeprazole. Rabeprazole is a PPI that
effectively provides symptom relief and healing, and prevents
relapse, in patients with erosive GERD[12-14]. One clinical study
suggests that rabeprazole effectively relieves the symptoms
of heartburn in patients with NERD with significant
improvement starting with the dose on 1st d[11]. Esomeprazole,
the s-enantiomer of omeprazole, has demonstrated superior
efficacy over omeprazole in healing and symptom resolution
in patients with erosive and non-erosive reflux disease[15,16].
Currently, there is a paucity of clinical data comparing
the efficacy and safety of these two PPIs in treating NERD
patients let alone in Asian population. We report a randomized,
double-blind, parallel-group, 4-wk study designed to
investigate the efficacy and safety of rabeprazole 10 mg
compared with esomeprazole 20 mg once daily in the
treatment of NERD patients. This is the first clinical study
directly comparing the efficacy of these two PPIs in NERD
patients in Asia.

MATERIALS AND METHODS
The study was conducted in accordance with the Declaration
of Helsinki. Ethics committee approval was obtained before
the study commenced and all patients gave informed
consent.
Study design
In this randomized, double-blind, parallel-group comparative
study, patients with NERD received rabeprazole 10 mg
once daily or esomeprazole 20 mg once daily for a 4-wk
treatment period. Patients recorded their GERD symptoms
(heartburn or regurgitation, with or without eructation) daily
in the diary provided. Other upper GI symptoms were
similarly recorded as well. Patients were screened 7 d prior
to enrollment and eligibility was assessed according to the
specified inclusion and exclusion criteria. The study consisted
of a 1-wk screening phase, followed by endoscopy and a 4-wk,
double-blind treatment phase. Helicobacter pylori screening was
performed using CLO-test and serology.
Inclusion criteria
To be eligible for study entry, patients were required to be
aged between 21 and 65 years. GERD symptoms (i.e., heartburn
or regurgitation or both) were dominant symptoms. Heartburn
or regurgitation was present for at least 3 mo in the previous
year, which need not be continuous.
Heartburn was defined as ‘substernal burning sensation
or pain’. A description like ‘a burning sensation behind the
breastbone rising up to the throat or neck’ or ‘a burning
pain or discomfort behind the breastbone rising up towards
the neck’ was accepted as ‘heartburn’. Patients who described
these symptoms as ‘a burning, warm or ‘acid’ sensation in the
epigastrium, substernal area or both’ were also accepted as
having ‘heartburn’. Regurgitation was defined as ‘food or
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fluid coming back up from your stomach’. Eructation was
defined as ‘belching’.
To qualify for inclusion into the study, subjects need to
have experienced at least one period of moderate-to-very
severe heartburn or regurgitation in the past 7 d prior to
treatment.
In addition, at endoscopy, no esophageal mucosal break
was observed, i.e., grade 0 according to the LA Classification.
The ability to read and write in either English or Chinese
was also a requirement for study entry.
Exclusion criteria
The main exclusion criteria were as follows: known history
of gastroduodenal ulcer; infectious or inflammatory
conditions of the intestine (including inflammatory bowel
disease); malabsorption syndromes; obstruction; gastrointestinal
malignancy; gastric or intestinal surgery including vagotomy;
Barrett’s esophagus; esophageal stricture or pyloric stenosis;
scleroderma; erosive esophagitis; positive HIV status and
pregnancy. Patients were ineligible if they had: abnormal
laboratory tests at the initial visit (including liver enzymes
greater than twice the upper limit of normal); GERD
treatment refractory to a 2-mo course of H2-blocker or PPI
therapy; taken a PPI within 14 d of screening or a H2-blocker
or prokinetic agent within 7 d of screening; required daily
use of NSAIDS, oral steroids, aspirin (>325 mg/d); or were
unable to discontinue the use of anticholinergics, cholinergics,
spasmolytics, opiates or sucralfate.
Randomization
Patients who qualified were randomized to receive either
rabeprazole 10 mg or esomeprazole 20 mg once daily after
the morning meal. A computer-generated randomization
scheme was used to randomly allocate patients to one of
the two treatment groups.
Patients were permitted to take an antacid (Mylanta)
as rescue medication for the relief of heartburn symptom,
if necessary. No other medication was allowed.
Blinding
Rabeprazole 10-mg tablets and esomeprazole 20-mg tablets
were inserted into identical capsules to ensure double
blinding. Patients received 2 wk supply of medication at
each study visit.
Study visits
The study consisted of a screening visit and three scheduled
visits during the treatment phase: baseline (the end of the
screening phase), wk 2 and 4. At each visit, a review of
concurrent and disallowed medications was undertaken,
completed patient diaries were collected and adverse events
were assessed. An upper gastrointestinal endoscopy was
conducted 7 d prior to baseline or at the baseline visit.
Laboratory analysis was conducted at baseline and at wk 4.
Compliance with drug therapy was determined at the
scheduled wk 2 and 4 visits.
Symptom severity
Patients recorded the severity of GERD symptoms in a
daily diary. Severity was graded on a five-point scale from
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none (0), mild (1), moderate (2), severe (3) and very severe
(4) for each of the following symptoms: day-time heartburn,
night-time heartburn, day-time regurgitation, and night-time
regurgitation.
Other upper GI symptoms of belching (‘eructation’),
early satiety (‘the sensation of filling up quickly’), bloating
(‘feeling like I have a lot of gas in my belly’), nausea and
vomiting were also recorded on the five-point scale as explained
above.
The symptom severity was defined as follows:
0 = no symptoms
1 = mild
2 = moderate
3 = severe

4 = very severe

Symptoms are present occasionally and
patients can continue with daily activities.
Symptoms are present most of the time
but patients can perform daily activities.
Symptoms are present continuously. The
symptoms are severe and affect daily
activities or patient cannot do things that
they normally can.
Symptoms are so severe that patient
has to stay in bed and cannot perform
activities that they normally could.

Patient informed consent
The Patient Informed Consent was in English; however,
identical versions translated into Malay and Mandarin were
available to the patients as well. In the development of the
Malay and Mandarin versions of the Patient Informed
Consent, the original English version was translated, backtranslated and checked for accuracy. The Patient Informed
Consent was explained in English, Malay or Mandarin
according to the subject’s first language or preferred language
of communication.
Outcome measures
The primary efficacy endpoint was the time (in days) for
patients to achieve their first 24-h interval without any
symptoms of heartburn or regurgitation. Secondary
endpoints were as follows: number of patients who had
complete or satisfactory relief of symptoms during wk 1,
2, 3, or 4, symptom severity scores of day-time and nighttime heartburn or regurgitation, upper GI symptoms, patients’
global evaluation at the end of study and number of antacids
used during the study period.
Safety and tolerability were evaluated by recording
adverse events (including severity, relationship of the adverse
event to the study treatment and outcome and laboratory
analysis).
The Case Report Forms were available in English, Malay
and Mandarin, according to the subject’s first language or
preferred language of communication. In the development
of the Malay and Mandarin identical versions of the Case
Report Form, similar care was taken: the original English
version was translated, back-translated and checked for
accuracy.
Statistical analysis
Analyses were performed on an intention-to-treat (ITT) basis
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by an independent statistician. The ITT population was
defined as including all randomized patients who received
at least one dose of study medication and who had at least one
post-baseline assessment for efficacy. The primary outcome,
i.e., time taken to achieve 24-h symptom free from
heartburn or regurgitation, however, did not include for
analysis of patients who did not experience heartburn and/or
regurgitation on the day prior to commencement of study
medication. Heartburn and regurgitation were analyzed
separately.
Subgroup analyses were performed for the subjects who
experienced heartburn and/or regurgitation.
Day-time symptoms were those that occur after arising
in the morning. Night-time symptoms were those that occur
after retiring in the evening. Multiple single episodes
experienced during a day-time and/or a night-time period
count only as 1 d-time and/or 1 night-time episode.
Differences within or between treatment groups for all
tests were considered significant at P≤0.05.
In order to detect a difference in clinical response of
20% or more between the two treatment groups with the
use of a two-sided test with 0.80 statistical power and a
significant level of 0.05, a sample size of 118 was required.
Hence the sample size was determined to be 130, with an
allowance of 10% for patients who were lost to follow up.
A magnitude of 20% was chosen on the basis that it
represented a clinically relevant difference in outcome.
Student’s t-test and Fischer’s exact test were used to
compare the patient demographics of the two groups of
patients. Subject global evaluation was analyzed using
Wilcoxon’s test. The primary efficacy parameter was analyzed
using log-rank test. The percentage of patients experiencing
complete and satisfactory relief of heartburn and
regurgitation during the study (day-time and night-time) was
analyzed using repeated measurement analysis. The average
reflux symptom scores were analyzed using an analysis of
covariance (ANCOVA) model between the two PPIs and
using paired t-test when analyzed between treatment and
pre-treatment (baseline). The average weekly antacid tablets
consumed were analyzed using an ANCOVA model. The
percent of periods without antacids consumption were
analyzed using analysis of variance model. Analysis of
laboratory data was compared using paired t-tests.
Withdrawal criteria
Withdrawal from the study was allowed in the event of a
serious adverse event, the detection of intercurrent illness
that might invalidate the study or place the patient at risk,
concern for patient safety by the investigator, protocol
violations or unreliable patient behavior.

RESULTS
Patients studied
One hundred and thirty-four patients were enrolled (67 from
each treatment group) in the study and randomly assigned
to receive either rabeprazole 10 mg or esomeprazole 20 mg.
There were 63 patients in the rabeprazole treatment group
and 64 patients in the esomeprazole treatment group with
a total of 127 patients eligible for efficacy analysis (ITT)

Patients achieving
symptom relief (%)
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more males in the rabeprazole group, this difference was
not statistically significant. The mean age of study participants
was 38.9 years. The majority of patients were of Chinese
descent (79.5%, Table 1).

92.5%
(37/40)

Efficacy analysis
A summary of the efficacy (and safety) results can be seen
in Table 2.

Esomeprazole 20 mg/d

0

May 28, 2005

4 (wk)

Primary efficacy variable
Time to first 24-h, symptom-free interval The median
time to the first 24-h symptom-free interval was similar for
patients in both treatment groups; 8.5 d for rabeprazole
and 9.0 d for esomeprazole for heartburn (P = NS) and
6.0 d vs 7.5 d for regurgitation (P = NS). The proportion of
patients achieving these study endpoints during the 4-wk
treatment period were higher in rabeprazole group compared
with esomeprazole group, but these differences were not
statistically significant (24-h heartburn-free for rabeprazole
and esomeprazole: 84.4% vs 60.9%, 24-h regurgitation-free:
90.0% vs 67.9% (P = NS).

P = 0.045 between treatment groups (repeated-measurement analysis)

1

Figure 1 Satisfactory relief of day-time heartburn and regurgitation (in patients
who had both heartburn and regurgitation).

(Table 1). Of the seven patients in total excluded from the
efficacy analysis (ITT), there were four patients in the
rabeprazole and three patients in the esomeprazole group.
Of these, four rabeprazole patients and one esomeprazole
patient did not take any study medication. One esomeprazole
patient withdrew due to persistent headache and another
esomeprazole patient withdrew consent after taking study
medication for 2 d. Although these latter two patients on
esomeprazole did receive at least one dose of study medication,
they did not have at least one post-baseline assessment for
efficacy (as defined and required in the protocol for ITT
analysis). Therefore, they were not included in the ITT
analysis for efficacy.
The treatment groups were similar with respect to
demographic and clinical characteristics. Although there were

Secondary efficacy variables
Satisfactory relief of day-time and night-time symptoms
Satisfactory relief of day-time and night-time symptoms
(no episode of symptom defined as having moderate or
severe in severity during the week) was achieved in 81.498.0% of patients of both treatment groups of heartburn
or regurgitation after 4-wk treatment.
In a subgroup of patients who had both heartburn and

Table 1 Demographic and baseline characteristics of patients enrolled
Number of subjects enrolled

Total 127

Rabeprazole 63

Esomeprazole 64

P

Gender (%)
Female

62 (48.8)

25 (39.7)

37 (57.8)

Male

65 (51.2)

38 (60.3)

27 (42.2)

101 (79.5)

52 (82.5)

49 (76.6)

P = 0.0511

Race (%)
Chinese
Malay

9 (7.1)

4 (6.3)

5 (7.8)

Indian

15 (11.8)

6 (9.5)

9 (14.1)

Other

2 (1.6)

1 (1.6)

1 (1.6)

P = 0.8721

Age (yr)
38.9 (10.6)

39.3 (11.2)

38.4 (10.0)

P = 0.6292

3.6 (4.5)

3.2 (4.2)

3.9 (4.7)

P = 0.3732

Yes

11 (8.7)

4 (6.3)

7 (10.9)

No

116 (91.3)

59 (93.7)

57 (89.1)

Mean (SD)
History of GERD symptoms (yr)
Mean (SD)
Tobacco use, N (%)

P = 0.2431

Alcohol use, N (%)
Yes

20 (15.7)

9 (14.3)

11 (17.2)

No

107 (84.3)

54 (85.7)

53 (82.8)

P = 0.4861

Previous medication for reflux disease
Yes

77 (60.6)

35 (55.6)

42 (65.6)

No

50 (39.4)

28 (44.4)

22 (34.4)

P = 0.2791

H pylori status
Positive

50

24 (45.3)

26 (44.0)

Negative

62

29 (54.7)

33 (56.0)

(Not available

15

10

Test1 Fisher’s exact test; Test2 t-test; Test3 2 test

5

P = 0.953
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Symptom severity score during the first 5 d
Comparing between the two PPIs, there was no statistically
significant difference between groups for day- and nighttime heartburn or regurgitation within the first 5 d (P = NS,
Table 2).
Comparing each individual PPI with treatment vs baseline
or pre-treatment symptoms severity scores, rabeprazole
significantly reduced day- and night-time heartburn scores
within 2 d of commencing treatment compared to baseline
or pre-treatment (P<0.01), and this statistical significance

Night-time

Improved

Worsened

A

-0.10
-0.05
-0.00
-0.05
-0.10
-0.15
-0.20
-0.25
-0.30

1

b
2

a

a

3

4

a
5
Rabeprazole

Time (d)

B

Worsened

Complete relief of day-time and night-time symptoms
Complete relief of day-time heartburn (no episodes of
heartburn during the evaluation week) at the 1 st wk were
6.9% (14 of 52 patients) in patients treated with rabeprazole
and 23.4% (11 out of 52 patients) in those received
esomeprazole (P = NS). At the end of wk 4, this increased
to 55.3% (26 out of 47) and 41.1% (18 out of 43) for
rabeprazole and esomeprazole, respectively (P = NS).
Complete relief of night-time heartburn were similar in
both patient groups (28.8% (15/62) vs 20.9% (9/43)) at
wk 1 and (44.4% (20/45) vs 41.0% (16/39)) at wk 4 (for
rabeprazole and esomeprazole, respectively) (P = NS).
No statistically significant differences were observed in
analyses of regurgitation.

continued up to d 5. However, patients receiving esomeprazole
showed a statistically significant improvement in day-time
heartburn score from the 3rd to the 5th d, and no significant
improvement in night-time heartburn score in the first 5 d
(Table 2 and Figure 2).

Day-time
Esomeprazole

0.10

P≤0.05 bP≤0.001 dP≤0.001
(vs pre-treatment, paired t)

a

0.00
-0.10

Improved

regurgitation, a statistically significant higher number of
patients treated with rabeprazole reported satisfactory relief
of day-time symptoms compared to those receiving
esomeprazole (P<0.05, Figure 1).
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-0.20
-0.30
b

-0.40
-0.50
-0.60

1

2

a a
d

a
d

3
4
Time (d)

d
5

Figure 2 Change in symptom severity score from pre-treatment on d 1 to 5

Table 2 Summary of efficacy and safety results (including important subgroup analyses)
Parameter
Primary efficacy variables
Time to 24-h symptom-free interval-HB
Time to 24-h symptom-free interval-RG
Secondary efficacy variables
Time to 48-h symptom-free interval-HB
Time to 48-h symptom-free interval-RG
W1-W4-satisfactory relief DT or NT-HB
W1-W4-satisfactory relief DT or NT-RG
W1-W4-satisfactory relief DT-HB & RG4
W1-W4-complete relief DT or NT-HB
W1-W4-complete relief DT or NT-RG
W1-W4-belching
W1-W4-early satiety
W1-W4-bloating
W1-W4-nausea
W1-W4-vomiting
Symptom severity score-D1-5-DT HB
Symptom severity score-D1-5-NT HB
Symptom severity score-D1-5-DT RG
Symptom severity score-D1-5-NT RG
Patient’s global evaluation (%)
Antacid use-weekly average
Antacid use-% antacid free
Safety
Adverse events

Rabeprazole
10 mg (d)

Esomeprazole
20 mg (d)

P

Result

8.5 d
6.0 d

9d
7.5 d

0.265
0.405

NS
NS

9.5 d
8.5 d

8.5 d
11 d

-0.41
-0.26
-0.46
-0.23
-0.34
P<0.05 (D2-5)1
P<0.05 (D2-5)1
P<0.05 (D1-5)1
P<0.05 (D5 only)1
96.4
0.15
85.7

-0.42
-0.32
-0.54
-0.27
-0.21
P<0.05 (D3-5)1
NS1
P<0.05 (D1-5)1
P<0.05 (D2 only)1
87.9
0.16
84.9

0.373
0.271
>0.05
>0.05
0.0454
>0.05
>0.05
0.631
0.178
0.608
0.319
0.808

0.823
0.887
0.848

NS
NS
NS
NS
Rabeprazole superior4
NS
NS
NS
NS
NS
NS
NS
NS2
NS3
NS
NS
NS
NS
NS

>0.05

NS

22

18.2

HB-heartburn; RG-regurgitation; DT-day-time; NT-night-time; W1-wk 1; w4-wk 4; 1Compared to baseline; 2Rabeprazole statistically superior compared to baseline/pretreatment from d 2 to 5 and esomeprazole statistically superior compared to baseline/pre-treatment from d 3 to 5; 3Rabeprazole statistically superior compared to
baseline/pre-treatment from d 2 to 5 and esomeprazole not statistically superior compared to baseline/pre-treatment from d 1 to 5; 4Subgroup analysis.
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(heartburn) (ITT).

Antacid use
The use of rescue medication was low in both groups. There
was no statistical difference between the two groups for
weekly average antacid consumption and percentage antacid
free for the duration of the study (P = NS).
Patients’ global evaluation
A slightly higher proportion of patients treated with rabeprazole
(96.4%, 54 out of 56 patients) reported their symptoms as
improved (“slightly improved”, “moderately improved” or
“markedly improved”) at the end of the treatment period
compared to those treated with esomeprazole (87.9%, 51
out of 58 patients). The difference was not statistically
significant.
Safety analysis
Of the 134 patients enrolled, 129 patients in total were
eligible for safety analysis. The five patients excluded from
the safety analysis did not take any study medication. Of
the five patients, four were from the rabeprazole and one
was from the esomeprazole group.
Both drugs were well tolerated during the study. Adverse
events considered related to the study medication occurred
to a similar extent in patients treated with rabeprazole (22%)
and esomeprazole (18.2%) (P = NS). One patient withdrew
from the study because of persistent headache from
esomeprazole.
Elevation of ALT occurred in one patient taking
rabeprazole and four patients receiving esomeprazole. One
patient on rabeprazole and two patients on esomeprazole
had an increase in AST. These changes were not clinically
significant.
There were no obvious differences in tolerability between
the treatments. The measurement of laboratory variables
and vital signs did not reveal any evidence of deleterious
effects of the drugs in either group.

DISCUSSION
One of the problems in defining GERD in Asia is that
there is no direct translation of ‘heartburn’ in most Asian
languages, including the Chinese language[7,8] although this
gap has been closed since the Asia-Pacific Consensus.
Accepted classic symptoms of GERD in Asia include
heartburn, regurgitation, dysphagia and odynophagia[7].
The recent Asia-Pacific Consensus on GERD recommends
that a ‘careful history taking to elicit the classic symptoms
of GERD (heartburn and regurgitation) is the cornerstone
in the diagnosis of GERD’ [8]. In the present study, every
effort was made by the investigating physician to ensure
that heartburn and/or regurgitation was/were the cardinal
presenting symptom(s). In addition, care was taken by
the investigators to explain and elicit what the symptom
of ‘heartburn’ meant to the patient. This study was designed
to assess the efficacy and rapidity of symptom relief with
rabeprazole 10 mg or esomeprazole 20 mg in patients with
NERD in urban Asia.
The primary efficacy variable of median time to the
first 24-h interval free from heartburn was similar for both
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drugs being 8.5 d for rabeprazole and 9.0 d for esomeprazole.
Results of the primary efficacy variable for relief of regurgitation were similar between the two PPIs as well.
The majority of secondary efficacy variables were
similar between the two PPIs as well. Overall, after 4 wk
of treatment more patients receiving rabeprazole reported
symptom improvement than those receiving esomeprazole
(96% vs 87%) although this did not reach statistical
significance. Complete relief of day-time symptoms after
4 wk of treatment was reported in 41.9% and 58.0%, whilst
complete relief of night-time symptoms was lower at
41.0% vs 52.3%. Satisfactory relief of symptoms, defined
as not having any episode greater than moderately severe,
was reported in 73% (esomeprazole) to 96% (rabeprazole)
of patients treated. In real-life situation, most patients would
find satisfactory relief of symptoms as an acceptable
treatment outcome. Further studies, however, are needed
to confirm these observations. Our observations do support
the clinical phar-macokinetics studies currently available
on the two PPIs.
Pharmacodynamic studies involving rabeprazole and
esomeprazole in healthy subjects showed that 40 mg of
esomeprazole was more effective than 20 mg rabeprazole
on d 5 of treatment in maintaining intragastric pH above
4.0, suggesting that, by d 5, 40 mg esomeprazole had more
profound acid suppression than 20 mg rabeprazole [17].
On the other hand, 20 mg of rabeprazole increased
intragastric pH more than 20 mg esomeprazole with a higher
mean AUC (area under the plasma concentration-time
curve) intragastric pH on d 1 of treatment[18]. On d 5 that
difference remained except 11-14 h after dosing[18]. A study
comparing rabeprazole 20 mg and esomeprazole 40 mg
demonstrated rabeprazole 20 mg to produce a greater or
equivalent acid suppression on day 1 (i.e., from the first
dose), with rabeprazole showing significant superiority
at night[19,20]. These studies demonstrate that rabeprazole
have a faster onset of acid inhibitory action than other
PPIs including esomeprazole from d 1 of dosing[18-20], with
esomeprazole the superiority is seen over other PPIs from
day 5 of dosing[17] .
There was no statistically significant difference between
the two groups for reduction in symptom severity scores
for the first 5 d during day-time and night-time regurgitation.
Nevertheless, rabeprazole effectively reduced the severity
of day-time and night-time heartburn in patients with NERD
compared to pre-treatment, improving symptom scores
compared with baseline scores from as early as the 2 nd d
(P<0.05) following dosing. In contrast, esomeprazole
produced significant improvement only in the symptom
score of day-time heartburn from 3 rd d onwards and no
statistically significant change in symptom score in nighttime heartburn in the first 5 d.
Several reports have suggested that patients with NERD
are less responsive to PPIs[21-23]. Our study showed that after
4-wk treatment, both PPIs produced satisfactory relief of
day-time heartburn in 91% of patients with non-erosive
reflux disease (91% rabeprazole and 79% esomeprazole).
This response rate is higher than that seen in Miner’s study
in USA, where only 56% of NERD patients responded to
PPI after 4 wk[11] . Complete relief of day-time heartburn

Fock KM et al. Rabeprazole vs esomeprazole in NERD disease

was also higher in our study being reported in 45.6%
(rabeprazole) and 41% (esomeprazole) of the patients treated
compared with 29% in Miner’s study[11]. This could be due to
selection of a less severely symptomatic patient population.
Patients were required to have had only one episode of
moderate-to-severe GERD in the 7 d prior to study entry,
whereas entry into the Miner study required patients to
have had a minimum of five episodes in the week prior to
entry[11]. Nevertheless, there are about 20% of our NERD
patients who did not attain satisfactory relief of symptoms
after 4 wk of treatment. Our data has shown that more
patients respond to PPIs at wk 4 than at wk 1. Hence, by
extending the duration of therapy beyond 4 wk, it may be
possible that more patients would have symptom relief.
Clinical studies with longer treatment periods are needed to
determine if this hypothesis is true. Recent investigations
have demonstrated the presence of highly acidic ‘pocket’
high in the fundus below the cardio-esophageal junction
during the post-prandial period[24]. Dosing with acid suppressing
agents will have to be tailored to neutralize this post-prandial
acid ‘pocket’.
Although there was rapid onset of action, the median
time to the first 24-h period symptom free from heartburn
was 8.5 d with rabeprazole and 9.0 d with esomeprazole.
This was higher than the 2.5 d observed in Miner’s study[11].
This difference could be explained by the fact that, in our
study, patients who did not experience reflux symptoms 24 h
prior to study were excluded from the analysis whereas they
were included in Miner’s study[11]. As these patients were
excluded from analysis, the median reported in the study
would overestimate the actual time taken to reach the first
24-h interval free from heartburn. The rapid action of these
newer PPIs could be clinically relevant when treating NERD
patients with “on-demand therapy”, as these newer PPIs
could produce symptom relief from d 2 or 3 onwards.
This would translate into a shorter period of ‘on-demand’
therapy. This is consistent with the results seen in earlier
report regarding on-demand treatment with rabeprazole
10 mg[25]. In that study, use of rabeprazole was required in
only 26% of the total study period, indicating an average
intake of only one tablet in 4 d[25].
In summary, our study demonstrates that once-daily therapy
with the newer PPIs rabeprazole 10 mg or esomeprazole
20 mg produce improvement in majority of NERD patients.
Relief from the symptoms of heartburn and regurgitation
in a predominantly Chinese population with NERD can
occur after 2 d of treatment. Further studies are needed to
determine the optimum treatment period and symptom relapse
rate on cessation of treatment.
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not appear to offer a clear advantage in predicting survival
in patients with decompensated cirrhosis in daily clinical
practice.
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Abstract
AIM: Model of End-stage Liver Disease (MELD) score has
recently gained wide acceptance over the old Child-Pugh
score in predicting survival in patients with decompensated
cirrhosis, although it is more sophisticated. We compared
the predictive values of MELD, Child-Pugh and creatininemodified Child-Pugh scores in decompensated cirrhosis.
METHODS: A cohort of 102 patients with decompensated
cirrhosis followed-up for a median of 6 mo was studied.
Two types of modified Child-Pugh scores estimated by
adding 0-4 points to the original score using creatinine
levels as a sixth categorical variable were evaluated.
RESULTS: The areas under the receiver operating characteristic curves did not differ significantly among the four
scores, but none had excellent diagnostic accuracy (areas:
0.71-0.79). Child-Pugh score appeared to be the worst, while
the accuracy of MELD was almost identical with that of
modified Child-Pugh in predicting short-term and slightly
better in predicting medium-term survival. In Cox regression
analysis, all four scores were significantly associated with
survival, while MELD and creatinine-modified Child-Pugh
scores had better predictive values (c-statistics: 0.73 and
0.69-0.70) than Child-Pugh score (c-statistics: 0.65).
Adjustment for gamma-glutamate transpeptidase levels
increased the predictive values of all systems (c-statistics:
0.77-0.81). Analysis of the expected and observed survival
curves in patients subgroups according to their prognosis
showed that all models fit the data reasonably well with
MELD probably discriminating better the subgroups with
worse prognosis.
CONCLUSION: MELD compared to the old Child-Pugh and
particularly to creatinine-modified Child-Pugh scores does

INTRODUCTION
The poor survival of patients with decompensated cirrhosis
has driven physicians to a constant search for good prognostic
markers[1,2]. The need for improvement in the accuracy of
prognosis in this setting has increased in the current era of
the expansion of orthotopic liver transplantation (OLT) and
the parallel increasing discrepancy between the numbers of
OLT candidates and the numbers of available donor livers[2,3].
Indeed, patients with decompensated cirrhosis who are potential
OLT candidates should enter into the transplant waiting lists
neither too early nor too late, since early OLTs take away
livers from candidates who are very sick and with more
urgent indications and late OLTs are associated with worse
outcomes[4].
The old Child-Turcotte classification[5] and the subsequently
modified Child-Pugh score (CP score)[6] have been the most
widely applied prognostic markers in patients with decompensated cirrhosis mainly due to their simplicity for use in
daily clinical practice[2,7,8]. The determination of CP score,
which may range from 5 to 15, is based on the presence and
severity of ascites and hepatic encephalopathy, the prolongation
of prothrombin time, and the levels of serum bilirubin and
albumin. According to their CP scores, patients are classified
into three classes (Child class A, B, and C with CP scores 5-6,
7-9, and 10-15, respectively)[6]. The predictive value of the
CP score has been shown in many studies in the past[2,9], but
the inclusion of two subjective variables (ascites and encephalopathy) with the inevitable interobserver variation and
the need for even better prognosis have prompted the search
for more objective and more accurate prognostic markers
in this setting[2].
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During the last two decades, several scoring systems or
prognostic instruments have been proposed for predicting
survival in patients with decompensated cirrhosis[10-13], but
none gained wide acceptance until the recent development
of the Mayo Clinic Model of End-stage Liver Disease
(MELD)[2,14,15]. MELD score[16], which was initially developed
for predicting survival in patients undergoing transjugular
intrahepatic portosystemic shunts (TIPS)[17], has been suggested
to provide more accurate prognosis than CP score in patients
with decompensated cirrhosis and therefore to improve the
estimation of priority for liver grafts allocation[2,16]. MELD
score calculation is based on the etiology of cirrhosis and three
simple and objective laboratory variables, serum bilirubin, serum
creatinine and prothrombin time expressed as international
normalized ratio (INR), but it includes logarithmic transformations and multiplication by several factors being
substantially more sophisticated than that of the CP score[6,17].
Moreover, it has been suggested that it may be difficult to
reconcile clinical impression with MELD score[8]. Recently,
a modified CP score taking into account serum creatinine
levels was also evaluated in patients undergoing TIPS[18], since
renal function in patients with decompensated cirrhosis
has been shown to affect post-TIPS or post-transplant
survival[19-21] and no renal parameter was included in the
original CP score.
The aim of this study was to compare the accuracy of
MELD, CP, and modified CP score for predicting shortterm and medium-term survival in patients with decompensated
cirrhosis.

MATERIALS AND METHODS
We retrospectively studied 102 patients with decompensated
cirrhosis, who were admitted to our department between
June 1998 and May 2000. Patients with hepatocellular carcinoma,
severe primary cardiopulmonary failure or intrinsic kidney
disease were excluded, while patients with more than one
admission during the study period were evaluated in the analysis
only at their first admission.
The diagnosis of decompensated cirrhosis was based
on clinical, laboratory, previous histological, and radiological
signs of cirrhosis with at least one sign of liver decompensation
(ascites, variceal bleeding, hepatic encephalopathy, nonobstructive jaundice). The cause of cirrhosis was considered
to be chronic hepatitis B virus infection in cases with longstanding (>6 mo) HBsAg positivity; chronic hepatitis C virus
(HCV) infection in cases with detectable both antibodies
against HCV (anti-HCV) and serum HCV-RNA; alcohol
abuse in cases with a compatible history and absence of other
causes of liver injury; primary biliary cirrhosis in cases with
elevated alkaline phosphatase, positive antimitochondrial
antibodies and/or compatible previous histological findings;
primary sclerosing cholangitis in cases with elevated alkaline
phosphatase and compatible radiological and/or histological
findings.
According to our routine clinical practice, detailed
medical history, complete physical examination, and a battery
of laboratory tests were performed in all patients with
decompensated cirrhosis on the day of admission. Moreover,
diagnostic paracentesis and ascitic fluid culture were performed
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in all admitted cirrhotic patients with ascites. The age, sex,
cause of cirrhosis, cause of admission, first and previous
complications of decompensated cirrhosis including
spontaneous bacterial peritonitis (SBP) as well as complete
blood count including platelet count, prothrombin time and
INR, serum urea and creatinine, total, and direct bilirubin,
alanine aminotransferase (ALT) and aspartate aminotransferase
(AST), alkaline phosphatase, gamma-glutamate transpeptidase
(GGT), serum albumin and globulins and ascitic fluid characteristics and culture were retrospectively recorded for all
patients. In June 2002, the date of last available information
as well as the final status (alive, death from liver disease,
OLT, and death from liver unrelated causes) were recorded.
Based on the admission data, the CP score (range: 5-15)
and Child class were estimated for each patient according
to the suggestion by Pugh et al [6], while the MELD score
(range: 6-40) was calculated according to the formula proposed
by Kamath et al[16], which was a slight modification of the
risk score used in the original TIPS model[17]. In addition,
two types of modified CP score (CP score-I and CP scoreII) with serum creatinine as a sixth variable were also calculated:
CP score-I (range: 5-19) derived from the original CP score
by adding 0 points for creatinine <1.3 mg/dL and 4 points
for creatinine ≥1.3 mg/dL according to what was reported
by Angermayr et al[18], while CP score-II (range: 5-19) derived
from the original CP score by adding 0 points for creatinine
<1.3 mg/dL, 2 points for creatinine 1.3-1.8 mg/dL and 4
points for creatinine >1.8 mg/dL.
Statistical analysis
All data were analyzed using the statistical program STATA.
Results were expressed as mean values (SD) or as median
values (range). Qualitative variables were compared by corrected
2 test and quantitative variables by t-test or Wilcoxon signed
rank test. The accuracy of the different score systems for
predicting short-term survival was evaluated through the
urea under the receiver operating characteristic (ROC) curve,
whereas the different areas were compared by the nonparametric method proposed by DeLong et al[22].
Cox proportional hazards models were used to determine
variables associated with overall survival. Multivariate models
were constructed to identify independent variables from the
score systems factors. For each Cox model, a predictive score
was calculated for each patient as: P = 1X1+2X2+…+kXk,
where X 1, X2,…, X k are the levels of k prognostic factors
and 1, 2,…, k are the corresponding regression coefficients.
Higher predictive scores correspond to poorer prognosis.
The accuracy of the different models as predictors of survival
was evaluated by the concordance (c)-statistics (equivalent
to the area under the ROC curve). Each model was considered
to have diagnostic accuracy in case of a c-statistics >0.70
and excellent diagnostic accuracy in case of a c-statistics
>0.80.
To assess how well the models fit the data predicted by
the models and actual survival curves were graphically
compared. For that, patients were ranked according to their
predictive score and divided into three groups with roughly
equal numbers of patients’ deaths in each group. Actual
survival curve for each group was calculated using the KaplanMeier method.
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RESULTS
The patient baseline characteristics are presented in Table 1.
During a median follow-up of 16 mo (0.5-42 mo), 19 (19%)
of the 102 patients died and another 5 (5%) underwent
OLT. No patient died from liver unrelated causes. The 3-,
6-, 12-, and 24-mo survival rates were 91%, 86%, 84%, and
76%, respectively.

Table 1 Baseline characteristics of 102 patients with decompensated cirrhosis
Age (yr)

61 (27-89)

Sex, males

69 (68%)

Cause of cirrhosis
HBV

24 (23%)

HCV

17 (17%)

Alcohol

39 (38%)

PBC/PSC

7 (7%)

Unknown

15 (15%)

Cause of admission
Tense ascites

37 (36%)

Encephalopathy

17 (17%)

Variceal bleeding

16 (16%)

Jaundice

11 (11%)

Other

16 (16%)
9 (9%)

First sign of decompensation
66 (65%)

Variceal bleeding

30 (29%)

Jaundice
Hematocrit (%)

1 (1%)
33 (17-48)
11 (5-16)

White blood count (×109/L)

5.7 (1.2-23.9)
105 (19-394)

Prothrombin time (s)

16 (11-35)

INR

1.3 (0.9-3.3)

Creatinine (mg/dL)

1.1 (0.5-3.7)

Bilirubin (mg/dL)

2.6 (0.3-33.9)

AST (IU/L)
ALT (IU/L)
Alkaline phosphatase (U/L)

12

24

Area under ROC

P (2)

Child-Pugh

0.73

0.19

Modified Child-Pugh-I
Modified Child-Pugh-II

0.76
0.78

0.58
0.73

MELD

0.79

Child-Pugh

0.71

0.18

Modified Child-Pugh-I
Modified Child-Pugh-II

0.73
0.76

0.49
0.85

MELD

0.77

Child-Pugh

0.68

0.09

Modified Child-Pugh-I
Modified Child-Pugh-II

0.73
0.74

0.38
0.51

MELD

0.78
0.70

0.27

72 (20-610)

0.75
0.76

0.48
0.64

Child-Pugh

44 (11-433)

MELD

0.79

101 (42-487)
70 (10-1 165)

Albumin (g/dL)

3.2 (1.9-4.3)

Child class
A

13 (13%)

B

42 (41%)

C

47 (46%)

Modified Child–Pugh score-I

6

Predictive scores

Modified Child-Pugh-I
Modified Child-Pugh-II

GGT (U/L)

Child–Pugh score

3

5 (5%)

Hemoglobin (g/dL)

Platelet count (×109/L)

Table 2 Comparisons of the areas under the ROC curve of ChildPugh, modified Child-Pugh-I, modified Child-Pugh-II and MELD scores
for 3-, 6-, 12-, and 24-mo survival
Survival (mo)

Ascites

Encephalopathy

Predictive models for 3-, 6-, 12-, and 24-mo survival
The ROC curves of all four scoring systems for 3-, 6-, 12-,
and 24-mo survival are shown in Figure 1. Comparison of
the areas under the ROC curves among the four scoring
systems did not reveal any statistical significant difference.
All scoring systems were found to have diagnostic accuracy
in predicting survival, perhaps with the marginal exception
of CP score for predicting 12-mo survival. However, none
of the scores had excellent diagnostic accuracy (area >0.80).
MELD score appeared to have better predictive accuracy
compared to the CP scores. Among the rest of the scores,
modified CP-I was associated with better area under the
ROC curve than the CP score, whereas modified CP-II score
was relatively more accurate in predicting short-term survival
than the modified CP-I score. The area under the ROC
curve for MELD and CP-II scores were almost identical
for 3-mo (0.79 and 0.78) and 6-mo (0.77 and 0.76) survival,
while there was a slight decrease in the predictive value of
CP-II score during further follow-up. Thus, MELD appear
to have a slight advantage in predicting 12- and 24-mo
survival (0.78 and 0.79) compared with CP-II score (0.74
and 0.76), which ranked second (Table 2). In general, there
was a tendency for decreasing accuracy of the CP scoring
systems for predicting longer survival.

5 (5%)

Fever

SBP on admission

3101

9 (5-15)
10 (5-19)

Modified Child–Pugh score-II

10 (5-17)

MELD score

12 (-10-45)

HBV: hepatitis B virus, HCV: hepatitis C virus, PBC: primary biliary cirrhosis,
PSC: primary sclerosing cholangitis, SBP: spontaneous bacterial peritonitis, INR:
international normalized ratio, AST: aspartate aminotransferase, ALT: alanine
aminotransferase, GGT: gamma-glutamyl-transpeptidase, MELD: Model for
End-stage Liver Disease. All quantitative variables are expressed as median
values (range).

P for comparison with MELD score.

Predictive models for overall survival
Univariate analysis using Cox proportional hazards models
showed that ascites as first sign of liver decompensation
(P = 0.017), presence of SBP on admission (P = 0.010),
serum levels of bilirubin (P<0.001), AST (P = 0.018), ALT
(P = 0.039), GGT (P = 0.019), and creatinine (P = 0.002)
were significantly associated with survival (Table 3).
MELD, CP, and modified CP-I and CP-II scores were
all significantly associated with survival in univariate analysis.
Multivariate Cox regression analysis including all significant
baseline characteristics together with each predictive score
showed that the only factor that remained consistently
statistically significant for all scores was GGT (log-transformed).
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Figure 1 ROC curves of MELD, Child-Pugh (CP), modified Child-Pugh-I (CP-I)
and modified Child-Pugh-II (CP-II) score for 3-mo (A), 6-mo (B), 12-mo (C) and

24-mo (D) survival.

Table 4 shows the crude and the adjusted for GGT results
for all scoring systems as well as the corresponding c-statistics.
MELD and modified CP-II scores were again found to have
the better predictive value for overall survival than CP score.
Including GGT in the model increased substantially the value
of the c-statistics.

The expected and observed survival curves for each
score in the three patient subgroups divided according to the
patient respective predictive degree P are shown in Figure 2.
The models fit the data reasonably well. MELD score appeared
to discriminate better than the rest of the scores the subgroup
of patients with the worse prognosis had.
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Figure 2 Expected and observed survival curves for MELD (A), Child-Pugh
(CP) (B), modified Child-Pugh-I (CP-I) (C) and modified Child-Pugh-II (CP-II) (D)

score in three patient subgroups (1 st , 2nd, 3rd) with roughly equal numbers of
patients deaths in each subgroup.
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Table 3 Association of baseline characteristics with survival in 102
patients with decompensated cirrhosis (results from univariate Cox
proportional hazards models)
Patient characteristic
Age (per yr)
Sex (male)
Cause of cirrhosis (unknown)
HBV
HCV
Alcohol
PBC/PSC
SBP on admission
White blood count (×109/L)
Platelet count (×109/L)
Prothrombin time (s)
INR
Creatinine (mg/dL)
Bilirubin (mg/dL)
AST (IU/L)
ALT (IU/L)
Alkaline phosphatase (U/L)
GGT (U/L)
Albumin (g/dL)
Child class (A)
B
C

Hazard ratio

95%CI

P

0.99
0.68

0.90-1.03
0.27-1.72

0.72
0.92

0.41
1.21
0.72
0.97
4.25
1.12
1.06
2.48
4.22
4.62
2.25
1.95
1.70
0.83
1.64
0.53

0.12-1.58
0.35-4.17
0.27-1.93
0.47-3.85
1.41-12.84
0.43-3.68
0.52-2.15
0.50-12.19
0.98-18.19
1.76-12.13
1.5-3.38
1.12-3.4
1.03-2.8
0.38-1.86
1.09-2.46
0.07-3.84

0.21
0.77
0.51
0.68
0.01
0.90
0.87
0.26
0.052
0.012
<0.001
0.018
0.039
0.66
0.019
0.53

2.11
3.71

0.46-9.77
0.78-17.61

0.34
0.10

CI: confidence interval, HBV: hepatitis B virus, HCV: hepatitis C virus, PBC: primary
biliary cirrhosis, PSC: primary sclerosing cholangitis, SBP: spontaneous bacterial
peritonitis, INR: international normalized ratio, AST: aspartate aminotransferase,
ALT: alanine aminotransferase, GGT: gamma-glutamyl-transpeptidase, MELD:
Model for End-stage Liver Disease. Hazard ratios (95%CI) for quantitative
variables are expressed for 1 relevant unit increase of loge.

DISCUSSION
Although the relatively new MELD score has already been
instituted by some transplant programs, such as UNOS, to
be the score of choice for stratification of liver transplant
candidates on the waiting lists for allocation of donor livers[23],
its superiority over the old CP score in predicting actual survival
in patients with decompensated cirrhosis has not been
documented. MELD score has been proven to be a reliable
measure of short-term mortality risk in patients with endstage liver disease and a suitable marker for allocation of
donor livers[16,24], but the results in studies comparing MELD
with CP score appear to be unclear. For prediction of survival
in patients undergoing TIPS, MELD compared to CP score
was found to be superior in the original MELD model study[17]
and in a study from Italy[25], slightly superior in a subsequent
study from Germany[26] and equally accurate in a study from
Austria[19]. In patients with liver cirrhosis, however, both
MELD and CP scores have been found to represent equally
good predictors of survival without significant differences
in the accuracy of their predictive values in all but one
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study population. Finally, MELD was found to be equivalent
to CP score for predicting in-hospital and 12-mo mortality in
patients with acute variceal bleeding.
Our data further support that MELD score is not significantly
superior to CP score in predicting survival in patients with
decompensated liver disease. The c-statistics for prediction
of 3-, 6-, 12-, and 24-mo survival by the MELD score
ranged from 0.75 to 0.79 being compatible with previous
findings in other retrospectively evaluated cohorts of patients
with decompensated cirrhosis[16]. Although no significant
difference between MELD and CP score was observed in
our study, the predictive accuracy of MELD score was always
superior offering the greatest benefit in the prediction of
12- and 24-mo survival. The modified CP-I score with the
addition of serum creatinine levels as a dichotomous categorical
variable (0 points for creatinine <1.3 mg/dL and 4 points
for creatinine ≥1.3 mg/dL) according to what was recently
proposed by Angermayr et al[18], did not offer a clear benefit
over the old CP score (c-statistics: 0.68-0.77 and 0.68-0.73,
respectively). In contrast, the modified CP-II score with
the addition of serum creatinine levels as a trichotomous
categorical variable (0 points for creatinine <1.3 mg/dL, 2
points for creatinine = 1.3-1.8 mg/dL and 4 points for
creatinine >1.8 mg/dL) was found to be slightly superior
than the CP score, since its c-statistics (0.71-0.78) were always
better than those of the CP score and very close to the cstatistics of the MELD score.
If two or more scoring systems offer similar accuracy
in predicting survival, then other characteristics should be
taken into account for adopting one of them into clinical
practice. The main drawbacks of the old CP score are the
inclusion of two subjective parameters, such as ascites and
encephalopathy, and the estimation of three objective parameters,
prothrombin time, serum bilirubin and albumin levels, as
categorical variables[6]. Thus, in the CP score, there may be
significant interobserver variation in the assessment of the
severity of ascites and encephalopathy, which may easily
change by medical interventions, while an extended range
of values of prothrombin time, bilirubin and albumin levels
take the same points even if they may reflect different
degrees of liver failure. Moreover, CP score does not take
into account the patient’s renal function, which appears to
be strongly associated with survival[21].
MELD score is undoubtedly more objective than the
CP score, since its calculation is based on the etiology of
cirrhosis and three simple and reproducible laboratory
parameters, INR, serum creatinine and bilirubin levels[16] .
Moreover, the dynamic nature of MELD score, which is
expressed within a continuous scale of 34 points taking into
account the exact value of its laboratory parameters, offers

Table 4 Crude and adjusted for GGT hazard ratio (HR) of death and 95%CI for the four scoring systems
Scoring system

Child-Pugh score
Modified Child-Pugh-I score
Modified Child-Pugh-II score
MELD score

Unadjusted

Adjusted

HR (95%CI)

c-statisticsHR

(95%CI)

c-statistics

1.23 (1.04-1.45)
1.21 (1.09-1.36)
1.30 (1.13-1.48)
1.11 (1.06-1.15)

0.65
0.69
0.70
0.73

1.38 (1.14-1.68)
1.30 (1.13-1.50)
1.38 (1.18-1.62)
1.10 (1.06-1.15)

0.77
0.79
0.78
0.81

MELD: Model for End-stage Liver Disease. HR (95%CI) are expressed for 1 unit increase.
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an advantage in the determination of priorities of liver organs
allocation[2,8]. On the other hand, MELD score cannot be
calculated at the bedside and is much more complex than
the easy to calculate CP score, since it includes logarithmic
transformations and multiplication by several factors[16]. In
addition, changes in several parameters of the MELD score
may not be directly related to changes of the severity of
liver disease, such as a creatinine increase due to extensive
use of diuretics or other iatrogenic factors. Finally, it has
been suggested that MELD score may underestimate the
severity of liver disease in patients with decompensated
cirrhosis and predominant complications of portal hypertension,
since it does not include any parameter related to portal
hypertension[8].
In conclusion, both MELD and CP score can accurately
predict short-term (3- and 6-mo) survival in patients with
decompensated cirrhosis, while MELD appears to have a
slight advantage in predicting medium-term (12- and 24-mo)
survival. The modified CP score with the addition of serum
creatinine as a categorical parameter was found to improve
the predictive accuracy of CP score being equivalent with
the MELD score in predicting short- and medium-term
survival. Thus, the creatinine-modified Child-Pugh scores
seem to deserve further evaluation, since they are simpler
than and of similar predictive accuracy with the MELD
score and have higher predictive accuracy than the old ChildPugh score. Taking into consideration the drawbacks of
the MELD and CP scoring systems, we do not see a clear
advantage in daily clinical practice for MELD score over
the familiar and more easily calculated CP score or creatininemodified CP score for predicting survival in patients with
decompensated cirrhosis. Perhaps, the situation is different
in the liver transplant waiting lists, since the dynamic range of
the MELD score may allow better determination of priorities
for organ allocation.
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Abstract
AIM: To evaluate safety and possible efficacy of induction
of oral immune regulation using colitis extracted proteins
(CEP) in Crohn’s disease (CD) subjects.
METHODS: Ten CDs were treated orally with autologous
CEP thrice weekly for 16 wk. Subjects were monitored
for CDAI and IBDQ. Immune modulatory effect was
assessed by T-lymphocyte FACS analysis, CEP-specific
IFN ELISPOT assay and cytokine levels.
RESULTS: Induction of oral immune regulation significantly
ameliorated disease activity. All (10/10) subjects had
clinical response (CDAI ≤ 70) and 7/10 achieved clinical
remission (CDAI ≤ 150). Significant increase in mean IBDQ
score was noted (134±9 vs 164±12). No treatment-related
adverse events were noted. High levels of CEP-specific
IFN spot forming colonies were detected in five subjects
prior to treatment and in all five, a marked decrease was
observed. The CD4+/CD8+ lymphocyte ratio and peripheral
NKT cell numbers increased significantly, in 7/10 and in
5/10 subjects, respectively. Significant increase in serum
IL-10 and IL-4 levels was observed in 7/10 subjects during
treatment period.
CONCLUSION: Immune regulation via oral administration
of CEP is a safe and possibly effective treatment for subjects
with moderate CD and may provide means of antigen-specific
immune modulation.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Crohn’s disease (CD) is an immune mediated disorder. Both
an appropriate response to an injurious, exogenous agent,
or abnormal host responses to ubiquitous agents were
suggested to play a role in the pathogenesis of the disease[1,2].
Abnormalities of T-cell-mediated immunity, including
cutaneous anergy, and changes in T-cell subsets were
described in these patients[1]. In addition, patients with CD
have antibodies against components of colon cells and
several different bacterial antigens. Changes in mucosalcell-mediated immunity were identified, including alterations
in mucosal T-cell subsets and concentrations of mucosal
IgG cells, suggesting chronic antigen stimulation. Exposure
of target antigens after infectious, immune, or toxic damage
leads to activation of mucosal immune cells, resulting in
cytokines that lead to mucosal inflammatory response[3-5].
An imbalance between Th1-pro-inflammatory and Th2-antiinflammatory subtype of immune response plays a role in
the pathogenesis of CD[6]. In both experimental colitis and
in patients with CD, the disease is a Th1-mediated immune
disorder resulting in a life-long inflammatory response against
gut epitopes. Anti-inflammatory cytokines such as IL-10
downregulate the pro-inflammatory effects of Th1-mediated
cytokines, thereby alleviating the disease[7-11].
Current treatments of CD, similar to that of other immunemediated disorders, require overcoming the immune response
towards disease-associated target antigens[12]. This involves
systemic immunosuppression. New modes of immune
modulatory treatments are not antigen specific, and
therefore are either not effective in a large number of
patients, or associated with unwanted side effects[12].
Oral immune regulation is a recognized procedure alteration
of the host immune response towards orally administered
antigens[13-15]. It was previously shown effective in preventing
immune-mediated disorders in animal models[16-20] . This
method was also tested in humans with various immunemediated disorders[21] . Recently it has been shown by us
and others that oral immune regulation can be used to
alleviate experimental colitis in a model system using mice
treated with 2,4,6-trinitrobenzene sulfonic acid (TNBS)[9,22-26].
TNBS induces an autoimmune response resembling CD in
humans[22]. Oral administration of low doses of colitisextracted proteins to mice with experimental colitis
significantly decreased the inflammatory response.
The aims of the present study were to determine the
safety and tolerability of oral administration of autologous
colonic mucosal cells from CD patients, and to determine
the efficacy of this mode of treatment in patients with CD.
The effects of oral immune regulation towards colonic
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proteins on the immune system were studied. The results
show that immune regulation via oral administration of
proteins extracted from colonic mucosa was a safe and
possibly an effective treatment for subjects with moderate
to severe CD.

MATERIALS AND METHODS
Patients
Patient population One group of 10 patients was followed
up in an open-labeled, non-randomized, one-center prospective
trial. All experiments were carried out in accordance with
the guidelines of the Hebrew-University-Hadassah
Institutional Committee for Human Clinical Trials and Good
Clinical Practice regulations. The Israel Ministry of Health
Committee for Human Trials approved all experiments.
Inclusion criteria Eligible participants (men and women
>18 years) signed a written informed consent. The diagnosis
of CD with clinical evidence of active (symptomatic) disease
was based on clinical history, blood tests and/or histology,
or X-ray, or endoscopy, with a CDAI score >200 and <350.
Subjects receiving oral steroid therapy were requested to
have received a dose equivalent to or <25 mg of prednisone
per day, and to have been on a stable dose for 2 wk prior to
their first visit.
Exclusion criteria Subjects who had undergone bowel
surgery within the last 3 mo; subjects who had a prior
colostomy, ileostomy, or colectomy with ileorectal anastomosis;
subjects likely to require emergency surgery for persistent
intestinal obstruction, bowel perforation, uncontrolled
bleeding or abdominal abscess or infection, toxic megacolon;
subjects whose symptoms were believed to be largely due
to the presence of fibrotic strictures; subjects with other
infectious or neoplastic diseases of the bowel; subjects with
an acute infectious disease; subjects receiving oral prednisone
at a dose of >25 mg/d (or equivalent); subjects who were
receiving an elemental diet or parenteral nutrition; subjects
who were receiving immunosuppressive drugs such as
azathioprine or 6-mercaptopurine; subjects who had either
received methotrexate or cyclosporine or anti-TNF or
who had participated in another clinical trial within the
last 3 mo; subjects with a history of major psychiatric
disturbance, or who were drug or alcohol abusers; subjects
with a history of GI tract malignancy or IBD-associated
malignant changes in the intestine; subjects with a history
of coagulopathy; women with child-bearing potential unless
surgically sterile or using adequate contraception (either IUD,
oral or depot contraceptive, or barrier plus spermicide); pregnant
or breastfeeding mothers were excluded from the study.
Oral antigen preparation and administration Subjects
who fulfilled the inclusion/exclusion criteria for participation
in the study were scheduled for a colonoscopy during which
time colon biopsies were taken from the subject for preparation
of the colon-specific protein (study drug). The containing
extract was prepared according to Enzo Therapeutics, Inc.,
Specification Number L0060-00-0109, “Preparation of
Autologous Colon-Specific Antigen for Oral Immune
Regulation for IBD: Crohn’s Disease”. Additional tissue
samples were used for pathological analysis. Preliminary tests
showed that each intestinal biopsy yielded approximately
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300 g protein. Thus, six biopsies produced approximately
1 800 g protein, which provided a supply of protein for
the entire study. The administered dose based on previous
studies in human subjects was between 18 and 30 g/dose.
Protein extract was divided into 50 doses in 5 mL of normal
saline and stored at a temperature of -70 ℃. All subjects
were fed with antigen extracted from their own intestinal
mucosa. A 2-wk supply was given to the subject who at
each visit was instructed to maintain the vials in a refrigerator
at home. Each subject ingested 3 doses per week for 16 wk,
a total of 48 doses. Two of the five milliliters of vial doses
were kept as retained.
Clinical and laboratory follow-up Study individuals were
monitored with a variety of safety, biologic and efficacy
parameters during the baseline, feeding, and post-feeding
periods. The safety parameters included general clinical
safety parameters to monitor the individual’s overall status
as well as specific organ systems, and antigen-specific
parameters relevant to the administration of the study drugs.
Safety and tolerability of oral administration of the study
drugs were determined by evaluation of clinical parameters
as detailed by the subject in his/her diary entries; by biweekly
physical examinations and medical history, and biweekly
laboratory evaluations. A designated physician involved in
the study was accountable for interim history, vital signs,
body weight, adverse event assessment and physical
examination. Complete blood counts (CBC), sedimentation
rate (ESR) and standard chemistries (SMA) were performed
every 2 wk throughout the study. Evaluation of the effect
of oral administration of the study drug on amelioration
of the immune-mediated intestinal and extraintestinal injury
in subjects with CD was assessed by following the biweekly
CDAI score. IBDQ was evaluated at baseline and at the
end of treatment period (16 wk). Response was determined
if any of the following occurred: a decrease in CDAI score
from time 0 by 70 points, or a decrease to a level ≤150
points, which defines clinical remission.
Evaluation of the ability to induce immune regulation
by oral administration of the study drug was assessed by
monthly serum cytokine levels, and by analysis of T-cell
subpopulations biweekly, as described below. IFN
ELISPOT assay was performed at wk 0 and 32.
Flow cytometry analysis for determination of the effect
of oral immune regulation on CD4, CD8, NKT, CD3+/
45RA, CD3+/45RO, CD19+/45RA, CD25+/45RO,
CD4+/45RO, CD8+/45RO, CD44+/45RO, and
CD16+/56+ lymphocytes in peripheral blood Blood
samples were collected throughout the study period.
Immediately after lymphocyte isolation, duplicates of
2-5×104 cells/500 L PBS were deposited into Falcon 2052
tubes incubated with 4 mL of 1% BSA for 10 min, and
centrifuged at 1 400 r/min for 5 min. Cells were resuspended
in 10 L FCS with 1:20 FITC-antihuman CD4, CD8, NKT,
CD3+/45RA, CD19+/45RA, CD25+/45RO, CD3+/45RO,
CD4+/45RO, CD8+/45RO, CD44+/45RO, or CD16+/56+
antibodies (Pharmingen, and R&D, USA), and mixed every
10 min for 30 min. Cells were washed twice in 1% BSA,
0.5 mL 1% paraformaldehyde was added, and kept at 4 ℃
until reading. For the control group, only 5 L of 1% BSA
was added. Analytical cell sorting was performed on 1×104
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Statistical analysis
Summary statistics by time point of all clinical and laboratory
variables were calculated, and statistical significance of
changes from baseline was assessed by Student’s t-test at
each time point.

RESULTS
Patient characteristics
One group of 10 patients was studied. They included six
males and four females with a mean age of 37 years (range
19-59 years). Mean duration of disease was 11 years (range
2-37 years). Disease site was the ileum in six patients, the
ileocolon in two patients, and the colon in two patients.
Two patients underwent prior intestinal resection; two
suffered from fistulae. Concomitant medications: Five
patients were treated with 5-ASA and five were treated with
corticosteroids. Steroid treatment was discontinued in two
patients and significantly reduced in one patient throughout
the study period.

Effect of oral immune regulation towards autologous colitis
extracted proteins on CDAI score
Administration of the study drug significantly ameliorated
disease activity. During the course of treatment, 10/10 subjects
had a clinical response (CDAI decrease of at least 70 points),
and 7/10 subjects achieved clinical remission (CDAI ≤ 150).
Median time to response was 5 wk (Figures 1A and B). The
median decrease of CDAI was -102 points in 6 wk (from
264 to 162 points, P = 0.003), and -129 points in 14 wk
(135 points, P = 0.0001). At the end of the non-treatment
16-wk follow-up period, CDAI score increased to 206 points.
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cells from each group with a fluorescence-activated cell sorter
(FACSTAR plus, Becton Dickinson). Only live cells were
counted and background fluorescence from non-antibodytreated lymphocytes was deducted from levels obtained.
IFN ELISPOT assays IFN spot forming cells (SFC)
were determined using a colitis extracted protein (CEP)specific ELISPOT assay (Mabtech, Nacka, Sweden) as
described with the following modifications[27]. In brief, 96well filtration plates coated with high protein binding
hydrophobic PVDF membrane (polyvinylidene disulfide)
were used (Millipore Corp., Bedford, MA, USA). Plates were
coated with 1-D1K anti-IFN coating antibody (15 mg/mL,
Mabtech) for 24 h at 4 ℃. Peripheral blood mononuclear
cells (PBMCs) were isolated by Ficoll gradient separation
from 20 mL blood samples, collected in acid citrate dextrose
tubes, and processed within 1 h. PBMCs were washed twice
in RPMI 1640 with 10% fetal calf serum. Cells were
cultured in 96-well plates (1×105 cells/well) with RPMI 1640
and 10% FCS. Three triplicates were prepared with CEP
from each patient (50 g/mL), phytohemagglutinin (PHA,
2.5 g/mL), or RPMI without antigen. Plates were incubated
for 48 h at 37 ℃ and 50 mL/L CO2. Following washing,
dilute biotinylated antibodies (7-B6-1-biotin, Mabtech) were
added in filtered PBS with 0.5% FCS to 1 g/mL, in a total
volume of 100 L/well. Plates were incubated for 3 h at
room temperature. Following washing, 100 mL of
streptavidin-alkaline phosphatase was added, and plates were
incubated for 90 min at room temperature. After washing,
a substrate was added (BCIP/NBT, BioRad, Richmond,
USA) for 30 min until dark red purple spots emerged. Using
a dissection microscope, two independent investigators
counted dark spots, reflecting IFN-secreting clones. Results
are expressed as means of triplicate IFN-secreting cells
per 10 5 PBMCs, after subtracting the mean spots from
wells without viral antigens.
IFN and IL-4 serum levels IL-4, IL-10, and IFN
serum levels were measured by a “sandwich” ELISA, using
Genzyme Diagnostics kits (Genzyme Diagnostics, MA,
USA) according to the manufacturer’s instructions.
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Figure 1 Effect of the study drug on CDAI score. A: mean±SE CDAI scores
over time during the treatment period; B: CDAI scores of individual patients:
Baseline score (wk 0, open bars) as compared with score at time of maximal
decrease (black bars, no. of week appears for each patient in parenthesis
above bar).

Effect of oral immune regulation towards autologous colitis
extracted proteins on IBDQ score
Administration of the study drug significantly ameliorated
disease activity as measured by IBDQ score. A significant
increase in mean IBDQ score was noted at wk 16 as compared
to baseline (134±9 vs 164±12, P<0.05, Figures 2A and B).
Effect of oral immune regulation towards autologous colitis
extracted proteins on subpopulations of T lymphocytes
Administration of the study drug significantly induced a
significant increase in the CD4+/CD8+ lymphocyte ratio,
in 7/10 subjects (Figure 3). The peripheral NKT cell
number increased significantly in 5/10 subjects (Figure 4).
A significant increase in the CD3+/45RA (Figure 5),
CD19+/45RA (Figure 6), and CD25+/45RO (Figure 7)
lymphocytes was noted in the majority of treated subjects
(Figure 5). No major changes occurred in CD3+/45RO,
CD4+/45RO, CD8+/45R O, CD44+/45RO, and
CD16+/56+ lymphocytes subpopulations.
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Figure 5 Peripheral CD3 +/45RA lymphocyte ratio in 8/10 patients in whom a
significant increase was observed during treatment. Baseline ratio (open bars)
as compared to level of maximal increase (black bars).
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Figure 2 Effect of the study drug on IBDQ scores. A: Mean IBDQ scores
(±SE) at baseline (wk 0, open bars) as compared to end of treatment (wk 16,
black bars); B: IBDQ score of individual patients at baseline as compared to
wk 16.
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Figure 6 Peripheral CD19+ /45RA lymphocyte ratio in 7/10 patients in whom a
significant increase was observed during treatment. Baseline ratio (open bars)
as compared to level of maximal increase (black bars).
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Figure 3 Peripheral CD4+/CD8+ lymphocyte ratio in 7/10 patients in whom a
significant increase was observed. Baseline ratio (open bars) as compared to
level of maximal increase (black bars, no. of week shown in parenthesis above
each bar).
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Figure 7 Peripheral CD25+ /45RO lymphocyte ratio in 6/10 patients in whom a
significant increase was observed during treatment. Baseline ratio (open bars)
as compared to level of maximal increase (black bars).
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Figure 4 Peripheral NKT lymphocyte percent in 5/10 patients in whom a
significant increase was observed during treatment. Baseline ratio (open bars)
as compared to level of maximal increase (black bars, no. of week shown in
parenthesis above each bar).

Effect of oral immune regulation towards autologous colitis
extracted proteins on antigen specific IFN-producing T cell
clones
The antigen-specific effect of oral immune regulation on
IFN SFC was determined using a CEP-specific ELISPOT
assay. In five patients, positive T-cell clones were detected
prior to oral protein administration. In all five, a significant
decrease in the number of IFN-positive SFC was noted
(0.2-3.6 to 0-0.2 SFC).
Effect of oral immune regulation towards autologous colitis
extracted proteins on serum cytokine levels
A significant increase in IL-4 (from 0.17±0.1 to 0.63±0.15
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pg/mL, P<0.05), and IL-10 (from 1.7±0.61 to 3.5±1.02
pg/mL, P<0.05) serum levels was observed in 7/10 subjects
during treatment period (Figures 8 and 9). No significant
changes in serum IFN levels were observed.
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Figure 8 Effect of the study drug on serum IL-4 levels in 7/10 patients in whom
a significant increase was observed during treatment. Baseline ratio (open bars)
as compared to level of maximal increase (black bars).
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Figure 9 Effect of the study drug on serum IL-10 levels in 8/10 patients in whom
a significant increase was observed during treatment. Baseline ratio (open bars)
as compared to level of maximal increase (black bars).

Safety measures
Treatment was well tolerated by all patients. All 10 patients
completed the study and no major treatment-related adverse
reactions were noted. A physician followed up the interim
history, vital signs, body weight, adverse event assessment
and performed a physical examination. CBC, ESR and
standard chemistries (SMA) were performed every 2 wk
throughout the study. No major treatment-related adverse
events were reported or observed in any of the treated
patients during the feeding and follow-up periods. No major
changes in any of the extraintestinal systems monitored were
reported in any of the patients.

DISCUSSION
The results of the present study suggest that induction of
oral immune regulation via oral administration of an autologous
colon-specific protein-containing extract is a safe and could
possibly be an effective treatment for subjects with mild to
moderate CD. Induction of oral immune regulation towards
CEP appeared to significantly ameliorate disease activity.
During the course of treatment period, 10/10 subjects had a
favorable clinical response (CDAI≤70), and 7/10 subjects
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achieved clinical remission (CDAI≤150). Median time to
response was 5 wk. A significant increase in mean IBDQ score
was noted at wk 16 as compared to baseline. No treatmentrelated adverse events were noted in any of the subjects.
The data of the present study provide a clue to the
mechanism associated with the clinical effects. High levels
of CEP-specific IFN spot forming colonies were detected
in five subjects prior to treatment. In all five, a marked
decrease was observed. A significant increase in IL-10 and
IL-4 serum levels was observed in 7/10 subjects during the
treatment period. These results suggest that immune
regulation by the study drug could alter bowel-associated
antigen-specific immunity, and may induce a systemic Th1
to Th2 immune shift.
Successful treatment of IBD, similar to that of other
immune-mediated disorders, requires mitigation of the
immune response towards disease-associated target
antigens. This involves generalized immunosuppression,
which may bring undesirable side effects [1,12]. Several new
immunomodulatory treatments were tested in patients with
IBD over the last few years. These treatments are all nonantigen specific[12]. This lack of disease-associated antigens’
specificity may explain the relatively low response rate, as
well as the relatively high levels of unwanted side effects.
In contrary, induction of antigen-specific oral immune
regulation towards autologous colon specific protein-containing
extracts could potentially enable long-term alleviation of the
disease, while leaving the general immunological defense
of the recipient intact[9,22-26]. In addition, as all of the new
immune modulatory agents involve systemic immune
suppression, their long-term effects are yet to be tested.
On the contrary, antigen-specific oral immune regulation
is unlikely to have long-term effects in other systems.
Induction of oral immune regulation has been used
to alleviate several immune-mediated disorders in
animals, including collagen-induced arthritis, experimental
colitis, chronic graft vs host disease, and experimental
encephalomyelitis[13-20]. We have previously shown that oral
immune regulation towards adenoviral antigens can abrogate
the humoral and cellular components of the anti-viral
immunity[18,27]. It was also shown that oral administration
of low-dose HBV-envelope proteins (BioHepB) induced
peripheral humoral immune tolerance towards HBV
epitopes in naive animals. In addition, tolerance induction
downregulated any pre-existing anti-HBV immune response,
and inhibited anti-HBs antibody production in mice with
secondary anti-viral immunity[27]. This mode of treatment
was tested in patients with rheumatoid arthritis, autoimmune
uveitis, type I diabetes mellitus, and multiple sclerosis[21,28-31].
We have recently shown that this method is effective in
patients with chronic HBV infection[32]. The results of these
studies showed that HBV-specific T-cell immune modulation
can be elicited via oral administration of HBV envelope proteins
to chronically infected individuals. In the experimental colitis
model, induction of oral immune regulation was shown by
several groups to alleviate the disease[22]. This response was
associated with a reverse of the cytokine secretion paradigm
with increased secretion of IL-4 and decreased secretion
of IFN. Adoptive transfer of tolerance by transplantation
of immune cells from orally-tolerized donors to sublethally
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irradiated recipients supports the existence of suppressor
cells in this setting[22].
As the intestinal damage in CD patients results mostly
from the host immune response, two explanations may
elucidate these results, the first being the principle of
induction of immune tolerization. Oral immune regulation
towards colitis proteins may have altered the immune
deviation, thereby removing a deleterious T-cell population
(such as those that secrete IFN), thus uncovering a more
efficacious sub-dominant response (secreting anti-inflammatory
cytokines such as IL-4 and IL-10). The second possible
explanation is induction of immunity. Oral immune regulation
may have enhanced the effect of a beneficial subset of T
cells towards the fed antigens in these patients, or of a
regulatory subtype of T lymphocytes that reintroduce the
required immunological balance in this setting. Correction
of an immunological imbalance can lead to an enhanced effect
on the part of T-cell subtypes, rather than a clearance or
irreversible suppression of “unwanted” T cells. It is possible
that simultaneous downregulation of one subset of T cells
and augmentation of another occurs. Similar approaches were
recently described towards Schistosoma mansoni and HBV
infections, in which the immune response was responsible for
the disease[32,33]. Inherent in this concept is the understanding
that pathology is not essential for the development of a
protective response. As it is not always possible to separate
pathology from “excessive” immune protection, it might not
always be possible to determine the role of different antigens
and/or subsets of T cells in the induction of each response.
The data of the present study showed a significant
increase in the peripheral CD4+/CD8+ lymphocyte ratio
in 7/10 patients, and of the peripheral NKT cell numbers
in 5/10 subjects. Interestingly, in the experimental colitis
model, tolerance induction led to a significant increase in
NKT numbers[26,34-36]. The peripheral CD4+/CD8+ ratio
increased threefold in tolerized vs non-tolerized mice. An
opposite effect was observed in the intrahepatic CD4+/CD8+.
T lymphocytes expressing NK cell markers (NKT cells)
exist in low numbers in the peripheral blood and most other
tissues, but are abundant in the liver and bone marrow[37].
They are typified as CD4+ or CD4-CD8- and CD16-, and
express  TCR int. Upon in vivo and in vitro stimulations,
they produce large amounts of both IL-4 and IFN, exhibit
enhanced cytolytic activity, and have a regulatory role in
helper T (Th) cell differentiation[38-40]. NKT lymphocytes were
shown to play a regulatory role in immune-mediated disorders.
Others and we have recently shown that this subset of
lymphocytes may have a role in peripheral tolerance induction.
Induction of peripheral tolerance via oral administration of
an antigen, or FK506 treatment, was associated with significant
increases in intrahepatic NKT lymphocyte proportions and
cytotoxicity function[36] . Depletion of NKT lymphocytes
prevented the Th1 to Th2 immune shift, hindering the ability
to induce immune tolerance in experimental colitis[26]. The
results of the present study suggest that oral immune
regulation induces a systemic immune shift in subpopulations
of T cells. However, based on the present data it is difficult
to draw conclusions on the exact role of subtypes of T
lymphocytes in the pathogenesis of CD, as well as on the
regulatory role of NKT cells in this setting.
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Application of oral tolerance in some patients with
IBD may require the use of surrogate antigens. A similar
approach has been used in trials involving patients with
multiple sclerosis, diabetes, and rheumatoid arthritis[41-45]. A
bystander effect is known to play a role in oral immune
regulation[44]. It involves regulatory cells secreting nonantigen-specific cytokines that suppress inflammation in the
microenvironment, where the fed antigen is localized.
Mucosal Th2/Th3 cells, secreting TGF generated by
intermittent feeding of a low-dose antigen, may play a role
in bystander tolerance[13] . We have previously shown that
surrogate antigens derived from normal colonic wall and
those derived from other species induced a beneficial effect
in experimental colitis[35]. These results suggest that surrogate
antigens, related to the disease-target epitopes, may have a
similar immune modulating effect. They imply that closely
related proteins are being presented and processed by
gut-associated lymphoid tissue in a similar way. Both
administration of an antigenitically similar epitope, or of
an epitope distinct from the disease-target antigen but found
in the target organ, can regulate peripheral immune
activation. Geographical proximity and/or antigenic
similarity to the disease-target antigen may be held
responsible for these effects. In the present study, biopsies
were taken preferentially from inflamed areas in the colon,
or the terminal ileum. In some of the patients, however,
biopsies were taken from mucosa of a normal appearance.
In both, a clinical effect was noted.
During the periods of follow-up, 5 of the 10 patients
experienced a relapse of their symptoms. This loss of effect
may be due to the partial effect of oral immune regulation
on subtypes of regulatory T lymphocytes in this setting. It
may suggest that long-term treatment, and even continuous
exposure of the disease-associated antigens, are required in
these settings.
In summary, induction of oral immune regulation
towards colitis-extracted proteins is a safe and perhaps
effective new mode of therapy in patients with mild to
moderate CD. This novel method significantly alleviated
the disease while altering the antigen-specific immune
response. It had no undesirable effects in other systems. As
the present study was an open non-randomized trial, largescale double blind placebo trials would be required in order
to evaluate this new mode of treatment for CD patients.
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Abstract
AIM: Esomeprazole, an oral S-form of omeprazole,
has been a greater acid inhibitor over omeprazole in
treating acid-related diseases. Only less published
data is available to confirm its efficacy for Asian people.
Therefore, a perspective, double-blind, randomized
comparison of esomeprazole tablets 40 mg (Nexium) vs
omeprazole capsules 20 mg (Losec) in treating Chinese
subjects with erosive/ulcerative reflux esophagitis (EE)
was conducted.
METHODS: A total of 48 EE patients were enrolled and
randomized into two treatment groups under 8-wk therapy:
25 receiving esomeprazole, while another 23 receiving
omeprazole treatment. Finally, 44 completed the whole
8-wk therapy.
RESULTS: The difference in healing EE between two
groups was 22.7% (72.7% vs 50.0%), not reaching
significant value (P = 0.204). The median of the first
time needed in relieving heartburn sensation was 1 d
for both groups and the remission rates for heartburn
on the 1 st d after treatment were 77.3% and 65%,
respectively (NS). The scores of various reflux relieving
symptoms evaluated either by patients or by investigators
were not different. Regarding drug safety, 28% of
esomeprazole group and 26.1% of omeprazole group
reported at least one episode of adverse effects, while
constipation and skin dryness were the common side
effects in both groups (NS).
CONCLUSION: Esomeprazole 40 mg is an effective and
safe drug at least comparable to omeprazole in treating
Chinese EE patients.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The reflux of gastric acid and duodenal contents into
esophagus is a normal physiological phenomenon. However,
the sustained esophageal mucosal damage, e.g., erosive/
reflux esophagitis induced by this kind of reflux, may happen
when the normal esophageal clearance and mucosal
protection ability are impaired[1]. Gastroesophageal reflux
disease (GERD) refers to individuals who are exposed to the
physical complications from this reflux, or who experience
clinically significant impairment of healthy well-being and quality
of life due to reflux-related symptoms[2]. Today, prompt and
effective relief of GERD symptoms is the primary goal for
these patients. Since acid has been the major pathogen leading
to reflux-associated symptoms, current GERD treatment is
mainly aimed to reduce the acid exposure to esophagus[3,4]. For
example, omeprazole (Losec), the first proton pump inhibitor
(PPI) showing an effective acid inhibitory ability, provides the
satisfactory therapy either in GERD symptom relief or in
healing of erosive esophagitis[5-7]. The modified formulation
of omeprazole, multiple unit pellet system, remains effective
in healing and relieving symptoms in GERD patients[8]. Up to
date, omeprazole efficacy and safety are well established in
many trials because more than 600 million patients have used
omeprazole capsules worldwide including Taiwan[9,10].
Esomeprazole (Nexium), the new S-isomer of omeprazole, is introduced to reduce gastric acid secretion more
efficiently[9]. Unlike omeprazole, pharmacodynamic data
suggest that the metabolism of esomeprazole in human
liver microsomes is less dependent on CYP2C19 but mainly
via CYP3A4[11]. Based on this observation, perhaps the interindividual variation of esomeprazole metabolism is less
compared to omeprazole[12]. In addition, studies have pointed
out that esomeprazole exhibits significantly higher
bioavailability, leading to the greater inhibition of gastric
acid secretion compared to omeprazole[11,13]. Accordingly,
many studies conducted in Western countries have
confirmed the superior efficacy of esomeprazole over
omeprazole in treating GERD patients[9,14].
GERD appears less common in East Asian countries
compared to Western ones[15,16]. It is of interest to know the
reason for the efficacy of esomeprazole in Asian GERD
patients. Kao et al[17], indicated that esomeprazole achieved
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68-73.9% sustained symptomatic response rate for GERD
patients in an on-demand therapy trial. Based on the study
design of a double-blind, randomized and controlled trial,
the purpose of our study was to compare the efficacy and
safety of esomeprazole tablet 40 mg and omeprazole capsule
20 mg in treating patients with endoscopically confirmed
reflux esophagitis (EE) enrolled in a single center. Our primary
objective was to assess the EE healing rate using both agents
by an 8-wk treatment period. While the secondary objectives
were to compare the response of reflux symptoms and
general well-being by both agents at wk 4 and 8, respectively,
to compare the time needed to relieve heartburn by both
agents, and to evaluate the tolerability and safety of both
agents.

MATERIALS AND METHODS
Design and study population
This was an active-controlled, double-blinded, double-dummy,
randomized, single-center study with a parallel group designed
to enroll 48 EE patients. Forty-eight outpatients (M/F: 38/10,
age: 54.1±17.8 years), who sought medical care because of
typical GERD symptoms for at least 1 mo, were consecutively
enrolled in the study. They all received an endoscopy to
confirm the EE diagnosis according to Los Angeles (LA)
grading system[18], and met an inclusion criterion for an 8-wk
treatment period with either esomeprazole tablet 40 mg or
omeprazole capsule 20 mg (AstraZeneca, Gothenburg,
Sweden). While endoscopy specimens were simultaneously
obtained from stomach antrum and body for a rapid urease
test to determine Helicobacter pylori (H pylori) infection. Those
subjects with the following conditions were excluded:
coexistence of healed or active peptic ulcer, gastrointestinal
malignancy, esophago-gastric surgical history, esophagitis
obviously resulted from systemic diseases, infections, drugs,
burn, radiotherapy or physical deformity, severe esophageal
stricture requiring dilatation at first endoscopy or expectation
of requiring dilatation during the study, recent PPI treatment
within 8 d prior to endoscopy, or using PPIs for more than
5 d in the last 28 d prior to endoscopy, with H pylori eradication
therapy within the last 28 d prior to randomization or at
any time during the study, using other antisecretory or
prokinetic agents between endoscopy and randomization
or at any time during the study, or with any investigational
(non-approved) drug during the last 30 d prior to randomization.
In addition, those with severe concurrent diseases judged
by the investigators to complicate the evaluation of the
trial, pregnancy, lactation or child-bearing potential without
adequate contraception (contraceptive pill or intrauterine
device), chronic alcoholism, drug abuse or any other conditions
associated with poor patient compliance including expected
non-co-operation, previous randomization in the study, and
patients who needed continuously concomitant therapy with
anticholinergics, cisapride, prostaglandin analogs, nonsteroidal anti-inflammatory drugs (including COX-II) and
aspirin (excluding low-dose aspirin e.g., 100 mg, as antiplatelet) were also excluded from this study. This study was
approved by the Ethical Committee of Taipei Veterans
General Hospital and carried out in accordance with the
World Medical Association Helsinki Declaration. Written
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informed consent was obtained before any study-related
procedures were performed.
The GERD symptoms such as heartburn, acid regurgitation,
epigastric/chest pain, belching, nausea, vomiting and global
well-being were assessed based on a standard visual analog
scaled (VAS) questionnaire. Study medication was administered
only to those subjects included in this study, following the
procedures set out in the clinical study protocol. A sequence
of patient numbers was assigned to the study center. All
subjects entering the study received a patient number. This
patient number was printed on the case report form and
was used to identify the subject throughout the study. A
randomization schedule was generated by the AstraZeneca
using a validated system that automated the random assignment
of treatment groups according to the randomization numbers.
This schedule linked sequential numbers to treatment codes
allocated at random. The schedule was prepared with a 1:1
randomization ratio in block size of 4. The study medication
was labeled with the randomization numbers (medication
numbers). At the end of baseline visit, eligible patients were
randomized to the study medication in accordance with the
randomization schedule. The next eligible subject received
the study medication with the lowest available randomization
number. Each subject was given only the study medication
carrying his/her randomization number. The investigator
documented the randomization number by sticking the label
provided on the appropriate case report form. Subjects who
permanently discontinued from the study were to retain their
subject number and their randomization number, if already
given. New subjects were always allotted a new subject
number and, if applicable, a new randomization number.
Patients were asked to come back to the study office on
three occasions (baseline, wk 4 and 8, respectively) during
the trial. All doses were taken by mouth once daily in the
morning before breakfast. During the study period, the
patients were instructed to take one tablet of esomeprazole
or matching placebo and one capsule of omeprazole or
matching placebo in the morning with a glass of water. The
first dose of study medication was taken on the morning
after randomization. This was considered as d 1 of treatment.
After the whole course of treatment, they were asked to
come back on the last day of medication. At that time, they
received the 2 nd endoscopy to assess the EE status again.
Meanwhile GERD symptoms based on VAS after treatment
were scored again. All the endoscopic EE diagnoses and
their follow-up according to LA grading were initially
performed by an experienced endoscopist (Chang), while
all the endoscopic findings including EE were recorded by
Polaroid films. When all the studies were completed, the
recorded films assigned to their study codes were reviewed
independently by another two endoscopists (Lu and Chen)
who were blind to the order and code of endoscopy for
each patient. If three readings in each film were dissimilar,
this film was discussed by the above three investigators
together to obtain the final endoscopic assessment. Healing
was defined as no EE evidence.
Efficacy data
The primary endpoint of this trial was the percentage of
enrolled patients whose EE was healed by wk-8 visit. The
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secondary efficacy variables included for the first time the
relief of heartburn symptoms, changes of reflux symptom
scores (based on VAS score) and overall therapeutic effects
judged via either subjective (patient) or objective (investigator)
assessment.
Safety data
The safety assessments included observed and reported adverse
events (AE) and clinical laboratory evaluations (hematology
and serum chemistry).
Study duration and dates
The study took place between 28 March, 2001 and 26
October, 2001.
Statistical procedures
For the primary efficacy parameter, the healing rate for
each group was calculated with 95%CI. The difference
between the two treatment groups and the corresponding
95%CI were also provided and compared by using Fisher’s
exact test. The cumulative percentage of patients who
exhibited the first relief of their diary-recorded symptom
of heartburn was compared using Fisher’s exact test on
d 1, 7, and 28, respectively. The median first time to relieve
heartburn symptom between the two groups were compared
using log-rank test. For reflux symptoms, Wilcoxon rank
sum test was used to assess patient VAS score, and Fisher’s
exact test was used to assess investigator scores as well as
the overall therapeutic effect.
AE were summarized according to coding symbols for
thesaurus of adverse reaction terms. The number of patients
who reported a particular event and the number of events
were summarized. Comparative incidence of AE was evaluated
using Fisher’s exact test. Each laboratory parameter was listed
with values outside the reference range identified. For each
laboratory parameter, changes in abnormality/normality
status from pre- to post-treatment were summarized in shift
tables and assessed using McNemar test.
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Interim analysis
No interim analysis was performed in this study.

RESULTS
Study subjects and conduct
Finally, 48 eligible EE patients were enrolled and randomized
according to the protocol. Their demographics and baseline
characteristics are summarized in Table 1. Of them, 25 patients
were distributed into esomeprazole group whereas 23 patients
were on omeprazole treatment. Table 1 illustrates that both
groups were comparable in their demographic characteristics
and basal clinical manifestations except the subjects of
esomeprazole group had a higher chance of belching (P<0.05).
Among the 48 randomized patients, only 44 (esomeprazole:
24; omeprazole: 20) completed the whole study course.
The reasons why four of them did not finish the trial
were as follows: two lost their follow-up and another two
discontinued the study medication. In addition, 2 (all were
esomeprazole) of 44 who finished the study refused
endoscopy follow-up at wk-8 visit were excluded from
per protocol analysis.
Efficacy
The EE healing rates of esomeprazole and omeprazole treatment
judged at the end of 8-wk trial [per-protocol (PP)] were
72.7% (16/22, 95%CI: 49.8-89.3%) and 50.0% (10/20,
27.2-72.8%) respectively [intent-to-treat (ITT): 64% (16/25,
95%CI: 44.3-83.8%) vs 45.5% (10/22, 95%CI: 22.7-68.3%),
P = 0.2481], while the odds ratio was 2.667 (PP: 95%CI:
0.739-9.63, P = 0.2040) for esomeprazole over omeprazole.
In order to understand whether esomeprazole was
effective in reducing LA-based EE grading, we further
analyzed their extent of changed grading for both groups,
e.g., 0 (no change), -1 (A to healed, B to A, C to B and D to
C), -2 (B to healed, C to A and D to B) and -3 (C to healed,
D to A), respectively (Figure 1). Although esomeprazole
showed a better healing ability, however, no significant
difference was found.

Table 1 Demographics and baseline characteristics of erosive esophagitis patients treated with esomeprazole or omeprazole (mean±SE)
Esomeprazole 40 mg n = 25
Age (yr)
Sex (male%)
Body weight (kg)
Height (cm)

Omeprazole 20 mg n = 23

P

49.2±3.7

59.0±3.4

20 (80)

18 (78.3)

0.0596
1.0000

68.4±2.4
166.7±1.3

70.9±2.5
169.0±1.4

0.4779
0.2096

Basal reflux symptoms (VAS)
Heartburn

29.4±5.7

23.6±5.9

0.2683

Nausea
Regurgitation

18.7±5.5
29.8±6.1

13.8±5.8
24.5±6.4

0.8520
0.3365
0.5702

Vomiting

14.0±4.7

8.8±4.9

Belching

47.0±6.0

25.2±6.3

0.0121

Dysphagia
Epigastric pain

7.5±5.0
15.8±5.5

14.7±5.2
16.7±5.8

0.7421
0.9223

A

15 (60)

11 (47.8)

B
C

7 (28)
2 (8)

7 (30.4)
2 (8.7)

LA grade of erosive esophagitis [n (%)]

D
Hp infection status

0.6617

1 (4)

3 (13.0)

10 (40)

11 (47.8)

VAS: visual analog scale, scored from 0 (none) to 100 (most severe); Hp: Helicobacter pylori; LA: Los Angeles.

0.5643
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Table 2 Changes of reflux symptoms assessed on visual analog
scale of studied patients 8 wk after esomeprazole or omeprazole
treatment (mean±SE)

-3

Case number

-2
14
12
10
8
6
4
2
0

Grading of
Improvement

Reflux
symptoms

-1
0

Esomeprazole

Omeprazole

Heartburn
Nausea
Regurgitation
Vomiting
Belching
Dysphagia
Epigastric pain

Esomeprazole
n = 22

Omeprazole
n = 22

P

-22.3±2.1
-11.9±2.2
-22.4±2.2
-9.1±1.61
-24.1±4.3
-8.4±1.4
-10.6±2.0

-21.4±2.2
-12.7±2.4
-20.4±2.3
-8.8±1.7
-17.9±4.6
-6.5±1.5
-11.1±2.1

0.5453
0.8867
0.8598
0.4438
0.0113
0.8044
0.1747

VAS was scored from 0 (none) to 100 (most severe).

Figure 1 Histogram showing endoscopic assessment for the improved LA
grading in erosive esophagitis patients after esomeprazole or omeprazole
treatment. Grade of improvement: -3 means D to A or C to healed, -2 means D
to B, C to A, or B to healed, -1 means D to C, C to B, B to A, or A to healed.

The median time to the first relief of heartburn between
esomeprazole and omeprazole groups was similar on d 1
after treatment. On d 1, 77.3% and 65% of EE patients
recorded the first relief of heartburn, respectively (Figure 2).
Table 2 denotes that esomeprazole treatment was not significantly
different from omeprazole in any of improved GERD
symptom scores evaluated by patients themselves based on
VAS except belching improvement was marked in patients
undergoing esomeprazole treatment (P<0.05). Table 3
illustrates that the therapeutic symptomatic response scores
of both treatments were similar (NS).

Table 3 Changed reflux symptoms of studied patients 8 wk after
esomeprazole or omeprazole treatment (%)

Heartburn

Regurgitation

Dysphagia

Epigastric pain

Nausea

Vomiting

100%
Belching

75%

Improved
No change
Worse
Improved
No change
Worse
Improved
No change
Worse
Improved
No change
Worse
Improved
No change
Worse
Improved
No change
Worse
Improved
No change
Worse

Esomeprazole
(n = 22)

Omeprazole
(n = 20)

50.0
50.0
0.0
77.3
18.2
4.5
36.4
63.6
0.0
27.3
63.6
9.1
22.7
68.2
9.1
22.7
77.3
0.0
54.5
36.4
9.1

65.0
25.0
10.0
85.0
15.0
0.0
35.0
60.0
5.0
50.0
50.0
0.0
35.0
65.0
0.0
40.0
60.0
0.0
45.0
45.0
10.0

P
0.0993

1.0000

0.8697

0.1895

0.5036

0.3200

0.8999

Esomeprazole
50%
Omeprazole

8 week
7 week
6 week
5 week
4 week
3 week
14
13
12
11
10
9
8
7
6
5
4
3
2
1
0

25%

Figure 2 No cumulative percentage difference in relieving heartburn between
erosive esophagitis patients after esomeprazole or omeprazole treatment illustrated
by scattering plot.

Safety
In general, EE patients receiving esomeprazole (28.0%) and
omeprazole (26.1%) treatment reported AE at least once
during the trial (NS). Among them, constipation, dry skin
sensation, diarrhea, headache, somnolence, etc., were the
recorded AE in both groups (Table 4). Their distributions
were also not different. Only one patient in omeprazole group
reported a serious adverse event of cellulites during the treatment
period, this causal relationship to treatment was judged to
be unrelated. In addition, there were no clinically meaningful
differences between treatment groups in terms of changed
laboratory values or physical examinations.

DISCUSSION
Our study mainly indicated that both esomeprazole and
omeprazole were similarly effective in healing EE, relieving
reflux symptoms for the Chinese EE patients in Taiwan.
Gastro-esophageal reflux-induced EE is one of the GERDs,
which ranges from endoscopy negative reflux to severe
complications of Barrett’s esophagus as either high-grade
dysplasia or adenocarcinoma[19,20]. Unlike endoscopy negative
reflux, EE is very easily identified in GERD subjects based
on experienced endoscopy. Until now, EE treatment is similar
to any kind of GERD, e.g., reducing acid reflux, healing
erosive lesions and preventing future relapse[2].
The EE severity is usually related to the extent and time
of esophageal acid exposure[22] . It means the greater the
acid exposure the severe the mucosal damage. Among the
refluxed contents, acid is the most important pathogen leading
to GERD, while effective acid reduction remains the only
available method to treat GERD at this moment[2,22,23].
Accordingly, effective acid control for GERD subjects likely
results in faster resolution of reflux symptoms, healing of
reflux lesions quickly, better response of those with severe
lesions and less frequent relapse. Symptom relief is indeed
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Table 4 AE in studied patients 8 wk after esomeprazole or omeprazole
treatment (ITT)
Esomeprazole (n = 25)
n (%)

Omeprazole (n = 23)
n (%)

P

7 (28.0)

6 (26.1)

1.0000

Constipation

2 (8.0)

1 (4.4)

1.0000

Dry skin
Diarrhea

1 (4.0)
1 (4.0)

3 (13.0)
1 (4.4)

0.3381
1.0000

Headache

1 (4.0)

1 (4.4)

1.0000

Somnolence

1 (4.0)

1 (4.4)

1.0000

Cellulites
Bronchitis

0 (0.0)
0 (0.0)

1 (4.4)
1 (4.4)

0.4792
0.4792

Patient with at
least one AE

Volume 11

Number 20

patients to achieve healing has been overemphasized[40].
In summary, esomeprazole is at least similar to omeprazole
in healing EE and removing reflux-related symptoms. Both
esomeprazole and omeprazole are safe and well tolerated
by Asian EE patients.
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Abstract
AIM: Granuloma is considered the hallmark of microscopic
diagnosis in Crohn’s disease (CD), but granulomas can be
detected in only 21-60% of CD patients. The aim of this study
was to evaluate the frequency of granulomas by multiple
endoscopic biopsies in patients with CD and to examine
whether group of patients with or without granuloma exhibit
a different clinical course.
METHODS: Fifty-six patients with newly diagnosed CD
were included in the study. Jejunoscopy, enteroclysis and
ileo-colonoscopy were performed in all patients. At least
two biopsy specimens from each examined gastrointestinal
segment were examined microscopically searching
granuloma. The clinical course was followed in all patients,
and extraintestinal manifestations as well as details of any
immunosuppressive therapy and surgical intervention
were noted.
RESULTS: Granuloma was found in 44.6% of the cases
(25 patients). Patients with granuloma had higher activity
parameters at the time of the biopsies. Extraintestinal
manifestations were observed and surgical interventions
were performed more often in the granuloma group. The
need of immunosuppressive therapy was significantly more
frequent in the patients with granuloma. Granuloma formation
is more often seen in younger patients, and mainly in the severe,
active penetrating disease.
CONCLUSION: The significantly higher frequency of surgical
interventions and immunosuppressive therapy suggests
that granuloma formation is associated with a more severe
disease course during the first years of CD.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Crohn’s disease (CD) is a chronic transmural inflammatory
bowel disease of unknown etiology. Granuloma is considered
the hallmark of microscopic diagnosis in CD, but granulomas
can be detected in only 40-60% of surgically resected bowel
segments in CD patients[1]. The frequency of granuloma in
bioptic samples varies in 15-36% according to different
authors[2]. The severity of the disease shows a great variability
as well. Several factors (e.g., localization of the disease, maximum
extent of involvement, the behavior type: inflammatory,
stricturing or penetrating) make influence on the clinical
course of the disease. There are inconsistent data in the literature
about the prognostic significance of the granuloma in CD.
Our aim was to divide our newly diagnosed CD patients
into two subgroups on the basis of the presence or absence
of granuloma at the time of diagnosis. We have been
accomplishing follow-up studies for at least 3 years in order
to get information about these two different groups (patients
with or without granuloma), whether they show any difference
in the clinical course.
MATERIALS AND METHODS
Patients
Fifty-six patients with newly diagnosed CD were included
in this prospective study during the period from January
1997 to September 2000. Their CD was diagnosed on the
basis of the standard clinical, radiological, endoscopic and
histologic criteria. The female/male ratio was 31/25, the
median age of the patients was 36.29 years (ranging: 18-65 years).
Positive family history was observed only in one new case;
this female patient with granuloma had a brother with
diagnosed CD. The localization of CD was as follows: in
33 patients (59%) both small and large bowels were involved
(among them in 6 patients upper gastrointestinal tract (UGT)
involvement-esophageal/gastric/duodenal was also observed),
in 18 patients (32%) the large bowel only, in 5 (9%) the
terminal ileum alone was inflamed. The ethical committee
of our department approved the study. Informed oral consent
was obtained from the patients.
Diagnostic methods to determine the frequency of granuloma
and the activity of CD at the beginning of the study
Clinical parameters Blood samples were taken from all
patients on each visit to determine the hemoglobin and
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hematocrit, as well as the C reactive protein (CRP) values.
The Crohn’s disease activity index (CDAI) (Best)[3] was
calculated to measure the clinical disease activity.
Localization of CD, endoscopic activity index To
determine the severity of CD and the extent of the involved
bowel segments, physical examination, abdominal ultrasound,
jejunoscopy, small bowel enteroclysis, ileo-colonoscopy were
performed in all patients at the time of the first admission,
when the study started. Four large bowel segments (the caecum
and ascending colon, the transverse colon, the descending
colon, and the sigmoid colon and rectum) and the ileum
were examined by colonoscopy and scored according to
the findings. The proximal small bowel segment alterations
(jejunum together with the duodenum) were detected by
jejunoscopy. Each segment were scored by using the protocol
of Mary and Modigliani with some modification (0 = normal
mucosa, 1 = edema, erythema, granularity of the mucosa,
and aphthous lesions, 2 = sporadic or superficial ulcerations,
and 3 = extensive deep ulcerations, and stenosis). This way
these diagnostic methods could produce quantifiable data
about the severity of the inflammation in each part of the
gastrointestinal tract[4]. At least two biopsy specimens from
each examined gastrointestinal segment (esophagus, body and
antral region of the stomach, bulb, distal part of duodenum,
jejunum, ileum, ascending colon, transverse colon, descending
colon, sigmoid colon and rectum) were examined microscopically searching granuloma by one pathologist using the
standard methods.
Follow up Two gastroenterologists (T.M. and F.N.) followed
all the patients. They were unaware of the presence of
granuloma during the study.
Disease behavior
According to the behavior of the inflammation (Vienna
Classification)[5] patients were divided into three subgroups
at the end of the study. Twenty-three patients were in the
inflammatory (non-stricturing, non-penetrating) type, 15
patients in the stricturing and 18 patients in the penetratingfistulizing type of CD.
Severity of CD
Scheduling of follow-up visits depended on the actual
severity of CD. The completely symptoms-free patients
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were supervised by every 3 mo, and naturally, patients with
active disease were observed more frequently. The following
parameters were recorded during the follow-up period to
determine the severity of CD: frequency of relapses
(definition of relapse: CDAI above 150), frequency of
extraintestinal manifestations (arthritis, sacroileitis, pyoderma
gangrenosum, erythema nodosum, cutaneous vasculitis,
episcleritis, uveitis, aphtous stomatitis), fistulas, need of
immunosuppressive therapy, number of surgical intervention,
as well as total number of hospitalization.
Statistical analysis
Data are expressed as mean±SD. Correlation coefficients
were calculated by using t- and 2-tests.

RESULTS
Granuloma was found in at least one tissue sample in 44.6%
of the cases (25 patients). The average years of age of the
patients in group I (patients with granuloma) and group II
(patients without granuloma) was 29.6 and 36.4 years,
respectively. The proportion of the female patients was
moderately higher in the group with granuloma (60 vs 51.3%).
Similar smoking status was observed in the two groups: 60
and 61.2% of the patients were smoker in group I and II,
respectively. Involvement of the upper GI tract was about
2.5 times more frequent (16.0 vs 6.4%, P<0.05) in the
granuloma group. Penetrating disease behavior was slightly
more often associated with granuloma (44% vs 23%). The
clinical characteristics of the two groups of patients are
summarized in Table 1. Patients with granuloma had higher
activity parameters at the time of the biopsies (CDAI:
218.9±108.2 vs 144.1±92.5, P = 0.01; CRP level: 62.7±84.9
vs 48.5±87.8). The overall endoscopic scores tended to be
higher in group I than those in group II, but it did not reach
the level of significance. The average follow-up times were
similar in the two groups: 38.5±7.34 and 36.8±3.83 mo.
The appearance of the extraintestinal manifestations was
observed more often in the granuloma group, but there
was no significant difference between the two groups.
Arthritis occurred most frequently in both groups, sacroileitis
and seronegative peripheral arthritis were the two most
common disorders. Aphtous stomatitis was associated with

Table 1 Clinical characteristics of patients (mean±SD)
Patients with granuloma Group I
Number of patients
Female/male ratio (No.)
Median age (yr)
Localization
Small bowel only
Large bowel only
Small and large bowel
UGT involvement
Disease behavior type
Inflammatory
Stricturing
Penetrating
Activity of CD
CDAI
Endoscopic scores
UGT = upper gastrointestinal tract.

Patients without granuloma Group II

Significance

25
15/10
29.60±11.32

31
16/15
36.46±12.94

NS
NS
NS

1 (4%)
10 (40%)
10 (40%)
4 (16%)

4 (12.9%)
8 (25.8%)
17 (54.8%)
2 (6.4%)

NS
NS
NS
P<0.05

8 (32%)
6 (24%)
11 (44%)

15 (48.4%)
9 (29.0%)
7 (22.6%)

NS
NS
NS

218.9±108.2
6.60±3.53

144.1±92.5
5.35±4.20

P = 0.01
NS
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Table 2 Frequency of different extraintestinal manifestations in patients with or without granuloma
Patients with granuloma (%)
Number of extraintestinal manifestations
Arthritis
Eye manifestation
Cutan manifestation
Aphtous stomatitis

Patients without granuloma (%)

10/25 (40)
6/25 (24)
0/25
2/25 (8)
2/25 (8)

Significance

7/31 (22.6)
4/31 (12.9)
1/31 (3.2)
0/31
2/31 (6.4)

P = NS
P = NS
P = NS
P = NS
P = NS

NS = non-significant.

Table 3 Frequency of relapses in the two groups
Number of relapse after the succesful treatment of fist attack

Patients with granuloma (25) (%)

0
1
2
3

5 (20)
10 (40)
7 (28)
3 (12)

Patients without granuloma (31) (%)
12 (38.7)
15 (48.4)
4 (12.9)
0 (0)

Trend -P = 0.06, 2 test.

CD in about 7% of all patients. Noticeably every aphtous
stomatitis started simultaneously with the first symptoms
of the CD. Iridocyclitis, cutaneous vasculitis and metastatic
CD were the other extraintestinal manifestations (Table 2).
There was a strong trend towards significantly increased
frequency of relapses in the granuloma positive group
(P = 0.06, 2 test) (Table 3). The number of hospitalization
was significantly higher in granuloma group (20 vs 12, P<0.05).
Surgical interventions were performed more often in the
granuloma group (48% vs 22.5%, P<0.05). Stenosis, abscess,
fistula and perforation were the indications for surgery. The
use of immunosuppressive drugs was significantly more
frequent in the patients with granuloma (60% vs 32.2%,
P<0.05). The most frequent indication of immunosuppressive
therapy was the prevention of postoperative relapse in both
groups (10/15 in group I, 7/10 in group II); steroid dependency
was the other cause (5 vs 3 in group I vs II). As the followup periods after the start of the immunosuppression were
mainly short and different between the cases and groups,
the response rate to immunosuppressive therapy was incomparable between the groups.

DISCUSSION
The granuloma formation is a host response reaction by
the localized accumulation of epitheloid cells, macrophages
and lymphocytes. Granulomas can be found in many infectious,
allergic and neoplastic disorders [6]. Although the first
description of granuloma in CD was in 1913 by Dalziel[7],
the exact role and significance of this “specific” histologic
lesion remain a puzzle. It is a plausible idea that the granuloma
is the site where the etiological agent resides, the antigen
specification occurs and the T cells differentiation into Th1
cells starts[8], but there is no evidence to confirm this theory.
The pathological host response is one of the important basic
concepts in the development of CD besides the genetic
predisposition and the environmental factors. The different
individual host response may explain the presence or absence
of granuloma.
The first publication which tried to examine whether
the presence of granuloma is associated with good or poor

prognosis was printed more than forty years ago[9]. A few
studies have been published since then which examine the
prognostic role of the granuloma, although, their results
are controversial. The most studied topic was the postsurgical
recurrence of CD. Anseline et al examined several factors
that might predict recurrence after the operation in 130
patients over a 24-year period. A highly significant positive
association was revealed between the presence of the
granuloma and the likelihood of recurrence (P = 0.003) on
the basis of the multivariate regression analysis[10]. A similar
tendency was published by Trnka et al [11]; they found that
there was an increasing chance for the recurrence in a
subgroup of patients with ileocolonic disease. On the other
hand, some studies suggest just the opposite[12-14]. These
publications suggest that patients with granuloma have less
frequent postoperative recurrence and/or have a better
prognosis. These studies were the pioneers in this topic,
therefore the selection of patients, the diagnostic and the
statistical methods might have been less accurate than the
ones in the latest publication. There has been only some
studies so far where the presence of granuloma was determined
by endoscopic biopsies[15]. Markowitz et al, examined a
pediatric population, and rectosigmoid biopsies were taken
from 58 subjects. All biopsies had been obtained from newly
diagnosed patients before any therapies were started and
the children were followed for at least one year. The frequency
of granuloma was 32.7%. More severe perianal complications,
a higher frequency of surgery and more extensive inflammatory
involvement were observed in patients with granuloma. The
medical treatment and the need of hospitalization were
similar in both groups. Ramzan et al [16], published a paper
recently in the Inflammatory Bowel Diseases, in which they
performed a study with a similar goal like us. Although the
granuloma was seeked not only in bioptic samples but also
in resected bowel, they found a surprisingly low prevalence
(25.6% vs our 44.6%), but we do not know how many
biopsies were taken from how many and which
gastrointestinal segment. The other weak point of this study
is the retrospective way of the analysis. Although the crucial
point of the study is the frequency of relapse, the authors
did not give a definition of the relapse, and it is not very
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easy to calculate the number of relapses retrospectively.
We have found a higher frequency of granuloma in the
biopsies of our patients than Markowitz and Ramzan,
however, we took biopsies from more (even intact) segments
of the entire gastrointestinal tract. We have examined newly
diagnosed patients, and we have also found a more severe
clinical course like Markowitz in the first two years of the
disease in patients having granuloma in any part of the
gastrointestinal tract. As the smoking status of the groups
was similar, this environmental factor did not influence our
result. Considering that these were the first symptoms and
the first examinations of the patients, we can conclude that
the onset of CD was also more severe in the granuloma
group. Our results, naturally, with small number of cases
are not capable to solve the controversy about the prognostic
significance of epitheloid granuloma in CD, but suggest
that being aware of the fact whether the patient has or has
not granuloma is a useful prognostic marker. We propose
that all endoscopically available parts of the gastrointestinal
tract should be examined histologically as well at the time
of the first examination of the patient to search granuloma.
The presence of granuloma may suggest a more aggressive
form of inflammatory bowel disease and this fact has to
influence the management of patients.
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Abstract
AIM: Recently, drinking load tests with water or nutritional
beverages have been proposed as diagnostic tools for
functional dyspepsia (FD), therefore we sought to reproduce
if these tests can discriminate between FD patients and
controls in a Mexican population.
METHODS: Twenty FD-Rome II patients were matched
by age and gender with 20 healthy controls. All underwent
both drinking tests at a 15 mL/min rate, randomly, 7 d
apart. Every 5 min within each test, four symptoms were
evaluated (satiety, bloating, nausea and pain) by Likert
scales. Maximum tolerated volume (MTV) was defined
as the ingested volume when a score of 5 was reached
for any symptom or when the test had to be stopped
because the patients could not tolerate more volume.
Sensitivity and specificity were analyzed.
RESULTS: FD patients had higher symptom scores for
both tests compared to controls (water: t = 4.1, P = 0.001
<0.01; Nutren®: t = 5.2, P = 0.001<0.01). The MTV for
water and Nutren® were significantly lower in FD (water:
1014±288 vs 1749±275 mL; t = 7.9, P = 0.001<0.01;
Nutren®: 652±168 vs 1278±286 mL; t = 6.7, P = 0.001
<0.01). With the volume tolerated by the controls, the
percentile 10 was determined as the lower limit for
tolerance. Sensitivity and specificity were 0.90, 0.95 for
water and 0.95, 0.95 for Nutren® tests.
CONCLUSION: A drinking test with water or a nutritional
beverage can discriminate between FD patients and
healthy subjects in Mexico, with high sensitivity and
specificity. These tests could be used as objective,
noninvasive, and safe diagnostic approaches for FD patients.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Functional dyspepsia (FD) is the second most common
functional gastrointestinal disorder, after irritable bowel
syndrome[1]. This condition is characterized by chronic,
recurrent pain or discomfort in the upper abdomen in the
absence of any organic or structural disorder [2]. Its
prevalence ranges between 5% and 20% in the general
population worldwide[3-7]. The pathogenesis of this entity is
complex and it has been related to alterations in gastric
motility[8,9] visceral hypersensitivity[10,11] and psychological
factors[12] . A significant number of FD patients have a
diminished or absent gastric fundic accommodation and
this is related with satiety and weight loss[6,7,13]. Also, about
40% of patients with FD have hypersensitivity to mechanical
distention that may cause pain, abdominal discomfort, bloating
and satiety[14]. Methods to evaluate gastric accommodation
and hypersensitivity such as a barostat[15] are invasive,
expensive and not readily available, as well as imaging studies
to evaluate accommodation such as ultrasound[16,17], SPECT
imaging[18] and nuclear medicine studies which also require
expertise[19,20]. Yet, the diagnosis of FD is based on symptoms
and “lack of organic disease”, including a normal upper
endoscopy. Therefore the absence of an objective finding
increases uncertainty in these patients[21]. Recently, a rapid
liquid drinking test with water or a nutritional beverage
(Nutridrink) have been used to discriminate FD patients
from normal subjects and to identify the presence of
hypersensitivity and diminished gastric accommodation[18,22].
These tests can be performed in a short period of time, are
of low cost and have no adverse effects. Therefore we sought
to reproduce the clinical usefulness of the drinking tests
with water and a nutritional beverage to discriminate FD
patients from healthy controls and to investigate their
sensitivity and specificity.
MATERIALS AND METHODS
Patients
In a prospective controlled study, 20 consecutive patients
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with FD fulfilling the Rome II[2] diagnostic criteria (pain or
abdominal discomfort centered in the upper abdomen, at
least for 12 wk, not necessarily consecutive, in the last
12 mo, with a normal upper gastrointestinal endoscopic
examination and absence of any other systemic disease),
who consulted a Functional Bowel Disorders and Motility
Clinic were included. Upper endoscopies were performed
within 3 mo prior to the study. The patients suspended all
antisecretory medications including H2 blockers and proton
pump inhibitors, antacids, prokinetics or visceral analgesics,
1 wk prior to the protocol. All patients signed an informed
consent and the protocol was approved by the Institutional
Committee for Human Research.
Controls
Patients were matched by gender and age (±5 years) with
20 healthy volunteers (controls), recruited from advertisement,
without any digestive symptoms and not fulfilling the Rome
II criteria for FD, nor any past history of systemic diseases,
gastrointestinal surgeries, erosions or ulcers seen on previous
upper endoscopic examination or any other imaging study,
and who were not taking any medications.
Methods
Drinking tests with water and a nutritional beverage: After
an overnight fast of 8 h, patients arrived at the Motility
Unit of the Instituto Nacional de Ciencias Medicas y Nutricion,
Salvador Zubiran of Mexico City, an academic referral
center. They were randomized to begin either with water or
the nutritional beverage (Nutren®, Nestle; 1.5 kcal/mL,
51% carbohydrates, 33% lipids, and 16% proteins). Water
and Nutren® were ingested at a predetermined rate of
15 mL/min as reported elsewhere[15]. Every 5 min within
each drinking test symptoms such as satiety, bloating, nausea
and epigastric pain were evaluated by using Likert scales
from 0 to 5: 0 = without sensation, 1 = very mild, 2 = mild,
3 = moderate, 4 = severe and 5 = very severe. When a
score of 5 was reached for any of the symptoms, or when
the subjects could not tolerate any more volume, the tests
were stopped and the total ingested volume (mL) was
recorded. The maximum tolerated volume (MTV) was
defined as the total ingested volume, after the test was
stopped. All subjects were asked to score the same symptoms,
1 and 2 h after the tests were completed. Sensitivity and
specificity for the drinking tests to discriminate FD from
healthy controls were analyzed, considering the Rome II
criteria for FD (symptom criteria and a normal endoscopy)
as the gold standard for FD diagnosis.
Statistical analysis
The ratings within each 5 min during the test and at the two
follow-up periods were analyzed. For each symptom, a score
was obtained by the summation of all the ratings within
each test divided by the time in minutes of the length of
the drinking test and multiplied by 100 (to correct for those
who drank longer and had more scores to add up). A total
score was obtained by adding all the individual symptom
scores. Also, the ratings for each symptom at the follow-up
periods were added to obtain the 1 and 2 h scores for water
and Nutren®.

3123

Frequencies were expressed in percentages and compared
by using Fisher exact test. Symptoms scores and volumes
were expressed as mean±SD for each group (FD patients
and controls) and comparisons were done by using the t test.
A P ≤ 0.05 was considered statistically significant. The
Pearson (r) test was used to establish correlations of the
MTV between both drinking tests. The SPSS version 10.0
for Windows was used for the data analysis.

RESULTS
Table 1 depicts age, gender and body mass index (BMI)
characteristics of FD patients and controls. There was no
statistical difference between the two groups in relation to
the BMI.
Table 1 Baseline characteristics
FD patients (n = 20)

Controls (n = 20)

P

Age (yr)
Gender (M/F)

34±15
4/16

31±9
4/16

NS
NS

BMI (kg/m2)

23±2.8

23±2.3

NS

BMI: body mass index.

Symptoms
During both tests, the most frequent symptoms reported
by FD patients and controls were bloating and satiety. The
frequency of symptoms reported during the water test was
(FD patients and controls, %): satiety 100 and 65 (2 = 5.5,
P = 0.02<0.05), bloating 90 and 55 (2 = 4.5, P = 0.03
<0.05), nausea 65 and 25 (2 = 4.9, P = 0.02<0.05), and
epigastric pain 45 and 15 (2 = 2.9, P = 0.08, NS). Similarly,
the frequency of symptoms for the Nutren® test was:
satiety 100 and 90 (2 = 0.35, P = 0.5, NS), bloating 100
and 70 (2 = 4.2, P = 0.03<0.05), nausea 75 and 25 (2 = 8.1,
P = 0.004 <0.01), and epigastric pain 55 and 15 (2 = 5.3,
P = 0.02<0.05).
FD patients had significantly higher scores for satiety,
bloating and pain in the water test, and also significantly
higher scores for satiety, bloating, nausea and pain in the
Nutren® test (Tables 2 and 3).
Table 2 Symptom scores for the water test

FD patients

Bloating

Nausea

Satiety

Pain

Total

31.1±16.9

17.8±22.5

41.5±20.5

26.1±27

Controls

6.8±7.7

7.5±5.2

12.5±11.1

2.0±2.8

28.8±3.7

90.4±11.8

P

<0.001

NS

<0.001

<0.001

<0.001

Note: symptoms are shown as mean ± SD.

Table 3 Symptom scores for the Nutren® test
Bloating

Nausea

Satiety

Pain

Total

FD patients

51.5±18.8

45.5±23.4

76.9±47.1

13.2±14.7

186.7±26.1

Controls

19.4±7.4

15.3±8.6

25.2±9.2

4.2±2.9

64.1±8.9

<0.001

<0.001

<0.001

<0.01

<0.001

P

Note: symptoms are shown as mean ± SD.

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

Controls

Water

FD

P<0.001
Nutren

P<0.001
0

500

1 000

1 500

2 000

Maximum tolerated volume of
water (mL)
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Volume 11

Number 20

r = 0.78
(P<0.001)
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Figure 1 Maximum tolerated volumes of water and Nutren® in healthy controls
and FD patients. FD: Functional Dyspepsia.

Figure 2 Correlation of maximum tolerated volume (MTV) between water and
Nutren® tests in FD patients (●) and healthy controls ().

At the 1 h follow-up evaluation for the water test, the
symptom scores reported by the FD patients were higher
than those reported by controls (9.1±3.2 vs 2.9 ± 1.5, t = 5.6,
P = 0.001<0.01). At the 2 h follow-up evaluation, FD patients
reported a symptom score of 4.5±4.2, while none of the
controls reported any symptoms (t = 4.9, P = 0.001<0.01).
For the Nutren® test, FD patients had significantly
higher scores than controls at the 1 and 2 h follow-ups
(1 h: 14.3±2.5 vs 2.3±0.58, t = 3.1, P = 0.001<0.01; 2 h:
5.9±1.9 vs 1.4±0.84, t = 2.7, P = 0.01<0.05).

that more than 85% of the patients have a decreased
tolerance for drinking capacity. In addition, we found that
both tests induced dyspeptic symptoms such as bloating,
nausea, satiety and epigastric pain more frequently in patients
than in controls, and the first ones reported the symptoms
earlier and with lower ingested volumes. Also, when
compared to the Rome II criteria (symptom criteria and
negative upper endoscopy) as the gold standard for diagnosing
FD, the sensitivity and specificity for the water and Nutren®
drinking tests have shown that both are useful tools to
discriminate patients from healthy subjects. These results
reproduced the data reported by other groups. In an Italian
study using a water load test, the maximum tolerated volume
was significantly lower in FD patients than controls and
scores for satiety, pain, nausea, fullness and bloating were
higher for the latter ones[19] . Another study found that a
caloric drinking test distinguished FD patients with or
without early satiety[23] . Using mineral water at a rate of
100 mL/min in a Nordic population, maximal water intake
was significantly lower in FD patients than healthy controls[22].
Several possibilities can explain the above findings. Using
transabdominal ultrasound, Gilja et al [16], reported that in
response to a soup meal, FD patients had smaller sizes and
higher emptying fractions of the proximal stomach and they
reported more symptoms than controls. Tack et al [15],
reported that this impaired gastric accommodation to a meal
was found in 40% of patients with FD and was associated
with symptoms of early satiety in a multivariate analysis.
Previously, Boeckxstaens et al[23], reported that FD patients
had a lower drinking capacity for both water and a caloric
liquid, compared to healthy volunteers or patients with mild
dyspeptic symptoms, and that FD patients developed
significantly more symptoms than the healthy volunteers
after both tests. In contrast to our findings, they also reported
that compared to women, men consumed significantly more
water and Nutridrink®, a nutritional beverage with the same
composition as the Nutren® used in our study. Finally, in
their study, drinking capacity did not predict impaired fundic
accommodation or visceral hypersensitivity.
The speed of liquid ingestion in the oral load tests is
controversial and may explain the differences among the
studies. Boeckxstaens et al[23], tested water and Nutridrink®
at a fast ingestion rate of 100 mL/min, and showed a
diminished tolerance for liquid ingestion only in 50% of FD
patients. In a more recent study, Tack et al[11], showed that a

Maximum tolerated volume (MTV)
There were no statistically significant differences in the MTV
according to gender both for water (males: 1587±466 mL
vs females: 1 380±472 mL) and the Nutren® test (males:
1 125±577 mL vs females: 935±352 mL).
The MTV for water and Nutren® was significantly lower
in FD patients (water: 1 014±288 vs 1 749±275 mL; t = 7.9,
P = 0.001<0.01; Nutren®: 652±168 vs 1 278±286 mL;
t = 6.7, P = 0.001<0.01; Figure 1). With the volume tolerated
by healthy controls, we determined the percentile 10 as the
lower limit of the normal range for drinking tolerance. That
is ≥1 200 mL for females and ≥1 400 mL for males in
the water test, and ≥900 mL for females and ≥1 200 mL
for males in the Nutren®.
Considering these limits, 18 out of 20 patients with FD
had abnormal results (lower tolerated volume) for the water
test compared to only one control, and 19 FD patients had
lower tolerated volumes in the Nutren® test compared to
one of the healthy controls. The sensitivity and specificity
of the drinking test with water was 0.90 (CI 95% 0.69-0.97)
and 0.95 (CI 95% 0.76-0.99), respectively. For the Nutren®
test, sensitivity and specificity was 0.95 (CI 95% 0.76-0.99),
and 0.95 (CI 95% 0.76-0.99), respectively.
Correlation between both drinking tests
There was a significant correlation in the MTV between
the water and the Nutren® tests (r = 0.78, P = 0.001<0.01;
Figure 2).

DISCUSSION
In the current study we evaluated two drinking load tests
[water and a nutritional beverage (Nutren®)] in Mexican
patients with FD and healthy controls, and we have shown
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liquid ingestion of a caloric drink at a speed of 15 mL/min
induced symptoms of satiety in FD patients, and a significant
correlation existed between the amount of calories ingested
during the satiety testing and the amplitude of the gastric
accommodation. The same group of researchers found that
the gastric accommodation is a slow-onset reflex presenting
in a gradual manner and reaching its maximal relaxation 15
min after ingestion of a meal[14].
The duration of the rapid drinking test is clearly lower
than the time required for full development of the
accommodation reflex[24].
Based on the above data, in the current study we used
the predetermined speed of liquid ingestion of 15 mL/min.
The maximum ingested volume of a nutritional drink
depends on the balance between mechanisms that increase
the gastric volume (fundic relaxation) and the negative
feedback that slows gastric emptying and induces symptoms
after a meal. In the absence of nutrients, other mechanisms
that limit liquid ingestion in FD patients should be
considered. The gastric and duodenal distention may trigger
vaso-vagal reflexes that result in proximal gastric relaxation
and induction of satiety and fullness[25-27]. The vaso-vagal
reflexes could also be activated during a test with water. In
our study, the finding of a greater tolerance of water volume
ingestion than that of a nutritional drink by healthy
volunteers suggests that the feedback mechanisms induced
by nutrients are activated before the reflexes are induced
by distention[28-30]. Interestingly, our patients with FD had
similarly low water and nutritional beverage tolerated
volumes, suggesting a decreased threshold for the activation
for both reflexes[31,32].
The gastric accommodation disturbances [11,33,34] and
proximal gastric mechanical distention hypersensitivity[35,36]
are recognized as the most important pathogenic mechanisms
in FD. The gastric barostat test is considered the “gold standard”
for the evaluation of the proximal gastric accommodation
in response to a meal; however, this is an invasive, timeconsuming, and not readily available test. There is a need
of less expensive, non-invasive and highly available
diagnostic tests for FD that can provide an objective diagnosis
to the patients. Whether an abnormal fundic relaxation in
response to a meal, an abnormal distribution of the gastric
contents, or gastric hypersensitivity are the causes of dyspeptic
symptoms in response to a drinking load test, is unknown.
Furthermore, hypersensitivity in functional dyspepsia is
associated with abnormal gastric accommodation[18-22] and
hyperalgesia, and cofactors of this hypersensitivity are
likely to be wall tension and the function of visceral
afferents[10,32,35]. The high percentage of FD patients with
impaired drinking capacity in our study, supports a
multifactorial component in symptoms generation, and
together with the high sensitivity and specificity, for
discriminating FD from healthy controls by using the Rome
II criteria, including symptoms and a negative endoscopy
as the gold standard for diagnosis, provides a simple test
for patients with a disease where the absence of an objective
diagnosis, creates anxiety and a continuous search for an
answer.
In Mexico, functional gastrointestinal disorders are the
main reason for consulting a gastroenterologist, with FD

3125

being the second most frequent disorder following IBS[4].
Lydeard and Jones have reported that FD patients seeking
health care are more preoccupied that their symptoms might
be related to cancer compared to those who do not consult[37].
Effective well-founded reassurance that no serious disease
is present is an important outcome of medical intervention,
but patients consider that medical explanations are not
sufficient to clarify the nature of their condition and negative
results of paraclinical investigations may be taken as “bad
news” driving patients to keep consulting in search of an
objective diagnosis. Anxiety has been found to be an
independent factor associated with health-care seeking in
FD [38]. Other psychosocial factors including abnormal
illness attitudes and beliefs have been found to characterize
those patients who seek help versus those that do not[39] .
Furthermore, physicians also lack confidence in their
functional diagnosis. In a British study, clinicians reported
confidence in 63-91% of their organic diagnosis compared
to only 48% of FD diagnosis[40]. This difference was related
to the possibility of an objective confirmation of organic
disease by using paraclinical investigations. The absence of
confidence in functional diagnosis may drive clinicians to
order more investigations that may increase the anxiety and
the fear of a more serious disorder in functional patients.
Therefore, a drinking loading test may be a potential tool
for an objective diagnosis in patients consulting for FD.
Both drinking tests caused more symptoms in patients
with FD than in healthy controls. In the future, it would be
useful to find which test (water or nutritional beverage) has
a more diagnostic importance. Meanwhile, we considered
that both are easy to perform, available, safe, non-invasive
and useful to discriminate FD patients from healthy
volunteers. Furthermore, these tests could be used in future
studies to evaluate the effect of new treatments in the
management of postprandial symptoms in patients with FD.
In conclusion, a drinking load test with water or a
nutritional beverage at a slow drinking rate of 15 mL/min,
can discriminate FD patients from controls in a simple,
non-invasive, safe and available manner. Our findings in a
group of Mexican patients with FD, are in accordance with
previously reported studies. The gastric distention produced
by the volume of water or nutritional beverage reproduces
the symptoms of FD and suggests a multifactorial origin
for symptom generation, including impairment in gastric
sensitivity and proximal accommodation. The current data
supports the potential usefulness of liquid loading tests to
provide FD patients with an objective diagnosis in a disease
with otherwise no objective diagnostic data rather than
clinical criteria, and with a potential use in the evaluation of
future treatments.
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Abstract
AIM: In patients with liver cirrhosis and portal hypertension,
portal hypertensive colopathy is thought to be an
important cause of lower gastrointestinal hemorrhage.
In this study, we evaluated the prevalence of colonic
mucosal changes in patients with liver cirrhosis and its
clinical significance.
METHODS: We evaluated the colonoscopic findings and
liver function of 47 patients with liver cirrhosis over a 6-year
period. The main cause of liver cirrhosis was post-viral
hepatitis (68%) related to hepatitis B (6%) or C (62%)
infection. All patients underwent upper gastrointestinal
endoscopy to examine the presence of esophageal
varices, cardiac varices, and congestive gastropathy, as
well as a full colonoscopy to observe changes in colonic
mucosa. Portal hypertensive colopathy was defined
endoscopically in patients with vascular ectasia, redness,
and blue vein. Vascular ectasia was classified into two
types: type 1, solitary vascular ectasia; and type 2, diffuse
vascular ectasia.
RESULTS: Overall portal hypertensive colopathy was
present in 31 patients (66%), including solitary vascular
ectasia in 17 patients (36%), diffuse vascular ectasia in
20 patients (42%), redness in 10 patients (21%) and blue
vein in 6 patients (12%). As the Child-Pugh class increased
in severity, the prevalence of portal hypertensive
colopathy rose. Child-Pugh class B and C were significantly
associated with portal hypertensive colopathy. Portal
hypertensive gastropathy, esophageal varices, ascites and
hepatocellular carcinoma were not related to occurrence
of portal hypertensive colopathy. Platelet count was
significantly associated with portal hypertensive colopathy,
but prothrombin time, serum albumin level, total bilirubin
level and serum ALT level were not related to occurrence
of portal hypertensive colopathy.
CONCLUSION: As the Child-Pugh class worsens and
platelet count decreases, the prevalence of portal
hypertensive colopathy increases in patients with liver
cirrhosis. A colonoscopic examination in patients with

liver cirrhosis is indicated, especially those with worsening
Child-Pugh class and/or decreasing platelet count, to
prevent complications such as lower gastrointestinal
bleeding.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Liver cirrhosis causes multiple complications, including
esophageal varices due to portal hypertension. In comparison
with alcohol-related etiologies of liver cirrhosis in Europe
and America, liver cirrhosis due to post-viral infection,
especially HCV infection, is more predominant in Japan. In
patients with liver cirrhosis and portal hypertension, varices
of the esophagus, stomach and portal hypertensive
gastropathy are well described[1-3]. These complications are
the most common causes of gastrointestinal hemorrhage.
Recently, colorectal mucosal lesions in patients with liver
cirrhosis were reported as portal hypertensive colopathy[4-7].
These are thought to be important causes of lower
gastrointestinal hemorrhage [8], although the clinical
importance of these lesions in patients with portal
hypertensive colopathy is not well established. In this study,
we evaluated the prevalence of colonic mucosal changes in
patients with liver cirrhosis, especially that due to post-viral
infection HCV, and its clinical significance.
MATERIALS AND METHODS
Patients
We evaluated the liver function and colonoscopic findings
in 47 patients with liver cirrhosis over a 6-year period. Liver
cirrhosis was confirmed by histology or by compatible
physical findings, laboratory data, and radiographic features.
The etiologies of cirrhosis are shown in Table 1. The main
cause of liver cirrhosis was post-viral hepatitis (68%) related
to hepatitis B (6%) or C (62%) infection. In addition, 13
patients (27%) had hepatocellular carcinoma.
Methods
An upper gastrointestinal endoscopy was performed in all
patients to evaluate the presence of esophageal varices,
cardiac varices, and congestive gastropathy. Liver disease
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severity was assessed according to Child-Pugh’s classification.
All patients underwent a full colonoscopy with anti-cholinergic
drugs, after preparation with polyethylene glycol electrolyte
solution. Noted changes in colonic mucosa included the
number, size, and location of vascular lesions. Portal
hypertensive colopathy was defined endoscopically in
patients with vascular ectasia, redness (Figure 1), and blue
vein (Figure 2). Vascular ectasia was further classified into
two types: type 1, solitary vascular ectasia (Figure 3); and
type 2, diffuse vascular ectasia (Figure 4). Results from
multiple, independent observers were compiled to determine
the prevalence of portal hypertensive colopathy.
Figure 4 Colonoscopic examination shows diffuse vascular ectasia.

Table 1 Etiologies of liver cirrhosis
Diagnosis

Patients(n)

HCV

29

HBV

3

Non-B non-C

5

Alcohol

5

AIH

3

PBC

2

AIH: autoimmune hepatitis, PBC: primary biliary cirrhosis.

Figure 1 Colonoscopic examination shows redness.

Statistical analyses
Data are expressed as mean±SD. Statistical comparisons
were made with the 2 test. A P value less than 0.05 was
considered significant.

Figure 2 Colonoscopic examination shows a blue vein.

Figure 3 Colonoscopic examination shows a solitary vascular ectasia.

RESULTS
In our cirrhotic patients, the primary indications for
colonoscopy included a positive fecal occult blood test
in 16 (34%), melena in 11 (23%), iron deficiency anemia
in 5 (10%), diarrhea in 2 (4%), abdominal pain in 2 (4%),
high level of serum CEA in 2 (4%), and screening in
5 (10%) patients. Overall portal hypertensive colopathy
was present in 31 patients (66%), whereas vascular
ectasia was observed in 17 (36%), diffuse vascular ectasia
in 20 (42%), redness in 10 (21%) and blue vein in 6 (12%)
patients.
The clinical characteristics of the cirrhotic patients
with or without portal hypertensive colopathy are shown in
Table 2. As the Child-Pugh class worsened, the prevalence
of portal hypertensive colopathy increased. Child-Pugh
class B and C were significantly associated with portal
hypertensive colopathy. Portal hypertensive gastropathy,
esophageal varices, hepatocellular carcinoma, and presence
of ascites were not related to occurrence of portal hypertensive
colopathy.
The laboratory data of these patients are shown in Table 3.
Platelet count but not serum ALT level was significantly
associated with portal hypertensive colopathy. The
prothrombin time as well as serum albumin and total
bilirubin levels were not related to the occurrence of portal
hypertensive colopathy.

Ito K et al. Portal hypertensive colopathy in liver cirrhosis
Table 2 Characteristics of the 47 patients
PHC-positive
n = 31 (%)
Age (yr)

PHC-negative
n = 16 (%)

P

62.5±7.3

61.6±9.7

NS

Sex

(M:F)

18:13

13:3

NS

Child–Pugh

(A:B+C)

11:20

12:4

PHG

None

23 (76.7)

10 (62.5)

P<0.05
NS

Mild

5

5

NS

Severe

2

1

NS

Ascites
Splenomegaly

3 (9.7)

1 (6.3)

NS

24 (77.4)

11 (68.8)

NS

Alcohol

4 (12.9)

3 (18.8)

NS

HCC

7 (22.6)

6 (37.5)

NS

17 (54.8)

5 (31.3)

NS

EG varices

PHC: portal hypertensive colopathy, PHG: portal hypertensive gastropathy, HCC:
hepatocellular carcinoma, EG varices: esophago-gastric varices.

Table 3 Laboratory data of the 47 patients
PHC-positive
n = 31

PHC-negative
n = 16

Prothrombin time (%)

74.0±15.7

81.4±21.7

ALT (IU/L)

51.1±33.8

55.9±41.8

8.3±4.3

12.1±5.1

Platelet (×104/mm3)
Serum albumin (g/dL)
Total bilirubin (mg/dL)

P
NS
NS
P<0.05

3.2±0.6

3.4±0.5

NS

1.55±0.94

1.08±0.73

NS

Cholinesterase (pH)

0.48±0.27

0.55±0.21

NS

ICG R15

30.5±15.4

25.0±9.6

NS

ICG R15: indocyanine green retention rate at 15 min.

DISCUSSION
Various vascular abnormalities have been observed in the
mucosa of upper gastrointestinal tract of cirrhotic patients,
including gastroesophageal varices and gastric antral vascular
ectasia[1-3]. These vascular lesions account for most of the
upper gastrointestinal bleeding in cirrhotic patients. Similarly,
vascular ectasias and varices may occur in the colonic
mucosa of cirrhotic patients, and bleeding from these
vascular lesions was reported[4,5]. In the present study, portal
hypertensive colopathy was present in 66% (31/47) of the
cirrhotic patients. Several studies have described the colonic
findings associated with cirrhosis and portal hypertension
was observed in 50-84% patients with liver cirrhosis[6-15] .
Histologic examination of rectal mucosal lesions in patients
with liver cirrhosis revealed dilatation of blood vessels in
the mucosa, increased lymphocytes and plasma cells in the
lamina propria, and edema of the mucosa[4,7]. In our study,
portal hypertensive colopathy was found in 23% of patients
in rectosigmoid colon, 11% in the descending colon, 24%
in the transverse colon, 23% in the ascending colon and
16% in the cecum.
We classified the portal hypertensive colopathy into four
types. Solitary vascular ectasias were found predominantly
in the transverse and ascending colon (55%). Diffuse vascular
ectasias were found predominantly in the right side colon
(45%). Redness was found in the overall colon and blue vein
in the rectum. In contrast to prior studies[4,6-10,12-14] . Our
data demonstrated that the prevalence of portal
hypertensive colopathy increased with worsening Child-
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Pugh class. The association with Child-Pugh class may be a
result of increased hemodynamic dysfunction in those with
more advanced liver disease. A decreased platelet count
was also related to occurrence of portal hypertensive
colopathy, which to our knowledge has not been reported
previously. It is possible that the concurrent low platelet
count and portal hypertensive colopathy may be due to a
relatively high number of patients with post-viral infection
in this Japanese cohort as post-viral liver cirrhosis decreases
platelet count more than alcoholic liver cirrhosis does.
Child-Pugh class A, presence of ascites, prothrombin
time, serum albumin level, and total bilirubin level were not
related to occurrence of portal hypertensive colopathy.
However, as Child-Pugh class worsened, the prevalence of
portal hypertensive colopathy correspondingly increased.
Synthetic liver function is important for the prevalence
of portal hypertensive colopathy. Similar to the prior
studies [16-18], we also observed that esophageal varices
were not related to portal hypertensive colopathy. Portal
hypertensive colopathy may not be a distinct entity but,
rather, a regional manifestation of portal hypertension[15] .
Lower gastrointestinal bleeding is the major complication
of portal hypertensive colopathy. In our study, active oozing
colonic lesions were found in two cases of 11 cirrhotic
patients with melena. These patients underwent endoscopic
clipping for treatment of active bleeding, but bleeding
recurred. Each case was Child-Pugh class B and had
decreasing platelet count. Therefore, we suggest that a
colonoscopic examination should be performed in patients
with liver cirrhosis, especially those with worsening ChildPugh class and decreasing platelet count.
In conclusion, as the Child-Pugh class worsens and
platelet count decreases, the prevalence of portal
hypertensive colopathy increases in patients with liver
cirrhosis. Colonoscopic examination is needed in these
patients, especially those with worsening Child-Pugh class
and decreasing platelet count, to prevent complications, such
as lower gastrointestinal bleeding.
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Abstract
AIM: G1896A mutation in precore or A1762T/G1764A
mutations in basal core promoter are suspected to be
responsible for patients with detectable level of HBV DNA
in serum after seroconversion from HBeAg to anti-HBe.
However, G1896A variant has impaired, while A1762T/
G1764A variant may have intact replication ability. They
themselves or their coexistence status may play different
roles in such meaningless seroconversion. For these
reasons, the significances of these two types of mutations
were comparatively investigated in this study.
METHODS: One hundred and sixty-five sera with positive
anti-HBe and HBV DNA were collected from different
patients. Mutations of G1896A and A1762T/G1764A among
these serum samples were detected using competitively
differentiated PCR. HBV DNA was demonstrated using
real-time quantitative PCR.
RESULTS: G1896A and/or A1762T/G1764A mutations
were detected in 89.1% (147/165) out of patients with
detectable HBV DNA in serum after HBeAg-to-anti-HBe
seroconversion. The positive rate of G1896A variants was
significantly higher than that of A1762T/G1764A mutations
(77.6% vs 50.3%, 2 = 26.61, P<0.01). The coexistence
positive rate of these two types of mutations was 38.8%
(64/165). Coexistence mutations were found in 77.1%
(64/83) out of sera with A1762T/G1764A mutations, and
in 50.0% (64/128) out of sera with G1896A mutation.
Compared with variants with G1896A mutation only,
the coexistence mutations were predominant in patients
with high level of serum HBV DNA, and related to higher
total bilirubin, lower serum albumin and progressive
liver diseases.
CONCLUSION: The coexistence of G1896A mutation and
A1762T/G1764A mutations is very common, and responsible

for the major cases with high level of HBV DNA in serum
and progressive liver diseases after HBeAg-to-anti-HBe
seroconversion. This coexistence mutation variant may
have higher pathogenicity and replication ability.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
In the natural history or during the antiviral therapy of
chronic HBV infection, seroconversion from HBeAg to
anti-HBe is usually accompanied by a decrease in viral
replication and remission of liver disease[1-4]. However, viral
replication and liver damage persist in about 10% of patients
after seroconversion [5-8]. The characteristic laboratory
findings of these patients are that there are detectable levels
of HBV DNA, and HBV variants with mutations in precore,
core or basal core promoter (BCP) regions[5,6,9,10]. Among
these mutations, HBV variants with a G-to-A mutation at
nucleotide 1 896 (G1896A) or double-point mutation in
BCP, A-to-T mutation at nucleotide 1 762 and G-to-A
mutation at nucleotide 1 764 (A1762T/G1764A) are the
commonest [9-14] , and may be responsible for these
meaningless seroconversions. However, G1896A variant
has impaired, while A1762T/G1764A variant may have
intact replication ability [15-17]. They themselves or their
coexistence status may play different roles in such
meaningless seroconversions. For these reasons, G1896A
mutation and A1762T/G1764A mutations were detected
using competitively differentiated polymerase chain reaction
(CD-PCR) in this study, and the serum viral loads of patients
with infections of G1896A variant, A1762T/G1764A
variant or coexistence mutation variant of these two types
of mutations were comparatively studied.
MATERIALS AND METHODS
Samples
One hundred and sixty-five serum samples with positive
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anti-HBe were selected out from 300 continuous serum
samples with positive HBsAg and HBV DNA from
different patients in the Department of Infectious Diseases,
the Third Affiliated Hospital, Sun Yat-Sen University. The
serum markers of HBV were demonstrated by ELISA. The
HBV DNA level was quantified using fluorescein quantitative
PCR (Taqmen, Roche). These samples were divided into
three groups according to the level of HBV DNA in serum,
low-level group (≥10 3 to <105 copies/mL), median level
group (≥10 5 to <10 7 copies/mL) and high-level group
(≥107 copies/mL). There were 61 samples in the low-level
group, 58 samples in median level group and 46 samples in
the high-level group.
Reagents
Mutant-type control for CD-PCR, recombinant plasmids
pG1896A and pHB-BCP2 were constructed before. Wildtype control for CD-PCR, pTZ19U-HBV that contained
double copies of HBV DNA (adw) were presented by
Professor Huang Zhimin, Sun Yat-Sen University. T4 DNA
ligase and pfu DNA polymerase were purchased form
Promega Company (USA). Anti-digoxigenin (anti-DIG) and
anti-fluorescein (anti-FITC) labeled with horseradish
peroxidase were purchased from Roche Company (USA).
Primers shown in Table 1 were designed with the Omega 2
software and synthesized in Bioasia Biological Engineering
Company (Shanghai, China).

Table 1 Primers and probes for detections of G1896A or A1762T/
G1764A mutations
Denomination
PCP

Sequences (5’→3’)

BIO -GAGAC TCTAA GGCTT CTCGA TACAG AGCTG AGG

PCMd

DIG -CTCAC GCTAC ATTGT GTGCC TTGGG TGGCT TCA

PCWd

FITC -GTCCG TAGTC TCGTT GTGCC TTGGG TGGCT TGG

BCP1-M DIG -GCTGA CGATG CGATG GGGAG GAGAT TAGGT TAATG A-3’
BCP1-W FITC -CGTCC GTAGT GCCGA GGGAG GAGAT TAGGT TAAAG G-3’
PCA

CCCAG CAGAG AATGG CTTGC CTGAG TGCAG TATG

PCSc

CCCGA ATTCC ACCGT GAACG CCCAT CAG

PCAc

CCCAA GCTTG CAGTA TGGTG AGGTG AGCAA TG

BIO: the abbreviation of biotin; DIG: the abbreviation of digoxigenin; FITC: the
abbreviation of fluorescein isothiocyanate. The underlined nucleotides had no
relationship with HBV.

G1896A mutation detection
The method of CD-PCR was described in detail in previous
paper. G1896A mutation was detected using CD-PCR with
a few modifications. Briefly here, a 30-L PCR reaction
was performed. The reaction mixture contained 10 mmol/L
Tris-HCl, pH 8.5, 50 mmol/L KCl, 1.5 mmol/L MgCl2,
20 mol/L dNTPs, 2 U pfu DNA polymerase, 20 pmoL
FLU-PCWd, 20 pmoL DIG-PCMd, 10 pmoL PCA and
5 L plasmid or extracted DNA. The cycling conditions
were as follows: 2 cycles (first set) of 94 ℃ for 60 s, 53 ℃
for 120 s and 72 ℃ for 120 s, followed by 35 cycles (second
set) of 94 ℃ for 30 s, 65 ℃ for 30 s, 94 ℃ for 40 s and
72 ℃ for 60 s. The PCR products were then hybridized
with solidified biotin-labeled probe PCP in two different
holes of microtiter plate. The color reaction was obtained
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after the captured PCR products reacted with horseradish
peroxidase-labeled anti-DIG or anti-FITC respectively.
Wild-type and G1896A mutant-type plasmids were used as
positive control and negative control.
A1762T/G1764A mutation detection
A1762T/G1764A mutation was detected using CD-PCR
just like G1896A mutation. The main differences were that
BCP1-M and BCP1-W were used as competitive primers and
recombinant plasmid pHB-BCP2 was used as positive control.
DNA sequencing
To confirm the results of CD-PCR, three samples of each
group, the G1896A mutation group, A1762T/G1764A
mutation group and the groups with positive or negative
for both types of mutation were selected for DNA sequence
analysis. Fragments of HBV BCP, precore and core regions
were analyzed using DNA sequencing after they were
amplified using primer PCSc and PCAc, and cloned into
plasmid pUC19.
Statistical analysis
For statistical analysis, t tests, 2 examination or Fisher exact
probability analysis was used. SPSS 10.0 for Windows was
used for all statistical analysis. P<0.05 was considered
statistically significant.

RESULTS
Detections of G1896A and A1762T/G1764A mutations
G1896A and A1762T/G1764A mutations in patients with
positive HBV DNA in serum after seroconversion were
very common. HBV strains with G1986A and/or A1762T/
G1764A mutations were predominant (89.1%, 147/165).
Compared with A1762T/G1764A mutations, the positive
rates of G1896A variants were significantly higher (77.6%
vs 50.3%, 2 = 26.61, P<0.01) in these patients. The
coexistence positive rate of these two types of mutations
was 38.8% (64/165). Coexistence mutations were found in
77.1% (64/83) out of sera with A1762T/G1764A mutations,
and in 50.0% (64/128) out of sera with G1896A mutation.
Confirmation analysis of G1896A and A1762T/G1764A
mutations
The CD-PCR results of 12 selected samples were confirmed
as expected by DNA sequence analysis. It suggests that the
results of CD-PCR are believable.
Relationship of mutations with serum HBV DNA level
The relationship of G1896A and A1762T/G1764A
mutations to serum HBV DNA level in these patients is
shown in Table 2. From low, median to high level of HBV
DNA, the total positive rates of G1896A mutation decreased
in turn, while the total positive rates of A1762T/G1764A
mutations increased. Since coexistence of G1896A and
A1762T/G1764A mutations were very common in these
patients, the mutations of G1896A only, A1762T/G1764A
only and their coexistence were separately considered
(Table 2). The status of mutations of G1896A only was
the same as that of total G1896A mutation. The status of
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Table 2 Relationship between CD-PCR results and serum HBV DNA load in 165 serum samples with detectable HBV DNA in serum after
HBeAg-to-anti-HBe seroconversion
No. (%) of CD-PCR results

Low-level group (n = 61)
Median level group (n = 58)
High-level group (n = 46)

Total G1896A

Total A1762T/G1764A

G1896A only

A1762T/G1764A only

Coexistence

53 (86.9)b
45 (77.6)
30 (65.2)

20 (32.8)
32 (55.2)e
31 (67.4)f

35 (57.4)d
23 (39.6)
6 (13.0)

2 ( 3.3)
10 (17.3)
7 (15.2)

18 (29.5)
22 (37.9)
24 (52.2)g

1 2

 = 7.08, bP<0.01, 22 = 21.81, dP<0.01, compared with high-level group. 32 = 6.06, eP<0.05, compared with low-level group. 42 = 8.20, fP<0.01, compared with median level
group. 52 = 5.65, gP<0.05, compared with low-level group.

Table 3 Main clinical data of 147 serum samples with G1896A and/or A1762T/G1764A mutations
G1896A only (n = 64)
Age (yr)
Sex (no. male/no. female)
Alanine aminotransferase (IU/L)
Total bilirubin (mol/L)
Serum albumin (g/L)
Clinical diagnosis
Chronic hepatitis Mild (n)
Median (n)
Gravies (n)
Liver cirrhosis
1

A1762T/G1764A only (n = 19)

Coexistence (n = 64)

43.2±14.2
18/1
121.8±183.1
24.8±40.6
39.1±5.8

40.7±12.8
59/5
116.7±137.3
32.5±55.2b
37.7±5.3d

40.5±12.8
55/9
101.9±158.3
25.2±39.2
38.4±5.3
23
20
12
9

3
10
4
2

13
14
22f
15g

t = –2.85, bP<0.01, 2t = 6.37, dP<0.01, compared with group of G1896A only. 32 = 18.3, fP<0.01, 42 = 4.03, gP<0.05, compared with group of mild type of chronic hepatitis B.

mutations of A1762T/G1764A only could not be analyzed
because of the limited case numbers. The status of
coexistence was the same as that of total A1762T/G1764A
mutations. In high-level group, HBV variants with
coexistence of G1896A mutation and A1762T/G1764A
mutations were predominant.
Relationship of mutations with main clinical data
The main clinical data of 147 serum samples with G1896A
mutation and/or A1762T/G1764A are shown in Table 3.
The patients with coexistence mutation variant infections
were related with higher total bilirubin and lower serum
albumin as compared with patients who were infected by
HBV variants of G1896A mutation only. For clinical
diagnosis, coexistence mutations were more often to be
found in progressive liver diseases (gravies type of chronic
hepatitis B and liver cirrhosis), while G1896A mutation only
is found more often in benign liver diseases (mild or median
type of chronic hepatitis B).

DISCUSSION
CD-PCR is a rapid method for point mutation screening,
and can detect mutations with high specificity, efficiency
and rapidity. Using this technique in this study, G1896A
and/or A1762T/G1764A mutations were detected in
89.1% out of patients with detectable HBV DNA in serum
after HBeAg-to-anti-HBe seroconversion. It suggests that
G1896A and/or A1762T/G1764A mutations are major
causes of this meaningless seroconversion. G1896A
mutation was detected in up to 77.6% of such patients.
However, the variant with G1896A mutation is usually
accompanied by a decrease in HBV replication and remission
of liver disease[9,15,18-22], and can be considered as favorable
factor of response to interferon treatment[23]. That means
G1896A mutation may not be responsible for the

meaningless seroconversion, especially for patients with
progressive liver diseases. This view is further supported
by those variants with G1896A mutation only which were
closely related to low level of HBV DNA and benign liver
diseases, when HBV DNA level and clinical data were taken
into account in this study.
The A1762T/G1764A variant is usually accompanied
by increase in HBV replication and decrease in HBeAg
secretion, and may be related to liver deterioration[9,24-28], or
at least not to affect HBV DNA level[18]. A1762T/G1764A
mutations were detected in half of the patients, and coexisted
with G1896A mutation in 77.1% out of all A1762T/G1764A
mutations in this study. The coexistence mutation variant
was also found to be related to high level of HBV DNA in
serum. These results suggest that A1762T/G1764A mutations,
especially the coexistence mutations, may play more
important roles in the meaningless seroconversion than
G1896A mutation. Other data show that A1762T/G1764A
mutations take place years early than G1896A before
seroconversion[13]. Thus, these results suggest that, when it
subsequently occurs in the genome, G1896A mutation can
decrease the replication of wild-type HBV but A1762T/
G1764A variant. The reason may be that the transcription
of A1762T/G1764A variant is regulated in a different
manner and by different transcriptional factors[16,17,29].
The coexistence of G1896A mutation and A1762T/
G1764A mutations are very common[25], have a clear link
with chronic active hepatitis[26], are associated with the degree
of histological injury[30] and are found to be related to high
level of HBV DNA, higher total bilirubin, lower serum
albumin and progressive liver diseases in this study. Thus,
this coexistence mutation variant might have higher
pathogenicity and replication ability. However, some
research demonstrated that the dual mutations occurred
less frequently in patients with high level of serum HBV
DNA[5] . For these reasons, the coexistence of G1896A

3134

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

mutation and A1762T/G1764A mutations is worth some
further extensive investigations.
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Abstract
AIM: To study the nervous-pathways of Fengch’ih acupuncture
by means of anterograde transport of aqueous solution of
horseradish peroxidase (HRP).
METHODS: Fifty Wistar rats were randomly divided into 1,
2, 3, 4, and 5 d groups, and every group had 10 animals. HRP
(30% aqueous solution) was injected into a Fengch’ih. Serial,
transverse or capital, 40 m sections of the cervical spinal
ganglia, cervical and thoracic spinal cord segment and brain
were cut on a cryotome. Sections were incubated for HRP
histochemistry according to the tetramethylbenzidine (TMB).
Part of the sections were counterstained with neutral red.
RESULTS: After 1 d of survival times, many labeled cell
bodies were found in 1-4 cervical spinal ganglia, anterior
horn of 1-4 cervical spinal cord, ventromedial division of
facial nucleus, accessory facial nucleus ipsilaterally. With
increasing survival times, the intensity of labeled cells were
slightly decreased.
CONCLUSION: Fengch’ih may bring into full play its effect
by correlation of posterior ear branch of facial nerve and
anterior branch of 2-3 cervical nerve with 1-4 cervical the
anterior horn of the spinal cord, ventromedial division of
facial nucleus, accessory facial nucleus.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The acupoint of Fengch’ih, also known as Refu, is derived
from the medical literature Miraculous Pivot: Febrile Disease,
and held to be on the Gallbladder Channel of foot-Shaoyang,
including hand- and foot-Shaoyang, Yangwei and Yanghui,
one of the most commonly used acupoints in clinical treatment.
As is documented, Fengch’ih can be used to treat many diseases,
especially those resulting from pathogenic wind. Its clinical
application is also extensive in modern time for treating such
diseases as dyspepsia, stomach-ache, gastric ulcer, common
cold, headache, cervical spondylosis, trigeminal neuralgia,
hypertension, apoplexia, epilepsia, optic atrophy, myopia,
tinnitus, painful heels[1]. However, little is known about its
nerve-pathway. In the present study, we aim to illustrate
the nerve-pathways and therapeutic mechanisms of Fengch’ih
acupuncture, by means of anterograde transport of aqueous
solution of horseradish peroxidase (HRP).
MATERIALS AND METHODS
A total of 50 adult Wistar rats in good condition, each body
weighing 250-300 g, were divided randomly into control
and acupuncture group regardless of the sex, and each group
subdivided into 1, 2, 3, 4, and 5 d with 10 rats in each
subgroup. The animals were anesthetized with 10% chloral
hydrate (0.3 mL/100 g) intraperitoneally to surgery.
The animals were fixed in prone position on the table.
Fengch’ih was ascertained at the intersection of sternocleidomastoid muscle and trapezius muscle. After conventional
sterilization, 30% HRP50 L was injected into a Fengch’ih
acupoint. As for the controls, equal quantity of HRP was
injected into Fengch’ih.
After survival times of 1-5 d, the animals were deeply
anesthetized with 10% chloral hydrate, and thoracotomy
was done quickly, and intubation was performed via left
ventricle to aorta, and perfused with 50-150 mL 0.9% NaCl
(till the liver whitened), followed by 4 ℃ 1.0% paraformaldehyde-1.25% glutaraldehyde in 0.1 mol/L phosphate
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Figure 1 The distribution of HRP-positive neurons of cervical dorsal root
ganglia, the anterior horn cervical spinal cord, the ventromedial division of the
facial nucleus. A: Photomicrograph of the longitudinal sections of the second
cervical dorsal root ganglion showed an intense and homogeneous distribution
of HRP reaction product within the cell bodies and their processes. The labeled
neurons were green and their processes arranged as pine needle stained with
Gu YM’s technique. ×400. B: Photomicrograph of horizontal sections of second

cervical spinal cord. The labeled neurons were located in the anterior horn. The
dark green cells were the HRP-positive neurons and the red cells were the
negative neurons stained with Gu YM’s technique and counterstained by neutral
red. ×40. C: Photomicrograph of the facial nucleus showed the labeled neurons
in the ventromedial division nucleus.The labeled neurons were dark green and
the negative neurons were red stained with Gu YM’s technique and counterstained
by neutral red. ×100.

buffer, pH 7.4, of 500 mL, first rapidly and then slowly,
lasting no less than 30 min. Soon, the brainstem with attached
cerebellum, cervical and upper thoracic spinal cord, and
the first to eighth bilateral cervical dorsal root ganglia were
removed quickly and stored overnight in 0.1 mol/L phosphate
buffer containing 30% sucrose.
In order to locate the positive nuclear groups, serial,
capital or transverse (brainstem and spinal cord) or longitudinal
(dorsal root ganglion) 40-m sections were cut on a cryotome.
Sections were incubated for HRP histochemistry according
to the tetramethylbenzidine-sodium tungstate (TMB-ST)
protocol[2], and mounted on neutral gum-coated slides. Part
of the sections was counterstained with neutral red. The
sections were examined with bright field microscopy. All
photomicrographs (Figures 1A-C) were taken with a
photomic-roscope (Olympus microscope) on panchromatic
film (made in Japan). Magnified multiples of microscope
and photograph were 20×, 10×, and 12.15×, respectively.
The finally magnified multiple of the neurons was 2 430.
To count numerical density on volume (Nv), numerical
density on area (Na) and mean volume (v) of the HRPpositive neurons in the photograph of cervical dorsal root
ganglia, anterior horn of spinal cord and facial nucleus of
nerve, a square-net-test-system with 2 500 counting grid was
applied. The border length of the counting grid was 2 mm,
and its area was 4 mm2. The value of area divided by magnified
multiple was named practice value. The section number of
the HRP-positive neurons, the crossing number falling on
the section and reference testing crossing number were
counted. And then, the Novena and v were computed
according to stereological formula[3]. Every stereological
parameter was expressed by mean±SD.

dorsal root ganglia, the anterior horn of the 1-4 cervical
spinal cord (layer VIII and IX), the ventromedial division of
the facial nucleus, the accessory facial nucleus (Figure 1).
The HRP positive particles in the HRP neurons of the abovementioned regions declined with the increase of survival time,
and those HRP positive particles in the cytoplasm and the
process faded away on the 5th d. The Nv, Na, v of the HRPpositive neurons in cervical dorsal root ganglia, anterior horn
of the 1-4 cervical spinal cords, and the ventromedial division
of the facial nucleus referred to in Table 1.

RESULTS
HRP positive neurons were green when they were not
counterstained, and changed into dark green after being
counterstained. In cytoplasm and processes many HRP positive
particles were found, and those in the processes were in the
pattern of a pearl string. One day after injection, the HRP
positive neurons began to appear in 1-4 homolateral cervical

Table 1 N v, Na, v of HRP-positive neurons in cervical dorsal root
ganglia, anterior horn of the cervical spinal cord and the facial nucleus
(mean±SD)

Dorsal root ganglia
Anterior horn
Facial nucleus

Nv (×103 mm-3)

Na (mm-2)

v (×10-5 mm3)

2.65±2.39
2.06±1.30
2.43±0.09

31.85±20.46
88.00±54.53
91.49±11.08

5.12±3.27
5.96±2.38
2.91±1.19

DISCUSSION
Acupunctures on the Fengch’ih acupoint can be categorized
as: (1) the superficial needling, the most common one, with
the needlepoint slanted toward the apex of nose, for treating
many diseases; (2) deep needling, the special one, with the
needle pointed straight toward homolateral nose for treating
sequelae of apoplexy, toward the bottom of homolateral
angularis for treating diseases in trunk, neck, limbs, throat,
and trachea, toward throat for treating pseudobulbar
paralysis, or slightly toward temporal for hemicrania, and
(3) penetration needling, toward opposite side of Fengch’ih
(Fengfu), mainly for cervical spondylosis. Then, what is the
functioning of Fengch’ih? The following is an illustration
of its nerve pathway based on the anatomy of Fengch’ih
and the findings of the present experiment.
The acupoint of Fengch’ih is located at the intersection
of trapeziums muscle and the upper end of sternocleidomastoid
muscle, under the superior nuchal line pitting of inside the
hairline. The sensory fibers of its skin and subcutaneous fascia
come from the posterior branch of the 3 rd cervical nerve
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and the branches of lesser occipital nerve. The sympathetic
fibers originates from 8 and 1-2 thoracic lateral horn cells.
At the acupoint is located lesser occipital nerve trunk, and
deeper are lateral suboccipital triangle, occipital artery and
vein, vertebral artery, and the posterior branch of the 1st cervical
nerve. Lesser occipital nerve originates either from the anterior
branch of the 2 nd and the 3 rd cervical nerve, or from the
nerve loop between the two, then, along the posterior border
of the end of sternocleidomastoid muscle, extends to the
lateral scalp, and distributes behind auricle and in the lateral
skin of occipital nerve. Its ramie communicates with the
branches of greater occipital nerve and auriculotemporal
nerve[4,5].
In addition, facial nerve branches off the stylomastoid
foramen. Posterior auricular nerve controls occipital muscle,
periauricular muscles, posterior belly of digastrics muscles
and stylohyoid muscle[5].
In the present study, after the injection of HRP into
Fengch’ih acupoint, HRP positive neurons were found in
the regions of bilateral or homonymous 1st-4th cervical dorsal
root ganglia and their corresponding anterior horns (layers
VIII–IX) of the spinal cord, ventromedial division of the
facial nucleus and the accessory facial nucleus. Based on
the anatomical structure of Fengch’ih acupoint, it is assumed
that HRP is carried through the branches of the 1st-4th cervical
nerve to dorsal root ganglia directly, or straight to the motoneurons of the anterior horn of the 1st-4th spinal cord. After
HRP was injected into the sternocleidomastoid and trapezius
muscles, all labeling were found ipsilaterally; retrogradely
labeled cells were located in the C2-C4 dorsal root ganglia,
and transganglionic labelings in the C1 to the rostral C6 spinal
segments and in the medulla oblongata. Labeled terminal
fields were the lamina VI, the central cervical nucleus and
the ventral horn in the cervical spinal cord[6]. Injections of
WGA-HRP or free HRP into rostral cervical dorsal root
ganglia and HRP application to C2 and C 3 dorsal rami
produced labeling in dorsal and ventral horns at the level
of entrance[7]. Injections of WGA-HRP into the second cervical
dorsal root ganglion produced labeling in the dorsal and ventral
horns. Injections of aqueous HRP into the suboccipital
muscles produced heavy transganglionic label within the
central cervical nucleus[8]. After injection of HRP into ganglia
(C3) without involvement of the ventral roots and spinal nerves,
a few ipsilateral spinal ventral horn neurons (C3) were retrogradely labeled with HRP. Subsequent to an HRP and wheat
germ agglutinin WGA-HRP-mixture injection into the dorsal
neck or suboccipital muscles, many spinal motoneurons (C3)
were labeled retrogradely with an HRP mixture. These findings
strongly suggest that some spinal motoneurons send their
axon collaterals to the dorsal root ganglia, in which the terminals
of the axon collaterals directly synapse with the dorsal root
ganglion cells[9].
The neurons of the ventromedial division of facial nucleus
were labeled retrogradely with an HRP through the posterior
auricular nerve of the facial nerve. The facial nerve were
six main branches which were the zygomatico-orbital, cervical,
posterior auricular, anterior auricular, superior labial, and
inferior labial branches[10] . The facial nucleus of a variety
of species was divided cytoarchitectonically into the ventral,
medial, intermediate, dorsal and lateral divisions. When
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horseradish peroxidase (HRP) was applied to the inferior
labial, cervical or posterior auricular branch of the facial
nerve, HRP-labeled neurons were seen in the lateral, ventral
or medial division of the facial nucleus, respectively. After
applying HRP to the anterior auricular-zygomatico-orbital
branch, labeled neurons were observed mainly in the
intermediate and dorsal divisions. HRP applied to the superior
labial branch labeled neurons within the dorsal and lateral
divisions[11-14]. The neurons of the accessory facial nucleus
were labeled retrogradely with an HRP through the nerve
supplying the posterior belly of the digastrics muscle in the
accessory facial nucleus[15]. These results are consistent with
those of ours.
The absence of HRP in the posterior horn of spinal
cord, the cuneate nucleus, the gracile nucleus, the ambiguous
nucleus, the nucleus of solitary tract, and the trigeminal
nerve nucleus indicates that Fengch’ih functions without
these nuclei. It is still uncertain whether the 1st-4th cervical
nerve is directly related to facial nucleus and accessory facial
nucleus, or to the anterior horn of spinal cord, whether facial
nucleus and accessory facial nucleus are related to the anterior
horn of the 1st-4th cervical spinal cord, which deserves further
investigation.
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Abstract
AIM: To examine the expression of E-cadherin in the
primary tumor and to evaluate its relationship with lymph
node micrometastasis (LNM).
METHODS: The authors studied 850 lymph nodes
resected from 30 patients with gastric carcinoma who
underwent gastrectomy with lymphadenectomy using
reverse transcription polymerase chain reaction (RT-PCR)
assay in addition to H&E staining. Cytokeratin-20 (CK-20)
gene marker was used in this assay. The level of E-cadherin
expression in the primary tumor was examined by
immunochemical technique (EliVisionTM plus).
RESULTS: LNM was detected in 77 (12.5%) lymph nodes
of 14 patients (46.7%) with gastric carcinoma. The
incidence of LNM was significantly higher in the diffuse
type (12 of 19 cases, 63.2%) than in the intestinal type of
gastric carcinoma (2 of 11 cases, 18.2%, P = 0.026).
The incidence of LNM also increased in accordance with
the depth of tumor invasion. The loss of expression of Ecadherin in primary tumors was found in 14 (46.7) of
30 tumors. The absence of E-cadherin expression was
significantly associated with the Lauren classification
(P = 0.026), lymph node metastasis (P = 0.011), the
grade of differentiation (P = 0.004) and the lymphatic
invasion (P = 0.001). Expression of E-cadherin was negative
in 10 (71.4%) of the 14 patients with LNM, and in 4 (25%)
of the 16 patients without LNM (P = 0.026).
CONCLUSION: The current results indicate that the RTPCR assay is useful for the detection of LNM and can
significantly increase the detection rate of lymph node
metastasis in patients with gastric carcinoma. The Lauren

classification and depth of tumor invasion are significantly
associated with lymph node micrometastases. Our findings
also indicate that E-cadherin may play an important role
in determining the growth type and differentiation of
gastric carcinoma. The loss of E-cadherin expression may
contribute to LNM.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Lymph node metastasis is one of the most important
prognostic factors in gastric carcinoma[1-3]. Histopathological
examination of resected lymph nodes using H&E staining
has been the gold standard for diagnosis of lymph node
metastasis; however, the incidence of LNM is often
overlooked by the routine histologic method. Recent
advances in immunohistochemical and molecular biologic
techniques have made it possible to detect LNM not
evidenced by routine H&E evaluation. Cytokeratin is a
component of the cytoskeleton of epithelial cells that is
not present in normal lymph nodes[4]. Several investigators
have reported that cytokeratin immunostaining can identify
lymph node micrometastases missed by routine H&E staining
in patients with gastric carcinoma[5-7]. However, it has been
reported that the immunohistochemical technique might still
generate false-negative results from overlooking possible
micrometastases localized outside the cutting slice or falsepositive results due to antibody cross-reactivity with host
stromal or inflammatory cells[8]. In the current study, to
overcome these problems, we applied RT-PCR assay to
detect micrometastasis in the lymph nodes resected from
30 cases of stage I-IV gastric carcinomas, and examined
the relationship between LNM and clinicopathologic
characteristics. Moreover, the mechanism of LNM is still
not completely known presently. E-cadherin is an adhesive
molecule of epithelial cells and plays an important role in
the formation and maintenance of epithelia architecture. It
has been reported that reduced expression of E-cadherin is
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closely associated with lymph node metastasis[9,10]. However,
the relationship between E-cadherin expression in the primary
tumor and LNM has not been extensively discussed.
Therefore, the main objective of this study was to explore
E-cadherin expression in the primary tumor and its
relationship with LNM in patients with gastric carcinoma.
The relationship between E-cadherin expression and
clinicopathologic features of gastric carcinoma was also
investigated.

MATERIALS AND METHODS
Patients and specimens
A total of 850 lymph nodes resected from 30 patients with
gastric carcinoma who underwent gastrectomy at the
Department of Gastrointestinal Pancreatic Surgery at Sun
Yat-Sen University of Medical Sciences were studied. There
were 17 men and 13 women, ranging in age from 26 to
82 years, with a mean age of 56.8 years. None of these
patients had received preoperative chemotherapy or
radiotherapy. Total gastrectomy was performed in 16
patients, distal subtotal gastrectomy in 13 patients, and
proximal subtotal gastrectomy in one patient. One patient
underwent D1 lymphadenectomy, 22 patients underwent
D2 lymphadenectomy, four patients underwent D3
lymphadenectomy, and three patients underwent palliative
resection. According to the Lauren’ criteria[11], 19 tumors
were classified as diffusive type carcinomas, and 11 tumors
were classified as intestinal type carcinomas. Depth of tumor
invasion and extent of lymph node metastasis were classified
according to UICC TNM classification published in 1997.
Half of each resected lymph node was fixed in 40 g/L
formaldehyde and embedded in paraffin for routine
histopathological examination. The other half was stored in
1 mL RNA later (Sigma, USA) at 4 ℃ overnight, then
transferred to a clean freezing tube and stored at 70 ℃ for
RNA extraction. The resected primary tumors were also
fixed in 40 g/L formaldehyde and embedded in paraffin.
Two consecutive sections, each 4 m-thick, were examined
by ordinary H&E staining and immunostaining with antiE-cadherin antibody, respectively.
RNA extraction
Lymph node samples were homogenized in 1 mL of TRIzol
Reagent (Invitrogen) per 50-100 mg of tissue using power
homogenizer. RNA extraction was carried out according to
the protocol recommended by the manufacturer. Total RNA
was dissolved in diethylpyrocarbonate-treated water and the
volume and quality of the RNA then assessed by the
ultraviolet spectrophotometer.
The Access RT-PCR
Complementary DNA (cDNA) was synthesized and
amplified from total RNA using the Access RT-PCR system
(Promega). The primer sequences used for CK-20 detection
were 5’-g gtcgcgactacagtgcatattaca-3’ (sense) and 5’cctcagcagccagtttagcattatc-3’ (anti-sense)[12]. cDNA synthesis
was monitored by beta-actin RT-PCR using the following
primers: 5’-caaatgcttctaggcggact-3’ (sense) and 5’-atgctatcacctcccctgtg-3’ (anti-sense). The RT-PCR was performed
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in a 25-L reaction mixture containing nuclease-free water
11 L, 5×Reacton Buffer 5 L, dNTP (10 mmol/L) 0.5 L,
each of beta-actin primers (20 mol/L) 0.5 L, each of
CK-20 primers (10 mol/L) 1.25 L, MgSO4 (25 mmol/L)
1 L, AMV reverse transcriptase (5 U/L) 0.5 L, Tfl
DNA polymerase (5 U/L) 0.5 L, and RNA sample 3 L.
The Access RT-PCR condition was set up as follows: 1
cycle at 48 ℃ for 45 min (reverse transcription), 1 cycle at
94 ℃ for 2 min (AMV RT inactivation), followed by 40
cycles at 94 ℃ for 30 s (denaturation) and at 62 ℃ for 1 min
(annealing) and at 68 ℃ for 1.5 min (extension), followed
by a final extension at 68 ℃ for 7 min. The resultant cDNA
products of CK-20 and beta-actin were 121 and 381 base
pairs, respectively. The RT-PCR products were analyzed
by electrophoresis on 2% agarose gels stained with ethidium
bromide. In this report, “micrometastasis” in the regional
lymph nodes was defined as metastasis that was detected
only by the RT-PCR assay but not by ordinary H&E staining
(Figure 1).
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Figure 1 Comparison of the results of RT-PCR and H&E staining. M:
DL2000Marker; lanes 1-12: dissected lymph nodes. The estimated size of the
amplified products in base pairs (bp) appears on the right. Lymph nodes of lanes
7, 10, and 11 were diagnosed LNM.

Immunohistochemistry
The dissected primary tumors were fixed in 40 g/L
formaldehyde and embedded in paraffin. Specimens from
the paraffin embedded block were cut into 4 m sections
and then placed on slides. E-cadherin immunohistochemical
staining was performed using EliVisionTM plus IHC Kit
(Maixin Biological, Fuzhou, China). After the slides were
deparaffinized with xylene and dehydrated with ethanol, they
were placed in 10 mmol/L citrate buffer and heated in a
microwave at 700 W for 5 min for the retrieval of antigens
in the specimens. Endogenous peroxidase activity was
blocked by incubation of the slides in 3% hydrogen peroxide
in absolute methanol at room temperature for 10 min. The
slides were then incubated sequentially with 50 L of mouse
monoclonal antibody against human E-cadherin (Maixin
Biological, Fuzhou, China) overnight at 4 ℃, with 50 L
of polymer enhancer for 20 min, and 50 L of polymerized
HRP-anti mouse IgG for 30 min. The reaction products
were visualized with diaminobenzidine (DAB Kit, Maixin
Biological, Fuzhou, China), and slides were counterstained
with hematoxylin, dehydrated, and evaluated by light
microscopy. Tris-buffered saline (TBS) solution was used
instead of the primary antibody for negative controls.
For the purpose of data analysis, the expression level
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of E-cadherin in the primary tumor was graded according
to the proportion of positive tumor cells. If more than
25% of the tumor cells were positively stained for Ecadherin, the tumor was classified as having preserved Ecadherin expression. In contrast, if 25% or less of the tumor
cells were positively stained, the tumor was classified as
having the loss of E-cadherin expression. The stained slides
were observed independently by two pathologists who had
no knowledge of the clinicopathological data. All the staining
results for E-cadherin were examined in relation to the
clinicopathological parameters of the tumors.
Statistical analysis
Statistical analysis was performed by Fisher’s exact test to
examine the association of LNM and the expression of
E-cadherin in the primary tumor with the clinicopathologic
characteristics of the primary tumor, and examine the
relationship between the expression of E-cadherin in the
primary tumor and LNM. Statistical significance was defined
as P<0.05.

RESULTS
Correlation between LNM and clinicopathologic characteristics
Routine examination by H&E staining confirmed metastasis
in 233 lymph nodes from 20 patients. All these 233 lymph
nodes were cytokeratin-20 positive; moreover, LNM was
detected in an additional 67 lymph nodes in 12 cases of
these 20 patients. LNM was also detected in 10 lymph
nodes from two cases of 10 patients who had no obvious
metastases identified by H&E staining. Totally, LNM was
identified only by the RT-PCR assay in 77 (12.5%) lymph
nodes of 14 patients (46.7%) with gastric carcinoma. From
Table 1, we also found that the incidence of LNM was
Table 1 Correlation between LNM and clinicopathologic characteristics
Variable
Gender
Male
Female
Age
<50 yr
≥R50 yr
Superficial diameter
<5 cm
≥R5 cm
Tumor location
Upper/middle third
Lower third
Histologic type
Intestinal
Diffuse
Depth of invasion
T1/T2
T3/T4
Histologic differentiation
Well/moderate
Poor
Lymphatic invasion
Positive
Negative
Vascular invasion
Positive
Negative

LNM

Patients
(n)

Negative (%)

Positive (%)

P

17
13

9 (52.9)
7 (53.8)

8 (47.1)
6 (46.2)

P = 1.000

6 (60)
8 (40)

P = 0.442

P = 1.000

10
20

4 (40)
12 (60)

17
13

9 (52.9)
7 (53.8)

8 (47.1)
6 (46.2)

17
13

8 (47.1)
8 (61.5)

9 (52.9)
5 (38.5)

11
19

9 (81.8)
7 (36.8)

2 (18.2)
12 (63.2)

21
9

14 (66.7)
2 (22.2)

7 (33.3)
7 (77.8)

P = 0.046

13
17

9 (69.2)
7 (58.8)

4 (30.8)
10 (41.2)

P = 0.159

18
12

7 (38.9)
9 (75)

11 (61.1)
3 (25)

P = 0.072

2 (40)
12 (48)

P = 1.000

5
25

3 (60)
13 (52)

P = 0.484

P = 0.026
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significantly higher in the diffuse type (12 of 19 cases, 63.2%)
than in the intestinal type of gastric carcinoma (2 of 11
cases, 18.2%, P = 0.026). Micrometastases increased in
accordance with the depth of tumor invasion. Seven of 21
cases that had lesions within submucosa layer were detected
to have micrometastases in the lymph nodes; in contrast,
seven of nine cases with invasion reaching the muscularis
propria and deeper invasion had micrometastases (P = 0.046).
Other clinicopathologic findings including gender, age,
location, diameter, histologic differentiation, lymphatic
invasion and vascular invasion had no statistically significant
correlation with the incidence of LNM (P>0.05).
Expression of E-cadherin
The loss of expression of E-cadherin in primary tumors
was found in 14 (46.7) of 30 tumors. From Table 2, we found
that the absence of E-cadherin expression was significantly
associated with The Lauren classification (P = 0.026), lymph
node metastasis (P = 0.011), the grade of differentiation
(P = 0.004) and the lymphatic invasion (P = 0.001), but not
correlated with age, gender, location, diameter and depth
of tumor invasion (P>0.05).

Table 2 Correlation between the expression of E-cadherin in primary tumors and clinicopathologic characteristics
Expression of E-cadherin
Variable
Gender
Male
Female
Age
<50 yr
≥R50 yr
Superficial diameter
<5 cm
≥R5 cm
Tumor location
Upper/middle third
Lower third
Histologic type
Intestinal
Diffuse
Depth of invasion
T1/T2
T3/T4
Histologic differentiation
Well/moderate
Poor
Lymph node metastasis
Positive
Negative
Lymphatic invasion
Positive
Negative

Patients
(n)

17
13
10
20

Negative (%)

Positive (%)

P

7 (41.2)
7 (53.8)

10 (58.8)
6 (46.2)

P = 0.713

7 (70)
9 (45)

P = 0.260

3 (30)
11 (55)

17
13

7 (41.2)
7 (53.8)

10 (58.8)
6 (46.2)

P = 0.713

17
13

8 (47.1)
6 (46.2)

9 (52.9)
7 (53.8)

P = 1.000

11
19

2 (18.2)
12 (63.2)

9 (81.8)
7 (36.8)

P = 0.026

21
9

8 (38.1)
6 (66.7)

13 (61.9)
3 (33.3)

P = 0.236

13
17

2 (15.4)
12 (70.6)

11 (84.6)
5 (29.4)

P = 0.004

18
12

12 (66.7)
2 (16.7)

6 (33.3)
10 (83.3)

P = 0.011

18
12

13 (72.2)
1 (8.3)

5 (27.8)
11 (91.7)

P = 0.001

Correlation between LNM and the expression of E-cadherin
From Table 3, we found that expression of E-cadherin
was negative in 10 (71.4%) of the 14 patients with LNM,
and in 4 (25%) of the 16 patients without LNM. The
difference between these two groups was statistically
significant (P = 0.026).
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Table 3 Correlation between LNM and the expression of E-cadherin
Expression of E-cadherin
LNM

Patients
(n)

Negative (%)

Positive

14

10 (71.4)

Negative

16

4 (25)

Positive (%)

P

4 (28.6)
12 (75)

P = 0.026

DISCUSSION
It is well known that lymph node metastasis is the most
important prognostic factor for patients with gastric
carcinoma. However, even after undergoing radical resection
of primary tumors and lymph nodes, about 20% of patients
with gastric carcinoma reportedly die of recurrence[13], and
about 3% of patients with early-stage gastric carcinoma
also reportedly die of recurrence[14]. These findings suggest
the existence of LNM that cannot be identified by routine
H&E staining. Several investigators have demonstrated the
usefulness of immunohistochemical technique for detection
of micrometastases in lymph nodes of gastric carcinoma
patients[5-7,15,16] . In the present study, RT-PCR assay was
applied to detect micrometastsis in the lymph nodes resected
from 30 cases of stage I-IV gastric carcinomas. Totally,
LNM was detected by the RT-PCR assay in 77 (12.5%)
lymph nodes of 14 patients (46.7%) with gastric carcinoma.
The incidence of LNM was significantly higher in the diffuse
type (12 of 19 cases, 63.2%) than in the intestinal type of
gastric carcinoma (2 of 11 cases, 18.2%, P = 0.026). Similar
to our results, Ishida et al, studied 2 446 lymph nodes
removed during surgery for 109 cases of gastric carcinoma,
including Stages I-IV. Metastases were confirmed in 230
lymph nodes (9.4%) stained with H&E, and an additional
201 lymph nodes (17.6%) had micrometastases identified
only by immunostaining. They also demonstrated that the
diffuse type had more micrometastases than the intestinal
type[5].
In addition, we also found that there was a significant
correlation between LNM and depth of tumor invasion.
Seven of 21 cases that had lesions within submucosa layer
were detected to have micrometastases in the lymph nodes;
in contrast, seven of nine cases with invasion reaching the
muscularis propria and deeper invasion had micrometastases
(P = 0.046). Micrometastases increased in accordance with
the depth of tumor invasion. Tsujitani et al, obtained almost
the same results as ours. They reported that micrometastases
in the lymph nodes were found in 18% of mucosal cancer,
25% of submucosal cancer, and 65% of T3 (serosal) cancer
specimens, with cancer-free nodes examined by H&E
staining[17].
These results indicate that RT-PCR assay is clearly more
sensitive than routine histopathological examination for
detection of micrometastases in lymph nodes of gastric
carcinoma patients. Lymph node micrometastases are
significantly associated with the Lauren classification and
depth of tumor invasion.
E-cadherin is a 120-ku transmembrane glycoprotein that
is responsible for calcium-dependent intercellular adhesion
by homotypic interactions. E-cadherin plays an important
role in maintaining cell polarity and tissue morphology[18].
Previous studies showed that 43.5-72% of gastric carcinoma
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had reduction or loss of E-cadherin expression[19,20]. In our
study, the loss of E-cadherin expression was observed in
46.7% (14 of 30 cases) of gastric carcinoma. We also found
the absence of E-cadherin expression was significantly
related with the histologic type and the grade of tumor
differentiation. In 19 gastric carcinomas with diffuse type
of growth 12 showed negative E-cadherin expression,
while in 11 gastric carcinomas with intestinal type of growth
only two showed negative E-cadherin expression. The
difference was statistically significant (P = 0.026). In 17
poorly-differentiated gastric carcinomas 12 showed negative
E-cadherin expression, while in 13 well- or moderatelydifferentiated gastric carcinomas only two showed negative
E-cadherin expression. The difference was also statistically
significant (P = 0.004). Recently, several scholars also
reported that the reduction or absence of E-cadherin
expression occurred more frequently in diffuse than
intestinal type of gastric carcinoma, and correlated with
poor differentiation[21,22] . These findings indicate that Ecadherin may play an important role in determining the
growth type and differentiation of gastric carcinoma.
The E-cadherin gene has generally been recognized as
an invasion-suppressor gene[23,24]. Chen et al[22], reported that
the loss of E-cadherin expression was significantly associated
with tumor invasion. Yonemura et al[20], also reported that
reduced E-cadherin expression showed a strong relationship
with positive serosal involvement and infiltrating type. In
the present study, the absence of E-cadherin expression
was more frequent in T3 or T4 tumors (six of nine tumors,
66.7%), compared with T1 or T2 tumors (8 of 21 tumors,
38.1%), but this difference was not statistically significant
(P = 0.236). This may be explained by the fact that the
cases in our study were comparatively few. To draw a further
conclusion, larger sample investigations on gastric carcinoma
are needed.
It has been reported that reduced expression of Ecadherin plays an important role in the development of
lymph node metastases in patients with gastric carcinoma.
However, the relationship between E-cadherin expression
in the primary tumor and LNM has not been extensively
discussed. In our study, we found that expression of Ecadherin was negative in 10 (71.4%) of the 14 patients
with LNM, and in 4 (25%) of the 16 patients without LNM.
The difference between these two groups was statistically
significant (P = 0.026). The result indicates the loss of Ecadherin expression may contribute to LNM.
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Abstract
AIM: To study the status of hMLH1 gene point mutations
of gastric cancer kindreds and gastric cancer patients from
northern China, and to find out gene mutation status in the
population susceptible to gastric cancer.
METHODS: Blood samples of 120 members from five
gastric cancer families, 56 sporadic gastric cancer patients
and control individuals were collected. After DNA extraction,
the mutations of exon 8 and exon 12 of hMLH1 gene were
investigated by PCR-SSCP-CE, followed by DNA sequencing.
RESULTS: In the five kindreds, the mutation frequency
was 25% (5/16) for the probands and 18% (19/104) for
the non-cancerous members, which were significantly
higher than the controls (P＜0.01 2 = 7.71, P＜0.01 2 = 8.65,
respectively). In the sporadic gastric cancer, the mutation
frequency was 7% (4/56), which was similar to that
(5/100) in the healthy controls. The mutation point of
exon 8 was at 219 codon of hMLH1 gene (A-G), resulting
in a substitution of Ile-Val (ATC-GTC), whereas the
mutation of exon 12 was at 384 codon of hMLH1 gene
(T-A) resulting in a substitution of Asp-Val (GTT-GAT),
which were the same as previously found in hereditary
nonpolyposis colorectal carcinoma.
CONCLUSION: The members of gastric cancer families
from northern China may have similar genetic background
of hMLH1 gene mutation as those of hereditary nonpolyposis
colorectal carcinoma.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Gastric cancer kindred; Mismatch repair;
Mutation; HNPCC
Li JH, Shi XZ, Lü S, Liu M, Cui WM, Liu LN, Jiang J, Xu GW.
HMLH1 gene mutation in gastric cancer patients and their
kindred. World J Gastroenterol 2005; 11(20): 3144-3146

http://www.wjgnet.com/1007-9327/11/3144.asp

INTRODUCTION
Gastric cancer is one of the most common cancers and a
leading cause of cancer death in China. Although the molecular
biological mechanism involved in the gastric tumorigenesis
remains unclear, clinical and epidemic studies have shown
that gastric cancer occurrence has a tendency of familial
accumulation. Several members can be attacked by gastric
cancer just in one family. Moreover, the younger generations
of these families are found to develop colorectal cancer at
a high frequency in recent years because of the change of
food habit. So we imagine that individuals susceptible to
gastric cancer may have the similar genetic background as
those of colorectal cancer. Hereditary nonpolyposis
colorectal carcinoma (HNPCC) is a kind of colorectal cancer
that has been well studied[1,2]. One of the reasons why HNPCC
emerges is germline mutation in mismatch repair genes[3,4],
most commonly in hMLH1 (human MutL homolog1) and
hMSH2 (human MutS homolog2)[5]. Therefore, we selected
the hot mutant sequences exon 8 and exon 12 of hMLH1
gene to detect gene mutation status in the population susceptible
to gastric cancer.
MATERIALS AND METHODS
Sample collection
Peripheral blood samples of 120 members in five gastric
cancer families, 56 sporadic gastric cancer patients and
control individuals were collected from the southern district
of Liaoning Province, northeast of China. All blood samples
were stored at -20 ℃ until used. Of the 120 familial samples,
16 were from gastric cancer patients (all were adenocarcinomas)
aged 36-58 years, nine male and seven female and 104
were from non-cancerous members aged 9-70 years, 59
male and 45 female. All the five gastric cancer families met
the following standards: three or more cases were affected
by gastric cancer in two successive generations, two or more
of them were first-degree relatives and at least one diagnosed
to have had gastric cancer before the age of 50, whereas
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DNA extraction
Genomic DNA was extracted from blood using the DNA
extraction kit (Huashun Co., Ltd, Shanghai).

cycle sequencing ready reaction kit (Perkin-Elmer, ABI
Prism) under the following conditions: initial denaturation
at 96 ℃ for 2 min, 25 cycles at 96 ℃ for 10 s, annealing at
50 ℃ for 5 s, extension at 60 ℃ for 2 min, and a final
elongation step at 60 ℃ for 7 min, in a 2 700 thermal
cycler (Perkin-Elmer). The products were purified by an
ethanol/NaAc method, and then CE-sequencing was
conducted using ABI Prism 310 (Perkin-Elmer, ABI Prism).

PCR of hMLH1 gene in exon 8 and exon 12
Primer sequences used were as follows: for exon 8, 5’-AMACAGACTTTGCTACCAGGACTTG-3’ (Forward) and 5’FAM-TGTCTTATCCTCTGTGACAATGG-3’ (Reverse)
and for exon 12, 5’-FAM-CTCAGCCATGAGACAATAAATCC-3’ (Forward) and 5’-FAM-GGTTCCCAAATAATGTGATGG-3’ (Reverse). Fluorescence-labeled
primers and PCR amplification kits were obtained from
TaKaRa Biotechnology (Dalian, China). The reaction mixture
contained 10 mmol/L Tris-HCl (pH 9.0), 50 mmol/L KCl,
1.5 mmol/ L MgCl2, 200 µmol/L dNTPs, 1 mmol/L each
primer, 100-200 ng of the extracted genomic DNA and
1.25 U Taq DNA polymerase in a total volume of 25 µL.
PCR was performed with a Perkin-Elmer Model 2700 PCR
system (Foster City, CA, USA) with the following polymerase
chain reaction (PCR) program: initial denaturation at 94 ℃
for 5 min, followed by 35 cycles of denaturation at 94 ℃
for 40 s, annealing at 55 ℃ for 40 s, extension at 72 ℃ for
1 min, and a final elongation step at 72 ℃ for 5 min.

RESULTS
Of the 16 probands in the five kindreds, two cases were
found mutant at exon 8, two cases were found mutant at
exon 12 and the total mutation frequency was 25% (5/16).
Meanwhile 12 cases were found mutant at exon 8, seven
cases were found mutant at exon 12 and the total mutation
frequency was 18% (19/104) in the familial noncancerous
members. In the 56 cases of sporadic gastric cancer, two
cases were found mutant at exon 8, two cases were found
mutant at exon 12 and the total mutation frequency was
7% (4/56), which was similar to the healthy control
individuals but being significantly lower than both the
probands and familial members in the kindreds (Table 1).
The mutation point of exon 8 was at 219 codon of hMLH1
gene (A-G), resulting in a substitution of Ile-Val (ATC-GTC)
(Figures 1A and 2A), whereas the mutation of exon 12 was
at 384 codon of hMLH1 gene (T-A), resulting in a substitution
of Asp-Val (GTT-GAT) (Figures 1B and 2B), which was
the same as previously found in HNPCC.

there was no first-degree relative affected by gastric cancer
in those sporadic patients (all were adenocarcinomas) aged
42-64 years, 36 male and 20 female and healthy controls
aged 18-60 years, 60 male and 40 female.

SSCP analysis by capillary electrophoresis
Single-strand conformation polymorphism (SSCP) of DNA
was analyzed by the method of capillary electrophoresis
(CE). A P/ACE MDQ capillary electrophoresis instrument
(Beckman, Palo Alto, CA, USA) with argon ion LIF detector
(ex = 488 nm, em = 520 nm) was employed. The capillary
was coated with linear polyacrylamide with an inner diameter
of 75 µm and an effective length of 30 cm. Prior to
electrophoresis, the PCR products were diluted 20-folds
with water, and heated at 95 ℃ for 10 min, then immediately
put into ice water and kept for 5 min. The samples were
injected at reverse polarity of 5 kV for 5 s, and separation
was carried out under constant voltage. Single-strand DNA
fragments were detected by LIF detector and the data were
collected and analyzed by MDQ software.
CE-sequencing
The samples suspected to be mutant by CE-SSCP were
sequenced. The PCR for sequencing was performed using
nonfluorescent forward primer and the Big Dye terminator
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Figure 1 SSCP analysis of the normal and mutant samples of hMLH1 gene
exon 8 (A) and exon 12 (B). Peaks 3, 4, 6- wild type ssDNA and peaks 1, 2,
5-mutant ssDNA for exon 8 (A); Peaks 1, 4-wild type ssDNA, peaks 2, 3-mutant
ssDNA and peaks 5, 6-primer ssDNA for exon 12 (B).

Table 1 Comparison of hMLH1mutation among the gastric cancer kindreds, sporadic gastric cancer patients, and control individuals
HMLH1 mutation
Groups
Probands of kindreds
Non-cancerous members of kindreds
Sporadic gastric cancer patients
Control individuals
b

P＜0.01 2 = 7.71, dP＜0.01 2 = 8.65 vs control individuals.

Cases
16
104
56
100

Exon 8
2
12
2
2

Mutation rate (%)
exon 12
2
7
2
3
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7
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in the five kindreds’ blood samples. It seems that hMLH1
gene mutation is not a characteristic of sporadic gastric cancer.
From the above-mentioned, it can be concluded that
there may be similar hMLH1 gene mutation as HNPCC in
somatic cells in gastric cancer kindreds, but not in those in
sporadic gastric cancer patients. The mutations of hMLH1
gene may be involved in tumorigenesis of hereditary gastric
cancer in northern China.

B
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Figure 2 Electrophorogram section of CE-sequencing of hMLH1 gene exon 8
(A) and exon 12 (B). Arrow: substitution of A-G (A) and T-A (B).

DISCUSSION
Mismatch repair (MMR) plays a central role in maintaining
genomic stability by repairing DNA replication errors and
inhibiting recombination between non-identical sequences[7,8] .
Loss of mismatch repair causes destabilization of the genome
and results in high mutation frequency[9]. HMLH1 gene is a
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us, especially in China, although the hereditary tendency is
even higher.
We primarily detected exon 8 and exon 12 of the
hMLH1 gene in 16 probands’ peripheral blood sample of
five gastric cancer kindreds and found the same mutations
that had previously been discovered in HNPCC. The
mutation frequency was significantly higher than that of
the control individuals and it was true of those familial
members. It was proposed that the gene background is
characterized by hMLH1 mutation in gastric cancer kindreds
and that the presence of hMLH1 mutation is associated
with an increased risk of developing gastric cancer and those
carrying mutant hMLH1 gene are prone to develop gastric
cancer even at an early age. What about sporadic gastric cancer?
To answer this question, we extended the samples by analyzing
56 sporadic gastric cancer patients with their blood samples.
To our surprise, the mutation frequency in the blood samples
were similar to control individuals, which was significantly
lower than both the probands and noncancerous members
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for hundreds of years. The effective components of
rhubarb are anthraquinone derivatives, emodin being the
most important. Traditional viewpoints hold that emodin
primarily acts on the large intestine and it can enhance the
excitability of smooth muscles of the large intestine[1,2]. We
have obtained more than 95% pure emodin from China
Pharmaceutical University In this study, we evaluated
whether emodin had any effects on small intestinal peristalsis
of mice and explored its relevant mechanisms.

Abstract
AIM: To investigate the effect of emodin on small intestinal
peristalsis of mice and to explore its relevant mechanisms.
METHODS: The effect of emodin on small intestinal
peristalsis of mice was observed by charcoal powder
propelling test of small intestine. The contents of motilin
and somatostatin in small intestine of mice were determinated
by radioimmunoassay. The electrical potential difference
(PD) related to Na+ and glucose transport was measured
across the wall of reverted intestinal sacs. Na+–K+-ATPase
activity of small intestinal mucosa was measured by
spectroscopic analysis.
RESULTS: Different dosages of emodin can improve small
intestinal peristalsis of mice. Emodin increased the content
of motilin, while reduced the content of somatostatin in
small intestine of mice significantly. Emodin 0.2, 0.4, 0.8,
and 1.6 g/L decreased PD when there was glucose.
However, emodin had little effect when glucose was free.
The Na+–K+-ATPase activity of small intestinal mucosa of
mice in emodin groups was inhibited obviously.
CONCLUSION: Emodin can enhance the function of small
intestinal peristalsis of mice by mechanisms of promoting
secretion of motilin, lowering the content of somatostatin and
inhibiting Na+–K+-ATPase activity of small intestinal mucosa.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Rhubarb has been used to treat gastrointestinal disorders

MATERIALS AND METHODS
Animals and treatment[3]
Fifty healthy ICR mice (weighing 18-22 g) were randomly
divided into five groups: normal control, model, low dose
of emodin, medium dose of emodin and high dose of
emodin. The animals in emodin treatment groups and model
group were put through intragastric gavage (IG) with
compound diphenoxylate 0.2 mL/10 g. Those in normal
control were treated with NS. Thirty minutes later different
medications were given: mice in normal control and model
group were given NS, and those in emodin treatment groups
were given emodin 0.1, 0.2, and 0.4 g/kg respectively. All
of the animals were administered as above for 1 wk and
were fasted for 12 h before the last administration.
Charcoal powder propelling test of small intestine[4]
Thirty minutes after the last administration, all animals were
IG charcoal powder suspended liquid 0.2 mL/10 g. Twenty
minutes later the mice were killed by exarticulation. The
small intestine from pylorus to the boundary of ileum and
cecum was isolated and its length was “total length of small
intestine”. The length from pylorus to the foreland of charcoal
powder was “charcoal powder propelling length”.
Charcoal powder propelling ratio=[charcoal powder
propelling length (cm)/total length of small intestine(cm)]
×100%.
Determination of motilin and somatostatin
Fifty mice were administered as above. Thirty minutes
after the last administration, the small intestinal tissues
were treated according to Sun et al [5]. The contents of
motilin and somatostatin in small intestine of mice were
determined by radioimmunoassay according to the
protocols of the kit.
Determination of Na+–K+-ATPase activity
After isolating small intestinal tissues, the mice above were
intercepted between 5 cm intestinal segments below the
Treitz ligament. The intestines were rinsed repeatedly by
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NS and made into homogenates of small intestinal mucosa.
The Na+–K +-ATPase activity of small intestinal mucosa
was measured by spectroscopic analysis according to the
protocols of the kit. The protein was determined by
Coomassie Brilliant Blue Method. The unit of Na+–K + ATPase activity was mol pi/mg Pro/h.
Potential difference (PD) of isolated small intestine[6,7]
About 8 cm of jejunum was taken, and cleaned with K-H
solution. The wall of intestinal sacs was reverted. We ligated
one end, and the other end was tied with tubuliform glasstube. The reverted intestinal sac full of K-H solution was
put in a tube full of 25 mmol/L glucose K-H solution (glucose
K-H) or glucose-freeK-H (at 37 ℃). The mixed gas including
50 mL/L CO2 and 95% O2 was injected. The electrical
potential difference (PD) was measured across the wall of
reverted intestinal sacs. The drugs in experiment were
dissolved by glucose-free KH or glucose KH, PH was
regulated and the osmotic pressure was modulated with
mannitol. PD was recorded every 2.5 min and observed
15 min continuously.
Statistical analysis
All data were expressed as mean±SD. Statistical analysis
was performed using unpaired t test. Differences were
considered significant when P≤0.05.

RESULTS
Effect of emodin on charcoal powder propelling movement of
small intestine in mice
The charcoal powder propelling ratio in normal control was
56.4±4.9%, while it greatly decreased to 44.7±10.3% in
model group. Comparing with model group, emodin 0.1,
0.2, and 0.4 g/kg induced obvious increase of the charcoal
powder propelling ratio of small intestine, and reached
54.6±6.6%, 67.2±18.4%, and 70.6±10.1%, respectively
(Table 1).
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Figure 1 Effect of emodin on the contents of motilin and somatostatin in small
intestine of mice (mean±SD, n = 10). A. Normal control; B. Model; C. Emodin
low dose; D. Emodin medium dose; E. Emodin high dose. aP<0.05 vs model;
b
P<0.01 vs model; dP<0.01 vs normal control.

Effect of emodin on PD of isolated small intestine
Effect of glucose K-H and different concentrations of
emodin on PD of isolated small intestine Before
administration vs after administration: Fifteen minutes after
administration of 0.2, 0.4, 0.8, and 1.6 g/L of emodin can
lower PD of isolated small intestine of mice significantly
(P<0.01) (Figure 2); compared between different groups: there
was no significant difference between every group before
administration. Fifteen minutes after administration of 0.2,
0.4, 0.8, and 1.6 g/L of emodin can lower PD of isolated small
intestine of mice significantly, compared to K-H solution group,
there were significant differences (P<0.01), which indicated
that 0.2, 0.4, 0.8, and 1.6 g/L of emodin can lower PD of
isolated small intestine of mice significantly, and, the inhibitory
effect enhanced with increasing concentration (Figure 3).
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Table 1 Effect of emodin on charcoal powder propelling movement
of small intestine in mice (mean±SD, n = 10)
Group

Dose (g/kg)

Charcoal powder propelling ratio (%)

Normal control

—

56.4±4.9

Model

—

44.7±10.3d

Emodin low dose

0.1

54.6±6.6a

Emodin medium dose

0.2

67.2±18.4b

Emodin high dose

0.4

70.6±10.1b

a

1

2

3

4

Figure 2 Effect of emodin on transmural PD (glucose K-H) of mice in vitro:
comparison of the same group before administration and 15 min after administration.
mean±SD, n = 10 1.K-H solution; 2.emodin (0.2 g/L); 3. emodin (0.4 g/L); 4.
emodin (0.8 g/L); 5. emodin (1.6 g/L); bP<0.01 vs before administration.
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P<0.05 vs model; bP<0.01 vs model; dP<0.01 vs normal control.

PD (mV)
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Effect of emodin on the contents of motilin and somatostatin
in small intestine of mice
Comparing with normal control, the content of motilin
was lower while the content of somatostatin was higher
in model group (P<0.01). After treatment with different
doses of emodin, the content of motilin increased (P<0.05,
P<0.01), while that of somatostatin decreased significantly
(P<0.05, P<0.01) (Figure 1).
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Figure 3 Effect of emodin on transmural PD (glucose K-H) of mice in vitro:
comparison of different group before administration and 15 min after administration.
mean±SD, n = 100. K-H solution; bP<0.01 vs K-H solution.
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Effect of glucose-free K-H and different concentration
of emodin on PD of isolated small intestine There are
no significant differences in comparison between the same
group before administration and 15 min after administration.
The results indicated that emodin dissolved by glucose-free
K-H had no evident inhibitory effect on PD of isolated
small intestine (Table 2).

Table 2 Effect of emodin (glucose-free K-H) on transmural potential
difference (PD) of mice in vitro (mean±SD, n = 10)
Group

Concentration
(g/L)
Before administration

K-H solution
Emodin

PD (mV)
15 min after administration

2.43±0.43

2.25±0.39

0.2

2.15±0.58

2.02±0.50

0.4

2.42±0.40

2.28±0.52

0.8

2.55±0.34

2.52±0.32

1.6

2.38±0.21

2.23±0.27

Effect of emodin on the activity of Na+–K+-ATPase in
small intestinal mucosa of mice The activity of Na+–K+ ATPase in small intestinal mucosa of mice was higher
significantly in model group than that in normal control
(P<0.01). In emodin treatment groups the activity of
Na + –K + -ATPase in small intestinal mucosa of mice
decreased prominently (P<0.05, P<0.01) (Table 3).

Table 3 Effect of emodin on the activity of Na+–K+-ATPase in small
intestinal mucosa of mice (mean±SD, n = 10)
Group

Dose
(mg/kg)

Activity of Na+–K+-ATPase
(mol pi/mg Pro/h)

Normal control

—

15.82±3.29

Model

—

20.84±4.29d

Emodin low dose

0.1

17.41±2.56a

Emodin medium dose

0.2

16.57±1.74b

Emodin high dose

0.4

16.20±2.09b

a

P<0.05, bP<0.01 vs model; dP<0.01 vs normal control.

DISCUSSION
Rhubarb is one of the most frequently used evacuants in
clinic. Emodin is one of the primary components of
rhubarb. Emodin is thought to be acting mainly on the large
intestine[8-11]. In this study, we have attempted to investigate
the effect of emodin on small intestinal peristalsis of mice
and to explore its relevant mechanisms.
We observed the effect of emodin on charcoal powder
propelling movement of small intestine in mice. The result
showed that emodin increased the charcoal powder propelling
ratio of small intestine, which indicates that emodin can
enhance the function of small intestinal peristalsis of mice.
Motilin, which is made up of 22 amino acids, has long
been recognized as an important endogenous peptide
regulator of gastrointestinal motor function. Motilin is
secreted by M0 cells distributing in the recess of mucosa in
duodenum and jejunum[12-14]. In the interphase of digestion,
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motilin is secreted with periodicity. Motilin can touch off
the occurrence of three phases of migrating motor complex
(MMC) through acting on the motilin nerve cells in the
nervous system of intestinal tract, which arouses the intense
constriction of stomach and segmentation contraction of
small intestine. The punchy contractive wave of three phases
of MMC extended to a distance along the small intestine at
the rate of 5-10 cm/min. And when it passes through the
gastrointestinal tract, it can clean up the contents of
gastrointestine including the alimentary residue of last diet,
cellular fragment falling off and bacteria. So motilin is a
street sweeper[15]. Motilin plays an important role in regulation
of gastrointestinal movement by touching off the occurrence
of three phases of MMC. In our study we found that the
content of motilin in small intestine of mice in model group
was lower than that in normal control, and after treatment
with emodin, the content of motilin was increased at
different degree. So emodin can enhance the function of
small intestinal peristalsis of mice by promoting secretion
of motilin.
Somatostatin distributed in the gastrointestinal tract
diffusely. Somatostatin can inhibit gastrointestinal function
by two ways: one is by inhibiting the activity of adenylyl
cyclase through inhibitory G protein; the other is by inhibiting
the release of cholinergic neurotransmitter[16-19]. The result
of this study showed that the content of somatostatin in
small intestine of mice was increased significantly comparing
with normal control. Different dosages of emodin could
inhibit the secretion of the somatostatin prominently. This
may be another mechanism of emodin to promote the
movement of small intestine.
Some electrolyte can get across the epithelium of small
intestine by active transport or passive transport, which leads
to electrical potential difference (PD) between mucous
membrane and chorion of small intestine. When it was
adjusted to zero, passive transport of electrolyte was
inhibited, while active transport continued. Then the change
of PD between mucous membrane and chorion of small
intestine reflected the change of active transport[20]. Glucose
absorption in small intestine mucous membrane was
completed by active transport. Active transport needs to
consume energy, the main substance supplying energy is
Na+–K +-ATPase[21,22]. So the decrease of active transport
of ion indicated that Na+–K +-ATPase may be inhibited.
In this study we used high glucose K-H solution in order
to study the role of glucose accompanied Na+-transportation,
which leads to PD maintaining a steady high level, contributing
to eliminate interference of organic component in drugs to PD.
In order to study glucose-non-dependent Na+-transportation,
we used glucose-free K-H to observe the change of simple
Na+-transportation PD. We found that when glucose existed,
different doses of emodin could lower PD significantly. On
the contrary, when glucose was absent, emodin had no evident
effect on PD. The above results indicated that emodin had
no significant effect on simple Na+ -transportation PD, it
mainly inhibited the active transportation of Na+, especially
inhibited glucose-dependent Na+-transportation.
Sodium pump is Na+–K +-ATPase in substance. One
ATP molecule breaking down, there are three sodium ions
moving out of the cell membrane and two potassium ions

3150

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

moving into the cell membrane at the same time. By this
way a potential energy reservoir is established, which is in
favor of the transmembrane transportation. The absorption
of glucose and amino acid by intestinal mucosa is just
through this secondary active transport[23-25] . When the
activity of Na+–K+-ATPase in intestinal mucosa is reduced,
the potential energy reservoir is lessened. And the absorption
of glucose, amino acid and sodium ions by intestinal tract is
decreased too, which results in the enhancement of the
osmotic pressure in enteric cavity and the peristalsis of intestinal
tract which is fortified and quickened subsequently[22]. Our
study indicated that the the activity of Na+–K+-ATPase in
intestinal mucosa in emodin treatment groups was decreased
prominently comparing with that in model group. The
decrease of the activity of Na+–K +-ATPase in intestinal
mucosa may be also one of the mechanisms for emodin to
accelerate the movement of small intestine.
In conclusion, emodin can enhance the function of small
intestinal peristalsis of mice and its mechanisms may be
relevant to promoting secretion of motilin, lowering the
content of somatostatin and inhibiting Na+–K +-ATPase
activity of small intestinal mucosa.
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Abstract
We report the case of a patient affected by an extra-nodal
non-Hodgkin lymphoma presenting as a unique, large
retroperitoneal mass with an unusual clinical presentation
mimicking gastric peptic or neoplastic disease. The patient
was successfully treated with a first generation therapy,
CHOP modified regimen (cyclophosphamide 600 mg/m2
intravenously on d 1, epirubicin 55 mg/m2 intravenously
on d 1, vincristine 1.2 mg/m 2 intravenously on d 1,
prednisone 60 mg/m2 on d 1-5), and a complete response
was achieved. The (18)F-fluorodeoxyglucose positron
emission tomography was used to assess the therapy
outcome. A brief review of literature is provided.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Non-Hodgkin lymphoma (NHL) causes many deaths
worldwide, and its incidence is increasing[1]. It represents a
heterogeneous group of neoplasms originating from
lymphocytes[1-3]. In Western countries, 80% of NHL consists
of a neoplastic growth originating from B lymphocytes[4].
The etiology of this disease is still partially unclear[1]. Some
infectious agents have been associated more or less strictly
with the development of a NHL as i.e., the Epstein-Barr virus,
the human herpesvirus 8, and the human T-cell lymphotropic
virus type I[1]. Also the Helicobacter pylori (H pylori) chronic

infection has been strictly implicated in the pathogenesis of
gastric lymphomas[5]. Several other environmental factors
have been linked with the increasing incidence of NHL
with conflicting evidence[6].
Also the disease classification is still complex and
debated. The older classification systems, such as the Kiel
classification and the Working Formulation, were based
on NHL morphology[7]. Only recently, a new system was
developed by the International Lymphoma Study Group,
the Revised European and American Classification of
Lymphoid Neoplasms that incorporate all available information
to define the disease such as clinical features, morphology,
immunophenotype as well as genetic features[8]. The stage
of the disease is classified according to the Ann Arbor staging
system[6].
Nearly 70% of lymphomas present a generally multilocalized, single or multiple lymphoadenomegaly without
pain, with involvement in almost 30-40% of latero-cervical
lymphnodes. In 30% of patients an extranodal localization
is reported in Waldeyer’s ring, in the stomach and generally
in the gastro-intestinal tract. The retro-peritoneal localization
is extremely rare and its diagnosis is often difficult. It often
requires a time consuming and costly diagnostic workup.
Indolent NHL is generally considered incurable. Several
regimens have been commonly used; however, treatment
has never been shown to extend overall survival[9].
The poly-chemotherapy with CHOP regimen has been
so far considered as the standard first-line treatment for
advanced large B-cell lymphoma but upcoming therapies seem
to promise a relevant improvement in patients’ outcomes[10].
Several efforts have been made also to enhance the
pre- and post-treatment disease assessment. This evaluation
relies mainly on a CT scan performed after three or four
conventional cycles of treatment[11,12]. The current evidence
for the ability of (18)F-fluorodeoxyglucose positron emission
tomography (FDG-PET) to detect disease not suspected
from conventional staging is still equivocal, although an
increased number of sites of disease are reported to be
found in many patients by the means of FDG-PET but
whether this is an independent prognostic factor remains
to be seen[13,14] .
The role of FDG-PET in NHL follow-up has not been
widely investigated but there is some evidence that an early
negative FDG-PET scan after completion of treatment is
a strong predictor for patients who will be cured, and in this
group of patients the follow-up could be minimized. Therapy
also, in the case of aggressive disease, could be tailored[15].
In this article we report the case of an uncommon clinical
presentation of a large B-cell lymphoma in a male patient
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treated by a standard CHOP regimen in which a complete
remission was achieved. Besides the uncommon presentation,
this article emphasizes the role and the good sensitivity of
FDG-PET in assessing response to therapy.

CASE REPORT
At the beginning of May 2002, a 56-year-old man, a hard
smoker (30 packs/year) with hypertension, referred to the
outpatient section of the Day-Hospital Unit of the Centre
of Experimental and Clinical Medicine (Department of
Internal Medicine, University of Florence) with recurrent
epigastric burning pain following meals. Anorexia and asthenia
associated with a marked loss of weight (a 7 kg reduction
in 6 wk) were also present. The patient was referred to us
by the general practitioner since he suspected from the
symptom, the presence of a gastric neoplasia. In the past
clinical history of the patient, no relevant disease was present
and he underwent surgery at the age of 51 because of
renal gallstones. No familiar history of gastric or esophageal
cancer was reported.
Physical examination was normal and an accurate
cardiological examination and electrocardiogram ruled out
any cardiological origin of the pain. No alteration was found
in the standard hematochemical determinations, in the
hemachrome and in the differential blood count.
He firstly underwent an ultrasound (US) abdominal
tomography on May 29, 2002 that did not show any relevant
finding.
An esophago-gastro-duodenoscopy (EGDS) was
performed just few days later, on June 4, 2002, and a biopsy
during the procedure was performed in a erythematous
area of the gastric antrum. No evidence of esophagitis was
present. The histopathological examination performed on
the gastric mucosal samples showed the presence of a
superficial gastritis. Both the histopathological examination
and urea breath test for H pylori were positive for the presence
of this bacterium and the specific therapy with antibiotics and
a proton pump inhibitor was immediately begun (amoxicillin
1 000 mg along with clarithromicin 500 mg b.i.d. for a
week and omeprazole 40 mg for the 1st wk and thereafter
20 mg for 3 wk once a day).
A further abdominal US examination performed by a
different examiner from that of the first one did not reveal
any pathological finding. However, despite the therapy, after
2 wk, the patient reported an increase of the epigastric pain
and a posterior irradiation was associated in that occasion.
On July 19, 2002 an abdominal contrast-enhanced CT
scan demonstrated the presence of a solid mass in the
retroperitoneal space. Its size was 9.5 cm×6.5 cm×12 cm
and was located superiorly between the left hepatic lobe
and the stomach. The gastric corpus was displaced to the
left, while the antro-pyloric region forward. No cleavage
limits were observed at the contrast-enhanced CT scans
between the mass, the kidneys and the pancreas. Some
lymphadenopathies were present at pre- and para-aortic
levels (Figure 1). Few days later the patient was referred to
the Surgery Department because of a further increase of
the pain. A port-a-cath catheter was placed in the right
subclavian vein and an intravenous therapy for the pain
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Figure 1 Basal contrast-enhanced abdominal CT scan. The large retroperitoneal
mass is indicated by the white arrow.

with morphine chlorhydrate (up to 60 mg/d) and ketorolac
salt of trometamol (40 mg/d) was started.
Since it did not appear to be possible to obtain a sample
of the mass percutaneously both under US or CT guidance,
the patient underwent an explorative laparotomy and a
biopsy of the mass that appeared as a solid mass in the
retroperitoneal space was taken. The histopathological
examination revealed the presence of a B large-cell
lymphoma. The immunohistochemical staining was positive
for the following antigens: CD-45, CD-20, Bcl, Bcl-6, and
MIB-1. Based on these data the disease was staged IV
according to the Ann Arbor classification[5].
On August 29, 2002, the patient was eventually referred
to our Day-Hospital Unit and was started on a treatment with
CHOP modified regimen (cyclophosphamide 600 mg/m2
intravenously on d 1, epirubicin 55 mg/m2 intravenously
on d 1, vincristine 1.2 mg/m2 intravenously on d 1, prednisone
60 mg/m2 on d 1-5). He was scheduled to receive seven
administrations of this regimen starting from August 29,
2002 until March 10, 2003. The patient tolerated the therapy
well. No major toxicity, as assessed by the CTC criteria[16],
was observed during the whole period of the therapy
administration.
The general condition improved just after the
administration of the first course of treatment and
continued to improve with the further courses of therapy.
The Karnofsky performance status was 40% before
treatment and improved to 100% after the fourth cycle.
The pain was controlled during the treatment period with
the administration of fentanyl via a transdermal device.
The dosage was 75 g/h at the beginning and it was reduced
to 50 g/h and finally to 25 g/h during the second course
of the treatment and completely discontinued after the third
one. Anorexia and asthenia disappeared and the patient’s
body mass index rose from 20 to 24 in about 6 mo.
A contrast-enhanced CT scan of the abdomen was
performed after the third treatment and it demonstrated a
reduction of the mass with residual disease of about 1 cm
localized at celiac trunk and it was considered as a partial
response according to the SWOG criteria (Figure 2)[17]. The
lymphoadenomegalies observed in the prior examination
were still present. After the seventh course of treatment a
total-body FDG-PET was performed and it did not show
any pathological finding (Figure 3). However, 4 mo after
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the completion of the treatment (July 2003), a contrastenhanced CT showed a minimal residual disease localized
at the celiac tripod (Figure 4). Finally a further FDG-PET
performed in October 2003 showed the complete remission
of the disease (Figure 5).
Two months later the port-a-cath catheter was removed.
At the moment of writing this case report (April 4, 2004),
the patient is alive and no evidence of a relapse of the
disease is observed. His general condition is good and he
entered the follow-up program.

←

Figure 2 Contrast-enhanced abdominal CT scan performed. The large
retroperitoneal mass is reduced in size but a residual disease of about 1 cm is
localized at celiac trunk (white arrow).

Figure 3 Total-body FDG-PET performed after the seventh course of treatment.

Figure 4 Contrast-enhanced CT performed 4 mo after the completion of the
treatment. A minimal residual disease is localized at the celiac tripod.

Figure 5 FDG-PET performed in October 2003: a complete remission of the
disease is showed.

DISCUSSION
A primary and unique retroperitoneal localization of NHL
is quite rare and, according to our knowledge, only case
that has been described yet[18] , and a clinical presentation
with an epigastric pain and ulcer-like dyspepsia mimicking a
peptic disease is extremely rare. Abdominal NHL typically
present themselves as a solid mass and they cause abdominal
pain due to compression or infiltration of nerves and its
pain is often referred as a diffuse pain [19]. Abdominal
lymphomas often belong to the sclerosant variety of follicle
centre lymphomas[19].
The symptoms presented in this case were very similar
to that of esophagitis and gastric ulcer and the relationship
with meals suggested to the general practitioner, the
presence at least of a peptic-related disease or a gastric
neoplasia since the patient had a previously known risk
factor for gastric cancer (cigarette smoking) and the
presence of asthenia, anorexia and the weight loss prompted
the general practitioner to start a diagnostic workup
oriented to gastric cancer. The negative result of the first
abdominal US scan prompted us to perform a further US
and a EGDS. This last examination was negative for
gastric cancer and resulted only with the presence of a
mild gastritis associated with H pylori infection. Even the
second US resulted negative. Therefore, since the data
obtained from the first investigations were in some way
contradictory, further assessments were planned. Contrastenhanced CT scans identified the mass, but no indication
on the nature was obtained. A laparoscopic examination
of the retroperitoneal space was thereafter planned and
performed. So, the patient underwent several expensive
investigations to achieve the diagnosis. The complexity of
this clinical workup is probably due to the rarity of the
disease by itself and also because of the uncommon
clinical presentation. Most probably, the presence of a
marked weight loss is the only symptom that could have
oriented the diagnostic workup towards the suspicion of a
neoplastic disease.
Indolent NHL is generally considered incurable. The
CHOP, a first generation chemotherapy regimen, still
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represents the standard chemotherapy regimen for NHL
treatment [20]. It obtains a complete response in about
45-53% of cases, with a long-term survival of 30-37%,
and few and acceptable side-effects. The disease
localization affects treatment choice, but generally the
correct therapeutic approach to the extra-nodal NHL
requires the integration of chemotherapy, radiotherapy
and surgery.
Several regimens have been commonly so far used in
the therapy of nodal and extra-nodal NHL. The response
rate to the treatment is initially greater than 50% but the
response and its duration decrease with subsequent
chemotherapy. However, treatment has never been shown
to extend overall survival.
The poly-chemotherapy with CHOP regimen has been
considered as the standard first-line treatment for
advanced large B-cell lymphoma[21] as no improvement in
failure-free survival or overall survival, but increased toxic
effects with newer regimens were shown with the less
complicated and less expensive regimen of CHOP[24]. New
strategies are being developed to improve the prognosis
of these patients and the association of the CHOP
regimen with rituximab, a human-mouse chimeric
monoclonal anti-CD20 antibody that kills CD20-positive
cells by activation of complement-dependent and antibodydependent cell-mediated cytotoxicity, has been recently
proposed[22-24].
In our case the choice of the CHOP regimen was
funded and we obtained a complete remission. The use
of the CHOP, a first generation regimen, should not be
discontinued, since there is no improvement from the
use of newer regimens[21]. However, the association of
CHOP with mechanism-based drugs such as rituximab
may further improve treatment outcomes especially in
aggressive disease[22].
In this setting it appears clear that a correct pre- and
post-treatment evaluation is mandatory to assess patient
outcome, to evaluate the relapse risk and to establish the
prognosis and in predicting survival and eventually to plan
the follow-up[25]. Thus, it seems necessary to use more than
one tool to evaluate disease extension and after the therapy
residual disease.
The role of the functional metabolic imaging through
FDG-PET has gained relevance in the staging and
evaluation of response of various solid and hematologic
malignancies. FDG-PET has recently emerged as an
useful prognostic tool also in patients with aggressive
lymphomas[13,14,26] . This kind of investigation performed
few cycles after the chemotherapy can predict relapse
risk [27,28]. The vast majority of patients with positive FDGPET scans present poorer clinical outcomes as compared
to patients with negative scans[28]. In patients where FDGPET showed residual disease after treatment, relapses
were reported in 100% of the cases, whereas a longterm survival was seen in more than 80% of patients
with negative PET results[28].
Providing that these obser vations will obtain a
confirmation, by FDG-PET we would be able to customize
for the single patient with aggressive lymphoma, the
appropriate treatment and follow-up. The patient of
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this case report underwent two FDG-PET and in both
cases the negative result corresponded to a remission
of the disease.
Besides its rarity and complexity, this case suggests that
the use of FDG-PET in assessing the response to
chemotherapy of extra-nodal NHL must be implemented
and that FDG-PET could be the most useful predictive
tool in assessing patient outcome. The use of morphologic
tools (contrast-enhanced CT or magnetic resonance) in
association with a functional metabolic imaging test appears
to be mandatory also in the evaluation of extra-nodal
aggressive NHL.
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Abstract
We present a case of a 40-year-old woman with smallcell carcinoma (SCC) of the rectum. She had profuse
bleeding in rectum for 5 d. By colonoscopy, polyps were
determined in the rectum and biopsies were carried out.
Histopathologically, the polyps were adenomatous.
Because of the profuse bleeding in rectum, she underwent
low anterior resection. After the diagnosis of SCC, she
received intravenous chemotherapy with standard doses
of siklofosfamid, adriamycin, and vepesid. Nevertheless,
intracranial metastases were revealed and she died 6 mo
after the operation.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Small-cell carcinomas (SCC) are malignancies derived
from cells of the neuroendocrine system. Colorectal
SCC is a rare tumor[1-5] and its incidence is less than 0.2%
among all kinds of colorectal cancers[6] such as small-cell
undifferentiated carcinoma, neuroendocrine carcinoma and
stem cell carcinoma[7]. In some cases these tumors are in
close association with adenomatous polyps[2,3,5,8]. Some of
these tumors show glandular and squamous differentiation.
The morphological heterogeneity of these tumors support
that these tumors develop on divergent differentiation from
pluripotential stem cells derived from the endoderm[9,10].
Small-cell neuroendocrine carcinoma is an aggressive
neoplasm, which was reported to occur frequently with
distant metastasis and carries a poor prognosis, even if
diagnosed in the early stage [2]. Primary SCC showing
neuroendocrine differentiation has been observed in many
sites, including the upper airway and lung, skin, thymus,
kidney, breast, ovary, uterus, urinary bladder, hepatobiliary

tree, pancreas, salivary glands and alimentary tract[11,12] .
Through the amine precursor uptake and decarboxylation
system, neuroendocrine cells are capable of synthesizing,
storing and secreting a variety of neuroamines, neuropeptides
and related substances[12]. The gastrointestinal tract has the
largest component of neuroendocrine cells, and neoplastic
proliferation of these cells occurs primarily in the appendix,
ileum and rectum[13].
The choice of treatment for these kinds of tumors is
chemotherapy, which is used for SCC of the lung. Surgery
plus chemotherapy is another alternative for small localized
tumors[1,3].

CASE REPORT
A 40-year-old woman was admitted to Osmangazi University
Hospital with the complaint of anorexia, 9 kg of weight
loss over 2 mo and profuse bleeding in rectum for 5 d.
Blood-stained bowel motions were found in digital
rectum. Her hemoglobin was 7.2 mg/dL and other laboratory
data were within normal range. Her chest and abdominal
X-ray examinations indicated no specific abnormalities.
Colonoscopy revealed a polypoid lesion and a large size
rectal mass in the rectal wall about 8-12 cm from the anal
verge. Biopsies were performed and the diagnosis of
adenomatous polyps was made.
Abdominal tomography and ultrasonography revealed
a large rectal mass consistent with neoplasm, multiple lesions
probably due to metastasis in both right and left lobes of
the liver and massive peri-aortic and peri-iliac enlarged lymph
nodes. She was transfused 3 units of red blood cells. After
preoperative bowel preparation for 3 d, laparotomy was
performed. There were widespread liver metastases and
lymphadenopathy in the abdomen and iliac region. Frozen
rectal mass and liver lesions on the seventh segment were
studied, the diagnosis of SCC was made and she underwent
low anterior resection. Macroscopically, there was a sessile
papillary lesion in the rectum indicating ulceration in the
mid-portion. Cut section of the lesion revealed a solid tumor
beneath the area of ulceration (Figure 1). Microscopically,
surface epithelium was adenomatous and had villoglandular
configuration, the solid tumor tissue extended through the
entire bowel wall below the ulcer area and villous adenoma
(Figure 2). Tumor infiltration was found in the surrounding
fatty tissues as well. Tumor tissue was composed of solid
sheets and partly trabecular structures of small round or
oval undifferentiated cells with hyperchromatic nuclei and
scanty cytoplasm. Nucleoli were not prominent. There was
a focal peritheliomatous pattern produced by necrosis.
Vascular invasion was determined. No transitional zone was
observed between the adenoma and SCC. No histological

Ihtiyar E et al. Small-cell carcinoma of rectum

features were suggestive of glandular or squamous elements.
Immunohistochemical staining tumor demonstrated
positive immunoreactivity with chromogranin A and
synaptophysin. Neuron-specific enolase was negative in
tumor cells. Tumor cells were negative for Grimelius’
argyrophilic reaction. Argyrophilic cells of mucosal crypts
served as internal controls for the Grimelius stain. There
were endocrine cells showing immunoreaction with
chromogranin in adenomatous epithelium. Immunoreactivity
with synaptophysin was not seen. In liver biopsy, SCC
metastases were observed.
Computerized tomography scan and ultrasonography were
performed 3 mo after operation and found an increasing
metastatic focus in the liver. Thus, she was given intravenous
chemotherapy with 800 mg/m2 of siklofosfamid, 50 mg/m2
of adriamycin and 120 mg/m2 vepesid on d 1-3. However,
6 mo after the surgery, her condition deteriorated rapidly
with vomiting, headache and hemiparesis due to intracranial
metastases and died.

Figure 1 Solid tumor beneath the area of ulceration.
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DISCUSSION
The incidence of neuroendocrine cancers is about 3.9%
among all types of colorectal cancers[1,4] and 23-33% of
colorectal neuroendocrine tumors arise in rectum [4,5].
Neuroendocrine tumors include well-differentiated carcinoid
tumors and aggressive neuroendocrine carcinomas also called
as SCC[14] . The frequency of SCC of colorectal region is
less than 1%[1] and 1.5%[4] among all colorectal cancer types.
SCC involving rectum is large and ulcerative [6] and
tumors of the colorectum are frequently associated with
adenomatous polyps [2,5,8,10]. In our case, tubulovillous
adenoma overlay the solid tumor. Their association with
adenomas suggests that SCC derives from stem cells or
cells in a preexisting adenoma[5,7,9,15]. However, as in many
cases[5,8] , we did not observe the transition between two
lesions. In pathogenesis, the likely mechanism of divergent
differentiation of stem cells seems more acceptable.
Through amine precursor uptake and decarboxylation
system, neuroendocrine cells are capable of synthesizing,
storing and secreting a variety of neuroamines, neuropeptides
and related substances[12]. Neuroendocrine cells of the gut
are originally thought to be of neuroectodermal origin[16],
but recently it was suggested that these cells are endodermally
originated[17,18]. Neuroendocrine nature of such cells and tumors
arising from them can be demonstrated immunohistochemically.
Electron microscopic studies have confirmed that the
neuroendocrine differentiation is by demonstrating
neurosecretory granules. As a neuroendocrine carcinoma,
positive immunoreactivity to at least two neuroendocrine
markers is required[4,19]. In these tumors immunoreactivity
is shown with antibodies against neuron-specific enolase,
chromogranin, synaptophysin and hormones[3-5,8,10]. In SCC,
synaptophysin immunoreactivity is strongly positive, which
is the most reliable finding in detecting this tumor[14]. In our
case chromogranin immunoreactivity was determined in
focal areas and synaptophysin showed widespread positivity.
These tumors have a high aggressive behavior [16,20],
their 6-mo survival rate is 58% and 5-year survival rate
is 6%[1,4,21]. Liver and lymph-node involvements are found
in 70-80% of patients in their early evolution[21] . In our
case, the patient had multiple metastases in both right and
left lobes of the liver and massive periaortic and peri-iliac
probably metastatic nodes.
Prognosis is favorable for some patients after radical surgery
for these tumors. It is suggested that local control of SCC
of the rectum can be achieved with multidrug chemotherapy
and radiation therapy without radical surgery[22]. This tumor
is as responsive to chemotherapy as is SCC of the lung[10].
Different results of therapy may be due to unusual examples
of poorly differentiated small-cell malignancies. Electron
microscopy may be helpful to confirm the diagnosis of poorly
differentiated small-cell malignancies[22].
It has poor prognosis, even when the primary resection
is radical[8] . Surgery should be performed only when the
tumor is small and various non-surgical treatments should
be given to patients with advanced disease[23].
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Abstract

was noted. Complete blood count, liver biochemistry,
amylase and lipase were normal. Ultrasound of upper
abdomen revealed a normal gall bladder and a thickened
gastric wall suggestive of gastritis. Upper gastrointestinal
endoscopy showed a small hiatal hernia, along with multiple
superficial and irregular ulcers in the cardia, the body of
stomach and the antrum (Figure 1). Multiple antral biopsies
were taken. CLO-test for Helicobacter pylori turned out to be
negative. Histologic examination of gastric biopsies revealed
superficial ulcers associated with hemorrhage and acute
inflammation in the lamina propria. There was no evidence
of malignancy and H pylori-like organisms were not seen
(Figure 2).

A 41-year-old man presented with severe gastric
ulceration 3 mo a fter beginning treatment with
atorvastatin 20 mg once daily for hypercholesterolemia.
The patient was not taking any ulcerogenic drugs and
had no evidence of Helicobacter pylori infection. Proton
pump inhibitor therapy was initiated and atorvastatin was
replaced by simvastatin with complete resolution of
gastrointestinal symptoms. To our knowledge, this is the
first report of atorvastatin-induced gastric ulceration,
which should be looked for in patients who develop
abdominal pain while on this drug.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Figure 1 Gastroscopic morphological change of multiple superficial and irregular
ulcers in the antrum.
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INTRODUCTION
Atorvastatin is generally well tolerated, with most adverse
effects related to the gastrointestinal system[1] . Although
drug-induced gastric ulcerations are listed as potential adverse
effects on package inserts, published reports documenting these
adverse effects are scarce[2]. We present a case of reversible
drug-induced gastric ulceration, attributed to atorvastatin.
CASE REPORT
A 41-year-old man with a history of familial hypercholesterolemia was started on atorvastatin (Lipitor) 20 mg daily.
Three months later, he started complaining of severe
epigastric pain that frequently woke him up at night.
He had no other gastrointestinal symptoms. On physical
examination, epigastric and right upper quadrant tenderness

Figure 2 Histologic morphology of needle-biopsied specimens of primary
gastric ulcerations.

The patient had no previous personal or family history
of ulcer disease and was not on aspirin, nonsteroidal antiinflammatory drugs, or other medications. Atorvastatininduced gastric ulceration seemed to be the most probable
diagnosis. Atorvastatin was discontinued and the patient was
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put on rabeprazole 20 mg daily for a total of 6 wk and he
had a quick relief from symptoms. Simvastatin was started
at a dose of 20 mg once daily with no adverse effects during
a 3-year follow-up.

DISCUSSION
Atorvastatin has a favorable risk-benefit profile[3]. Common
side-effects of this drug (>2%) include constipation,
flatulence, dyspepsia, abdominal pain and headache [2].
Infrequent adverse events (<2%) are reported, including
diaphragmatic muscle impairment[4] , myositis migrans[5] ,
tendinopathy [6] , peripheral neuropathy [7] , external
ophthalmoplegia and ataxia[8], skin and appendages changes/
alopecia[9] , dermatomyositis[10] , dermographism[11] , toxic
epidermal necrolysis[12], chronic urticaria[13], and severe
thrombocytopenia[14] . The serious digestive system sideeffects include acute hepatitis[15], cholestatic hepatitis[16], and
acute pancreatitis[17].
Our patient developed severe symptoms that were
compatible with gastric ulceration. Both endoscopy and
histopathology confirmed the presence of significant
mucosal injury. Other causes of gastric ulcerations were
ruled out. There was no personal or family history of ulcer
disease. The patient did not take any other medication. He
had been taking atorvastatin for 3 mo before the onset of
gastric ulceration.
To our knowledge, this is the first report about gastric
ulcerations caused by atorvastatin and it further reinforces
the fact that statins may cause gastric ulcers. The mechanism
of this side effect is not known. As the use of statins increases,
physicians should consider the diagnosis of gastric ulcerations
in patients taking these medications who then develop
abdominal pain which cannot be explained by any other
process. If gastric ulcer is suspected, the drug should be
stopped and replaced by another lipid lowering drug to
reduce the possibility of further damage to the gastric
mucosa.
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Abstract
Surgical resection with a tumor-free margin is the only
curative treatment for hilar cholangiocarcinoma (Klatskin
tumor). However, over half of the patients present late with
unresectable tumors. Radiotherapy using external beam
irradiation or intraluminal brachytherapy (ILBT) has been
used to treat unresectable hilar cholangiocarcinoma with
satisfactory outcome. We reported a patient with unresectable
hilar cholangiocarcinoma surviving more than 6 years after
combined external beam irradiation and ILBT.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Cholangiocarcinoma is a malignant tumor arising from either
the extra-or intra-hepatic bile duct. The histological types include
adenocarcinoma, carcinoma in situ, papillary adenocarcinoma,
mucinous adenocarcinoma, and squamous cell carcinoma[1].
Hilar cholangiocarcinoma (Klatskin tumor) is a specific disease
entity involving malignant tumors that locate in the biliary
confluence at the liver hilum. Surgical resection with an adequate
tumor-free margin is the only curative treatment[2]. The reported
medium survival after surgical resection ranges from 16 to
46 mo[3-5]. A 5-year survival rate ranging from 21% to 25%
after curative hepatectomy for hilar cholangiocarcinoma has
been reported[6,7]. However, the prognosis of most patients
with hilar cholangiocarcinoma is usually poor because of

the low resectability rate, ranging from 28% to 37%[3,4,6,8].
This can be related to their locally advanced disease with
extensive biliary and/or vascular involvement, presence of
distant metastases, and poor pre-morbid conditions precluding
a major operation. The median survival for patients with
unresectable hilar cholangiocarcinoma has been reported
to be 6-12 mo[3,4,6,9].
Among the palliative therapies for unresectable hilar
cholangiocarcinoma, radiotherapy can achieve satisfactory
local tumor control and possible survival benefit. It can be
given in the form of external beam radiotherapy (EBRT),
intraluminal brachytherapy (ILBT), or a combination of
both. With the advancement in computerized 3D treatment
planning system, the accuracy of the delivery of EBRT to
the targeted tumor has been much improved. This technique
leads to tumor shrinkage and improves bile drainage, thus
reducing the incidence of septic complications. Likewise,
ILBT imposes a high radiation dose to the tumor volume,
bypasses the radiosensitive skin and superficial structures,
and therefore spares the surrounding normal structures from
radiation toxicity. The reported medium survival for unresectable
hilar cholangiocarcinoma is 11 mo with ILBT alone[10] and
14.5 mo with combined EBRT and ILBT[11]. Both techniques
offer satisfactory symptom palliation with minimal toxicity
and are technically feasible for most patients. However, longterm survival beyond 5 years is very rare after radiotherapy
for unresectable cholangiocarcinoma. We reported a patient
with unresectable hilar cholangiocarcinoma surviving more
than 6 years after combined treatment by EBRT and ILBT,
and briefly reviewed the literatures of this treatment modality.

CASE REPORT
A 49-year-old gentleman presented with painless obstructive
jaundice and significant weight loss in May 1998. Liver
biochemistry showed elevated bilirubin (185 mol/L) and
alkaline phosphatase (285 IU/L) concentration. His carcinoembryonic antigen concentration was normal. Endoscopic
retrograde cholangiopancreatography (Figure 1) showed a
Bismuth type IV stricture[12]. Contrast computed tomography
(CT) scan of the abdomen revealed enlarged lymph nodes
along the hepatoduodenal ligament (Figure 2). Subsequent
hepatic and superior mesenteric angiogram showed encasement
of the common hepatic artery and main portal vein by the
tumor. The tumor was considered unresectable and ultrasoundguided fine needle aspiration cytology of the hilar mass
confirmed the diagnosis of hilar cholangiocarcinoma.
Bile duct decompression was performed by percutaneous
transhepatic biliary drainage (PTBD), and the patient received
combined EBRT and ILBT. A total of 40 Gy EBRT was
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Figure 1 Endoscopic retrograde cholangiopancreatography showing bile duct
stricture at liver hilum suggesting hilar cholangiocarcinoma.

Figure 3 Metallic stent (black arrow) inside common duct on endoscopic
retrograde cholangiopancreatography.

Figure 2 Contrast CT scan showing lymph node enlargement at hepatoduodenal
ligament (black arrow).

Figure 4 Contrast CT scan showing tumor regression after combined ILBT and
external beam irradiation.

given to the tumor bed in 20 divided fractions, which was
followed by 10 Gy ILBT using iridium 192 (Ir192) wire. These
radio-therapeutic procedures were not associated with any
complication. A self-expandable metallic stent (Wallstent,
Boston Scientific Ltd, USA) (Figure 3) was then inserted
via the PTBD tract to bypass the stricture site, and the patency
of the metallic stent lasted for 14 mo. Subsequently he
required PTBD again when the metallic stent was blocked.
There was evidence of tumor regression on reassessment
by CT scan in the first 2 years following the treatment (Figure 4).
Subsequently there was slow disease progression with bile
duct segregation and tumor infiltration to the second part
of the duodenum. The patient relied on long-term PTBD
for symptomatic control. Nevertheless, he has survived for
more than 6 years since the initial diagnosis was made, and
enjoyed a reasonable quality of life. He was able to work
after the radiotherapy until the most recent 2 years of his
disease course. At the time of writing the manuscript, the
patient was still alive with satisfactory general condition.

to be a curative treatment modality for locally advanced hilar
tumors with no evidence of extrahepatic tumors. However, it
could be offered only to patients with locally advanced unresectable tumors without widespread metastases. The reported
medial survival is 25 mo[13] and 5-year survival ranges from
30% to 87%[6,14,15]. Hassoun et al[14], achieved a high 5-year
survival of 87% by very careful patient selection including
staging laparotomy. Nonetheless, the practice of this treatment
option is largely limited by the lack of organ donors and the
potential risk of tumor recurrence following immunosuppressive therapy. For most patients with unresectable hilar
cholangiocarcinoma, therapeutic efforts are mainly confined
to palliation, which primarily involves relief and treatment
of cholestasis. However, no palliative treatment is of proven
value in prolonging survival.
Mortality of patients with hilar cholangiocarcinoma is
usually caused by locoregional phenomena, as a result of
liver failure secondary to bile duct obstruction, cholangitis,
and sepsis. Bile duct decompression by endoscopic or radiological
techniques is of paramount importance. This not only relieves
patients’ symptoms such as itching and cholangitis, but also
facilitates biliary access and recovery of hepatic parenchymal
function. In addition, it makes further oncological treatments
of the tumor possible[9]. In fact, ILBT is regarded to be
beneficial as it improves bile drainage in patients with hilar
cholangiocarcinoma[10]. In case of significant biliary obstruction,
prior establishment of patency of the common duct is important
for a successful delivery of ILBT. This can be achieved by
self-expandable metallic stent insertion, either percutaneously

DISCUSSION
In spite of its low incidence, hilar cholangiocarcinoma is a
deadly tumor because the diagnosis is commonly not made
until the disease progresses to its advanced stage which is not
amenable to curative resection. The median survival is less
than 1 year if the tumor is unresectable[3,4,6,9]. The treatment
options for unresectable advanced hilar cholangiocarcinoma
are limited. Orthotopic liver transplantation has been proposed
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Table 1 Survival after radiotherapy for extrahepatic cholangiocarcinoma
Study
Fletcher et al[10] (1983)
Kuvshinoff et al[11] (1995)

No. of patients
18
12

Pathology

Mode of radiotherapy

Hilar cholangiocarcinoma
Hilar cholangiocarcinoma

ILBT
ILBT+EBRT

Medium survival (mo)
11
14.5

Levitt et al[19] (1988)

20

Cholangiocarcinoma

ILBT

10

Ede et al[20] (1989)

14

Cholangiocarcinoma

ILBT

10.5

Veeze-Kuijpers et al[21] (1990)
Morganti et al[22] (2000)

31
20

Cholangiocarcinoma
Cholangiocarcinoma

ILBT+EBRT
ILBT+EBRT

8
13

Gonzalez et al[23] (2002)

38

Cholangiocarcinoma

ILBT+EBRT

10.4

ILBT, intraluminal brachytherapy; EBRT, external beam radiotherapy.

or endoscopically via the duodenum [16,17]. ILBT prolongs
the patency of the metallic stent, which has been reported
to range from 6 to 8 mo[9,17]. This minimizes the chance of
stent occlusion, and delays the use of external biliary drain,
which is associated with significant psychological problems
and physiological disturbances such as dehydration and
electrolyte imbalance[17]. Our patient received ILBT before
metallic stent insertion, and the patency of the stent lasted
for 14 mo after brachytherapy.
With regard to ILBT, there is no randomized controlled
study to prove its effectiveness in patients with hilar cholangiocarcinoma [18]. The number of patients studied was small
in most of the series in the literature[10,11,19-23]. The medium
survival after ILBT for extrahepatic cholangiocarcinoma
has been reported to range from 4 to 13 mo[19-23]. With respect
to hilar cholangiocarcinoma per se, the reported medium
survival ranges from 11 to 14.5 mo[10,11] (Table 1). ILBT was
initially planned as a boost, as part of a treatment regimen
for patients with inoperable tumors. This treatment modality
was first reported in 1979 by Zimmon et al[24]. In that study,
the iridium wire source was placed through PTBD in four
patients. The treatment duration lasted for 24-72 h. It provides
symptomatic palliation and significant tumor control without
exacerbation of cholestasis or infective complication. It is
suggested that early ILBT after PTBD might extend palliation
of jaundice due to its effect on the limitation of tumor
extension. Ir192, with a half-life of 7 d, is the usual irradiation
source for ILBT. The wire source can be put through PTBD
or a nasobiliary catheter to reach the site of neoplastic stricture
under fluoroscopic guidance. The wire can be placed across,
parallel to or inside a stent. Au198 grains, with a shorter halflife of 2.7 d, have also been used for ILBT. It was found that
the medical staff is better protected from radioactivity when
the Au198 sources are withdrawn after brachytherapy[25].
The optimal irradiation dose and duration of brachytherapy are unknown. Our patient received a combination
of 50-Gy external irradiation. The relationship between
irradiation dosage and survival has been studied by Alden
and Mohiuddin[26]. The patients with cholangiocarcinoma
receiving high-dose combined brachytherapy and external
beam radiation of more than 55 Gy showed significantly
better survival than those who received smaller doses in
unresectable cases. Among patients who received high-dose
radiation, 48% of them experienced an extended 2-year
survival. In another study, brachytherapy was given to five
patients with Klatskin tumor for up to 5 d[27]. Two ribbons
containing Ir192 seeds were threaded into the right and left
percutaneous biliary drainage catheters in a “Y-shaped”

configuration that corresponded well to the “Y-shaped”
volume of the Klatskin tumor. Despite all these survival
results, long-term survivors after radiation therapy for hilar
cholangiocarcinoma, as in our case, have rarely been reported.
The procedure itself is not without risk. In the absence
of any standardized protocol for brachytherapy, it is meaningless
to compare the overall morbidity in different studies. The
reported complication rate for cholangitis, which can be fatal,
ranges from 6% to 30%[11,28,29]. Complications can be classified
as those related to catheter introduction and those resulting
from irradiation. There is an increased risk of bactobilia and
bile duct perforation with either endoscopic or percutaneous
biliary tract instrumentation. The wire source is introduced
to the stricture site commonly via PTBD catheters, thus
the potential risks are hemobilia, catheter dislodgement,
superficial wound infection, liver abscess, and bile leakage.
The complications related to ILBT itself are cholangitis and
pancreatitis, as a result of blocked stent with biliary obstruction,
as well as gastrointestinal tract upset with peptic ulcer or
diarrhea[11,28].
There has been no report on the benefits of offering
EBRT in advance to ILBT or vice versa. However, EBRT
is given first in the majority of centers. This may be attributed
to its effect on tumor shrinkage that prevents cholangitis
during brachytherapy treatment. It is also questionable whether
the addition of chemotherapy is beneficial to patients with
inoperable Klatskin tumors. Basically, the use of chemotherapy
is mainly limited to clinical trials. Nomura et al[30], reported
a survival benefit in patients with unresectable extrahepatic
bile duct cancer receiving brachytherapy combined with
EBRT and repeated hepatic arterial infusion chemotherapy
when compared with those receiving brachytherapy alone.
ILBT was intensely investigated 10 years ago, but it is
still not commonly practiced nowadays. This case report
showed that palliative combined EBRT and ILBT could be
associated with long-term survival. Hence, it is worthwhile
to reconsider its potential effect on local tumor control and
possible survival benefits by proper randomized controlled
trials. Hilar cholangiocarcinoma, once labeled as a dismal
disease with poor outcome, can be associated with longterm survival as shown in our patient. In addition to improvement
of life expectancy, the prolonging of symptom-free survival
is an important target of the treatment as well.
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Abstract
A 42-year-old man presented with a two-year history of
progressive dysphagia and hoarseness. Esophagogram
and endoscopy revealed submucosal mass effect on the
upper esophagus. Computed tomography and magnetic
resonance imaging revealed an elongated mass in the
retrotracheal region of the lower neck with extension to
the posterior mediastinum. Partial tumor resection and
histopathological evaluation revealed a WHO type B2
thymoma. Adjuvant radiation and chemotherapy were
subsequently administered resulting in complete tumor
regression. To our knowledge, this is the first report of
ectopic retrotracheal thymoma with clinical and imaging
ma nifestatio ns m imicking thos e fo r esophageal
submucosal tumor.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Thymoma is an epithelial neoplasm of the thymus, which
usually lies in the anterior mediastinum[1-4]. Uncommonly,
thymomas can also be found in other locations including

the neck, the middle or posterior mediastinum, and the
lung[4-9] . These ectopic thymomas are considered to arise
from aberrantly distributed thymic tissues due to failure
of normal caudal migration into the anterosuperior
mediastinum [4-11]. Herein, we described a rare case of
retrotracheal thymoma presenting with progressive dysphagia
due to compression of the esophagus. To our knowledge, a
thymoma developing in such an unusual location and
mimicking an esophageal submucosal tumor on endoscopy
and imaging studies has not been previously described.

CASE REPORT
A 42-year-old male presented with a 2-year history of progressive
dysphagia and hoarseness. A mass with elastic consistency was
palpable in the left lower neck. Otherwise, physical examination
was normal. Laboratory work-up was also unremarkable.
Endoscopy revealed an intact esophageal mucosa and a
submucosal mass compressing the anterior wall of the upper
esophagus. Esophagogram confirmed extraluminal compression
and right-side deviation of the upper esophagus in the lower
neck and upper mediastinum (Figure 1A). Extrinsic compression
of the upper posterior tracheal wall was demonstrated from
bronchoscopy. Computed tomography (CT) of the neck and
thorax demonstrated a well-defined, homogeneously enhanced
mass measuring 6 cm×3 cm×2 cm posterior to the trachea in
the lower neck and upper posterior mediastinum, while the
esophageal lumen was markedly compressed (Figure 1B).
Magnetic resonance imaging (MRI) revealed a slightly elongated
inhomogeneous mass posterior to the upper tracheal wall,
highly suggestive of the presence of an esophageal submucosal
mass (Figure 1C). The patient underwent surgical treatment
under the initial impression of esophageal submucosal tumor.
During the operation, instead of the expected esophageal
growth, an elongated mass in the lower neck with extension to
the mediastinum lying between the posterior wall of the
trachea and anterior wall of the esophagus was found. Only
partial resection of the mass via the low-neck approach was
possible. Histopathological examination revealed a tumor
composed of neoplastic epithelial component cells appearing
as scattered plump cells with vesicular nuclei and distinct nucleoli
among a heavy population of lymphocytes, compatible with
the type B2 WHO classification. The patient refused further
thoracotomy for complete tumor resection. Adjuvant
chemotherapy and radiotherapy (60 Gy) were performed
postoperatively and recovery was unremarkable. Complete
resolution of the tumor was noted on 1-year CT follow-up.
At the time of writing, there had been no evidence of
recurrence in the intervening 5 years.
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Figure 1 A: Barium esophagogram shows extraluminal compression and right
side deviation of the upper esophagus (arrows); B: Enhanced CT scan at the
level of the lower neck shows a mildly lobulated homogeneous mass (arrows)

DISCUSSION
Embryologically, the thymic epithelium originates bilaterally
from the ventral portions of the third pharyngeal pouches
and descends caudally with the third parathyroid to a level
lower than the thyroid tissue, eventually migrating to the
anteriosuperior mediastinum by the fifth or sixth week of
gestation[4,10]. Aberrant migration may occur anywhere along
this pathway, especially adjacent to the thyroid glands or in
the anterior neck [4-10]. Rarely, aberrant thymic tissues
identified in the skull base, preaortic and retrocarinal fat
during autopsies have also been reported.
Thymoma is the most common anterior mediastinal
neoplasm, usually occurring at 30-40 and 60-70 years of
age in patients with and without myasthenia gravis,
respectively[1-4]. Corresponding to the frequencies for thymus
location, 75% of thymomas are in the anterior mediastinum,
15% involve both the anterior and superior mediastinum,
and 6% are within the superior mediastinum[4]. The remaining
4% of thymomas occur ectopically, affecting the neck, middle
and posterior mediastinum, and the lung[4-9]. To our knowledge,
however, isolated ectopic thymoma occurring in the retrotracheal
region masquerading as an esophageal submucosal mass has
not previously been documented.
Approximately one-third of patients with a thymic tumor
are asymptomatic[1,2]. In symptomatic patients, 30% present
with myasthenia gravis, and the remainder usually present
with chest pain, cough, and dyspnea. Superior vena cava
syndrome, weight loss, fever and night sweats can also be
found in patients with more aggressive tumors [1,2]. On the
other hand, although extremely unusual, our case illustrated
that thymoma may be present with progressive dysphagia,
which could be related to the unusual anatomic location,
leading to initial endoscopic and esophagographic evaluations
and a tentative diagnosis of esophageal submucosal tumor.
On CT, thymomas usually appear as homogeneous softtissue density oval or lobulated masses, which are usually
sharply demarcated and project to one side of the anterior
mediastinum[3,6-8]. On MRI, thymomas typically have a low
signal intensity on T1-weighted images, which increases
with T2-weighted images, and may be homogeneous or
inhomogeneous in intensity[3,5]. In retrospect, we found that
the tumor morphology on CT and MRI in this particular
case was compatible with thymoma. However, owing to the
rarity of its location, an accurate preoperative diagnosis
was, indeed, difficult and the differential diagnosis included
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posterior to the trachea; C: T2 weighted sagittal MR image shows a slightly
inhomogeneous, enlongated mass (arrows) with compression on the posterior
wall of the trachea, mimicking an esophageal submucosal mass.

leiomyoma or leimyosarcoma, gastrointestinal stromal
tumor, and lymphoma.
Surgical resection is the mainstay of treatment for
thymoma[1,2]. Recently, multimodality therapy has been
stressed for thymoma, especially for subtotally resected
tumors[1,2]. Significant reduction of the rate of thymoma
metastasis has also been reported in chemotherapy patients.
Adjuvant radiotherapy and chemotherapy were successful
in our patient. CT follow-up revealed total tumor regression
1 year after surgery, and the patient remained disease-free
5 years after treatment.
In summary, this report documents a rare occurrence
of retrotracheal thymoma presenting with progressive
dysphagia. In light of this case, retrotracheal thymoma may
be included as one of the unusual differential considerations
when submucosal mass effect on the esophagus is encountered.
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Abstract
Colon lipoma is remarkably rare in clinical practice. We
reported a case of ascending colon lipoma in an 83-yearold woman. She was asymptomatic with a lipoma of
35 mm×30 mm×24 mm in size which was found by
routine colonoscopy. Right hemicolectomy was performed
uneventfully. The diagnosis was made by histological
examination. Reviewing the literature and combining with
our experience, we discussed the clinical features,
diagnosis and treatment of this uncommon disease.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Colon lipoma is generally mildly symptomatic or asymptomatic.
Even in the condition of presenting with dramatic
characteristics in colonoscopy, barium enema and CT scan,
colon lipoma is still underemphasized and misdiagnosed.
We report a case of submucous ascending colon lipoma
and review the literature to evaluate the clinical features,
diagnosis and treatment of this disease.
CASE REPORT
An 83-year-old woman was admitted to the General Surgery
Department of our hospital on January 2003 for intermittent
mild anal pain. She denied any abdominal pain, constipation,
diarrhea, hematochezia or melena. She had a past medical
history of cerebral infarction for at least 10 years, and no
cancer records were available. She received appendectomy
for acute appendicitis 9 years ago. No meaningful findings
were obtained in abdominal examination. Complete

evaluations of the ano-rectum were carried out which
included visual inspection, digital examination and anoscopy.
The diagnosis of external hemorrhoid was established and
conservative treatment was adopted. Detailed laboratorial
studies showed all results within normal limits, including
complete peripheral blood cell counts, blood biochemistry
and carcinoembryonic antigen. Fecal occult blood test was
negative thrice consecutively. Colonoscopy was performed
afterward, and a yellowish hemispherical tumor of 45 mm
in diameter was detected at the site of ascending colon.
The overlying mucosa was smooth, and the lesion was soft
and compressible (Figure 1A). According to these features,
the diagnosis of submucous tumor (SMT) was made by
colonoscopy. Biopsy showed non-specific colitis. Barium
enema revealed an ovoid filling defect with smooth border
at the proximal area of colon hepatic flexure (Figure 1B).
Abdominal CT scan found a pedunculated neoplasm
protruding into the lumen of ascending colon with sharp
margin and soft tissue density (Figure 1C). Lipoma was
considered to be the most probable cause, but malignancy
could not be excluded. Finally, the patient underwent
laparotomy, although she was asymptomatic and the tumor
showed benign features. Right hemicolectomy was performed
uneventfully. Surgery certified the diagnosis of colon lipoma.
Macroscopic inspection of the resected colon segment showed
a smooth round polypoid submucous tumor with elastic
character and 35 mm×30 mm×24 mm in size (Figure 2A).
Fault of the specimen demonstrated the tumor with
pedunculated appearance. The base of the lesion was 8 mm
in size. The tumor was covered by normal mucosa and had
uniform parenchyma in bright yellow color (Figure 2B).
Histological examination revealed characteristic lipoma of
colon (Figure 3).

DISCUSSION
Colon lipoma was described initially by Bauer in 1757. The
incidence was estimated to be about 0.26%[1] 10 years ago,
however the available data was kept insufficient during the
recent decade. Rogy et al [2] , reported that colon lipoma
constituted 0.3% of the cases treated for colorectal diseases
and 1.8% of the cases of benign colorectal tumor during
the same period. Elders are more likely to be involved, and
neither male nor female was found to be predominant
according to most of the current literatures, but this
conception was disagreed by some authors who reported a
higher incidence in women than in men[2,3] . Most of the
lesions were located at the right side of large bowel,
accounting for nearly 90% of cases. The majority of colon
lipomas presented as single while only 10% of cases were
multiple. The most frequent type was submucous lipoma
with sessile or pedunculate appearance, the remainder as
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Figure 1 A: The preoperative examination: Colonoscopy showed a yellowish
hemispherical tumor at the site of ascending colon. The overlying mucosa was
smooth, and the lesion was soft and compressible; B: The preoperative
examination: Barium enema revealed an ovoid filling defect with smooth border
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at the proximal area of colon hepatic flexture; C: The preoperative examination:
CT scan found a pedunculated neoplasm protruding into the lumen at the site of
ascending colon with sharp margin and soft tissue density.

B

Figure 2 A: The macroscopic inspection: Macroscopic inspection of the resected
colon segment showed a smooth round polypoid submucous tumor with elastic
character and 35 mm×30 mm×24 mm in size; B: The macroscopic inspection:

Fault of the specimen demonstrated the tumor with pedunculated appearance. The
base of the lesion was 8 mm in size. The tumor was covered by normal mucosa
and had uniform parenchyma in bright yellow color (one scale mark = 1 mm).

Figure 3 The histological examination: Histological examination showed
characteristic lipoma of colon. No evidence of malignancy was detected
(hematoxylin and eosin, original magnification ×40).

abdominal pain, diarrhea, rectal bleeding, abdominal
discomfort and melena. Occasionally, patients may complain
that a lump of hemorrhagic tissues defecate from the rectum
due to self-amputation of the lipoma[3] . The episode of
intussusception or intestinal obstruction can also be seen in
the patients with larger lipoma[4]. Even in some situations,
abdominal emergency due to the complications of colon
lipoma was the first manifestation of these patients.
Sometimes colon lipoma can also be the source of massive
lower gastrointestinal bleeding[5].
Since no specific symptoms and physical signs are
available, accurate preoperative diagnosis is difficult to
achieve. Regarding the age and symptoms of these patients,
malignant colon tumors are often considered. With the
development of colonoscopy, barium enema and CT scan,
some characteristic findings of colon lipomas are useful in
making diagnosis, even there is a case report that colon
lipoma was correctly diagnosed by sonography[6]. For the
submucous lipoma, colonoscopy may directly visualize the
mass with tenting of the mucosa, which may be easily
indented with a closed biopsy forceps. As the forceps are
withdrawn, the tumor will soon spring back to resume its
previous shape (pillow or cushion sign)[7] . The pressure
exerted on the lesion may compress the superficial vessels
and the distinctive yellow color of fat will disclose. Adipose
tissue may protrude through the biopsy site (naked fat sign)
which reveals fatty characteristic of the tumor[1]. But usually

subserosal lipoma was less than 10%. Generally, colon
lipoma is mildly symptomatic or asymptomatic. Sometimes
it was detected accidentally in examinations for other
purpose. Rogy et al[2], insisted that the clinical manifestations
were associated with the size of tumor and not related to
the involved segment of large bowel. As widely accepted,
lipoma larger than 20 mm in diameter, is likely to be
symptomatic, it is quite unusual that the lipoma with a
maximum diameter of 35 mm is asymptomatic. The common
symptoms of colon lipomas include abnormal bowel habits,

Zhang H et al. Submucous colon lipoma

biopsy is not recommended in the patients with suspected
lipoma, because the lesion is beneath the normal mucosa
and biopsy often cannot promote diagnosis just as the result
of non-specific colitis in our case report, on the contrary, it
increases the risks of bleeding and perforation. According
to the radiolucency of fatty tissue, barium enema is helpful
in making diagnosis by showing a relatively radiolucent mass.
Generally, lipoma appears as an ovoid, well-demarcated
filling defect. The characteristic of lipoma on barium enema
is so-called “squeeze-sign” which means that the tumor can
deform by external pressure or peristalsis. Computerized
tomography is considered to be the definitive diagnostic
measure in recognizing colon lipomas because the masses
present characteristic fatty densitometric values[8]. On CT
scan image, lipoma has uniform appearance with fatequivalent density and smooth border. But for small lipoma,
the diagnostic value of CT is low.
Patients with small asymptomatic colon lipomas need
regular follow-up, and additional treatments are unnecessary.
Larger lipoma may cause symptoms, so resection should be
considered for those bigger than 20 mm in diameter [9] .
Currently, the indication of endoscopic resection of colonic
lipoma is still a controversial subject. In our opinion, lipoma
is unreliable to endoscopic removal, partly because the fatty
tissue is inefficient conductor for electronic current and
may result in a significantly high rate of complication[10] .
The risk of perforation or hemorrhage is notably increased
when the lesion is sessile or broadly-based. Surgical resection
seems to be the ideal choice of treatment, especially when
the malignancy cannot be completely excluded. Colotomy
excision or segmental colon resection is recommended for
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complete removal of the lipoma. If the preoperative
diagnosis of colon lipoma can be made correctly, extent of
surgery may be appropriately limited.
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Number

Nonstandard

Standard

Notice

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

4 days
4 days
day
Four d
2 hours
2 hs
hr, hrs,
10 seconds
10 year
Ten yr
0,1,2 years
0,1,2 year
4 weeks
Four wk
2 months
Two mo
10 minutes
Ten min
50% (V/V)
50% (m/V)
1M
10 M
1N HCl
1N H2SO4
4rd edition
15 year experience
18.5 kDa
25 g.kg-1/d-1
6900
1000 rpm
sec
1 pg·L-1
10 kilograms
13 000 rpm
1000 g
Gene bank
Ten L
Ten mL
umol
30 sec
1 g/dl
OD260
One g/L
A260 nm
b
P<0.05

4d
four days
d
Four days
2h
2h
h
10 s
10 years
Ten years
0,1,2 yr
0,1,2 yr
4 wk
Four weeks
2 mo
Two months
10 min
Ten minutes
500 mL/L
500 g/L
1 mol/L
10 mol/L
1 mol/L HCl
0.5 mol/L H2SO4
4th edition
15- year experience
18.5 ku,18 500u or Mr18 500
25 g/(kg·d) or 25 g/kg per day
6 900
1 000 r/min
s
1 pg/L
10 kg
13 000 g
1 000 r/min
GenBank
Ten liters
Ten milliliters
mol
30 s
10 g/L
A260
One microgram per liter
A260 nm
a
P<0.05

In figures, tables and numerical narration
In text narration
After Arabic numerals
At the beginning of a sentence
After Arabic numerals
After Arabic numerals
After Arabic numerals
After Arabic numerals
In text narration
At the beginning of a sentence
In figures and tables
In figures and tables

45

*F=9.87, §F=25.9,
#
F=67.4
KM
CM
MM
Kg, KG
Gm, gr
nt
l
db
rpm
bq
amp
coul
HZ
w
KPa
p
ev
Jonle
J/mmol
10×10×10cm3
N·km
x±s
Mean±SEM
im
iv
Wang et al
EcoRI
Ecoli
Hp
Iga
igA
-70 kDa

1

46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

F=9.87,2F=25.9,
F=67.4
km
cm
mm
kg
g
N
L
dB
r/min
Bq
A
C
Hz
W
kPa
Pa
EV
J
kJ/mol
10 cm×10 cm×10 cm
KN·m
mean±SD
mean±SE
im
iv
Wang et al.
EcoRI
E.coli
H pylori
Iga
IgA
~70 ku

At the beginning of a sentence
In figures and tables
At the beginning of a sentence
At the beginning of a sentence

After Arabic numerals
High speed; g should be in italic and suitable conversion.
Low speed. g cannot be used.
International classified genetic materials collection bank
At the beginning of a sentence
At the beginning of a sentence
10-fold conversion
“OD” has been abandoned.
At the beginning of a sentence
A should be in italic.
In Table, no note is needed if there is no significance in statistics: aP<0.05, bP<0.01
(no note if P>0.05). If there is a second set of P value in the same table, cP<0.05 and
d
P<0.01 are used for a third set: eP<0.05, fP<0.01.
Notices in or under a table

3

kilometer
centimeter
millimeter
kilogram
gram
newton
liter
decibel
rotation per minute
becquerel, a unit symbol
ampere
coulomb
watt
kilo-pascal
pascal
volt (electronic unit)
joule
kilojoule per mole
moment
In figures, tables or text narration
In figures, tables or text narration
intramuscular injection
intravenous injection
Eco in italic and RI in positive. Restriction endonuclease has its prescript form of writing.
Bacteria and other biologic terms have their specific expression.
writing form of genes
writing form of proteins
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Abstract
Accumulating evidence demonstrates that resveratrol, a
natural polyphenolic compound extracted from plants,
inhibit inflammation when administered. It has direct
effects on suppression of platelet coagulation and cytokines
production in many experimental models. Because
microcirculation occlusion and cytokines over-production
is involved in many diseases such as acute pancreatitis
(AP), the discovery of resveratrol as platelet and cytokines
inhibitors has shed light on the treatment of AP, which
still has significant mortality and morbidity. It is anticipated
that this natural polyphenol could serve as a therapeutic
compound in managing AP through different pathways.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Acute pancreatitis (AP) is an emergent and severe disease
of peptic system and the plasma amylase and lipase values
are elevated in most patients[1]. There are different factors
leading to AP. However, if dangerous factors are immediately
cleared off and do not produce the progressive injury, the
pancreatic structure and function can recover to normal.
On the contrary, pancreas would encounter injury if the
life-threatening factors could not be controlled. For example,
severe AP can change the structure of pancreatic duct and
finally lead to chronic obstructive pancreatitis. Currently,
the diagnosis and management of AP have already become
the hot topic of research and has made great progress.
In 1940, Dr. Takaoka extracted resveratrol from plant
and found its chemical structure as 3,4’,5-trihydroxy-transstibene[2]. In recent years, resveratrol has already been found
in about 70 plant species. The highest concentration of
resveratrol (50-100 µg/g) is found in grape skins. Many

biological characters of resveratrol have already been proved,
including anti-inflammatory, anti-oxidation, chemopreventive
effects, and inhibition of platelet aggregation[3-5]. From the
already admitted characters of resveratrol and the factors
leading to the occurrence of AP, we can draw a hypothesis
that resveratrol has beneficial effects on AP.
Role of cytokines and microcirculatory dysfunction in acute
pancreatitis
The transcription and nuclear factor kappa B (NF-kappa
B) is an important substance of delivering intracellular
signals[6-8]. It can modulate inflammatory procedures and
immune reactions. It has already been proved that activation
of NF-kappa B and NF-kappa B-medicated cytokine
expression can act as one of the major factors for initiating
and aggravating AP [9,10]. Furthermore, as an important
inflammatory cell of AP, macrophage can release lots of
cytokines that have multiple actions, overlap and synergize
with each other. Those would make AP prone to develop from
local disease to systemic inflammatory reaction syndrome
(SIRS) and multiple organ system failure (MOSF)[11-13].
Microcirculatory dysfunction can induce AP as an initial
factor and constant microcirculation dysfunction can
aggravate pancreatic injury[14,15]. A lot of documents have
suggested that the possible mechanism of microcirculatory
dysfunction includes increased vascular permeability,
reduced blood flow, leukocyte-endothelial cell interaction,
ischemia/reperfusion injury, intravascular thrombus
formation, and hypercoagulation[16-20]. The intervention in
one or more of these processes can prevent at least partly
the development of microcirculatory dysfunction in AP[21,22].
The pancreas is an organ highly susceptible to ischemic
damage[23-25] and ischemia/reperfusion causes an inflammatory
reaction in AP[26]. Several experimental studies have found
that ischemia is associated to pancreatic injury. Ischemia/
reperfusion injury is increasingly recognized as a common
and important mechanism in the pathogenesis of AP and
especially in the progression from mild edematous to severe
necrotizing form[27].
Effect of resveratrol on the production of cytokines
Surh et al [28] , showed that resveratrol could suppress the
activation of NF-kappa B. Pellegatta et al[29], reported that
the anti-inflammatory activity of resveratrol could be
mediated by its interference with NF-kappa B dependent
transcription. In this study, the influence of resveratrol
(≤1 mmol/L) on the NF-kappa B signaling pathway after
TNF- stimulation of endothelial cells was observed. The
result indicated that the long-term treatment of resveratrol
could inhibit the nuclear appearance of NF-B in endothelial
cells.
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Besides, resveratrol can directly influence the production
of macrophage function molecules (inhibiting the production
of IL-6 and TNF)[30,31], which are all important inflammation
medium in the development of AP[32].
Effect of resveratrol on microcirculation
Many studies have shown that resveratrol can affect the
microcirculation of different organs by different mechanisms.
They include the effects of resveratrol on NO production,
aggregation of platelets, ischemic/reperfusion injury, and
tissue factor (TF) expression.
Giovannini et al, has shown that preconditioning the
hearts with resveratrol, provided cardioprotection as
evidenced by improved postischemic ventricular functional
recovery (developed pressure and aortic flow) and reduced
myocardial infarct size. It was detected that resveratrol could
induce the expression of inducible nitric oxide synthase
(iNOS) mRNA beginning at 30 min after reperfusion and
increasing steadily up to 60 min after reperfusion. The results
suggested that resveratrol can precondition the heart in a
nitric oxide (NO) dependent manner [33]. Other studies
investigated the effect of resveratrol on endothelial function
in hypercholesterolemic rabbits. By measuring of plasma
endothelia (ET-1) and NO levels, the researchers found
that feeding a high cholesterol diet, significantly increased
plasma ET-1 and decreased plasma NO concentration. With
administration of resveratrol, plasma ET-1 levels statistically
decreased, in parallel with a significant elevation in NO
level [34]. Wallerath et al [35], suggested that resveratrol
upregulated NOS mRNA expression in endothelial cells.
NOS protein expression and NOS-derived production were
also increased after long-term management of resveratrol.
However, some trials drew the reverse conclusion, resveratrol
regulating down the expression of NO[36,37] , so further
investigation should be performed.
By measuring platelet aggregation rate by Born’s method,
Wang et al[38], stated that aggregation of platelets in vitro by
collagen (5 mg/mL), thrombin (0.33 units/mL), and ADP
(4 mmol/L) was significantly inhibited by resveratrol in
a concentration-dependent manner. Olas et al [39] , showed
the preincubation of washed platelets with resveratrol
(25-100 mg/mL, 30 min, 37 ℃), has an inhibitory effect
on adhesion of platelet after being activated by LPS
alone or LPS with thrombin and the strongest inhibitory
effect was caused by resveratrol at the concentration of
100 mg/mL. They drew the conclusion that resveratrol may
be an important compound responsible for the reduction
of platelet adhesion and could change the reactivity of
blood platelets in inflammatory process. The study of
Suttnar et al [40], also supported that resveratrol has the
capacity of inhibiting the aggregation response of washed
platelet activated by collagen.
Shigematsu et al [41], reported that resveratrol prevents
leukocyte recruitment and endothelial barrier disruption in
the ischemic/reperfusion injury model in rat constructed
by exposing mesenteries to 60 min reperfusion following
20 min ischemia and these effects may be related to the
antioxidant properties of resveratrol. These results are
consistent with that of other researches on heart, which
supported that resveratrol has a beneficial effect on
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ischemia/reperfusion injury[42-45]. Bradamante et al[46], proved
that resveratrol can reduce ischemia/reperfusion injury in
two time-related cardiac models and long-term moderate
resveratrol consumption could play a more significant role
in producing cardioprotective effects than short-term one.
Moreover, as TF is a cell surface receptor for factor VII
(a) and the binding of factor VII (a) to TF initiates, the
coagulation cascade. Pendurthi et al [47] , have shown that
resveratrol inhibited the induction of TF expression in
endothelial cells and mononuclear cells.
Therapeutic effect of resveratrol on AP
Due to its strong effect of inhibiting activation of NFkappa B and reducing secondary activation of cytokines,
resveratrol is regarded as a promising drug of blocking the
initiation and progress of AP. However, the current trial
has only proved the inhibiting effect of resveratrol on NFkappa B from cellular level, its mechanism needs be
illustrated with further studies.
Though NO function in AP is still obscure and has
disagreements in the public, many scholars think that NO
may have a beneficial influence on the capillary organ
perfusions, reduce release of amylase and prevent the
development of AP[48-50] . As resveratrol may induce the
production of NO [4,51] , it is possible for resveratrol to
improve the capillary organ perfusion in AP.
Pancreatic capillary endothelial barrier dysfunction is an
initial and characteristic feature of acute pancreatic injury
and pancreatitis, it is related to hypercoagulation[52], increased
vascular permeability and leukocyte adhesion. It is partly
manifested by increased platelet adhesion and aggregation.
Resveratrol can inhibit platelet aggregation both in vitro and
in vivo [53,54] and enhance the integrity of endothelium in
atherosclerosis and cardiovascular disease and significantly
prevented the cytokine-induced vascular leakage, so it is
also possible for resveratrol to prevent the injury of vascular
endothelium in AP and reduce the extent of blood
coagulation[55,56].

DISCUSSION
Following the deep recognition of the pathogenesis in AP,
there have been recently many changes in the management
of AP. Pure medical measures and surgical treatment have
reverted to comprehensive management and operation
should be performed only when there is a secondary
infection[57]. However, the current mortality of AP is still
very high[58], and new measures are strongly needed.
Many new drugs have appeared as effective methods in
managing AP and most of them exert therapeutic effects
through different pathways. Being extracted from plants,
resveratrol is proved to have various pharmacologic activations
(anti-inflammatory, antioxidation, chemopreventive effects
and inhibition of platelet aggregation). It has already been
regarded as an effective medical drug on the management
of arteriosclerosis, cardiac disease and tumor. Though there
is still no document to illustrate the function of resveratrol
in AP, we can draw the conclusion from upper arguments
that resveratrol can have some effects in the management
of acute parcreatitis by inhibiting the activation of cytokines

Ma ZH et al. Resveratrol for acute pancreatitis

and in improving microcirculation. The primary trial in our
laboratory has found that resveratrol could inhibit the
production of TNF and IL-6 in pancreatitis, but more
researches still need to be performed. Furthermore, its
toxicity and pharmacokinetics should be studied further.
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or c2/c2, the GSTT1 null, the GSTT1 non-null, or the ALDH2
*1/*2 or *2/*2 genotype, nonfermented seafood was
those with the CYP1A1 Ile/Ile, the CYP2E1 c1/c1, the ALDH2
*1/*1 genotype or any type of GSTM1 or GSTT1 . In
homogeneity tests, the odds ratios of eating kimchi for
gastric cancer according to the GSTM1 or GSTT1 genotype
were not homogeneous.
CONCLUSION: Kimchi, soybean pastes, and the CYP1A1
Ile/Val or Val/Val are risk factors, and nonfermented
seafood and alliums are protective factors against gastric
cancer in Koreans. Salt or some chemicals contained in
kimchi and soybean pastes, which are increased by
fermentation, would play important roles in the
carcinogenesis of stomach cancer. Polymorphisms of the
CYP1A1, CYP2E1, GSTM1, GSTT1, and ALDH2 genes could
modify the effects of some environmental factors on the
risk of gastric cancer.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Abstract
AIM: This case-control study investigated the effects of
kimchi, soybean paste, fresh vegetables, nonfermented
alliums, nonfermented seafood, nonfermented soybean
foods, and the genetic polymorphisms of some metabolic
enzymes on the risk of gastric cancer in Koreans.
METHODS: We studied 421 gastric cancer patients and
632 age- and sex-matched controls. Subjects completed
a structured questionnaire regarding their food intake
pattern. Polymorphisms of cytochrome P450 1A1 (CYP1A1),
cytochrome P450 2E1 (CYP2E1), glutathione S-transferase
mu 1 (GSTM1), glutathione S-transferase theta 1 (GSTT1)
and aldehyde dehydrogenase 2 (ALDH2) were investigated.
RESULTS: A decreased risk of gastric cancer was noted
among people with high consumption of nonfermented
alliums and nonfermented seafood. On the other hand,
consumption of kimchi, and soybean pastes was associated
with increased risk of gastric cancer. Individuals with the
CYP1A1 Ile/Val or Val/Val genotype showed a significantly
increased risk for gastric cancer. Increased intake of kimchi
or soybean pastes was a significant risk factor for the
CYP1A1 Ile/Ile, the CYP2E1 c1/c1, the GSTM1 non-null,
the GSTT1 non-null, or the ALDH2 *1/*1 genotype. In
addition, eating soybean pastes was associated with the
increased risk of gastric cancer in individuals with the
GSTM1 null type. Nonfermented alliums were significant
in individuals with the CYP1A1 Ile/Ile, the CYP2E1 c1/c2
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INTRODUCTION
Stomach cancer is the most common cancer in Koreans[1],
and the second leading site of cancer occurrence worldwide[2].
Environmental factors including dietary habits are important
in its development[3,4]. Salted, smoked, pickled, and preserved
foods rich in salt, nitrite, and preformed N-nitroso compounds
have been reported to be associated with an increased risk
of gastric cancer. In contrast, high intake of fresh fruit,
raw vegetables, and antioxidants significantly reduced the
risk of gastric cancer[5].
Since Crane et al [6] suggested a causal relationship
between intake of traditional Korean foods and gastric
cancer, there have been debates whether kimchi and soybean
paste are protective factors or risk factors for gastric cancer.
Messina et al [7] suggested that there was an inconsistent
relationship between intake of soybean foods and stomach
cancer; the risk seemed to increase with intake of fermented
soybean foods and decrease with intake of nonfermented
soybean foods. Kimchi and soybean pastes have been reported
as risk factors for gastric cancer in some epidemiological
studies[3,6] and as protective factors against gastric cancer in
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others[8].
Genetic polymorphisms of xenobiotic-metabolizing
enzymes can affect the susceptibility to cancers. The association
of susceptibility to gastric cancer has been investigated in
relation to the genetic polymorphisms of metabolic enzymes
such as cytochrome P450 1A1 (CYP1A1), cytochrome P450
2E1 (CYP2E1), glutathione S-transferase mu 1 (GSTM1),
glutathione S-transferase theta 1 (GSTT1), and aldehyde
dehydrogenase 2 (ALDH2)[9-13]. Some of these studies found
significant associations between these genetic polymorphisms
and susceptibility to gastric cancer, but these results were
not replicated in other studies[10,14,15].
Changes in the activity of enzymes metabolizing
environmental carcinogens may modify the effect of
exposure to environmental factors such as dietary factors,
and result in alterations in an individual’s susceptibility to
gastric cancer. Thus, genetic factors as well as environmental
factors should be considered in epidemiological studies.
In this case-control study, we investigated the effects of
kimchi and soybean pastes on gastric cancer and compared
them with those of the ingredients of kimchi, such as fresh
vegetables, nonfermented alliums, and nonfermented
seafood, and those of nonfermented soybean foods. We
also considered genetic polymorphisms of major metabolic
enzymes and the interactions between the polymorphisms
and intake of those food items in the present study.

MATERIALS AND METHODS
Subjects
Four hundred and twenty-one people with gastric cancer
and 632 controls frequency-matched based on age (within
3 years) and sex were the subjects of this hospital-based
case-control study. Cases of cancer were all histologically
confirmed from February 1997 to June 2003 at Chungbuk
National University Hospital and Eulji University Hospital,
Korea. Gastric cancer patients who had coexisting chronic
disease affecting dietary pattern or communication problems
were excluded. Control subjects were selected from patients
newly diagnosed with diseases other than cancers at the
same hospitals. In order to increase comparability between
cases and controls, controls were also selected from patients
who were admitted to the Department of Orthopedic
Surgery of the same hospitals from where the cases were
chosen, because of bony fractures, osteoarthritis, or
inflammatory bone diseases. Individuals with a history of
cancer, chronic disease affecting their dietary intake pattern,
or communication problems were not included in the control
group. The distributions of age and gender of the study
subjects are shown in Table 1. The mean ages of the cases
and control groups were 60.0±11.2 and 59.4±10.7 years,
respectively. Case group comprised 276 men and 145
women, and control group 414 men and 218 women. Among
421 cases included, 24 individuals (7.0%) had tumor in
cardiac area.
This study was conducted in accordance with the
recommendations outlined in the Declaration of Helsinki,
and every subject provided written informed consent.
Exposure to environmental factors
Trained interviewers interviewed subjects with a structured
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questionnaire not later than 1 mo after the diagnosis of
gastric cancer or benign diseases. This included questions
on demographic factors and diet. Dietary data were collected
using a semi-quantitative food frequency table previously
evaluated for validity and reliability[16]. All subjects were asked
about the average frequency of intake and portion size of
food items for a 1-year period leading up to the interview.
These items were classified into six food groups having
similar ingredients. Those food groups and corresponding
food items were as follows: ‘kimchi’ - Chinese cabbage
kimchi, radish kimchi, white kimchi, and kimchi stew,
‘soybean paste’ - soybean paste stew, fermented soybean
stew, and miso soup, ‘fresh vegetables’ - fresh Chinese
cabbage, lettuce, cucumber, hot pepper, and carrot,
‘nonfermented alliums’ - nonfermented garlic, onion, and
Welsh onion, ‘nonfermented seafood’ - nonfermented
shrimp, shellfish, oyster, and anchovy, ‘nonfermented
soybean foods’ - bean curd, soybeans boiled in soysauce,
boiled soybean, and soymilk.
Analysis of genetic polymorphisms
Genomic DNA was isolated from peripheral leukocytes by
proteinase K digestion and phenol/chloroform extraction.
The A4889G polymorphism in exon 7 of CYP1A1 gene
was analyzed for each subject as described previously[17] .
Briefly, the PCR were performed in 25 µL of a solution
containing 50 ng of genomic DNA, 1× PCR buffer
(50 mmol/L KCl, 10 mmol/L Tris-HCl (pH 9.0), 1.5 mmol/L
MgCl2 and 0.1% Triton X-100), 5 pmoL of each primer,
80 µmol/L each dNTP, and 2.0 unit Taq polymerase
(Promega, Madison, WI, USA). The primers used were 5’GAA CTG CCA CTT CAG CTG TC-3’ and 5’-GAA AGA
CCT CCC AGC GGT CA-3’. Amplifications were carried
out in a Thermocycler (Perkin Elmer, Cetus, UK) as follows:
5 min of denaturation at 94 ℃, then 35 cycles consisting
of denaturation at 94 ℃ for 60 s, annealing at 53 ℃ for 90
s and extension at 74 ℃ for 30 s. The PCR products (187bp fragments) were digested with HincII restriction enzyme
at 37 ℃ overnight and subjected to electrophoresis on 12%
polyacrylamide gels. PCR analysis resulted in the following
genotype classification: a predominant homozygote (Ile/Ile),
a heterozygote (Ile/Val), and a rare homozygote (Val/Val).
The 5’-flanking region polymorphism of the CYP2E1
gene was analyzed by procedures described previously[18] .
Briefly, PCR was performed using the primers 5’-CCA GTC
GAG TCT ACA TTG TCA-3’ and 5’-TTC ATT CTG TCT

Table 1 Age and gender distribution of cases and controls
Number of subjects (%)
Variables
Cases

Controls

Male

276 (65.6)

414 (65.5)

Female
Age (yr)

145 (34.4)

218 (34.5)

Gender

<39

18 (4.3)

27 (4.3)

40–49

54 (12.8)

81 (12.8)

50–59
60–69

115 (27.3)
152 (36.1)

173 (27.4)
228 (36.1)

82 (19.5)

123 (19.4)

≥70
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TCT AAC TGG-3’. Initial denaturation was performed at
94 ℃ for 5 min, followed by 35 thermal cycles consisting
of denaturation for 1 min at 94 ℃, annealing for 1 min at
53 ℃ and extension for 30 s at 74 ℃. The 410-bp PCR
product was digested with RsaI at 37 ℃ overnight and
subjected to electrophoresis on 2% agarose gels. The
genotypes of CYP2E1 were classified as follows: a
predominant homozygote (c1/c1), a heterozygote (c1/c2),
and a rare homozygote (c2/c2).
A multiplex PCR method[19] was used to simultaneously
detect the presence or absence of the GSTM1 and GSTT1
genes with slight modification. The primers used were 5’GAA GGT GGC CTC CTC CTT GG-3’ and 5’-AAT TCT
GGA TTG TAG CAG AT-3’ for GSTM1, 5’-TTC CTT
ACT GGT CCT CAC ATC TC-3’ and 5’-TCA CCG GAT
CAT GGC CAG CA-3’ for GSTT1, and 5’-CAA CTT CAT
CCA CGT TCA CC-3’ and 5’-GAA GAG CCA AGG ACA
GTT AC-3’ for -globin, the internal reference gene. After
initial denaturation for 5 min at 94 ℃, a thermal cycle
consisting of denaturation for 60 s at 94 ℃, annealing for
60 s at 58 ℃ and extension for 60 s at 74 ℃ was repeated
35 times. PCR products were separated on 2% agarose gels
with ethidium bromide. GSTM1 and GSTT1 genotypes were
not scored unless the PCR product of the -globin gene
was evident.
The MboII polymorphism of ALDH2 was identified
using a PCR-RFLP method[20] with slight modification.
Briefly, PCR was performed using the primers 5’-CCA CAC
TCA CAG TTT TCT CTT-3’ and 5’-AAA TTA CAG GGT
CAA CTG CT-3’. We used the same PCR conditions as in
the CYP1A1 gene analysis. The 134-bp amplicon was
digested with MboII restriction enzyme at 37 ℃ overnight
and subjected to electrophoresis on 15% polyacrylamide
gels. The genotypes of ALDH2 were identified as a
predominant homozygote (*1/*1), a heterozygote (*1/*2)
and a rare homozygote (*2/*2).
Data analysis
Exposures to dietary factors were categorized into ‘high’
and ‘low’ intake groups based on median of intake in controls.
For statistical analysis, the SAS System for Windows, Release
6.12 was used. P-value less than 0.05 was considered
significant. Unconditional logistic analyses were performed
to estimate odds ratios and 95%CI for high intake amount
of food groups. To test for any increasing or decreasing
trend of the risk of gastric cancer according to an increase
of drinking amount, an unconditional logistic model
including age and sex as independent variables was used.
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Odds ratios and 95%CI according to genotype of the
CYP1A1, CYP2E1, GSTM1, GSTT1, and ALDH2 genes
were estimated for food groups using unconditional logistic
models including age and sex as independent variables.
Homogeneities of the odds ratios according to the CYP1A1,
CYP2E1, GSTM1, GSTT1, and ALDH2 genotypes were
evaluated using the Breslow-Day test[21].

RESULTS
Average intake amounts of kimchi and soybean paste were
significantly higher, and that of nonfermented alliums was
significantly lower in gastric cancer cases than in controls.
However, there was no significant difference in the intake
amount of fresh vegetables, nonfermented seafood and
soybean food (Table 2).
A decreased risk of gastric cancer was noted among
people with high consumption of nonfermented alliums
and nonfermented seafood. On the other hand, consumption
of kimchi and soybean pastes was associated with increased
risk of gastric cancer. The odds ratio (95%CI) of high
consumption of kimchi was 1.57 (1.22, 2.01), and that of
soybean paste was 1.62 (1.26, 2.09) (Table 3).
Individuals with the CYP1A1 Ile/Val or Val/Val genotype
showed a significantly increased risk for gastric cancer, and
the adjusted odds ratio (95%CI) was 1.34 (1.04, 1.73). No
genetic polymorphism of CYP2E1, GSTM1, GSTT1, or
ALDH2 was significant as an independent factor (Table 4).
Increased intake of kimchi or soybean pastes was a
significant risk factor for the CYP1A1 Ile/Ile, the CYP2E1
c1/c1, the GSTM1 non-null, the GSTT1 non-null, or the
ALDH2 *1/*1 genotype. In addition, eating soybean
pastes was associated with the increased risk of gastric
cancer in individuals with the GSTM1 null type. Among the
environmental protective factors, nonfermented alliums were
significant in individuals with the CYP1A1 Ile/Ile, the

Table 3 Distribution of cases and controls according to the intake of
food groups
Number (%)
OR1 (95%CI2)

Food group
Cases

Controls

Low

166 (39.4)

318 (50.3)

1.00

High

255 (60.6)

314 (49.7)

1.57 (1.22, 2.01)

P

Kimchi
0.0004

Soybean pastes
Low

162 (38.5)

319 (50.5)

1.00

High

259 (61.5)

313 (49.5)

1.62 (1.26, 2.09)

0.0002

Fresh vegetables

Table 2 Mean±SE of intake amount of selected food items in cases
and controls (unit: g/wk)
Food group

Controls

Kimchi
Soybean pastes

861.5±34.7
661.3±28.2

655.4±21.8
570.7±24.0

<0.0001
0.0155

Fresh vegetables

232.8±13.0

242.5±10.8

0.5681

74.3±6.6

99.9±6.8

0.0071

17.0±3.2
208.9±14.4

14.7±1.5
229.7±12.3

0.5125
0.2808

Nonfermented alliums
Nonfermented seafood
Nonfermented soybean foods
1

P-value was estimated using a Student’s t-test.

P

217 (51.5)

311 (49.2)

1.00

204 (48.5)

321 (50.8)

0.92 (0.72, 1.17)

0.4830

Nonfermented alliums

1

Cases

Low
High
Low

250 (59.4)

318 (50.3)

1.00

High

171 (40.6)

314 (49.7)

0.70 (0.54, 0.89)

0.0046

Nonfermented seafood
Low

254 (60.3)

317 (50.2)

1.00

High

167 (37.9)

315 (49.8)

0.66 (0.51, 0.85)

0.0012

Nonfermented soybean foods

1

Low

227 (53.9)

314 (49.7)

1.00

High

194 (46.1)

318 (50.3)

0.85 (0.66, 1.10)

Odds ratio adjusted for age and sex. 2Confidence interval.

0.2160
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Table 4 Distribution of genetic polymorphisms of the GSTM1, GSTT1, CYP1A1, CYP2E1, and ALDH2 genes in cases and controls
Number (%)
Genotype

OR1 (95%CI2)

Total (%)
Cases

Controls

CYP1A1
Ile/Ile
Ile/Val or Val/Val
CYP2E1

246 (58.9)

415 (65.8)

661 (63.0)

1.00

172 (41.1)

216 (34.2)

388 (37.0)

1.34a (1.04, 1.73)

c1/c1

268 (64.4)

400 (63.5)

668 (63.9)

1.00

c1/c2 or c2/c2

148 (35.6)

230 (36.5)

378 (36.1)

0.96 (0.74, 1.24)

GSTT1
Non-null

229 (57.3)

367 (59.8)

596 (58.8)

1.00

171 (42.7)

247 (40.2)

418 (41.2)

1.11 (0.86, 1.44)

149 (37.3)
251 (62.7)

254 (41.4)
360 (58.6)

403 (39.7)
611 (60.3)

1.00
1.18 (0.91, 1.53)

*1/*1

286 (67.9)

462 (73.3)

748 (71.2)

1.00

*1/*2 or *2/*2

135 (32.1)

168 (26.7)

303 (28.8)

1.30 (0.99, 1.70)

Null
GSTM1
Non-null
Null
ALDH2

1

Odds ratio. 2Confidence interval.

Table 5 Odds ratios (95%CI) for food groups according to polymorphisms of the CYP1A1, CYP2E1, GSTM1, GSTT1, and ALDH2 genes
Genotype
CYP1A1

Kimchi
Ile/Ile

1.89 b
(1.37, 2.61)

CYP2E1

0.60b
(0.44, 0.83)

0.56b
(0.40, 0.77)

1.13

1.34

0.85

0.91

0.89

(0.89, 2.02)

(0.57, 1.28)

(0.61, 1.38)

(0.59, 1.34)

0.91

0.74

(0.67, 1.24)

(0.54, 1.01)

c1/c1

1.74 b

Null
Non-null

Non-null

1.37

0.91

0.63a

(0.90, 2.09)

(0.60, 1.38)

(0.41, 0.96)

1.15 2
2.31 b

*2/*2

1.73b
(1.14, 2.61)

(0.42, 0.78)
0.87
(0.57, 1.33)

0.84

0.69a

0.64 b

(0.61, 1.16)

(0.50, 0.95)

(0.46, 0.89)

1.00

0.71

0.64 a

(0.66, 1.50)

(0.47, 1.08)

(0.42, 0.96)

1.05 2

1.38

0.94

0.70

0.64 a

(0.93, 2.04)

(0.63, 1.39)

(0.47, 1.04)

(0.43, 0.96)

0.89

0.67a

0.64 b

(0.64, 1.24)

(0.48, 0.94)

(0.45, 0.90)

2.01 b
1.67 b
(1.34, 2.26)

*1/*2 or

1.51a
(1.08, 2.10)

0.57b

(0.71, 1.56)
(1.43, 2.84)
*1/*1

(1.29, 2.43)

1.27

(1.51, 3.53)
Null

1.77b

(0.84, 1.93)
(0.83, 1.59)

1

0.92
(0.67, 1.26)

Nonfermented
seafood

(0.75, 1.70)

c1/c2 or

ALDH2

1.78b
(1.29, 2.46)

Nonfermented
alliums

Val/Val

c2/c2

GSTT1

Fresh vegetables

Ile/Val or

(1.27, 2.40)

GSTM1

Soybean pastes

1.85b
(1.32, 2.61)
1.64b
(1.22, 2.22)

1.01
(0.75, 1.36)

1.24

1.57

0.68

(0.77, 1.99)

(0.98, 2.51)

(0.43, 1.08)

0.75
(0.56, 1.01)
0.61a
(0.38, 0.97)

0.66 b
(0.49, 0.89)
0.68
(0.42, 1.10)

Nonfermented
soybean foods
0.78
(0.56, 1.07)
0.96
(0.63, 1.44)
0.84
(0.61, 1.15)
0.87
(0.57, 1.33)
0.84
(0.61, 1.17)
0.82
(0.54, 1.24)
0.79
(0.53, 1.17)
0.87
(0.62, 1.22)
0.81
(0.60, 1.10)
1.00
(0.62, 1.61)

Odds ratios and 95%CI were adjusted for age and sex. 2Odds ratio was significantly different from that of the other genotype in a homogeneity test. aP<0.05. bP<0.01 vs others.

CYP2E1 c1/c2 or c2/c2, the GSTT1 null, the GSTT1 nonnull, or the ALDH2 *1/*2 or *2/*2 genotype, nonfermented
seafood was those with the CYP1A1 Ile/Ile, the CYP2E1
c1/c1, the ALDH2 *1/*1 genotype or any type of GSTM1
or GSTT1 (Table 5).
In homogeneity tests, the odds ratios of eating kimchi
for gastric cancer according to the GSTM1 or GSTT1
genotype were not homogeneous (Table 5).

DISCUSSION
In this present study, a decreased risk of gastric cancer
was noted among people with a high consumption of
nonfermented seafood and alliums. Eating fish has been
reported to decrease the risk of gastric cancer in Japanese

women[22], and in Swedes[23]. However, effects of fish intake
on the risk of gastric cancer varied by preparation method.
Pan-fried fish decreased, whereas stewed or broiled fish
increased the risk of gastric cancer in Koreans[4]. Alliums
have been repeatedly reported to decrease the risk of gastric
cancer[24]. Alliums have been shown to suppress the growth
of Helicobacter pylori[25], and N-nitrosodimethylamine-induced
forestomach tumor in mice[26]. Some chemicals in alliums
inhibit the expression of carcinogen-activating cytochrome
P450 enzymes but induce GSTs[27]. Diallyl sulfide, which is
abundant in alliums, has been suggested as the key protective
material[28]. Intake of fresh vegetables, which has been
reported to reduce the risk of gastric cancer[22,29], showed an
odds ratio smaller than 1, but was not statistically significant.
Eating kimchi and soybean pastes was associated with
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increased risk of gastric cancer in this present study
(Table 3). The odds ratios for gastric cancer of kimchi
and soybean pastes were less than 2, but those food
items are very popular among the Koreans. Therefore, the
risks attributable for gastric cancer by the intake of kimchi
and soybean pastes would be relatively high among the
Korean population. Fermented Korean foods, such as
kimchi and soybean pastes, have been reported to show
high nitrate concentrations[30,31] . During fermentation of
kimchi, nitrate contents decrease but secondary amine
increases continuously[32], especially in Chinese cabbage kimchi
made with fermented shrimp sauce[30]. Nitrosodimethylamine
increased in every kind of kimchi after simulated gastric
digestion of kimchi[33]. Increases in the risk of gastric cancer
associated with a high intake of fermented soy-based foods
have been reported in epidemiologic studies among the
Koreans[3,6], Japanese[34,35], Taiwanese[36], and Chinese[37]. We
did not find any statistical significance for risks associated
with nonfermented soybean foods as reported by Lee et al[36]
and Hoshiyama et al[34]. Fermented soybean pastes also show
a high nitrate level[31].
After dietary nitrate is absorbed, about 25% is actively
secreted into the saliva and 5% of ingested nitrate is reduced
to nitrite by oral bacteria. Since most saliva is swallowed,
about 80% of gastric nitrite in the normal acidic stomach
arises from the reduction of ingested or endogenous nitrate[38].
Gastric nitrosation, which is carried out by nitrite, may
produce unstable N-nitroso compounds that do not reach
extra-gastric sites and act directly in the stomach to initiate
gastric cancer, or may produce stable N-nitroso compounds
that induce cancer at other sites[38,39].
Many epidemiological studies have reported a
relationship between a high salt diet and gastric cancer[40-45].
Koreans have one of the highest rates of 24-h urinary
sodium excretion in the world[45] , and one of the highest
rates of mortality from gastric cancer. It should be noted
that kimchi and soybean pastes, which were significant risk
factors of gastric cancer in this study, also have very high
salt contents.
A few epidemiological studies on gastric cancer have
included genetic polymorphisms in the analysis, and fewer
studies have tested gene and environmental interactions.
The results of epidemiological studies on the effects of
genetic polymorphisms on gastric cancer are not always
consistent. In spite of the expression of CYP1A1 in gastric
mucosa, no studies have been identified that assess the
potential influence of CYP1A1 polymorphisms in gastric
cancer risk[46]. Increased risks of developing gastric cancer
have been reported for the CYP2E1 c1/c2 or c2/c2 [13],
GSTM1 null[9,10], GSTT1 null[12] , and *2-allele containing
ALDH2 genotypes[11] independently, or in combination with
environmental factors. However, these significant associations
were not found in other studies[10,14,15]. In this present study,
we could find an increased risk of gastric cancer in
individuals with the CYP1A1 Ile/Val or Val/Val genotype.
This result is concordant with the previous studies that
cigarette smoking is a risk factor of stomach cancer, and
the CYP1A1 genotype would be involved in the gastric
carcinogenesis by cigarette smoking[47].
In this present study, kimchi and soybean pastes showed
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very similar interactions with the genetic polymorphisms,
and were significant risk factors in individuals with the
CYP1A1 Ile/Ile, the CYP2E1 c1/c1, the GSTM1 non-null,
the GSTT1 non-null, and the ALDH2 *1/*1 genotypes.
This fact leads to a possibility that kimchi and soybean pastes
contain some common carcinogens which are metabolized
by the same metabolic enzymes. Though CYP2E1 activity
for the metabolism of chlorzoxazone has been reported to
be lower in individuals with CYP2E1 c2/c2 type than in
those with other genotypes[48] , CYP2E1 activity for the
metabolism of N-nitroso compound would be low in
individuals with CYP2E1 c1/c1 type. Therefore, hepatic
CYP1A1 or CYP2E1 activity and first-pass clearance would
be low in individuals with CYP1A1 Ile/Ile genotype or
CYP2E1 c1/c1 type. In that case, the blood level of the
unmetabolized carcinogens and, in turn, exposure of
extrahepatic organs to the carcinogen may be increased[49].
N-nitroso compounds originating from kimchi and soybean
pastes would not be rapidly metabolized in the hepatic tissue
of individuals with CYP1A1 Ile/Ile or CYP2E1 c1/c1
genotypes, and the risk of gastric cancer may be increased
by the increased exposure of gastric mucosa to N-nitroso
compounds.
On the contrary, in hepatic tissue of individuals with
GSTM1 non-null or GSTT1 non-null genotype, rapid
glutathione conjugation of activated carcinogens would
occur. Since glutathione conjugates are water-soluble, plasma
concentration of the glutathione-conjugated carcinogens
would be increased. The high plasma concentration may
increase exposure of gastric tissue to glutathione conjugated
carcinogens and, in turn, the risk of gastric cancer in
individuals with GSTM1 non-null or GSTT1 non-null
genotype.
In homogeneity tests, the odds ratios of eating kimchi
for gastric cancer according to the GSTM1 or GSTT1
genotype were not homogeneous. Because homogeneity was
tested for 36 times and the P-value was 0.05, about two
tests would be expected to be statistically significant by
chance.
Because the interval between exposure to dietary
carcinogens and the development of gastric cancer could
be 20 years or more, it would be desirable to test the causal
relationships between the historical dietary intake patterns
and present gastric cancer development. However, it is
almost impossible to get an unbiased information on such
past dietary intake patterns. We therefore assessed the
average frequencies of intake and portion size of six food
groups in a 1-year period leading up to the interview. There
is a possibility that the very symptoms of gastric cancer
might change the food intake pattern or nutritional state of
patients with gastric cancers that have been neglected for
years. Therefore, the diet-related results of this study should
be carefully interpreted.
Tumors located at cardiac area have been reported to
have different etiological factors from non-cardiac gastric
cancers. We did not exclude cardiac gastric cancers from
the case group of this present study. Although the proportion
of cardiac cancer (7.0%) was not so high, we cannot rule
out the possibility of selection bias.
In summary, kimchi, soybean pastes, and the CYP1A1
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Ile/Val or Val/Val are risk factors, and nonfermented
seafood and alliums are protective factors against developing
gastric cancer. Salt or some chemicals contained in kimchi
and soybean pastes, which are increased by fermentation,
would play important roles in the carcinogenesis of stomach
cancer. Polymorphisms of the CYP1A1, CYP2E1, GSTM1,
GSTT1, and ALDH2 genes could modify the effects of
some environmental factors on the risk of gastric cancer.
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Abstract
AIM: To evaluate the role of CDX2 homeobox protein as
a predictor for cancer progression and prognosis as well
as its correlation with MUC2 expression. CDX2 represents
a transcription factor for various intestinal genes (including
MUC2) and thus an important regulator of intestinal
differentiation, which could previously be identified in
gastric carcinomas and intestinal metaplasia.
METHODS: Formalin-fixed and paraffin-embedded tissues
from 190 gastric carcinoma patients were stained with
monoclonal antibodies recognizing CDX2 and MUC2, respectively.
Immunoreactivity was evaluated semiquantitatively and
statistical analyses including 2 tests, uni- and multi-variate
survival analyses were performed.
RESULTS: CDX2 was mostly expressed in a nuclear or
supranuclear pattern, whereas MUC2 showed an almost
exclusive supranuclear reactivity. Both antigens were
present in >80% of areas exhibiting intestinal metaplasia.
An immunoreactivity in >5% of the tumor area was observed
in 57% (CDX2) or in 21% (MUC2) of the carcinomas. The
presence of both molecules did not correlate with WHO,
Laurén and Goseki classification (with the exception of a
significantly stronger MUC2 expression in mucinous
tumors). CDX2 correlated with a lower pT and pN stage
in the subgroups of intestinal and stage I cancers and
was associated with MUC2 positivity. A prognostic impact
of CDX2 or MUC2 was not observed.
CONCLUSION: CDX2 and MUC2 play an important role
in the differentiation of normal, inflamed, and neoplastic
gastric tissues. According to our results, loss of CDX2
may represent a marker of tumor progression in early gastric

cancer and carcinomas with an intestinal phenotype.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
CDX2 (caudal type homeobox 2) belongs to the group of
homeobox (hox) genes and is characterized by structural
and functional similarities to the homeobox gene caudal
expressed in Drosophila melanogaster[1-3]. All homeobox genes
code for a so-called homeodomain, a typical amino acid
sequence (of about 60 amino acids), which binds DNA and
controls the transcription of several genes. Thereby, especially
the morphologic diversification along the anterior-posterior
axis of the body is determined[4,5]. Mice with a homozygote
cdx2 knockout die within 5 d after conception, whereas
cdx2 heterozygosity leads to malformations of the skeleton
and the development of multiple adenomatous polyps,
especially in the proximal colon within the first three months
of life[6]. During the embryogenesis of intestinal tissues,
CDX2 is also involved in the process of proliferation and
differentiation[2,7]. In this context CDX2 regulates the
expression of sucrase-isomaltase, lactase, phospholipase A/
lysophospholipase in the small bowel[2,8] and carboanhydrase
1 in the colon[9].
The distribution of CDX2 in human gastrointestinal
tissues was investigated by Mizoshita et al[10]. They observed
the highest levels of cdx2 mRNA in the cecum and colon,
lower levels in other tracts of the intestine, and a lack of
expression in the stomach. However, in cdx2-transgenic mice,
gastric epithelia are transformed into intestinal ones[11]. In
humans, an infection with Helicobacter pylori induces a CDX2
expression[12], which is characterized by a cytoplasmic or
supranuclear staining[13,14]. A nuclear CDX2 expression could
be demonstrated in intestinal metaplasia as well as in gastric
carcinomas of the intestinal type according to Laurén[13,15].
A positivity of gastric mucosa exhibiting intestinal metaplasia
was observed in about 90% of the cases, whereas about 50%
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of the carcinomas showed a CDX2 immunoreactivity[14,15].
Differentiated adenocarcinomas are characterized by a
higher CDX2 expression compared with undifferentiated
tumors[15], and correlating with a stronger reactivity in the
intestinal vs diffuse phenotype[15,16]. On the other hand, Almeida
et al[14], did not observe a significant correlation of CDX2
and the histopathological tumor type, coinciding with the
hypothesis that diffuse-type carcinomas may exhibit features
of intestinal differentiation[17,18]. Recent studies reported an
inverse correlation between CDX2 expression and the depth
of invasion as well as lymph node metastasis[15,16]. In a series of
40 patients, those with CDX2 positive tumor had a significantly
higher survival probability[15].
Interestingly, CDX2 also binds to the promoter of the
intestinal-type mucin MUC2 and thereby activates MUC2
translation and expression[19]. Whereas normal gastric mucosa
does not express MUC2[20-24], intestinal metaplasia is characterized by a reduction of gastric mucin types (MUC5AC and
MUC6) and an ectopic MUC2 production [20,24-26]. In
metaplasia[16,26] and in gastric carcinomas[14] , CDX2 and
MUC2 are co-expressed. However, previous results regarding
correlations of MUC2 expression in gastric cancer with
clinico-pathological parameters and prognosis are
contradictory[18,24,25,27-30]. Therefore, we studied the expression
of CDX2 and MUC2 proteins immunohistochemically in a
series of 190 patients suffering from gastric adenocarcinomas.
The staining results were correlated with each other, various
clinical and pathological factors as well as survival data.

MATERIALS AND METHODS
Patients
The study comprised 190 patients, which underwent a
potentially curative total or partial gastrectomy between 1982
and 1991. One hundred patients were male, 90 were female.
The mean age was 61.1 years (SD±13.0) with a median of
61.3 years. Patients who died within 4 wk after the surgical
intervention were excluded from the study (post-operative
mortality). A (neo-)adjuvant radio-or chemotherapy was not
performed. Surviving patients were followed-up for at least
5 years. All carcinomas were classified pathologically according
to the classifications of the UICC[31], WHO[32], Laurén[33] ,
and Goseki et al[34]. The distribution is shown in Table 2.
Tissue preparation, monoclonal antibodies, and
immunohistochemical method
Tumor and corresponding normal tissues were fixed in 3.7%
formaldehyde and embedded in paraffin. After cutting of
5-µm thick sections, de-paraffinization was performed
according to standard pathological procedures, followed by
a microwave pre-treatment (2 min×5 min at 600 W in citrate
buffer, pH 6.0). Afterwards, sections were washed in cold
water for about 15 min. Endogenous peroxidase activity
was blocked by 0.3% H2O2 in methanol (20 min, RT). After
washing once with water and twice with tris-buffered saline
(TBS), pH 7.6, the incubation with monoclonal antibodies
directed against CDX2 (Biogenex, San Ramon, USA) or
MUC2 (Novocastra, Newcastle-upon-Tyne, UK) followed.
Both were incubated in a dilution of 1:100 (v/v) in antibody
dilution buffer (Zymed, San Francisco, USA) overnight
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at 4 ℃ and TBS was used as negative control. After
washing twice with TBS, the sections were incubated with
EnVisionTM+HRP (DAKO, Hamburg, Germany) for 30 min
at RT. The sections were washed twice again with TBS
followed by 3-amino-9-ethylcarbazol solution (DAKO,
Hamburg, Germany) in order to visualize the reaction (30 min,
RT). Counterstaining with hematoxylin and embedding in
glycerol jelly concluded the immunohistochemical staining
procedure.
Microscopic scoring and statistical analyses
A semiquantitative microscopic evaluation was performed
by two pathologists independently. Nuclear, supranuclear
and cytoplasmic staining was scored according to the
percentage of positive tumor cells as follows: score 0: 0-5%
positive tumor cells; score 1: >5-35% positive tumor cells;
score 2: >35-65% positive tumor cells; score 3: >65%
positive tumor cells. Different scores were observed in less
than 10% of the cases, a consensus could always be achieved.
Cases with score 0 were regarded as negative, cases with
score 1-3 as positive.
The data were analyzed statistically using the software
(version 4.57) StatView for Windows (Abacus, Berkeley,
CA, USA). The relationship between CDX2 and MUC2
immunoreactivity, respectively, and clinico-pathological
parameters was evaluated using 2 tests at a significance
level of 5%. Univariate survival analysis was performed
according to Kaplan-Meier [35], applying the log-rank
(Mantel Cox) test.

RESULTS
Immunohistochemical staining patterns of CDX2 and MUC2
in normal gastric mucosa, intestinal metaplasia, and
carcinomas
Non-neoplastic gastric mucosa was present in most cases
(n = 104) in the neighborhood of the carcinomas. It was
mostly reactively altered (inflammatory reactions) and
exhibited a supranuclear CDX2 staining in the majority of
the cases (54.8%), whereas others showed a cytoplasmic or
nuclear reactivity only and 18.3% was CDX2 negative.
CDX2 was mostly found in the deep parts of the gastric
glands. Only few cases (8.6%) of intestinal metaplasia (n = 58)
were completely negative for CDX2 and in the positive
areas, a nuclear or mixed staining in several cell compartments
predominated. Among the carcinomas, 42.6% did not express
CDX2, and most of the positive cases were reactive in the
nuclear and supranuclear cell compartments (Figure 1 and
Table 1). On the other hand, MUC2 was only detected in a
supranuclear pattern. Whereas most normal (93.3%) and
carcinomatous (78.4%) tissues remained negative, intestinal
metaplasia was immunoreactive in 84.5% of the cases
(Figure 1 and Table 1).
Correlation of CDX2 and MUC2 immunoreactivity with clinicopathological parameters
CDX2 or MUC2 positivity or negativity, respectively, was
correlated with various clinico-pathological parameters applying
2 tests. Whereas the status of CDX2 immunoreactivity did
not show any association with these variables, MUC2 was
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Figure 1 Supranuclear CDX2 immunostaining in non-neoplastic gastric mucosa
(A), signet-ring cell carcinoma (B) and tubular adenocarcinoma (C) of the

stomach. MUC2 expression in non-neoplastic gastric tissue (D), signet-ring cell
(E) and tubular adenocarcinoma (F).

significantly stronger in mucinous compared with other types
of adenocarcinomas (Table 2). However, if carcinomas of
the intestinal type according to Laurén were separately
analyzed, a correlation between CDX2 and pTNM as well
as pN staging was observed (Table 3). In addition, female
and older (>60 years) patients with intestinal type gastric
carcinoma exhibited a higher rate of CDX2 positive cases
(Table 3) (within this subgroup). On the other hand, MUC2
expression was present in 10.7% of younger (≤60 years)
and 26.5% of older patients in the subgroup of diffuse
carcinomas according to Laurén (P = 0.04).

intestinal and diffuse type according to Laurén, stage I
cancers according to the UICC classification (Table 4).

Correlation of CDX2 and MUC2 immunoreactivity
In 2 tests, a positive correlation between CDX2 and MUC2
immunoreactivity could be observed in the total group of
patients under study, as well as in the following subgroups:

Analysis of the prognostic relevance of CDX2 and MUC2
The immunoreactivity of both antigens was tested with regard
to a possible prognostic importance according to the univariate
survival analysis as described by Kaplan and Meier[35]. CDX2
and MUC2 did not show any significant association with
patients’ survival probability (Table 5). The same result was
obtained, when subgroups according to Laurén and UICC
classification were investigated separately (data not shown).

DISCUSSION
In the present study, a CDX2 immunoreactivity was observed
in the majority of gastric mucosal tissue under study. A supra-

Table 1 Expression of CDX2 and MUC2 in non-tumorous gastric mucosa, intestinal metaplasia, and carcinomas
Localization of staining

Score

Gastric mucosa (%)

Intestinal metaplasia (%)

Carcinoma (%)

CDX2

0

Nuclear

1

19 (18.3)

5 (8.6)

81 (42.6)

2 (1.9)

3 (5.2)

6 (3.2)

2

1 (1)

5 (8.6)

9 (4.7)

3

3 (2.9)

12 (20.7)

8 (4.2)

1

17 (16.3)

5 (8.6)

14 (7.4)

2

18 (17.3)

2 (3.4)

18 (9.5)

3

22 (21.2)

6 (10.3)

31 (16.3)

1

10 (9.6)

0

3 (1.6)

2

4 (3.8)

0

2 (1.1)

3

3 (2.9)

0

2 (1.1)

1

0

0

2 (1.1)

2

3 (2.9)

1 (1.7)

2 (1.1)

3

2 (1.9)

19 (32.8)

12 (6.3)

MUC2

0

97 (93.3)

Supranuclear

1

5 (4.8)

19 (32.8)

22 (11.6)

2

2 (1.9)

14 (24.1)

13 (6.8)

3

0

16 (27.6)

6 (3.2)

Supranuclear

Cytoplasmic

Mixed

9 (15.5)

149 (78.4)
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Table 2 Correlation of CDX2 and MUC2 expression with clinico-pathological parameters and classifications
Parameter

n

CDX2 positive cases (%)

MUC2 positive cases (%)

Age (yr)
≤60 yr

87

48 (55.2)

14 (16.1)

＞60 yr

103

61 (59.2)

27 (26.2)

0.57

0.09

P
Gender
Female
Male

90
100

57 (63.3)

21 (23.3)

52 (52)

20 (20)

0.11

P

0.58

WHO classification
Mucinous

4

3 (75)

4 (100)

Signet-ring cell

85

49 (57.6)

13 (15.3)
20 (25)

Tubular/papillary

80

47 (58.8)

Undifferentiated

21

10 (47.6)
0.71

P

4 (19)
0.0007

Laurén classification
Diffuse
Intestinal
Unclassified/mixed

105

61 (58.1)

19 (18.1)

70
15

40 (57.1)
8 (53.3)

18 (25.7)
4 (26.7)

0.94

0.43

30 (55.6)
16 (72.7)

14 (25.9)
6 (27.3)

P
Goseki classification
Type I
Type II

54
22

Type III

20

9 (45)

3 (15)

Type IV

94

54 (57.4)

18 (19.1)

0.33

0.60

P
pTNM stages
I

53

29 (54.7)

II

58

41 (70.7)

18 (31)

III
IV

54
25

27 (50)
12 (48)

10 (18.5)
6 (24)

0.09

P

7 (13.2)

0.13

pT stages
pT1

33

16 (48.5)

4 (12.1)

pT2
pT3

112
32

69 (61.6)
18 (56.3)

28 (25)
6 (18.8)

pT4

13

6 (45.2)

3 (23.1)

0.46

P
pN stages
pN0

0.44

52

31 (59.6)

8 (15.4)

pN1

76

48 (63.2)

21 (27.6)

pN2

52

25 (48.1)

pN3

10

P

5 (50)
0.36

nuclear staining pattern was prevalent, but a cytoplasmic or
nuclear expression was also present, as described earlier[13,14].
Such an expression may be induced by inflammatory
reactions caused by H pylori infection and may precede the
development of an intestinal phenotype[12,13,15]. Intestinal
metaplasia exhibited a stronger CDX2 staining compared
with carcinomas (91.4% vs 57.4%). Analogous results of
other groups[14-16] are confirmed by our data. Since CDX2
exerts an important function regarding differentiation and
maintenance of an intestinal phenotype[2,7], its loss may lead
to an uncontrolled proliferation, as observed in the colon[36]
and lung[37]. Some authors observed a stronger CDX2 expression
in differentiated compared with undifferentiated tumor of
the stomach[15,16], whereas we and others[14,36] failed to confirm
this finding. With regard to possible correlations with the
histopathological tumor type according to Laurén, a stronger
CDX2 reactivity in intestinal vs diffuse type cancers was
reported[15,16]. Our data are retrieved from a greater series

of patients and confirm the results of other authors [14,36],
who did not describe such associations. A correlation of CDX2
expression and tumor progression as reflected by staging
and lymph node metastasis was present in intestinal-type
cancers in our study. In the total patient series a similar tendency
was found, which was not significant, as opposed to previous
reports[15,16]. Analogously, Seno et al[15], observed a significantly
better prognosis of CDX2 positive vs. negative carcinomas
in a series of 40 patients. Our data show a similar tendency,
which was statistically insignificant, however.
In morphologically normal or reactively altered gastric
mucosa, only few glands contained MUC2 positive cells.
Such a pattern presumably reflects an initial step of intestinal
differentiation, since normal gastric mucosa does not express
significant amounts of MUC2[20,24], whereas MUC2 mRNA
may be elevated even in the absence of intestinal metaplasia[38] .
However, the overwhelming majority of areas exhibiting
intestinal metaplasia is MUC2 positive, as observed earlier[24-27].

9 (17.3)
3 (30)
0.28
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Table 3 Correlation of CDX2 expression with clinico-pathological
parameters and classifications in intestinal carcinomas according to
Laurén

Table 4 Correlation of CDX2 and MUC2 expression

Parameter

All cases
MUC2 negative

Age (yr)
≤60 yr
＞60 yr
P
Gender
Female
Male
P
pTNM stages
I
II
III
IV
P
pN stages
pN0
pN1
pN2
pN3
P

n

CDX2 positive cases (%)

26
44

10 (38.5)
30 (68.2)
0.02

29
41

21 (72.4)
19 (46.3)
0.03

21
23
17
9

CDX2 negative

CDX2 positive

190
149

81
72

109
77

MUC2 positive
P
Intestinal type (Laurén)

41

9

32

70

30

40

MUC2 negative
MUC2 positive
P

52
18

26
4

26
14

105
86
19

44
41
3

61
45
16

53
46

24
24

29
22

7

0

7

0.01

P
Stage I (pTNM)
MUC2 negative
MUC2 positive
P

14 (63.6)
18 (69.2)
6 (30)
2 (100)
0.02

MUC2 expression in gastric carcinomas varied significantly
in dependence from the histological subtype. All mucinous
carcinomas under study were immunoreactive, followed by
tubular and papillary (25%), undifferentiated (19%) and
signet-ring cell (15%) carcinomas according to the WHO
classification. A correlation with subtypes according to the
Laurén classification was not demonstrated. These data
confirm previous observations in part[25,39], whereas other
groups reported contradictory results[24,29,38,40,41] especially
with regard to associations between MUC2 expression and
mucinous differentiation or intestinal vs diffuse type. A
significant correlation with pTNM staging and MUC2
expression could not be found, as published by Akyürek
et al [24] . Previous data suggesting associations between a

0.003

0.04

Diffuse type (Laurén)
MUC2 negative
MUC2 positive

13 (61.9)
18 (78.3)
4 (23.5)
5 (55.6)
0.01

22
26
20
2

n

0.01

positive MUC2 status and a better prognosis[24,28], at least in
the group of intestinal carcinomas[25], could not be confirmed
in the present study. However, a different monoclonal antibody
and another immunohistochemical detection system were
applied.
As described earlier[14], CDX2 and MUC2 expression
correlated positively. This association was independent from
the histopathological subtype (Laurén classification) and an
analogous result was obtained in stage I tumors. Considering
the results of Satoh et al[13], it is tempting to speculate that
gastric mucosa cells exhibiting nuclear CDX2 represent a
transient form resulting in intestinally differentiated metaplastic
cells. This hypothesis fits in with the role of CDX2 as a
transcription factor of intestinal gene products like MUC2.
Confirming such a functional relationship, binding of CDX2
to a special sequence of the MUC2 promoter was demonstrated
in cdx2-transfected COS-7 cells[19]. This sequence contains
a CDX2 protein binding site TTTA(C/T), which was also

Table 5 Univariate survival analysis with regard to the CDX2 and MUC2 expression
Observations

Uncensored

Censored

Survival (yr)

SD

P (log-rank)

CDX2 expression
Negative

81

57

24

Q1 (25%)

0.799

0.216

Median
Q2 (75%)

1.884
0

0.062
0

3.606

0.369

Q1 (25%)
Median

1.060
2.968

0.069
1.108

Q2 (75%)

11.524

0

5.184

0.461

Q1 (25%)

0.942

0.102

Median

2.171

0.368

11.524
4.966

0
0.394

Q1 (25%)

1.024

0.361

Median
Q2 (75%)

2.557
0

1.284
0

Mean

2.788

0.315

Mean
Positive

109

72

37

Mean
MUC2 expression
Negative

149

100

49

Q2 (75%)
Mean
Positive

41

29

0.28

12

0.61
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described in the context of other typical intestinal genes
like sucrase-isomaltase[2], lactase[42], and guanylyl cyclase-C[43].
In conclusion, our data confirm that CDX2 represents
a transcription factor which is involved in different aspects
of gastric pathogenesis. It may be of special importance in
inflammatory conditions resulting in the development of
intestinal metaplasia. However, CDX2 expression is reduced
in gastric carcinomas as compared with intestinal metaplasia.
On the other hand, it is associated with tumor progression
in the subgroup of intestinal carcinomas according to Laurén
as well as early cancers (stage I). A significant correlation
with survival probability was not observed at all. In addition,
CDX2 expression is positively associated with MUC2 levels.
The latter is strongly detectable in mucinous adenocarcinomas
but does not exhibit correlations with other relevant clinicopathologically parameters of gastric carcinomas.
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Abstract
AIM: To summarize the empirical research on assessing
quality of life (QOL) in patients with gastric carcinoma.
METHODS: Literature searches were conducted in
MedLine from 1966 to February 2004.
RESULTS: Twenty-six studies were identified. QOL was
used as an outcome measure in virtually all identified
studies, such as those examining the effects of gastric
cancer and various medical or surgical treatments in the
patients. QOL was assessed mainly with generic measures;
the social dimensions of QOL were largely neglected. The
lack of gastric cancer-specific QOL measures hampers QOL
research up to now. The gastric cancer-specific EORTCQLQ-STO22 and the FACT-Ga are important additions to
the arsenal of disease-specific QOL measures. In most of
the studies, the label QOL is used for questionnaires, which
only assess symptoms or performance status, or are
physician-reported rather than patient-reported outcomes.
CONCLUSION: QOL in patients with gastric cancer
deserves more systematic studies, especially as one of
the outcome measures in randomized clinical trials. Results
of studies that include QOL in patients with gastric cancer
should be applied in clinical care, which aims at improving
QOL of these patients.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
‘So, Dormidont Tikhonovich, I came to ask you to come

down and give me a gastrointestinal examination. Any day
that suits you, we’ll arrange it.’ She looked grey and her
voice faltered. Oreshchenkov watched her steadily, his glance
never wavering and his angular eyebrows expressing not
one millimetre of surprise. ‘Of course, Ludmila Afanasyevna.
We shall arrange the day. However, I should like you to
explain what your symptoms are, and what you think about
them yourself.’ ‘I’ll tell you my symptoms right away, but as
for what I think about them-well, you know, I try not to
think about them. That is to say, I think about them all too
much, and now I’ve begun not sleeping at nights. The best
thing would be if I knew nothing! I’m serious. You decide
whether I’m to go into hospital or not and I’ll go, but I
don’t want to know the details. If I’m to have an operation
I would rather not know the diagnosis, otherwise I’ll be
thinking the whole time during the operation, “What on
earth are they doing to me now? What are they taking out
now?” Do you understand?[1]
In medical care for patients with (gastric) cancer, the 5-year
survival is a crucial outcome. At the same time, quantity of
survival is increasingly supplemented by data on quality of
survival. In this journal, for example, 15 articles that are
retrieved under the search heading ‘gastric cancer and quality
of life’ have all been published since 1998. Defining quality
of life (QOL) is a complex matter, a universally accepted
definition does not exist[2]. Schipper et al[3], proposed “ the
functional effect of an illness and its consequent therapy
upon a patient, as perceived by the patient”. Functional
effects usually are separated into three categories:
physiological, psychological, and social. QOL, therefore, is
a multidimensional construct. In a patient with gastric cancer,
a physiological effect might be nausea or problems with
swallowing, and a psychological effect could be depression,
and a social effect might be withdrawal due to embarrassment
about being ill. Sometimes economic effects are also
discussed in the context of functional effects of illness[2] .
There is also a discussion about spiritual effect of illness[4].
In general, however, the triad ‘physiological’, ‘psychological’,
and ‘social’ effects is considered to represent the QOL.
QOL can be assessed using generic or disease-specific
measures. Generic measures are used in every conceivable
disease or disorder. Scores on those measures allow
comparisons between groups of patients with an identical
diagnosis but with different grades of severity or in different
settings or countries, between two groups of patients with
different diseases, or between a group of patients with a
disease and persons without disease. Disease-specific
measures have been designed to particularly assess QOL
of patients with a specific disease. For example, in patients
with Crohn’s disease, the IBS-QOL is a disease-specific QOL
measure[5] , and the SF-36 is a generic QOL measure[6].

3190

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

June 7, 2005

Volume 11

Number 21

Cancer-generic measures (e.g., EORTC-QLQ-C30) assess
QOL across various diagnostic cancer categories[7]. EORTC
and FACIT have developed a wide range of questionnaires
that assess QOL for various specific cancer types (visit www.
eortc.be and www.facit.org/qlist.aspx)[8].
QOL is not a ‘soft’ measure. If surgical technique A
results in a similar 5-year survival as surgical technique B,
differences in aspects of QOL, such as nausea, depression,
and embarrassment, may determine which surgical technique
is preferable. This view has been previously described in
the area of gastroenterology, e.g., in functional bowel
syndrome[9]. In gastric cancer, however, the topic of QOL
is virtually unexplored. Recent reviews of gastric cancer in
major journals do not mention QOL at all, let alone
discussing QOL in the context of one of the outcome
measures[10]. This is in sharp contrast with the area of QOL
and, for instance, breast cancer. In this area, QOL is assessed
with well-developed and validated measures, and QOL is a
major outcome variable, which also influences the choice
of medical management[11] .
In this paper, our aim is to review all empirical studies
on the topic of gastric cancer and QOL, with a view to
outline strengths and weaknesses in the empirical material
available, and to suggest some future research avenues.

to February 2004, with Mesh headings ‘gastric cancer’ and
‘quality of life’, and ‘gastric cancer’ and ‘psychology’.
References in the retrieved papers were studied meticulously,
and ‘snowballing’ produced additional papers. Only papers
in English were selected. Excluded were studies on mixed
diagnostic groupings, i.e., patients with gastric cancer were
part of a large group of patients with various other types
of (usually gastrointestinal) cancer, or that dealt with QOL,
but only symptoms were measured, where only one of the
three core QOL domains was assessed, or where QOL was
not a patient-reported outcome but merely a physicianreported outcome[12]. Given the high prevalence of gastric
cancer in Japan, an additional literature search was carried
out in Ichushi-WEB, one of the largest literature searches
in Japan of original papers, case reports and minutes of
meetings held in Japan, which can be searched.
Empirical studies were analyzed according to first author
and year of publication, country where the study was
conducted, diagnosis or diagnostic category, study objective
(s), number of patients and sociodemographic details,
measure(s) used to assess QOL, results, domains in the QOL
assessment, type of scale (generic, cancer-generic, or diseasespecific), and remarks (on weaknesses in the study). The
results are summarized in Table 1.

MATERIALS AND METHODS
Literature searches were conducted in MedLine from 1966

RESULTS
The literature searches plus extensive and detailed studying

Table 1 Summary of the 26 studies on QOL in gastric cancer
First
author,
yr

Country Diagnosis

Adachi,

Japan

1999 [15 ]

Early
gastric
cancer

Objective(s)

Evaluate QOL

N patients,

ageinyr,♂; ♀
76-64±10

after laparoscopic (mean)
assisted vs

♂44; ♀32

conventional
gastrectomy

QOL
measure(s)

Result(s)
regarding QOL

Domains

Mailed

Laparascopic-

questionnaire,

assisted

24 items (cf.

gastrectomy

pain SOC: –

Korenaga

patients: QOL ↑

1992

[28]

Type(s) of
questionnaires

Remarks

PHY: eating

Gastric-Spec

No Bonferroni

PSY: fatigue,

-H, C-Gen

correction for
multiple
testing, no

) ‘QOL’,

social

dumping

dimension in

syndrome

QOL, nonrandomized
design

Anderson, Scotland Adenocarcinoma Examine relief

57

Symptom list

After surgery:

1995 [16 ]

of symptoms

67 (median)

scored via

symptoms ↓

after surgical

48–88 (range)

interviews

Buhl,
1990 [17 ]

of the stomach

Germany Gastric cancer

PHY: dysphagia, Gastric-Spec-H –
dyspepsia
PSY: pain

treatment

♂35; ♀22

Evaluate QOL

89-61±13

Troidl

No significant

PHY: eating

Disease

Of the six

after subtotal

(mean)

questionnaire:

differences

PSY: intrusion,

specific, H

measures, only

vs total

♂–♀: n.r.

disease-specific

between groups

avoidance,

gastrectomy

SOC: –

three assessed

and socio-

fatigue, pain,

QOL; no

personal

depression

correlation

dimensions;

SOC: –

between

psychological

objective and

problems

subjective

(Horowitz

measures; no

scale; Zerrsen

social
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scale)
Davies,

UK

1998 [18 ]

dimension

Gastric

Evaluate QOL

47

ADL, HAD,

QOL ↑ in

Full blown

Cancer generic, Non-

carcinoma

after subtotal vs

69 (median)

RSCL, Troidl

subtotal

QOL: PHY,

gastric cancer

randomized

gastrectomy

PSY, SOC

specific, H

design

Full blown

Cancer generic QOL is

total gastrectomy 33–84 (range)

♂27; ♀20
Eguchi,

Japan

Gastric cancer

2003 [19 ]

Fuchs,
1995

Germany Gastric cancer

[20 ]

Examine effects

5

EORTC-

of docetaxel+5FU

64 (mean)

QOL-C30

on survival and

57–70 (range)

QOL

♂4 ; ♀1

QOL ↑

QOL: PHY,

secondary

PSY, SOC

endpoint

QOL as one of

120

Spitzer and

No differences

PHY: functional

the outcome

58 (mean)

Visick

between

status

Spitzer and

measures in two

♂78; ♀42

questionnaires:

procedures

PSY: activities

Visick were

surgical

both patient

procedures

scored

Cancer generic Interesting:

SOC: support

patient scored;
randomized

(JIP vs RYP)
Hoffman,

Sweden

Gastric cancer

1998 [21 ]

Assess relevance

design
61

EORTC-QOL-

Patients’ views,

Full blown QOL: Cancer generic, CBR reflects
PHY, PSY, SOC

of Clinical Benefit 63 (median)

C30, QLQ-C13

doctors’ views

Response (CBR)

40–75 (range)

items,

and CBR:

criteria for

♂-♀: n.r.

symptoms →

similar results

gastric cancer

combination of

specific, H

objective and
subjective

effectiveness of

translated into

changes;

chemotherapy

CBR

retrospective
design

Hoksch,

Germany Gastric cancer

2002 [22 ]

Assess QOL after

41-59 (mean)

gastrectomy, with 25–74 (range)
different types of

♂20; ♀21

EORTC-QLQ-

No major

Full blown QOL: Cancer generic, Prospective

C30, food

differences,

PHY, PSY, SOC

consumption

except for ‘global

reconstruction

Hungary Total gastrectomy Assess QOL

2001 [23 ]

randomized
trial; QOL

health status’

(IPP, IPP7, IPP15)
Horváth,

gastric cancer
specific, H

was target

(IPP15↑)
46

GIQLI

of trial

In aboral pouch:

Full blown QOL: Disease specific Randomized

QOL ↑

PHY, PSY, SOC

(aboral pouch,

60 (median)

for

controlled

R-and-Y)

26-80 (range)

gastrointestinal study

♂24; ♀22

disorders in
general

Ishihara,

Japan

Stomach cancer

1999 [24 ]

Evaluate QOL

51

QLI, dumping

and ADL≥2 yr

67 (mean)

symptoms

after total

39–82 (range)

gastrectomy

♂32; ♀19

Jentschura, Germany Gastric carcinoma Effects of

195

1997 [25 ]

subtotal vs total
gastrectomy on

QOL ↓

PHY: physical

Cancer generic, Validity?

strength

H; gastric

PSY: fatigue,

cancer specific, H

anxiety SOC: –
GIQLI

Subtotal

Full blown QOL: Questionnaire

61 (mean)

gastrectomy

PHY, PSY, SOC

♂122; ♀73

better QOL

QOL

Non-

designed for

randomized

assessing

design

gastrointestinal
symptoms

Kalmár,
2001

Hungary Adenocarcinoma Aboral pouch vs

[26 ]

of the stomach

40

GIQLI

total gastrectomy -60±-9
re QOL

Pouch better
QOL

Full blown QOL: See Jentschura
PHY, PSY, SOC

1997

[2 5]

♂19;♀21

Randomized
trial; see also
Horváth et al.,
2001 [23 ]

Kono,

Japan

2003 [27 ]

Early gastric

R -en- Y vs

47

GSRS and

Pouch better

PHY: reflux

Disease

Randomized

cancer

pouch re QOL

-66±11

symptoms

QOL (at 3 mo;

PSY: pain

specific for

controlled

not at 12 or

SOC: –

gastrointestinal study; author

♂32;♀15

48 mo)

disorders in
general

modified
GSRS; no social
dimension

Korenaga, Japan
1992

[28 ]

Gastric cancer

Retrospective

150

QOL assessment

≤59:89

after gastrectomy ≥60:61

♂97; ♀53

QOL: symptoms Food tolerance ↓
via interview

Appetite ↓

PHY: eating
PSY: appetite

(cf. Adachi et al.,

SOC: –

1999[15] )

See Adachi et al.,

Gastric cancer
specific, H

QOL?
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1999 [1 5]
de Liaňo,

Spain

Gastric cancer

2003 [29 ]

Assess QOL after

54

curative resection 67 (mean)
41–89 (range)

Liedman,

Sweden Gastric cancer

2001 [30 ]

EORTC-QLQ-

disease-specific

Gastric cancer

between
tumor stage

questions
BSS, CPRS,

Strong

Full blown QOL: Generic and

relations between 66 (mean)

GSRS (gastric

correlations

PHY, PSY, SOC

clinical nutritional 41–82 (range)

symptoms),

between

symptoms

MACL, SIP,

change in body

specific

SSIAM

composition

♂21; ♀11

gastrectomy
Japan

and disease
specific

♂36; ♀18

parameters and

Miyoshi,

Full blown QOL: Cancer generic No correlation
PHY, PSY, SOC

32

To examine

QOL after

2001 [31 ]

QOL-social ↓

C30, and

and QOL
–

gastric

and QOL

Compare long-

34

GSRS and

term results

-63±12

symptoms

regarding

♂22; ♀12

Pouch: QOL ↑

symptoms and

PHY: pain,

Gastric

reflux

symptoms

PSY: eating

questionnaire

QOL?

SOC: –

nutritional status
in patients with/
without pouch
Nakano,

Japan

1999 [32 ]

Shiraishi,

Japan

Unresectable

Effects of

45

Homemade

gastric cancer

Lentinan on

-64 (mean)

QOL

and postoperative survival and

45–75 (range)

questionnaire

gastric cancer

QOL

♂34;♀11

Gastrectomy

2002 [33 ]

Lentinan: QOL↑

Full blown QOL: Disease specific Validity of
PHY, PSY, SOC

questionnaire

QOL scale?

(14 items)

Compare QOL

51

Adachi 1999 [15]

Gastric tube

Full blown QOL: Gastric cancer

Validity? see

among three

-63±11

questionnaire:

reconstruction:

PHY, PSY, SOC

Adachi 1999[15]

surgical

♂37;♀14

techniques

24 items

best QOL;

on symptoms

no other

specific, H

differences in
QOL between
techniques
Svedlund, Sweden

Subtotal vs total

Examine impact

64

BSS, CPRS, EDS, Physical QOL

Full blown QOL: Disease generic; One of the few

1999 [34 ]

gastrectomy

of gastrectomy

67 (mean)

GSRS, MACL,

categories

PHY, PSY, SOC

(see also

procedures on

♂39;♀25

SIP, SSIAM

negatively

Svedlund,

QOL

impaired

gastric

follow-up

symptoms

studies in this

specific; gastric area;

1997[3 5] )

cancer specific

prospective

symptoms

randomized
trial;
psychiatric
focus

Svedlund, Sweden
1996

Gastrectomy

[36 ]

Thybusch

QOL before

103

gastrectomy

72 (mean)

healthy controls: PHY, PSY, SOC

symptom

gastric cancer

♂60; ♀43

QOL ↓; 25%

specific

patients with

Germany Total gastrectomy Effects on QOL

-Bernhardt,

and D2

1999[3 7]

lymphadenectomy procedures

62

following surgical 63 (mean)
32–80 (range)

BSS, MACL, SIP Patients vs

EORTC-QOL-

♂40;♀22
Troidl,

Germany Gastric cancer

1987 [38 ]

Comparison of

report functional

other patient

limitations

groups

No major

C30 and gastric differences in
cancer module

Full blown QOL: Generic and

Full blown QOL: Cancer generic; NonPHY, PSY, SOC

QOL between

gastric cancer

randomized

specific, H

design

procedures
HLR: QOL ↑

Esophago-

38

Troidl

PHY: daily

Disease specific Randomized

jejunostomy vs

-69 (median)

questionnaire:

activities

symptoms, H

Hunt-Lawrence-

41–75 (range)

11 items,

PSY: fatigue

dimension;

“disease

SOC: –

validity?

Rodino pouch on ♂23; ♀15
QOL

trial, no social

specific” and “
socio-personal”

Vickery,

France,

Develop disease-

115

22-item EORTC 5 scales, 4 items

Full blown QOL: Disease specific First formal

2001 [39 ]

Germany,

Gastric cancer

specific QOL

66 (mean)

-QLQ-STO22

PHY, PSY, SOC

Spain, UK

questionnaire

35–97 (range)

QOL

disease-

questionnaire

specific QOL
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♂75;♀40

instrument
for gastric
cancer

Yamaoka, Japan

Gastrectomy

1998 [40 ]

Examine effects

207

EPQ,

Relationships

Full blown QOL: Disease generic Interesting

of personality on

-57 (mean)

HRQOL-20

between

PHY, PSY, SOC

HRQOL

32–83 (range)

personality

♂140;♀67

and QOL

scale, H; generic theoretical
questionnaire

extension:
examine
personality
factors

Zieren,
1998 [41 ]

Germany Gastric
carcinoma

Compare Spitzer

71

with EORTC-QOL 59 (mean)
-C36, after

27–77 (range)

resection

♂47; ♀24

EORTC-

Physical

Full blown QOL: Cancer

QLQ-C36

functioning

PHY, PSY, SOC

most limited

–

generic
questionnaire

ADL, activities of daily living; BSS, body symptom scale; C, cancer; C-Gen, cancer generic; CBR, clinical benefit response; CPRS, comprehensive psychopathological rating
scale; EDS, eating dysfunction scale; EORTC-QLQ-C36, EORTC, QLQ, cancer 36 items; EORTC-QLQ-STO22, EORTC, QLQ, stomach cancer 22 items; EORTC-QOL-C30,
European Organization for Research and Treatment of Cancer, QOL, cancer 30 items; EPQ, Eysenck Personality Questionnaire; Gastric-Spec-H, gastric cancer specific,
home made; Gen, generic; GIQLI, gastrointestinal quality of life index; GSRS, gastrointestinal symptom rating scale; H, home made; HAD, hospital anxiety depression;
HRQOL-20, health related quality of life, 20 items; IPP, Longmire’s reconstruction without a pouch; JIP, jejunal interposition with pouch; MACL, mood adjective check list;
PHY, physical; PSY, psychological; QLI, quality of living index; QLQ-C13, Quality of Life Questionnaire, cancer 13 items; QOL, quality of life; RSCL, Rotterdam Symptom
Check List; RYP, Roux-en-Y reconstruction; SIP, sickness impact profile; SOC, social; Spec, specific; SSIAM, structured and scaled interview to assess maladjustments.

of the references resulted in 26 studies that fitted our
selection criteria (Table 1).
The year 1987 saw the publication of the first empirical
paper on QOL in gastric cancer: Troidl and colleagues
published their QOL questionnaire, which seems to have
been very useful to quite a few researchers later[38]. The 26
studies pertain to a 17-year period; on average, every 8 mo
a study was published. It is rather striking to note that we
did not find a paper from North America; 17 papers are
from European countries and 9 from Japan. Since our focus
is on QOL assessment, we did not specify in great detail
diagnosis, diagnostic categories, surgical or other medical
procedures. Virtually all studies aimed at assessing QOL as
an outcome for medical care. The number of patients in
the studies ranged from 5 to 207.
A great variety of QOL instruments are reported in the
26 studies. The column in Table 1, which summarizes the
QOL questionnaires, illustrates the relatively new status of
QOL research in gastric cancer. Homemade questionnaires,
questionnaires that assess performance status, and questionnaires
not designed specifically for (gastric) cancer patients, are
applied quite frequently. The increasing use of the cancerspecific, but gastric cancer generic EORTC-QLQ-C30
questionnaire is a positive development. This is a measure
with adequate psychometric characteristics and it allows
comparisons between gastric cancer patients with other
categories of cancer patients. The majority of studies cover
physical and psychological functioning; social functioning is
assessed somewhat less frequently. The authors of the
reviewed papers sometimes label questionnaires as assessing
‘quality of life’, where they are in fact physician-reported
scores (e.g., the Karnofsky, Spitzer, and Visick questionnaires)
which by definition is not quality of life.
The search in Ichushi-WEB produced 119 original papers
and 94 original case reports hits. Of the 119 studies, 8 assessed
QOL of patients using a QOL questionnaire. Almost all
questionnaires were homemade ones, and only three studies

used a cancer-specific core questionnaire developed in Japan
by standardized psychometric testing[42]. The three studies
were all published in the Japanese Journal of Cancer
Chemotherapy, in Japanese[43-45].

DISCUSSION
QOL in patients with gastric cancer is increasingly added as
an outcome measure in clinical research. Over half of the
studies in the review are recent (>1998 or later) studies. This
development is in line with other areas in medicine[46,47]. In
most of the reviewed studies, QOL was used to evaluate
the effects of medical treatment, usually after some form
of surgery or chemotherapy. So far, there are no studies
on prediction of QOL or on determinants of QOL in the
area of gastric cancer. Another finding of our review reflects
the coming of age of QOL research in gastric cancer:
physiological functioning is included in virtually all studies,
psychological functioning is included in about half of the
studies, and social functioning is hardly included at all. Clearly,
future research must take this result into account. Using
symptom scores as a measure of QOL is not appropriate
any longer-it reflects a rather strict biomedical model of
thinking, while QOL research aims to further develop a
biopsychosocial model of medicine[48].
Using only traditional outcome criteria such as response
rate or objective tumor regression, for example in patients
with solid tumors of the lung, colon or breast, is hardly
valid any more in modern research on the outcome in cancer
(cf. RECIST[48]). This is especially the case in patients with
gastric cancer as over one-third of those patients have nonmeasurable disease (e.g., ascites, lymphangitis carcinomatosa,
miliary liver metastasis). The concept of ‘clinical benefit
response’ (CBR) as a potential addition to QOL deserves
mention in this regard[49,50]. CBR combines objective with
subjective measures to assess changes in the clinical status
of patients.
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The recent publication of the EORTC-QLQ-STO22
questionnaire signals a major improvement in the field of
assessing QOL in patients with gastric cancer [39]. The
questionnaire has five scales (dysphagia, pain, diet, symptoms,
emotional problems), and four single items (dry mouth, body
image, and hair loss (two items)). The rigorous psychometric
testing procedures of the EORTC QOL group suggest that
the STO22 will no doubt become one of the standards for
assessing QOL in this category of patients. Given the robust
nature of this questionnaire, future research will allow
examining correlates and predictors of QOL-in various
domains, e.g., physiological, psychological, and social. Routinely
incorporating the STO22 in clinical research on gastric cancer
will improve our knowledge on the impact of gastric cancer
and its treatment as perceived by the patient[51,52].
In addition to the EORTC-QLQ-STO22, which is a
European-based questionnaire, the FACT-Ga, which was
developed in USA, also assesses QOL in patients with gastric
cancer. The FACT-Ga as a cancer generic QOL questionnaire
has 27 items covering four subscales that assess physical,
social/family, emotional, and functional well-beings [8].
The gastric cancer-specific FACT-Ga is under construction
and will be available shortly. Dumping syndrome (e.g.,
postprandial dizziness, cold perspiration) can also be
considered when assessing QOL, as addition to gastric
cancer-specific QOL questionnaires[50].
The ultimate study will examine the research question:
How can we improve QOL in patients with gastric cancer?
Medical care has the power to improve QOL. Other
treatment strategies may also help improve QOL: selfmanagement training, skills training, and support groups
have shown to produce improvements in QOL[53]. In gastric
cancer patients, the study by Persson and Glimelius illustrated
the positive effects on QOL of a group rehabilitation
program combined with individual support [54]. The study
by Kuchler et al[55], is a hallmark paper in this regard. In this
study, patients with gastrointestinal cancer were randomly
allocated to standard care vs additional psychotherapeutic
support. Patients in the experimental group survived longer
than in the ‘care as usual’ group. Generally, recent metaanalyses demonstrated the positive effects of psychosocial
care for cancer patients, as gauged by improvements in
QOL[56,57]. Patients, physicians and researchers, therefore,
may benefit from developing psychosocial support programs
and from examining their effects on behavioral and medical
outcomes.
A number of authors emphasize the importance of
paying attention to QOL, given the important but as yet
relatively modest effects of surgery, chemotherapy or
radiotherapy in gastric cancer in particular. Bozzetti writes,
“we think that when two surgical procedures are compared,
if the oncological results are the same, the operation which
is associated with least discomfort and impairment of QOL,
should be chosen”[61]. Our review indicates how in empirical
studies on gastric cancer QOL has been addressed, assessed
and evaluated. Choosing a questionnaire to assess QOL
depends entirely on the study topic. There is no ‘best’ QOL
questionnaire for patients with gastric cancer. The research
question and clinical objectives determine the choice of
the QOL instruments. The recent publication of the
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EORTC-QLQ-STO22 is a breakthrough. However,
additional questionnaires are needed to answer specific
research questions or to explore other psychosocial issues
in patients with gastric cancer, e.g., demand for information
by patients or on the partner’s concern and worries[58-60].
Improving the medical care for patients with gastric cancer
will ultimately be judged by improvement in survival and
QOL. The quotation from ‘Cancer Ward’ at the beginning
of our paper intended to help focus our attention on the
goal of health care: to help people live longer and feel
better[61–64].
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Abstract
AIM: To examine the effects of Helicobacter pylori (H pylori)
infection on the invasiveness of gastric cancer cells, and
to elucidate its mechanism.
METHODS: Gastric carcinoma cells, MKN-45, were incubated
with CagA-positive H pylori, and cell invasion was determined
by Matrigel analysis. The expression of matrix metalloproteinase-9 (MMP-9), vascular endothelial growth factor
(VEGF), and cyclooxygenase-2 (COX-2) were assessed
by Western-blot analysis, and transcriptional activation
of the COX-2 promoter was examined by measuring
luciferase and -galactosidase activities. Lastly, the proteinDNA interaction was confirmed by an electrophoretic mobility
shift assay.
RESULTS: The current studies showed that: (1) incubation
of CagA-positive H pylori with MKN-45 cells significantly
promotes gastric cancer cells invasion, and this effect is
attenuated by pre-treatment with NS-398, a COX-2 inhibitor,
or PDTC, a nuclear factor B (NF-B) inhibitor; (2) the
induction of MKN-45 cells invasion by H pylori is associated
with increases in COX-2, MMP-9, and VEGF protein
expression, and co-incubation of NS-398 or PDTC

significantly reduces these effects; (3) H pylori infection
transactivates COX-2 promoter activity and increases the
binding of NF-B to this promoter.
CONCLUSION: Our data demonstrate that H pylori infection
promotes gastric epithelial cells invasion by activating
MMP-9 and VEGF expression. These effects appear to be
mediated through a NF-B and COX-2 mediated pathway,
as COX-2 or NF-B inhibitor significantly attenuate the
invasiveness of gastric cancer cells and the expressions
of MMP-9 and VEGF protein.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Helicobacter pylori (H pylori) is a spiral, microaerophilic, neutralophilic
gram-negative bacterium that colonizes the gastric mucosa
in 25-50% and 70-90% of the population in the developed
and developing countries, respectively[1]. H pylori is believed
to be the major contributing factor to the development of
chronic gastritis and peptic ulcer diseases in human, and
epidemiological and interventional studies in human as well
as in experimental animals strongly suggest that H pylori
infection increases the risk of adenocarcinoma in the distal
stomach[2,3]. Although H pylori has been demonstrated to be
associated with gastric cancer occurrence, whether H pylori
promote gastric cancer cells invasion is still unknown.
Upon bacterial infection, host effectors induced by H pylori
are likely to contribute to gastric carcinogenesis and tumor
invasion. Matrix metalloproteinases (MMPs), a family of
closely related enzymes that degrade extracellular matrix
(ECM), are considered to be important factors in facilitating
tumor invasion and spread[4] . MMPs displays broad and
overlapping substrate specificity and collectively and they
are capable of degrading the major components of ECM.
Furthermore, MMPs are found to play major roles in connective
tissue remodeling during pathologic conditions, such as
cancer and inflammatory disease. Among these MMPs,
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matrix metalloproteinase-9 (MMP-9) has been considered
to be an important factor in facilitating lymphatic invasion
and metastases in early gastric carcinoma[5], and the level
of tissue MMP-9 has been shown to be related to the overall
survival of patients with gastric carcinoma[6] . Recently,
MMP-9 has been reported to be induced by H pylori through
activation of nuclear factor B (NF-B)[7]. Whether H pylori
can promote gastric cancer cell invasion through MMP-9
is unknown.
Vascular endothelial growth factor (VEGF), the most
well-characterized angiogenic factor, is known to play a major
role in the multistep process leading to the reconstruction
of normal mucosa architecture. This process is believed to
be mediated through angiogenesis, ensuring an adequate
supply of nutrients to the healing tissue[8]. Moreover, VEGF
also plays a vital role in tumor-associated microvascular
invasion[9]. In human gastric cancers, VEGF has been found
to be over-expressed[10,11] , and in a recent study, VEGF
expression has been reported to be upregulated by H pylori
through a cyclooxygenase-2 (COX-2) dependent mechanism
[12]
. Whether VEGF contributes to gastric cancer invasion
induced by H pylori infection remains unknown.
Cyclooxygenase (COX), the rate-limiting enzyme in the
conversion of arachidonic acid to prostaglandin H2, is the
main target of non-steroid anti-inflammatory drugs (NSAIDs).
Two isoforms of this enzyme have been identified: COX-1
is constitutively expressed in most tissues and is involved in the
production of prostaglandins to maintain normal physiological
functions; and COX-2 is involved in inflammation and has
been shown to be induced by mitogens, cytokines, hormones,
and growth factors. Several recent studies suggested that
COX-2 might be an important factor in carcinogenesis, and
COX-2 inhibitors were shown to possess anticancer effects.
These properties were mediated through the inhibition of
prostaglandins production by COX-2, leading to decreases
in angiogenic factors, and changes in MMP activity[13]. In
human gastric cancer cells, NF-B mediated COX-2 expression
is associated with cell proliferation[14]. Furthermore, H pylori
activates NF-B expression in gastric cancer cells[15].
The present study was undertaken to examine the effect
of H pylori infection on gastric cancer cells invasiveness
and to elucidate its mechanism. Our results suggest that
H pylori may induce the expression of MMP-9 and VEGF
and promote gastric cell invasion through a NF-B-and
COX-2-mediated pathway.

MATERIALS AND METHODS
Cell line
Human gastric carcinoma cell line, MKN-45, was obtained
from American Type Culture Collection (Manassas, VA,
USA). MKN-45 cells were maintained in DMEM medium
containing 10% fetal bovine serum, 100 U/mL penicillin and
100 g/mL streptomycin. On the day of experiment, cells
were refed with fresh medium and co-cultured with H pylori.
Bacterial strain
Cag pathogenicity island-positive H pylori (ATCC 43504)
strain was used in experiments described in this study. Stock
cultures were maintained at -70 ℃ in brucella broth supple-
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mented with 30% glycerol. The bacteria were grown at 37 ℃
in 5% horse blood agar plates and in a microaerobic condition.
Cultures were routinely screened for urease activity. For
co-infection studies, H pylori were harvested between 48
and 72 h after inoculation of agar plates, resuspended in
sterile phosphate buffered saline (PBS), and enumerated
by absorbance at 600 nm (1 optical density (A) at 600 nm
= 2.4×108 colony-forming units/mL). MKN-45 cells were
seeded into 65 mm dishes, and H pylori at a multiplicity of
infection 80 were added in the culture.
Cell migration assays
The effect of H pylori infection on cell migration was examined
using the Matrigel Invasion chamber, as suggested by the
manufacturer (BD Bioscience). The lower surface of the
chamber contained a transwell filter (8-m pores), coated
with fibronectin, and vitronectin. MKN 45 cells (1×10 5)
and H pylori were added to the upper chamber, in the presence
or absence of NS-398, and incubated overnight in a
humidified tissue culture incubator, at 37 ℃, 50 mL/L CO2
atmosphere. The next day, a cotton tipped swab was inserted
into chambers to remove non-invading cells by applying
gentle but firm pressure while moving the tip around the
membrane surface. The cells on the lower surface of insert
chambers were stained with hematoxylin for 10 min, and
the cell number was counted under a microscope (40 to
200× magnifications). The extent of cell invasion was
expressed as fold increases of total number of cells on the
lower surface of chambers in treated over untreated samples.
Western blot analysis
To obtain whole-cell extracts, cells were washed twice with
ice-cold phosphate-buffer saline (PBS), and pelleted by
centrifugation (200 r/min). Cell pellets were then lysed in a
standard RIPA buffer (50 mmol/L Tris-HCl, pH 7.5, 150
mmol/L NaCl, 1.0% NP-40, 0.5% sodium deoxycholate,
and 0.1% SDS), containing protease inhibitors. Protein
concentrations were determined by Bio-Rad assays. Protein
samples were dissolved in the loading buffer (60 mmol/L
Tris-HCl, pH 6.8, 2% SDS, 100 mmol/L dithiothreitol, and
0.01% bromophenol blue), heated to 100 ℃ for 3 min, and
loaded onto the gel in an electrophoresis buffer containing
25 mmol/L Tris-HCl, pH 8.3, 250 mmol/L glycine, and
0.1% SDS. At the completion of electrophoresis, protein
was transferred to a nitrocellulose membrane (Hybond-ECL,
Amersham Life Science). The membrane was incubated in
the blocking buffer (10 mmol/L Tris, pH 7.5, 100 mmol/L
NaCl, 0.1% Tween 20), containing 5% nonfat powdered
milk for 2 h. The membrane was immunoblotted with COX2, MMP-9, or VEGF antiserum (obtained from Santa Cruz
Biotech, Santa Cruz, CA, USA). After incubation with the
secondary antibody, the membrane was visualized with
Enhanced Chemiluminescence kit from Amersham.
Transfection and luciferase assay
To examine transcriptional regulation of COX-2 promoters
by NF-B, MKN-45 cells were transiently transfected with
pMT2-LacZ and COX-2-Luc or phPES2 (KBM)-Luc DNAs,
in the presence of NF-B p65, p50, or control pMT2 plasmid
(kindly supplied by Dr. Gail Sonenshein, Boston Medical
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Center, Boston, MA, USA). The phPES2 (KBM) plasmid
contains a full-length COX-2 promoter in which a putative
NF-B binding site is mutated, as described previously[16].
For luciferase assays, cells were washed twice with PBS
and then lysed in 500 L of lysis buffer following the
manufacturer’s instructions (Analytical Luminescence, San
Diego, CA, USA). To assay luciferase activity, cell lysate
(100 L) was mixed with 100 L of luciferase substrate
solution A (Analytical Luminescence). Using a luminometer
with automatic injection, 100 L of luciferase solution B
was added (Analytical Luminescence) and luciferase activity
was detected as the light emission over a 30-s period.
The -galactosidase activity in 40 L of the cell lysate
was determined after a 5-30-min incubation at 37 ℃ with
2 mmol/L chlorophenol red -galactopyranoside (Boehringer
Mannheim) in 2 mmol/L MgCl2, 0.1 mmol/L MnCl2, 45 mmol/L
2-mercaptoethanol, and 100 mmol/L NaHPO4, pH 8.0. The
reactions were terminated by adding 500 L of 0.5 mol/L
EDTA, pH 8.0, and the absorbance at 570 nm was measured
using a spectrophotometer. With each experiment, the luciferase
activity was determined in duplicate and normalized to the
-galactosidase activity for each dish.
Electrophoretic mobility shift assay
Nuclear extracts were prepared using Nuclear Extract kit (Active
Motif, Carlsbad, CA, USA). A double-strand oligonucleotide
(5’-AGTTGAGGGGACTTTCCCAGGC-3’), corresponding
to the putative NF-B binding domain on the COX-2
promoter was synthesized and was labeled with [-32P] ATP
(3 000 Ci/mmol at 10 mCi/mL) using a T4 polynucleotide
kinase. Nuclear protein (1 g) was incubated in a buffer
containing 20% glycerol, 5 mmol/L MgCl2, 2.5 mmol/L
EDTA, 2.5 mmol/L DTT, 250 mmol/L NaCl, 50 mmol/L
Tris-HCl (pH 7.5), 0.25 mg/mL poly (dl-dC)·poly (dl-dC),
for 10 min at room temperature, and 32 P-labeled NF-B
oligo was added to each reaction and incubated for additional
20 min. Samples were subjected to electrophoresis at room
temperature on a 4% acrylamide gel at 25 mA using 0.5×
TBE buffer. The gels were dried at 80 ℃ for 2 h and
exposed to radiography film at -70 ℃.
Immunohistochemical studies
To further investigate the role of MMP-9 and VEGF in
gastric cancer invasion, the expression of these two proteins
were examined in H pylori-positive gastric cancer tissues.
Tissue sections from gastric cancer were de-paraffinized,
rehydrated, and immersed in 3% hydrogen peroxide–
methanol solution for 10 min at room temperature to inhibit
endogenous peroxidase activity. The sections were then
incubated with unmasking solution (0.01 mol/L citrate buffer
pH 6.0), heated for 10 min. The sections were allowed to
cool down to room temperature and washed twice in PBS
buffer for 5 min. The sections were pre-incubated with
diluted normal serum for 10 min, and then incubated with
1:40 mouse anti-MMP-9 monoclonal antibody (Novocastra
Lab. Ltd, Newcastle, UK), 1:100 rabbit anti-VEGF polyclonal
antibody (Zymed Lab. Inc., South San Francisco, CA, USA),
or 1:40 mouse anti-COX-2 monoclonal antibody (Cayman
Chemical Co., Ann Arbor, MI, USA) for 1 h at room
temperature. The sections were washed in PBS for 5 min
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twice, and incubated with appropriate biotinylated secondary
antibody. After washing in PBS for 5 min twice, the slides
were incubated with ABC reagents, followed with DAB or
other suitable peroxidase substrates. The sections were
counterstained with hematoxylin for 30 s, washed, dried,
and mounted.

RESULTS
H pylori infection promotes gastric cancer cells invasion
In vivo tumor invasion includes not only migration process, but
also adhesion, proliferation and angiogenesis, etc., dissociation
of in vitro assay for tumor cell invasion (migration) with in
vivo tumor invasion might exist. However, similar migration
assay to assess tumor cell invasion has been used by several
articles published recently[17].
We used Matrigel invasion chamber to examine whether
H pylori infection induces gastric cancer cells invasion and
to determine the effect of COX-2 inhibitor on this process.
MKN-45 cells were incubated with H pylori in the presence
or absence of COX-2 inhibitor, NS-398 (100 ng/mL). As
illustrated in Figure 1A co-infection with H pylori induced a
2.5 fold increase in MKN-45 cells migrated through
Matrigel-coated filters, indicating that H pylori promoted
gastric cancer cells invasion. The COX-2 inhibitor, NS398,
significantly reduced cell invasion in H pylori stimulated, but
not in untreated cells. This result suggested that H pylori
induced gastric cancer cells invasion was, in part, mediated
through a COX-2-dependent mechanism.
To examine the effect of NF-B on the migration of
MKN-45 cells, cells were incubated with H pylori in the
presence or absence of NF-B inhibitor, (pyrrolidine
dithiocarbamate (PDTC), 0.1 mol/L, purchased from
Sigma Chem, St. Louis, MO, USA). As illustrated in Figure 1B
the effect of H pylori infection on gastric cancer cells migration
was completely abolished by NF-B inhibitor, suggesting a
potential involvement NF-B in this process. The representative
microscopic photos of stained cells treated with H pylori in
the presence or absence of COX-2 inhibitor were shown in
Figures 1C-E.
H pylori infection induces MMP-9 and VEGF expression
Several proteins, including MMP-9 and VEGF, have been
reported to play an important role in tumor invasion. The
effects of H pylori on the expression level of MMP-9 and
VEGF were examined in MKN 45 cells after co-infection
with H pylori for a different period of time. The induction
of VEGF protein expression was noticeable within an hour
after H pylori infection and reached the highest level in 24 h
(Figure 2A). Although the increment of MMP-9 level after
H pylori infection was smaller than that of VEGF, a significant
increase was observed at 24 h (Figure 2A).
COX-2 and NF- B inhibitors reduce MMP-9 and VEGF
expressions
Recent studies showed that COX-2 inhibitor reduced the
release of MMP and COX-2-induced MMP-9 expression[18,19].
Therefore, we examined whether the activation of MMP-9
and VEGF by H pylori infection was also dependent on
COX-2 expression. The MKN-45 cells were co-cultured
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Figure 1 Effects of H pylori infection, a cox-2 (NS398), or a NF-B inhibitor
(PDTC) on gastric cancer cell invasion. A: MKN-45 cells were treated with
H pylori in the presence or absence of NS398. Cells on the lower surface of
insert chamber were stained with hematoxylin for 10 min and counted under
microscope with 200× magnifications. Data are presented as mean±SD of three

H pylori PDTC+H pylori

H

separate experiments (P<0.05); B: MKN-45 cells were treated with H pylori in
the presence or absence of PDTC (P<0.05); microscopic photos of stained
migration cells: C: control; D: with H pylori; E: with H pylori and NS-398; F:
control; G: with H pylori; H: with H pylori and PDTC.

with H pylori for 24 h in the presence or absence of a COX2 inhibitor, NS-398, and our results showed that co-culture
with H pylori resulted in a time-dependent increase in COX-2
protein concentration in MKN-45 cells (Figure 2B). Moreover,
NS398 significantly reduced the expression levels of COX-2,
MMP-9, and VEGF, induced by H pylori in MKN-45 cells
at 24 h (Figure 3A). These data suggest that the induction
of MMP-9 and VEGF by H pylori is mediated through a
COX-2-dependent mechanism.
To examine whether activations of MMP-9 and VEGF
by H pylori infection were also dependent on NF-B
expression, MKN-45 cells were co-cultured with H pylori
for 24 h in the presence or absence of a NF-B inhibitor,
PDTC. As demonstrated in Figure 3B, the effects of H pylori
on COX-2, MMP-9, and VEGF expression were significantly
reduced by PDTC. These results suggest that the induction
of COX-2, MMP-9, and VEGF by H pylori is also NFB-dependent.

Figure 2 H pylori infection increases MMP-9, VEGF, and COX-2 expressions
in gastric epithelial cell. MKN-45 gastric cancer cells were incubated with H pylori
for 0-24 h and total cellular protein was extracted for Western blot analysis for the
expression of A: MMP-9 and VEGF and B: COX-2 proteins. The blots were
stripped and probed with -actin to document equal protein loading. The
experiment was performed for thrice with similar results.

Induction of MMP-9 and VEGF by H pylori infection depends
on a NF-B-mediated COX-2 activation
A previous study has shown that NF-B regulated COX-2
expression and affected cell proliferation in human gastric
cancer cells[14]. We hypothesize that the induction of MMP-9
and VEGF by H pylori is associated with NF-B mediated

COX-2 expression. To investigate this hypothesis, we first
examined the effect of NF-B on COX-2 promoter activities
in MKN45 cells. As illustrated in Figure 4A co-transfection
with NF-B p65 or p50 plasmid DNA significantly enhanced
COX-2 promoter activity, and the induction was completely
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Figure 3 Effect of COX-2 or NF-B inhibitor on COX-2, MMP-9, or VEGF protein
level in MKN-45 cells. A: Cells were cultured in the presence or absence of H pylori
and NS398 for 24 h, and cellular protein was extracted and subjected to Western
blot analysis; B: MKN-45 cells were treated with or without PDTC and in the
presence or absence of H pylori for 24 h. The experiments were repeated on at
least three occasions, and the results were identical to these presented here. All
blots were stripped and probed with -actin to check for equal protein loading.

abolished in phPES2 (KBM) construct where a putative NF-B
binding domain was mutated. Furthermore, the interaction
between NF-B and COX-2 promoter was also enhanced
by H pylori infection in MKN-45 cells (Figure 4B).
High level of MMP-9 and VEGF expression in gastric cancer
tissues with H pylori infection
To investigate whether these observations were also present
in vivo, we randomly selected six gastric cancer patients (three
cases with H pylori infection, confirmed by Giemsa stain and
CLO test; three cases without H pylori infection) and examined
the expression of COX-2, MMP-9, or VEGF protein in the

Figure 4 A: Transactivation of COX-2 promoter by NF-B. MKN-45 cells were
transiently transfected with full-length COX-2 promoter (Black bar), or mutated
COX-2 construct, phPES2 (KBM), where the putative NF-B binding domain
was mutated (open bar), in the presence of p65, p50, or control vector (pMT2)
plasmid. Luciferase and -galactosidase activities were performed 48 h after
transfection. (n = 4, P<0.05); B: Binding of nuclear NF-B to COX-2 promoter
DNA in MKN-45 cells. Nuclear protein was extracted from cells cultured in the
absence (lane 2), or presence (lane 3) of H pylori. The protein-DNA interaction
bands were shown as (→). Lane 1 showed free probe only.

surgical specimens. The immunostain of COX-2 (Figures 5A
and B), MMP-9 (Figures 5C and D), or VEGF (Figures 5E
and F) was located predominantly on the surface epithelial
cells, and the intensity was more abundant in H pyloripositive than H pylori-negative tissue samples (Figure 5).

DISCUSSION
Gastric cancer is one of the most common malignancies in
the world, especially in Eastern Asia. Although the incidence
of gastric carcinoma is declining in Western countries, gastric

A

B

C

D

E

F

Figure 5 Immunohistochemical detection of COX-2, MMP-9, and VEGF in
gastric cancer tissues. The serial sections of gastric cancer surgical specimens
were stained with anti-COX-2 (A and B), anti-MMP-9 (C and D) , and anti-VEGF
(E and F) antibodies. Sections were counterstained with hematoxylin. The

immunoreactivities of COX-2, MMP-9 and VEGF are predominantly detected in
the cytoplasm of the tumor cell. Tissues in A, C, and E are from H pylori-positive
patients, whereas, sections in B, D, and F are from H pylori-negative individuals.
(Magnification: A-F: 400×).
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cancer remains the leading cause of cancer death worldwide.
Current strategies to reduce mortality from this disease focus
on early detection of gastric cancer or its precursor lesions
by endoscopic screening. There is an increasing interest in
the use of drugs to prevent the occurrence or the invasion
of gastric cancers. Epidemiological studies have shown that
NSAIDs decrease the risk of gastrointestinal carcinomas[20].
However, the mechanisms by which NSAIDs inhibit neoplastic
growth are not fully elucidated[21,22].
The involvement of COX-2 in carcinogenesis has been
shown in many epidemiological, animal and clinical studies.
Individuals who took NSAIDs regularly had a markedly
reduced risk of developing colon cancer [13] , and COX-2
inhibitors have been proved to be effective in suppressing
tumor progression both in vitro and in vivo in nude mice[21].
The anti-tumor effect of COX-2 inhibitors was attributed
to their ability to induce apoptosis and inhibit tumor cell
proliferation and angiogenesis. COX-2 inhibitors have also
been illustrated to prevent tumor invasion in colon cancer,
hepatocellular carcinoma[22], and lung cancer[23]. There is little
evidence that COX-2 inhibitors may prevent gastric cancer
invasion, although gastric cancers have been shown to overexpress COX-2 protein[24].
In the present study, we found that H pylori infection
promoted gastric cancer cells invasion and a COX-2 specific
inhibitor significantly attenuated this process. Furthermore,
the induction of gastric cancer cells invasion is associated
with an increase in COX-2, MMP-9, or VEGF protein level,
and these effects were also attenuated by a COX-2 inhibitor,
suggesting a potential role of MMP-9 or VEGF in this process.
In MKN-45 cells, H pylori infection enhanced nuclear NFB activity and transactivated COX-2 promoter. In addition,
the induction of MMP-9 and VEGF by H pylori was suppressed
by a NF-B inhibitor. These data indicate that H pyloriinduced MMP-9 and VEGF expressions in MKN-45 cells
are mediated through the interaction of NF-B on the COX2 promoter. These results also support an important role
of COX-2 in gastric cancer cells invasion.
Lim et al[14], have recently shown that inhibition of NFB results in inhibition of COX-2 expression and
proliferation of gastric cancer cells. These data suggest NFB may play an important role in gastric cancer proliferation
via COX-2 expression. Recently, Callejas et al[17], reported that
COX-2 expression promotes the release of MMP-9 in fetal
rat hepatocytes, and Caputo et al [12], also revealed that H
pylori induce VEGF expression in MKN-28 gastric epithelial
cells through a COX-2 dependent mechanism. Furthermore,
Li et al, reported that COX-2 increased the angiogenic and
metastatic potential of tumor cells by activation of VEGF in
human transitional cell carcinoma cell line, and the effect on
invasiveness could be reversed by COX-2 inhibitors[25-27].
Compared with previous studies, we have found several
interesting points. In Figure 1 PDTC attenuated cell invasion
completely, NS-398 only partially inhibited, suggesting that
NF-B could induce cell invasion not only through COX-2,
but also through other pathways. One of the possibilities was
through direct activation of VEGF expression. In Figure 3
we found that the inhibition of COX-2 by NS-398 attenuated
MMP-9 expression to the control level, but it did not attenuate
VEGF expression completely. On the other hand, the inhibition
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of NF-B by PDTC inhibited both MMP-9 and VEGF
expression to the control levels. These results suggest that
MMP-9 expression is dependent on COX-2 pathway, while
VEGF expression might be independent of COX-2 pathway.
These observations might explain why NS-398 only partially
attenuated cell invasion.
The activation of NF-B by H pylori has been described
by several groups[15,28,29]. Mori et al[7], reported that H pylori
induced NF-B activation and stimulated MMP-9 expression.
In the present study, we have observed that H pylori infection
in gastric cancer cells induced MMP-9 protein level and
the increase was attenuated by either a NF-B inhibitor or
a COX-2 inhibitor. These data suggested that the expression
of MMP-9 in H pylori-infected cells is mediated by a direct
activation NF-B, or through a COX-2 mediated pathway.
This conclusion is supported by a recent report showing that
MMP-9 promoter contains several putative NF-B binding
sites, and its transcription requires the activation of NF-B.
Infection with H pylori affects more than 50% of the
world population; some patients exhibit a progression
through chronic atrophic gastritis to cancer, others develop
peptic ulcer, but most do not exhibit either disease[30]. It is
believed that different pathogens, host and environmental
factors may lead to variable outcomes. In this study, we
suggest that the induction of MMP-9 and VEGF proteins
by H pylori can be considered part of a host response to
accelerate an oncogenic progression via disruption of epithelial organization or increased invasion. The identification
of H pylori-specific signaling pathways leading to the gastric
cancer cells invasion will add to our understanding of the
mechanism of H pylori-associated gastric carcinogenesis and
the potential use of therapeutic agents in preventing H pyloriassociated gastric cancer.
In summary, we have demonstrated that H pylori promote
gastric epithelial cells invasion by activating the expression of
MMP-9 and VEGF, and these effects are attenuated by a
COX-2 or a NF-B inhibitor. Moreover, H pylori infection
induces nuclear NF-B binding activity to the COX-2 promoter,
and the activation of COX-2 promoter is abolished when the
NF-B binding site is mutated. These data suggest that the
promotion of gastric cancer cells invasion by H pylori infection
appears to be mediated through a NF-B and COX-2 mediated
pathway. Therefore, we proposed a model of H pylori-induced
gastric cancer cell invasion as shown in Figure 6.
H pylori
Cell invasion

IB P
PDTC p65 p50
NS398
COX-2
p65 p50

COX-2

MMP9
VEGF

Figure 6 The schematic presentation of proposed mechanism of H pylori promote
gastric epithelial cells invasion.
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Abstract
AIM: To study the activation of cytotoxic T lymphocytes
(CTLs) against gastric cancer cells induced by FasL/B7-1
(FB-11) gene-modified tumor cells, and to explore
whether co-expression of FasL and B7-1 in SGC-7901
tumor cells could initiate synergistic antitumor effect.
METHODS: FasL and B7-1 genes were transfected into
human SGC-7901 gastric cancer cells with adenovirus
vectors. The positive clones were selected by G418. FasL
and B7-1 genes were detected by flow cytometry and
RT-PCR. Abdominal infiltrating lymphocytes and sensitized
spleen cells were obtained from mice that were
immunized with SGC-7901/FB-11 or wild type SGC-7901
cells intraperitoneally, and cytotoxicity of these CTLs
against tumor cells was determined by MTT assay.
RESULTS: Flow cytometry and RT-PCR showed that FasL
and B7-1 genes were highly expressed. FasL and B7-1
transfected cancer cells had a high apoptosis index. DNA
laddering suggested that FasL and B7-1 genes induced
gastric cancer cell apoptosis. FasL+/B7-1+SGC-7901 cells
(SGC-7901/FB-11) were inoculated subcutaneously in the
dorsal skin of C57BL/6 mice and then decreased their
tumorigenicity greatly (z = 2.15-46.10, P<0.01). SGC7901/FB-11 cell-sensitized mice obtained protective
immune activity against the rechallenge of wild type SGC7901 cells (z = 2.06-44.30, P<0.05). The cytotoxicity of
CTLs induced by SGC-7901/FB-11 cells against SGC-7901
was significantly higher than that of CTLs activated by
wild-type SGC-7901 cells (84.1±2.4% vs 30.5±2.3%,
P<0.05).
CONCLUSION: FasL and B7-1 genes can effectively
promote the activity of CTLs against gastric cancer cells.
FasL/B7-1 molecules play an important role in CTL cytotoxicity.
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INTRODUCTION
The immune surveillance and killing activity of immunoactive
cells on tumor cells play crucial roles in tumor immunity.
However, oncologists and immunologists have long been
faced with a tough task, i.e., how to successfully induce
anti-tumor cytotoxic effects mediated by antigen specific T
lymphocytes[1-3].
Research has revealed that one major reason for the
low responsiveness of cytotoxic T lymphocytes (CTLs) to
cancerous cells lies in the loss of interaction between
costimulatory factors CD28 and CD152 and B-7 molecules
on tumor cell surface which results from the low expression
of the costimulatory factors of B-7 family on the surface
of tumor cells[3-6]. This precludes CTLs partially activated
after recognition of antigens from being fully activated,
making it impossible to generate cytokines with immunological
attacking activity against tumor cells and membrane lysis
signals (from the Fas-FasL system) as well[4-7].
In the present study, we constructed the recombinant
adenovirus vector (AdV) containing human FasL and B7-1
genes (termed FB-11), which was used to transfect human
gastric cancer cells. Transfection rates and expression of
the two genes were determined, and the capability of
inducing tumor-specific CTLs from peripheral blood T
lymphocytes (PBT) and tumorigenicity in mice of the FasL/
B7-1-modified gastric cancer cells were observed. This
provides an experimental base for the combination of tumor
immunology and gene therapy in the treatment of cancer.
MATERIALS AND METHODS
Animals, cells, materials
C57BL/6 (H-2b) inbred mice at the age of 6-8 wk were
bought from the Shanghai Laboratory Animal Research
Center of Chinese Academy of Sciences. SV40 promoter
(P SV40) driven human B7-1 cDNA was presented by
Professor Daru Lu at the Institute of Molecular Genetics,
Fudan University, Shanghai. Rat-anti-mouse monoclonal
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antibody (mAb) against B7-1 was purchased from
Pharmingen Corporation, San Diego, CA, USA. Alkaline
phosphatase-conjugated goat-anti-rat IgG was obtained from
Organon Teknika Corporation, Durham, NC, USA. G418
was the product of Gibco. CMV promoter (PCMV) containing
human FasL cDNA and its labeled antibody were
manufactured by Jinmei Company, Shanghai, China.
Human gastric cancer cell line SGC-7901 was provided
by the Institute of Cell Biology of Chinese Academy of
Sciences, Shanghai. The cells were grown in RPMI-1640
supplemented with 10% fetal calf serum at 37 ℃ in a
50 mL/L CO2 atmosphere.
Human embryonic kidney cell line 293 containing E1
region of human adenovirus type 5 (Ad5) was bought from
GeneTherapy Unit of Baxter Healthcare Company, USA,
and cultured in high glucose Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 10% fetal calf serum
at 37 ℃ in a 50 mL/L CO2 atmosphere.
Construction of recombinant adenovirus
Recombinant adenovirus (rAd) carrying green fluorescence
protein (GFP) gene (Ad-GFP) was purchased from
GeneTherapy Unit of Baxter Healthcare Company, USA.
E1/E3-deleted replication defective Ad5 vectors containing
PCMV driven human FasL cDNA and PSV40 driven
human B7-1 cDNA were constructed by Jinmei Corporation
and Professor Daru Lu at the Institute of Molecular
Genetics of Fudan University, Shanghai. This vector was
termed FB-11. Amplification and purification of rAd and
measurements of concentration, titer and infection rate
were performed as previously described[8].
Transfection of gastric cancer cells with adenoviral vector
SGC-7901 cells were seeded in six-well plates at a density
of 5×10 5 cells/well. Culture media were aspirated after
12 h and Ad-GFP in 0.8 mL of culture medium was added
to each well at various MOIs (0, 12.5, 25, 50, and 100,
respectively). After soaking for 1-2 h, the viral solution was
aspirated and 2 mL of culture medium was added to each
well. After 12 h, the numbers of GFP+-cancer cells was
counted under fluorescence microscope. Each counting was
repeated thrice and transfection rates were calculated.
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MD, USA). The RNA was then reversely transcribed into
cDNA with Moloney mouse leukemia virus (MoMLV)
reverse transcriptase (GIBCO-BRL) and Oligo-dT (GIBCOBRL). The human FasL cDNA was amplified with primers
as follows: sense primer (483-503): 5’ CTGGGGATGTTTCAGCTCTTC 3’; antisense primer (713-693): 5’ CTTCACTCCAGA AAGCAGGAC 3’.
cDNA amplification was conducted in a 50-L reaction
volume comprising four sorts of dNTP (200 mol/L each),
2.5 mmol/L MgCl2, 2.5 U Taq polymerase and sense and
antisense primers (0.4 mol/L each). Amplification was
performed for 35 cycles, each consisted of 30 s at 94 ℃,
1 min at 55 ℃, and 1.5 min at 72 ℃. PCR products were
separated by electrophoresis on a 2% agarose gel and visualized
by ethidium bromide (EB) staining, revealing a 231 bp band
corresponding to human FasL gene fragment. Furthermore,
PCR products were analyzed by restriction enzyme mapping.
Inhibitory effects of FB-11 on SGC-7901 cell growth
SGC-7901 cancer cells were plated in 24-well plates at a
density of 1×10 6 cells/well, and infected with FB-11 or
Ad-GFP at a MOI of 50 after 24 h. Subsequent growth of
the two cell lines was monitored daily. The cells were
trypsinized, stained with trypan blue, and counted by a
hemacytometer, and the growth curve was plotted.
Measurement of apoptosis in FB-11-transfected gastric cancer
cells by Hoechst33342 staining
Suspended FB-11-transfected SGC-7901 gastric cancer cells
were passed through filters and adjusted to a concentration
of 5×10 5 cells/mL. Then the cells were fixed in 1%
formaldehyde in 1× phosphate buffered solution (PBS) for
30 min at 4 ℃. After washing twice in 1× PBS, 0.5 g/mL
Hoechst33342 was added and incubated at 37 ℃ for 2 h.
After being washed in 1× PBS, the number of apoptotic
cells was counted under fluorescence microscope. In detail,
a total of 200 cells were observed and only cells with typical
characteristics of apoptosis were counted. Apoptosis index
(AI) was calculated according to the following formula:
Number of apoptotic cells
AI(%)=

×100%
Total number of observed cells

Measurement of expression of B7-1 gene by flow cytometry
SGC-7901 gastric cancer cells were grown in 60-mm dishes
at a density of 1×106 cells/dish. After 24 h, the cells were
infected with FP-11 at a MOI of 50 for 48 h, trypsinized
and washed twice with Hank’s solution, and resuspended in
100-200 L Hank’s solution. This was followed by the
addition of 20 L of AV-FITC labeled mouse-anti-human
B7-1 mAb solution, incubated at 4 ℃ for 30 min, washed
twice in Hank’s solution, and resuspended in 1 mL of PI
containing Hank’s solution. The expression of B7-1 gene
delivered by FB-11 on the surface of the two cancer cell
lines was determined by AV/PI bivariate flow cytometry.
Measurement of expression of FasL gene by RT-PCR
Total RNA of FB-11-transfected SGC-7901 cells (termed
SGC-7901/FB-11, respectively) was extracted by TRIzol
RNA isolation method (Life Technologies, Gaithersburg,

Analysis of DNA fragments
SGC-7901 cells infected with FB-11 or Ad-GCP at a MOI
of 100 were collected (above 106 cells). NP40 lysis buffer
(1% NP40, 20 mmol/L EDTA, and 50 mmol/L Tris-HCl,
pH 7.4) was added and stood still for 10 s. Supernatant was
collected after centrifugation, SDS was added to a concentration
of 1% and RNase to a concentration of 50 g/mL. After
incubation at 56 ℃ for 1-2 h, protease K was added to a
concentration of 2.5 g/mL and incubated at 37 ℃ for 2 h
or overnight. DNA was precipitated by ethanol, dissolved
in 10-20 L of TE buffer, and subsequently analyzed by
1% agarose gel electrophoresis.
Tumorigenicity test
Seven C57BL/6 mice were randomly divided into test (n = 4)
and control (n = 3) groups. The test group received a
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Figure 1 Transfection rates of rAd in gastric cancer cells. A: MOI = 20; B:

MOI = 50; C: MOI = 100.

subcutaneous inoculation with 5×10 6 SGC-7901/FB-11
cells in dorsal skin and the control group received an
inoculation with the same number of SGC-7901 cells at
the same site. The growth of subcutaneous tumors was
monitored by measuring long and short diameters with a
slide gauge. The size of tumors was expressed in long
diameter×short diameter. Tumor sizes of the test and control
groups were compared.

Transfection rates of rAd in gastric cancer cells
Gastric cancer cell lines were susceptible to the adenoviral
vectors FB-11 and Ad-GFP. The greater the amount of
viral particles, the higher were the transfection rates. The
transfection rate reached up to above 90% at a MOI of 50
(Figure 1B). But when the amount of adenoviral particles
was further increased, the cell growth was suppressed with
elevated dead cells (Figure 1C).

Immunological protection test
Four mice sensitized with SGC-7901/FB-11 cells were
inoculated subcutaneously in the dorsal skin with 2.5×106
wild-type SGC-7901 cells. Meanwhile, four normal mice
were inoculated with the same number of SGC-7901 cells
at the same site as normal controls. Sizes of the subcutaneous
tumors were monitored and compared between the two
groups.

B7-1 gene expression
Results from flow cytometry indicated that SGC-7901
gastric cancer cells did not express B7-1 gene (Figure 2).
There were 37.5% of cells expressing B7-1 on cell surface
on the first day and 80% of cells expressing high level
B7-1, 2 d after they were transfected with FB-11 at a MOI
of 50.

Statistical analysis
Statistical analysis was performed with SPSS v10.0 for
Windows (SPSS Inc., Chicago, IL, USA) and P<0.05 was
considered statistically significant.

RESULTS
Preparation of high titer recombinant adenovirus (rAd)
Highly concentrated rAd was collected by CsCl2 density
gradient super-speed centrifugation. The concentration of
rAd calculated according to 1 A260 = 1.1×1012 particles, was
greater than 10 12 particles/mL with a high purity (A260 /
A280>1.3). The concentrations of FB-11 and Ad-GFP
measured by plaque assay were 3×1010 and 4×1011 pfu/mL,
respectively.
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In vitro cytotoxic test
Mice were sensitized peritoneously with 5×106 SGC-7901
and SGC-7901/FB-11 cells and killed 7 d later. The abdominal
cavity was then lavaged with 5 mL Hank’s solution, which
was subsequently aspirated and depleted of red blood cells.
The remaining macrophages and tumor cells were removed
by attachment to the wall so that abdominal infiltrating
lymphocytes were obtained. In addition, erythrocyte-free
single cell suspension of mouse splenocytes was prepared.
Cytotoxic activity of activated CTLs was determined by
MTT assay.

1

1 000

1

1 000

Figure 2 Flow cytometric analysis of B7-1 gene expression. A: SGC-7901; B:
SGC-7901/FB-11.

FasL gene expression
Total RNA of FB-11-modified SGC-7901 cells was
extracted and the extracellular segment of FasL gene was
amplified by RT-PCR. The length of PCR products was as
expected (Figure 3).
Inhibitory and cytotoxic effects of FB-11 on gastric cancer
cells
As compared to non-infected cells, the growth of FB-11transfected SGC-7901 gastric cancer cells was significantly
inhibited (Figure 4) with SGC-7901/FB-11 displaying more
significant inhibition.
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Figure 3 RT-PCR analysis of FasL expression in SGC-7901/FB-11 and SGC7901. A: SGC-7901/FB-11; B: SGC-7901; C: DNA Marks.

Figure 5 Apoptosis of SGC-7901 cells stained with Hoechst 33342 induced by
FB-11 (×400). A: SGC-7901/GFP cells; B: SGC-7901/FB-11 cells.
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Figure 6 DNA fragmentation of SGC-7901 cells induced by FB-11. A: DNA
Marks; B: SGC-7901/FB-11; C: MGC-803/FB-11; D: BGC-823/FB-11; E:
SGC-7901.

Figure 4 Proliferation inhibition of gastric cancer cell lines. ■: SGC-7901; ○:
SGC-7901L/FasL; ●: SGC-7901/FB-11; □: PBS.

Apoptosis induced by FB-11 delivery
FB-11- or Ad-GFP-transfected SGC-7901 cells stained with
Hoechst33342 were observed under fluorescence microscope.
FB-11-transfected cancer cells had a high apoptosis index,
but no apoptosis was seen in Ad-GFP-transfected cells
(Figure 5). DNA laddering (Figure 6) suggested that FasL
and B7-1 genes induced gastric cancer cell apoptosis.
Tumorigenicity of FB-11- transfected gastric cancer cells in
nude mice
As seen in Figure 7, SGC-7901 gastric cancer cell lines
acquired lower tumorigenicity in C57BL/6 mice after
transfected with FB-11. On day 13 after the transfection, a
significant difference in size and weight of the transplanted
tumor was noticed between FB-11-modified cancer cells
and non-transfected cancer cells.
FB-11-mediated protective immunity
SGC-7901/FB-11-sensitized mice were re-inoculated with
wild-type cell lines. No tumor growth was seen during the
period from day 1 to 32 after the inoculation. But in the
control group, measurable tumors occurred 7 d after the
inoculation with a slight decrease in size of the tumor in the
2nd wk. Significant differences were revealed between the
two groups (Figure 8).
In vitro cytotoxic test
Peritoneal inoculation with either FB-11-transfected SGC7901 cells or their wild-type counterparts could bring about
abdominal lymphocyte infiltration, but the number of

lymphocytes and remaining tumor cells in abdominal cavity
varied. In the cytotoxic test, SGC-7901/FB-11-activated
abdominal infiltrating lymphocytes and splenocytes showed
greater cytotoxic activity on SGC-7901 cancer cells than
SGC-7901-activated lymphocytes and splenocytes (Figure 9).
Moreover, infiltrating lymphocytes induced by SGC-7901/
FB-11 had greater killing rates on SGC-7901/FB-11 cancer
cells than on the wild-type cell lines (Figure 10). These
suggested that transfection with recombinant adenoviral
vector FB-11 could enhance the immunogenicity of human
gastric cancer cell line SGC-7901.

DISCUSSION
CD4 + and CD8 + T lymphocytes activated by antigens or
mitogens from freshly isolated T lymphocytes highly express
FasL molecule. FasL and perfurin/granzyme account for
the two mechanisms of cytotoxic effects of cytotoxic T
lymphocytes (CTLs)[9-12]. CD8 + CTLs, which take on the
responsibility of resisting virus and micro-organism invasion
and antineoplasm, recognize and kill MHC-I carrying target
cells. CD4 + CTLs, which have the activities of immune
regulation such as transplantational immunity, eliminate
MHC-II carrying cells. However, when the cytotoxic activity
of CD8+ CTLs is impaired especially on the occasion that
MHC-I molecules are not expressed or are slightly expressed
in tumor cells, CD4+ CTLs act as major cytotoxic effectors.
The cytotoxic activity of non-specific mitogen activated
CD4+ T lymphocytes and mouse splenocytes within 24 h
of the activation results mainly from upregulation of FasL
expression which binds to Fas receptor, initiating programmed
cell death.
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Figure 7 Tumorigenicity of FB-11-transfected gastric cancer cells and tumor
size in preventive and control groups. ●: FB-11 preventive group; ■: control
group.
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Figure 9 Cytotoxicity of abdominal lymphocyte infiltration against tumor cells
induced by FB-11. A: cytotoxicity of SGC-7901/FB-11-induced abdominal
lymphocyte infiltration against SGC-7901/FB-11 cells (n = 4); B: cytotoxicity of
SGC-7901/FB-11-induced abdominal lymphocyte infiltration against SGC-7901
cells (n = 4); C: cytotoxicity of SGC-7901-induced abdominal lymphocyte
infiltration against SGC-7901 cells (n = 4).
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Figure 8 FB-11-mediated protective immunity. ■: SGC-7901/FB-11-sensitized
mice group; ●: SGC-7901 mice group (not sensitized with SGC-7901/FB-11).

CTLs are major effector cells in immune system. T cell
cytotoxicity is mediated by two independent cytolytic
mechanisms[13-15], namely release of perfurin acting on target
cells and membrane binding or release of FasL acting on
Fas-expressing cells. Degranulization of CTLs and perfurininduced cytolysis are two separate steps of the specific
cytotoxic process, which requires the recognition of T cell
receptor (TCR) and MHC molecules on the surface of
target cells and involves perfurin, granzyme, Ca2+ and ICE
family, etc. However, the Fas-FasL system mediates a nonspecific, non-MHC restricted cytotoxicity. In the absence
of Ca 2+ or perfurin and granzyme, the cytotoxicity of
cultured CTLs is completely dependent on the Fas-FasL
system. It is now believed that Fas-dependent cytotoxicity
of CTLs comprises two steps. The first step is that CTLs
recognize Fas carrying cells and are activated to express
FasL, the second step is that CTL-expressed FasL binds to
target cell-carried Fas, leading to target cell apoptosis. Since
FasL-induced apoptosis does not rely on MHC and Ca2+ ,
the cytotoxic activity of FasL+-CTLs is not only broadspectrum but also Fas+-cell targeted. Since tumor cells always
express Fas, FasL and CTLs are two important weapons
against tumors. These are the rationale for the co-delivery
of FasL and B7-1 genes in the present study.
FasL is a 40-ku type II trans-membrane protein which
is a member of the TNF family. It is used to be believed
that only activated T cells express FasL, but later studies
demonstrated that this cytokine expresses on several other
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Figure 10 Cytotoxicity of spleen cells against tumor cells induced by FB-11.
A: cytotoxicity of SGC-7901/FB-11-induced spleen cells against SGC-7901/FB11 cells (n = 4); B: Cytotoxicity of SGC-7901/FB-11-induced spleen cells against
SGC-7901 cells (n = 4); C: Cytotoxicity of SGC-7901-induced spleen cells
against SGC-7901 cells (n = 4).

species of cells including neutrophils, neurons, thyrocytes,
retinal stromal cells, salivary gland cells and mouse testicular
podocytes[16-21].
Fas and FasL bind in a trimer style, leading to apoptosis
of Fas-expressing cells. Interaction between Fas and FasL
is currently believed to take place in the following
fashions[16,22-24] . Target cell apoptosis induced by T cells is
the most common situation, i.e., FasL+-T cells (mostly CD8+)
lead Fas-expressing target cells to apoptosis. Induction of
apoptosis between T cells (activated T cells express both
FasL and Fas so that apoptosis is induced at one or both
sides of interacted T lymphocytes) can result in diminution
of immune responses. The target cells express both Fas
and FasL, leading to apoptotic death at one or both sides
of interacted target cells. Fas-FasL-induced apoptosis
between different types of cells is called trans apoptosis,
while apoptosis-induced between cells of one type is called
cis apoptosis. Based on the above-mentioned theory, we
transduced FasL and B7-1 genes into human gastric carcinoma
cells by adenoviral vector and hoped to achieve cis apoptosis
between tumor cells and trans apoptosis in tumor cells
induced by T cells whose activation was expanded through
B7-1 gene delivery.
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Antitumor immunity in human body is mainly T cellmediated cellular immune response. T cells require three
signals to become activated. The first signal is through T
cell receptor (TCR) to which specific Ag-MHC complex
binds. The binding activates TCR-CD3 complex and then
CD3 molecule transducts the binding signal into CTLs. The
second signal is co-stimulating signal[25-27]. CTLs are activated
by the intercellular contact mediated by CTL surface
adhesive molecules. One example is the interaction between
CTL surface molecule CD28 and molecule B7-1 on the
surface of antigen-presenting cells (APC) and tumor
cells, which is thought to have an important role in CTL
activation. The third signal is stimulation of cytokines like
IL-2, etc. One recent great progress in the field of antitumor
therapy is the expansion of tumor-specific CTLs by nonspecific methods[21]. In preclinical studies, the vitality and
specificity of CTL cultu res can be maintained by
intermittent stimulation by tumor cells or tumor antigens,
thus acquiring large quantities of tumor-specific CTLs for
anticancer therapy. However, this method cannot be used
to expand human tumor-specific CTLs. One reason is the
risk of using human cancerous cells as stimuli, and another
is that the presence of CTL-recognized human tumor
antigens has been confirmed, which is hard to purify such
antigens to expand CTLs. Therefore, expansion of tumorspecific CTLs by transfection of genes of non-specific
mAbs (anti-CD3 and anti-CD28), cytokines (IL-2) and B7-1
has great prospects in current immunotherapy and gene
therapy for the treatment of cancer. But the feasibility of
this method in clinical practice lies on the availability of
large amounts of expanded tumor-specific CTLs with high
antitumor cytotoxicity of clinical standard. In this study,
transfection of B7-1 gene promoted expansion and activation
of CTLs and transfection of FasL gene gave rise to cis
apoptosis in tumor cells. An important innovation of this
study is that co-delivery of the two genes results in arrest
of tumor cell growth, which has not been reported at home
and abroad.
During the effect phase of co-stimulatory molecules,
interactions between CD28 and CD86 and between CD152
and CD80 generate cytolytic signals, leading to tumor cell
death. Membrane lysis caused by Fas-FasL interaction is
one of the effects. Tumor cells do express Fas which is
capable of transducting cell apoptotic signals. These are
the two prerequisites to the application of anti-Fas antibody
and FasL transfection in the treatment of cancer. As yet,
FasL gene has not been used in the treatment of gastric
cancer. To study the role of the Fas-FasL system in gastric
cancer cell apoptosis, Liu measured the expression of Fas
and FasL in gastric cancer cells and found that some cells
have low expression of Fas but high expression of FasL.
This is the same as previously reported that the expression
of Fas in some cancer cell lines is downregulated or lost[28].
Many human tumor cell lines have no or low expression of
Fas, and this probably results in the incapability of T cells
inducing apoptosis of tumor cells, which is a probable reason
for the escape of tumor cells from immune surveillance
and tumor formation and progression. However, other
studies[29,30] have demonstrated that the expression of FasL
on tumor cells and islet cells has immune protective action,
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but FasL-expressing cells were destroyed because of the
infiltration of large amounts of granulocytes. Whereas
tumor cells have low or no expression of Fas but high
expression of FasL on some occasions. It is necessary to
explore the mechanisms underlying regulation of Fas/FasL
on the surface of tumor cells.
Some cytokines including IFN-, TNF- and IL-2
upregulate Fas expression, and transfection of FasL in Fastumor cells can induce inflammatory reactions[18-20] . In
addition, B7-1 overexpression-induced interaction between
co-stimulatory molecules increases the expression of
cytokines during the effect phase. These suggest that FasL
gene transfection can elevate Fas expression in tumor cells
(bystander effect indicates that mixed culture of FasL
gene-modified cancer cells and parent cells increases the
expression of Fas in parent cell lines), and greatly enhances
the immunogenicity of parent tumor cell lines. This
strengthens the cytolytic effects of CTLs on tumor cells
(trans apoptosis).
In this study, FB-11-transfected human gastric cancer
cells had lower tumorigenicity and newly-formed tumors
regressed in a short time. The control group had persistently
growing tumors, suggesting that FB-11 containing gastric
cancer cells acquires cis apoptosis as well as the ability to
induce strong immune responses. The mechanism for this
reaction is that with the co-stimulatory effects of B7-1,
CTL clones specific for the major epitopes on gastric cancer
cells are greatly amplified and B7-1 co-stimulatory signaling
uncovers the sub-dominant epitopes on the surface of
gastric cancer cells, causing the sub-dominant epitope-specific
CTL precursors activation and proliferation of and induction
of immune reactions[31,32]. However, these sub-dominant
epitopes are not able to induce immune reactions in usual
cases. Primary tumors in C57BL/6 mice inoculated with
FB-11-transfected human gastric cancer cells can regress,
and reimplantation of wild-type gastric cancer cell lines in
mice sensitized with FB-11-transfected gastric cancer cells
cannot result in new tumor formation. The reason for this
is that tumor-specific CTL clones are activated by the subdominant epitopes on gastric cancer cell surface and the
co-stimulatory molecule B7-1. Hereby immune responses
occur immediately upon the inoculation with wild-type cancer
cells with the same antigens. The activation of T cells
requires the co-stimulatory signal of B7-1. But in the postactivation effect phase, most researchers believe that the
participation of B7-1 is not essential, which is in contradiction
with other studies[33,34,]. In the present study, results of the
protective immune test showed that mice sensitized with
FB-11-transfected gastric carcinoma cells rejected new
implant of wild-type cancer cells, and activated CTLs had
efficient cytotoxic activity on FB-11+-cancer cells, suggesting
that the cytotoxicity of activated CTLs can be induced
without B7-1 co-stimulatory signaling. Results from cytotoxic
assay revealed that CTLs activated by FB-11+ gastric cancer
cells had greater killing activity on FB-11 + gastric cancer
cells than on wild-type cell lines, suggesting that both FasL
and B7-1 molecules play crucial roles in effect phase. The
probable mechanisms are as follows: The overexpression
of FasL recruits great many inflammatory cells, leading to
local immune responses. Released inflammatory cytokines
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can in turn enhance activation and proliferation of CTLs,
binding of B7-1 to CD28 facilitates adhesiveness between
lymphocytes and tumor cells, promotes the binding of
polypeptide-MHC complex to TCR, in other words, B7-1
can lower the threshold value of T cell responses. Therefore,
we propose that the molecule B7-1 is not essential in T cell
effect phase, but can boost the cytotoxic activity of T
cells.
In conclusion, tumor cells express Fas and FasL.
Overexpression of FasL/B7-1 genes in tumor cells do not
cause ‘immune counteraction’ against CTLs, but can elevate
Fas expression in tumor cells through inflammatory reactions,
which facilitates the performance of CTL cytotoxicity on
tumor cells. Overexpression of FasL can increase the
immunogenicity of gastric cancer cell lines in the presence
of overexpressed B7-1 gene, which promotes the development
of antitumor immunity in mice. Overexpression of both
tumor immunity-associated gene B7-1 and apoptosisinducing gene FasL in gastric cancer cell line can generate
synergistic anti-tumor activity.
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Abstract
AIM: To examine the aberrant expression of fragile histidine
triad (FHIT) gene and protein in gastric cancer, and to
evaluate the role of FHIT gene and the relationship between
FHIT gene and EBV infection in gastric carcinogenesis.
METHODS: FHIT transcripts were detected by nested RTPCR in 30 cases of gastric cancer and their products were
sequenced. FHIT protein was detected by Western blot.
EBV infection was detected by PCR method in 50 cases of
gastric cancer.
RESULTS: The wild type transcripts were detected in all
30 matched normal tissues of gastric cancer. Aberrant
transcripts were found in 11/30 (36.7%) gastric cancerous
tissues. Sequencing analysis of the aberrant fragments
found an RT-PCR product missing exons 5-7 in one case
of gastric cancer, and another product missing exons 4-7.
Four of ten (40.0%) cases of primary gastric cancer
showed absent or decreased expression of FHIT protein
as compared with their matched normal tissues. EBV was
detected in 5/50 (10%) gastric cancers, among which 4/5
(80%) had aberrant transcripts of FHIT gene.
CONCLUSION: Loss of FHIT gene or FHIT protein plays
an important role in carcinogenesis, development and
progression of gastric cancer. EBV infection might influence
carcinogenesis of gastric cancer by inducing the abnormality
of FHIT gene.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Gastric carcinogenesis has been thought to be associated
with its highly exposed risk factors such as Helicobacter pylori
infection[1] and excessive nitrite salt intake[2-4]. In recent years,
close attention has been paid to the carcinogenic factor of
Epstein-Barr virus (EBV)[5-8]. It has been known that multiple
oncogenes and tumor suppressor genes are involved in
gastric carcinogenesis, however, no specific oncogenes and
tumor suppressor genes have been identified. Fragile
histidine triad (FHIT) gene, a tumor suppressor gene, is
located at chromosome 3p14.2 and contains the most
common aphidicolin-induced fragile site FRA3B[9]. FRA3B
is the non-randomly fragmental or fissured site through
chromosome’s spontaneous or induced actions, and also
susceptible to chromosome loss and rearra-ngement because
of the frequent fragmentation or fissure, which might be
related to tumorigenesis[9] . Moreover, one of the EBV
pathogenesis mechanisms might be related to the integration
of EBV DNA into FRA3B and consequently decreasing
FRA3B compliance[10]. Considering that FHIT contains the
FRA3B region, EBV might make FHIT inactivated leading
to carcinogenesis. In this paper, mRNA and protein
expression of FHIT gene, EBV infection and their relationship
in gastric carcinogenesis was determined.
MATERIALS AND METHODS
Materials
Specimens, including 50 cases of primary gastric cancerous
and matched distant normal gastric mucosal tissues, were
surgically resected at the First Hospital of China Medical
University without preoperative chemotherapy and
radiotherapy. They were put immediately into liquid nitrogen,
and reserved at -70 ℃. All cases were classified respectively
by Borrmann, WHO histological classification, Lauren
classification, invasive depth and lymph node metastasis.
Methods
DNA and RNA extraction DNA was extracted from frozen
gastric cancerous and normal mucosal tissues by standard
phenol–chloroform method[6,8], dissolved and reserved in
TE buffer[11]. RNA extraction was conducted according to
instruction of TRIzol reagent kit (GIBCO). Briefly: frozen
gastric tissues were ground into pieces, homogenized in l mL
TRIzol reagent using a homogenizer for 30 s, and incubated
for 5 min. and then 200 L chloroform was added and spun
by centrifugation at 3 000 r/min for 15 min. The aqueous
phase was transferred to another Eppendorf tube, 500 L
isoamyl alcohol was added and placed on ice for 1 h, and
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spun by centrifugation at 3 000 r/min for 15 min, finally,
the supernatant was discanded, RNA pellet was washed once
with 750 mL/L ethanol, dissolved in 1 mL/L DEPC sterile
water, and kept at -20 ℃.
PCR and nested RT-PCR PCR and nested RT-PCR were
used to amplify the EBV DNA and FHIT mRNA, respectively. Primer sequence for EBV was: (F)5’-CCAGACAGCAGCCAATTGTC-3’; (R)5’-GGTAGAAGACCCCCTCTTAC-3’. The PCR product was 129 bp in length, spanning
the BamH1-w of EBV. PCR amplification was carried out in
a final volume of 25 µL, containing 50 ng DNA, 0.5 µmol/L
of each primer, 200 µmol/L of each dNTP, and 0.5 U Taq
DNA polymerase (TaKaRa Ex TaqTM). The amplification
condition: an initial incubation at 94 ℃ for 3 min, followed
by 30 cycles of 94 ℃ for 30 s, 58 ℃ for 30 s and 72 ℃
for 1 min; and the final step of extension at 72 ℃ for 5 min.
The cDNA synthesis of RT-PCR referred to the instruction
of BcaBEST RNA PCR kit (TaKaRa). Nest-PCR primers
were: (F2)5’-ATCCTGGAAGCTTTGAAGCTGA-3’; (R2)
5’-TCACTGGTTGAAGAATACAGG-3’; (F1)5’-TCCGTA*CTGCTATCTACATC-3’; (Rl)5’-CATGCTGATTCAGTTCCTCTTGC-3’.First cycle of nest-PCR was the same
as aforementioned except for PCR reaction volume 25 L
containing 50 ng cDNA, 0.5 mmol/L of each outer primer
F2 and R2. The second cycle reaction system contained 5 L
of the first cycle product and 0.5 mmol/L of each inner primer
F1 and R1, the others were similar.
Polyacrylamide gel electrophoresis (PAGE) EBV PCR
products and nest-PCR products of FHIT gene in gastric
cancerous and matched normal tissues were run on 1.5%
agarose gel in 1× TBE buffer at a constant voltage of 60 V
for 1 h.
Sequencing Abnormal nest-PCR products confirmed with
agarose gel electrophoresis were cloned and sequenced by
AoKe Biology Company (Beijing, China).
Protein extraction Tissues were sheared and homogenized
in a homogenizer, added with suspending buffer containing
2 mmol/L EDTA, 10 mmol/L EGTA, 20 mol/L TrisHCl, pH 7.5, 56 g/L sucrose and 100 g/L PMSF, agitated
with ultrasonic instrument, then spun by centrifugation at 4 ℃
13 000 g for 1 h. The supernatants were collected for
Western blot.
Western blot Sixteen microliters of protein extracts were
added into 4 L 5× sampling buffer containing 130 mmol/L
Tris-Cl, pH 8.0, 200 mL/L glycerol, 46 g/L SDS, 20 g/L
DTT, pre-denatured at 96 ℃ for 10 min, run on 12%
polyacrylamide gel (PAGE), then transferred to pyroxylin
membrane at a voltage of 300 V for 2 h. The membrane
was soaked in 1×TBS for approximately 10 min, and rabbit
anti-human FHIT antibody (SANsc-8215, Gene Company
Ltd) added at room temperature overnight, rinsed with
1× TBS buffer, goat anti-rabbit IgG antibody (Zhongshan
Company, Beijing, China) added, shaken gently for 1 h, and
rinsed with 1× TBS again. Finally Horseradish peroxidase
(HRP) was added for 30 min and color development was
done with DAB for 15-30 min, and membrane was rinsed
with distilled water to stop reaction.
Statistic analysis
2-test was applied with SPSS software (version 10.0 for
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Windows). A P value of less than 0.05 was considered
statistically significant.

RESULTS
Abnormal transcripts of FHIT gene in gastric cancer
The normal transcripts (wild type, 707 bp) of FHIT gene
were detected out in 30 cases of matched normal gastric
mucosa. Abnormal transcripts were found in 11 of 30 cases
(36.7%) of gastric cancers, among which five were shorter
than 500 bp in length. Three cases of gastric cancers were
simultaneously accompanied with normal transcripts, one
with complete loss. Repeated experiments suggested that
there existed FHIT gene loss in gastric cancer (Figure 1).

M

N1

T1

N2 T2 N3

T3

N4 T4

N5

T5

1 057
770
495
210
162

M: PCR marker; N: normal mucosa; T: tumor tissue
Figure 1 Deletion of FHIT gene in gastric cancer. Lanes T3 and T4 show
truncated FHIT gene.

Sequencing results
After two abnormal transcripts were purified via gel electrophoresis, the following sequencing results showed that one lost
exons 5-7 of FHIT gene with a deletion of 297 bp and
connection of exon 4 and exon 8; the other lost exons 4-7,
with a deletion of 389 bp and connection of exon 3 and 8. In
addition, all losses occurred in exon joints (Figures 2 and 3).

exon 4↓exon 8

Figure 2 Sequencing analysis of abnormal FHIT gene expression. Arrow
indicates the splicing joint of FHIT gene exons 4 and 8.

exon 3 ↓exon 8

Figure 3 Sequencing analysis of abnormal FHIT gene expression. Arrow
indicates the splicing joint of FHIT gene exons 3 and 8.
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FHIT protein expression and EBV infection in gastric cancer
Western blot showed 4 of 10 cases (40.0%) of gastric
cancers had loss or decreased expression of FHIT protein
(Figure 4). EBV was detected in 5 of 50 (10%) cases of
gastric cancers (Figure 5), among which 4 out of 5 (80.0%)
has abnormal FHIT gene transcripts. The relationship
between EBV infection and FHIT gene expression in gastric
cancer is shown in Table 1.

N1
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T2

N3

T3
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Figure 4 Expression of FHIT protein in gastric cancer. Lane T1 shows the
deletion of FHIT protein. N: normal; T: tumor.
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Figure 5 Electrophoresis result of EBV in gastric cancer. Lanes 2, 6-8 show the
positive EBV infection.

Table 1 Relationship between EBV infection and FHIT transcripts
FHIT Transcripts
EBV

n

Abnormal

Normal

+

5

4

1

-

45

7

38

Sum

50

11

39

P = 0.006, EBV+ vs EBV-.

DISCUSSION
Exon 5 of FHIT gene is the first coding exon (initiation of
translation), adjacent to fragile site FRA3B. DNA repair
and rearrangement of FRA3B fissured site result in deletion
of FHIT gene exon. Exon 8 containing highly conserved
region, is a combing site of zinc ion and also the important
target region of FHIT gene loss. The coding protein of
FHIT gene, FHIT, a typical dinucleotide triphosphoric acid
hydrolase (Ap3A), could hydrolyze adenosine diphosphate
into ADP and AMP [12]. FHIT combines with mRNA cap
structure, making mRNA de-cap, loss of function, increasing
the probability of tumorigenesis[12] . FHIT combines with
its substrate and exerts tumor suppression by its compound,
which might be a signaling molecule and has more important
function than its hydrolase[13].
Our research showed that FHIT gene in 36.7% gastric
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cancers presented truncated or deleted transcripts, about
450, 350, and 280 bp in length, suggesting there were
different deletions of FHIT gene in gastric cancer. Sequencing
results showed FHIT gene had deletion of exons 5-7 and
4-7. The deleted sites of FHIT transcripts were all splicing
sites of FHIT gene exons, suggesting that deletion of FHIT
gene usually resulted from its abnormal splice.
Baffa et al [14] , reported that 53% gastric cancers had
abnormal transcripts of FHIT gene, and 67% showed loss
expression of FHIT protein. Huiping et al[15] , also reported
that 87% gastric caners presented abnormal transcripts of
FHIT gene. Ohta et al[16], discovered via nest RT-PCR that
53.6% gastric cancers and 37.5% large intestinal cancers
had abnormal transcripts of FHIT gene, suggesting deletion
of FHIT gene was common in gastric cancer. Abnormal
transcripts of FHIT gene often involved one or more exons’
deletion, and mostly occurred in the two important functional
exons 5 and 8, which were defined as types I and II,
respectively by Ohta et al[16]. Whether types I or II, abnormal
transcripts could not encode fully functional FHIT protein,
so the two exons’ deletion might play a very important role
in carcinomatous change of gastric mucosal epithelium. We
summarize the abnormalities of FHIT gene transcripts as
follows: (1) Exons 4-6 deletion; (2) exons 4-8 deletion; (3)
single one exon deletion such as exon 5 or exon 8; (4) whole
transcript’s deletion. The deletion of FHIT transcripts often
involved important functional exons 5 and 8, further
influencing the function of FHIT protein, resulting in a
decrease or loss of FHIT protein activity, which affected
catabolism of Ap3A and Ap4A. Accumulated intracellular
Ap3A and Ap4A could repress cell apoptosis, and induce
cell carcinomatous change[17-20].
Previous reports[21,22] showed that frequent deletions of
FHIT transcripts were accompanied with decrease or loss
of FHIT protein. Our researches showed that 40% gastric
cancers displayed decreased or depleted FHIT protein
(statistic analysis was not performed for fewer cases), and
all of them had lymph node metastasis, suggesting that a
decreased FHIT protein might be associated with lymph
node metastasis and poor prognosis. Otterson et al[23], found
that over-expression of FHIT protein could not suppress
the cell clonal formation and cell proliferation. When transfer
of normal FHIT gene into cancer cells without wide type
FHIT per se, the product FHIT protein, however, could not
suppress the cell growth. We presumed that the molecular
mechanism of FHIT gene might be intrinsically different
from the traditional tumor suppressor gene such as p53.
It has been found[5-7,24,25] that some gastric carcinomas are
associated with the infection of EBV since Shibata et al[26],
firstly reported their relationship. Most of the gastric carcinomas
associated with EBV (EBVaGC) occurred at cardia or body
of the stomach, or just appeared in the remnant gastric cancer,
and showed the malignant features such as poor differentiation
and infiltrated lymph nodes. We found five cases of gastric
cancers infected with EBV and simultaneously all of them
had lymph node metastasis, among which three cases were
poorly differentiated late-stage gastric cancers, one moderately
differentiated early-stage, and one poorly differentiated middlestage gastric cancer. From the view of clinicopathological
features, EBVaGC tended to be poorly differentiated, with
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lymph node metastasis, suggesting a poor prognosis of gastric
cancer.
Divergent opinions have been reported concerning the
molecular mechanism of EBVaGC. Some researchers[27-29]
proposed that EBVaGC was associated with the abnormality
of P53, Bcl-2, and TGF-, and microsatellite instability.
Chang et al[30], thought that there was no correlation between
the infection of EBV and gastric carcinomas. At present,
the mechanism of EBV in promoting gastric carcinogenesis
has been unknown. Ohta et al[16], discovered that abnormalities
of FHIT were frequently observed in some malignant tumors
in certain areas, such as nasopharyngeal carcinomas in China
and gastric cancers in Southeast Asia, and EBV might result
in abnormal FHIT gene by its integration into the region
of FRA3B. Four of the five gastric cancers with EBV
infection in our study presented abnormal transcripts,
indicating the close association between EBV and the
abnormality of FHIT gene, and even the cell carcinomatous
change. We also detected the loss of heterozygosity (LOH)
and microsatellite instability (MSI) in the same five cases.
LOH was observed at microsatellite sites D3S4103 (4/5),
D3S1300 (3/5), D3S1481 (2/5) and D3S1234 (2/5), while
MSI appeared at sites D3S1300 (1/5), D3S1481 (1/5) and
D3S1234 (1/5). As D3S4103, D3S1300 and D3S1481 all
located near exon 5 of FHIT gene, we presume that the
integrating site of EBV might be just near exon 5.
In conclusion, we supply some new clues for further
studies on the relations between abnormal FHIT and the
malignant biological behaviors of gastric cancer cells. The
studies of the relationship between EBV infection and
abnormality of FHIT gene also provide a new scientific basis
on pathogenesis of gastric cancer. By a certain mechanism
such as integration, EBV might result in FHIT gene
instability, down-regulate transcripts or truncated (deleted)
FHIT proteins, which are likely to play an important role in
gastric carcinogenesis, local infiltration and regional lymph
node metastasis.
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Abstract
AIM: To study the effect of IGF-1/IGF-1R and gastrin/
CCK-BR on carcinogenesis and development of human
gastric carcinoma and to explore its mechanism and
provide a credible theoretical foundation for early diagnosis
and molecular therapy of gastric carcinoma.
METHODS: mRNA expression levels of IGF-1/IGF-1R and
gastrin/CCK-BR were assessed by RT-PCR method in
gastric cancer tissues, adjacent mucosa, and tumor-free
tissues from 56 patients with gastric carcinoma and
normal gastric mucosae from 56 healthy controls. Tissue
specimens were obtained by biopsy and confirmed by
histological evaluation.
RESULTS: The mRNA levels of IGF-1/IGF-1R were
increased in gastric cancer tissues compared with normal
tissues from healthy controls and successively increased
in tumor-free tissues, adjacent mucosa, and gastric
cancer tissues. The mRNA levels of gastrin/CCK-BR were
increased in gastric cancer tissues compared with normal
tissues from healthy controls. There was a significant
difference between gastric cancer tissues and adjacent
mucosa and tumor-free tissues, but the mRNA levels of
gastrin were not significantly increased in adjacent
mucosa and gastric cancer tissues compared with tumorfree tissues. The mRNA levels of CCK-BR were increased
in gastric cancer tissues and adjacent mucosa compared
with tumor-free tissues, but not significantly increased in
adjacent mucosa and gastric cancer tissues compared
with gastric cancer tissues.
CONCLUSION: Overexpression of IGF-1/IGF-1R and
gastrin/CCK-BR promotes the disorderly proliferation of
gastric mucosa epithelia and it is of great significance in
the carcinogenesis and development of gastric carcinoma.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Gastric cancer is one of the most frequent neoplasms
and a leading cause of death worldwide. It is still the focus
of study to explore the mechanism of gastric carcinoma.
With the development in molecular biology technology,
research on the mechanism of gastric carcinoma has gone
deep into the molecular levels. Carcinogenesis is a
complicate process, which includes many steps, many
gene abnormities may be brought on this process. Some
researchers considered that the effect of protooncogenes,
the inactivation of many antioncogenes, the regulation of
many growth factors and their receptors, the accumulation
of gene mu tations and the imperfection of DNA
rehabilitation system might play important roles in the
carcinogenesis and development of gastric carcinoma.
There is evidence that the upregulation of certain growth
factors could play an important role in the promotion and
development of gastric cancer [1,2] .
The insulin-like growth factor system is widely involved
in human carcinogenesis[3]. The type 1 insulin-like growth
factor receptor (IGF-1R) is a transmembrane protein tyrosine
kinase, which mediates the biological effects of IGF-1 [4] ,
and plays an important role in both normal and abnormal
growth, particularly in anchorage independent growth. Some
investigators also provided evidence that insulin-like growth
factor-1 (IGF-1) and its receptor (IGF-1R) emerged as key
regulators of mitogenesis and tumorigenicity. It has been
well established that a functional IGF-1R is required for
cell growth and plays a crucial role in survival of various
transformed cells in vitro and in vivo[5]. When IGF-1 combines
with its receptor (IGF-1R), it has an important effect on
human metabolism of proteins and carbohydrates, and
stimulates cell proliferation, differentiation and apoptosis.
These changes of cell activity are the characteristics of
carcinoma cells. Durrant et al[6], have reported that IGF-1
could facilitate the growth of three cell strains of gastric
carcinoma in vitro. Peters et al[7], had found that IGF-1 and
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its membrane receptors played a critical role in the
carcinogenesis of several tumors, such as colorectal cancer.
More recently, numerous studies have demonstrated that
IGF-1R can play a critical role in regulation of carcinoma
metastasis and invasion, and that overexpression of IGF1R is an important component controlling the proliferation
of cervical carcinoma cells[8-10]. However, the mechanism
underlying gastric cancer and the exact role of IGF-1/IGF-R
in human gastric carcinogenesis and development remain
poorly understood.
Gastrin is one of the most extensively researched
gastrointestinal hormones and is of great significance in
sustaining normal physiological functions of gastrointestinal
tract. Research has demonstrated that gastrin can accelerate
the growth of cultured gastric carcinoma cells [11] and
transplanted human gastric carcinoma in naked mice[12] can
increase the synthesis of DNA and proteins. There is
evidence that expression of gastrin mRNA is increased in
gastric cancer and release of gastrin is increased in plasma
and gastric lumen of patients with gastric cancer[13] . So it
may be a link between gastrin and gastric cancer. The role
of gastrin in the carcinogenesis and development of gastric
cancer needs to be explored deeply.
Cholecystokinin B/gastrin receptors (CCK-BR) can stimulate
the secretion of gastric acid and cell proliferation[14,15]. The
expression of CCK-BR has been widely reported in colorectal
cancer[16,17]. However, the role of gastrin/CCK-BR in the
carcinogenesis and development of human gastric carcinoma
is still largely unknown.
The aim of the present study was to evaluate the
effect of IGF-1/IGF-1R and gastrin/CCK-BR on the
carcinogenesis and development of human gastric carcinoma,
and to explore its mechanism and provide a credible
theoretical foundation for early diagnosis and molecular
therapy of gastric carcinoma.

MATERIALS AND METHODS
Collection of tissue specimens
Fresh tissue specimens of gastric cancer tissues, adjacent
mucosa and tumor-free tissues were obtained from 56
patients with gastric carcinoma. Specimens of normal gastric
mucosae were from 56 healthy controls. The specimens
were immediately frozen in liquid nitrogen and stored at
-80 ℃. The diagnosis of specimens was based on the
pathological features of tumors and confirmed by pathological
histological evaluation.
Extraction of total RNA
The extraction of total RNA from tissues was carried out
as previously described[1]. Briefly, total RNA was extracted
using a guanidium isothiocyanate/phenol chloroform
single step extraction kit from Stratagene (Promega, USA)
based on the method previously described[18] . Following
precipitation, RNA was resuspended in RNase-free
water and its concentration was estimated by absorbance
at 260 nm wavelength. Furthermore, the quality of each
RNA sample was determined by agarose-formaldehyde
electrophoresis. RNA samples were stored at -80 ℃ until
analysis. The nucleotide sequences of primers are shown
in Table 1.
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Table 1 Specification of primer sets for polymerase chain reaction
analysis
Primer
IGF-1

Sequence

PCR product
(bp)

5’-CAACAAGCCCACAGGGTATGGC-3’
3’-GGAAACGAGACGTGCTCAATGGACA-5’

312

IGF-1R

5’-ATGCTGTTTGAACTGATGCGCA-3’
3’-GCCCCCGGCGTTCTTGCTCGCC-5’
5’-GTCTATGTGCTGATCTTTGCACTG-3’

354

Gastrin

3’-CTTGGTTCGAAGTCTCGGATCGGT-5’

323

CCK-BR

5’-GTGGCCTACGGGCTTATCTCTCGCGAGCTC
TACTTA-3’
3’-GACACAACCAACGGTCAAATATCACGG

357

TTGTGCA-5’
-actin

5’-GGCGGCACCACCATGTACCCT-3’
3’-TCATACTGCTCAGGCCGGGGA-5’

202

The primers were synthesized and purified by Cell
Biology Institute, Chinese Academy of Sciences.
RT-PCR analysis
RT-PCR analysis was done routinely according to instruction
of reagent box, using an access RT-PCR system (American
Promega Company). -actin was used as an inner-control
and the template dosage of cDNA was standardized. The
reaction conditions of RT-PCR were as follows.
IGF-1: denaturation at 94 ℃ for 30 s; annealing at 57 ℃
for 30 s; Extension at 72 ℃ for 2 min; 35 circles at 72 ℃
for 7 min and stored at 4 ℃.
IGF-1R: denaturation at 94 ℃ for 30 s; annealing at 54 ℃
for 30 s; extension at 72 ℃ for 1 min; 35 circles at 72 ℃
for 7 min and stored at 4 ℃.
Gastrin: denaturation at 94 ℃ for 30 s; annealing at 59 ℃
for 30 s; extension at 68 ℃ for 1 min; 35 circles at 72 ℃
for 7 min and stored at 4 ℃.
CCK-BR: denaturation at 94 ℃ for 30 s; annealing at
55 ℃ for 30 s; extension at 72 ℃ for 1 min; 35 circles at
72 ℃ for 7 min and stored at 4 ℃.
Electrophoresis
Ten microliters of the PCR products of IGF-1/IGF-1R and
gastrin/CCK-BR and -actin was detected by electrophoresis
on an 1.8% agarose gel. The results were scanned and
photographed by an automatic gel image analysis system
(Biotechnology Limited Corporation, Coldspring Harbor,
USA). The result was expressed as investigated PCR-product
of target factor/-actin mRNA ratio.
Data analysis
Data were presented as mean±SE. Statistical analysis was
performed using Student’s t test. P<0.05 was considered
statistically significant.

RESULTS
Quality and content of RNA
The extracted RNA showed two pieces of bands 18 and
28 s in the agarose gel electrophoresis. After RNA was
detected by an ultraviolet spectrophotometer, the A260/A280
ratio surpassed 1.7.
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Expression levels of mRNA in gastric carcinoma tissues and
normal gastric mucosa from healthy controls
The mRNA expression levels of IGF-1/IGF-1R and
gastrin/CCK-BR in gastric cancer tissues were all increased
significantly compared with normal mucosa from controls
(P<0.01). The result is shown in Table 2 and Figure 1.

Table 2 mRNA expression of IGF-1/IGF-1R and gastrin/CCK-BR in
gastric cancer tissues and normal mucosa from controls (mean±SE)
Type of
specimen

samples IGF-1/
-actin

Cancer tissues 56
Controls
56

IGF-1R/
-actin

Gastrin/
-actin

0.305±0.032b 0.129±0.011b
0.154±0.013 0.027±0.004

0.293±0.031b
0.169±0.017

CCK-BR/
-actin
0.159±0.018b
0.058±0.006

b

P<0.01 vs normal mucosa from controls.

Test factor/-actin

increased in tumor-free tissues, adjacent mucosa and gastric
cancer tissues. There was a significant difference between
gastric cancer tissues and adjacent mucosa and tumor-free
tissues (P<0.05), but there was no significant difference
between adjacent mucosa and tumor-free tissues (P>0.05).
The mRNA expression levels of CCK-BR were also
successively increased in tumor-free tissues, adjacent mucosa
and gastric cancer tissues. There was significant difference
in gastric cancer tissues and adjacent mucosa compared
with tumor-free tissues (P<0.05), but there was no significant
difference between gastric cancer tissues and adjacent
mucosa (P>0.05, Table 3).

Table 3 mRNA expression of IGF-1/IGF-1R and gastrin/CCK-BR in
three kinds of tissues from 56 patients with gastric carcinoma
(mean±SE)
Test factor/-actin

0.8

Cancer tissue

Adjacent mucosa

Tumor free

IGF-1/-actin

0.305±0.028c

0.220±0.023a

0.149±0.012

IGF-1R/-actin

0.129±0.011c

0.089±0.007a

0.047±0.006

Gastrin/-actin

0.284±0.024c

0.182±0.014

0.133±0.043

CCK-BR/-actin

0.169±0.016a

0.144±0.013a

0.049±0.014

Gastic cancer
Control

0.6
0.4

b

b

0.2

a

IGF-1

IGF-1R Gastrin CCK-BR

Figure 1 mRNA expression of IGF-1/IGF-1R and gastrin/CCK-BR in gastric
cancer tissues and normal mucosa from control bP<0.01 vs control.

mRNA expression levels of IGF-1/IGF-1R and gastrin/CCK-BR
in gastric cancer tissues, adjacent mucosa and tumor-free
tissues from patients with gastric carcinoma
The mRNA expression levels of gastrin were successively

M

1

2

P<0.05 vs tumor-free tissues. cP<0.05 vs adjacent mucosa.

b

b

0.0

A
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The RT-PCR amplified products of IGF-1, IGF-1R,
gastrin, CCK-BR and -actin in three kinds of tissues from
patients with gastric carcinoma were detected by electrophoresis
on an 1.8% agarose gel. The results are shown in Figure 2.

DISCUSSION
IGF-1 is a member of IGF family. It is a single chain
polypeptide (MW 7.65 ku) containing 70 amino acids and
6 exons[19]. Its biological responses are transmitted by IGF1R. The results of some studies showed that IGF-1 could
B

4

331

←IGF-1R (312 bp)
←-actin (202 bp)

242

M

1 2 3 4

404
←IGF-1R (354 bp)

331

190

242

←-actin (202 bp)

190

C

331

190

M

1

2

3

D

4

←Gastrin (323 bp)
←-actin (202 bp)

←CCK-BR (357 bp)

331

←-actin (202 bp)

190
M
Figure 2 RT-PCR amplified products of IGF-1/-actin. A: IGF-1R/-actin; B:
gastrin/-actin; C: and CCK-BR/-actin; D: detected by electrophoresis on
an 1.8% agarose gel. Lane 1: gastric cancer tissues; lane 2: adjacent mucosa;

1

2

3

4

lane 3: tumor-free tissues; lane 4: healthy controls; M: standard molecular
weight of DNA.
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stimulate numerous types of tumor cells proliferating
through binding to IGF-1R [20]. IGF-1R is a glycoprotein
tetramer located in cell membranes and involves 2  subunits
(MW 100-135 ku) with binding sites for ligands and 2 
subunits (MW 90-95 ku) containing transmembrane PTK
active areas[21]. IGF-1 not only has an important effect on
in vivo metabolism of proteins and carbohydrates through
binding to the cell-surface IGF-1 receptors (IGF-1R) but
also regulates cell activity including cell proliferation,
differentiation and apoptosis and these changes are the
characteristics of carcinoma cells. Experiments showed that
IGF-1 could stimulate cell DNA synthesis, upregulate
expression of cyclin D1 and motivate cell mitosis from
phase G1 to phase S in vitro. At the same time, it could
upregulate Bcl-2 and Bcl-xL levels and downregulate Bax
to inhibit cell apoptosis and stimulate cell proliferation[22].
The function of IGF-1R is similar to IGF-1 but it could
affect cell conversion. Other studies showed that IGF-1R
was overexpressed and the activity of IGF-1R was increased
in breast cancer[23,24]. Up to now, only a few studies on IGF1/IGF-1R mRNA expression in gastric carcinoma tissue
are available. In this study, we measured the expression of
IGF-1 and its receptors at mRNA level in order to analyze
the possible correlation between the activity of these genes
and cell proliferation in human gastric tumors. The results
showed that the mRNA expression levels of IGF-1/IGF1R were higher in cancer tissues than in normal gastric
tissues. We consider that IGF-1 overexpression could result
in overexpression of IGF-1R. The overexpressed IGF-1R
was bound to IGF-1 to stimulate gastric excess mucosa cell
proliferation, abnormal conversion and apoptosis, resulting
in gastric mucosa canceration. Our results clearly demonstrated
the important role of IGF-1/IGF-1R in the pathogenesis
of gastric cancer, including that the overexpression of IGF1/IGF-1R plays an important role in the carcinogenesis
and development of gastric carcinoma. In addition, it
supports the hypothesis that autocrine/paracrine stimulation
of cell growth by IGF-1, which may be an important
mechanism in the pathogenesis of invasive and metastatic
gastric cancer. The simultaneous targeting of growth factor
receptors in IGF-1-producing and -dependent cancer cells
might be a therapeutic strategy.
In an additional attempt to evaluate the mechanism of
IGF-1/IGF-1R potential contributions to gastric cancer
growth or progression, we detected the expression level of
tumor-free tissues, adjacent mucosa and gastric cancer
tissues. The result showed that the mRNA expression level
was successively increased in tumor-free tissues, adjacent
mucosa to gastric cancer tissues. These findings suggest
that there must be a molecular change during the transition
from normal to malignant gastric cells that allows IGF-1
or/and IGF-1R to play a stimulatory role. One possibility
was the activation or inactivation of a regulatory ‘switch’
molecule that alters cellular physiology in a way that favors
IGF-1/IGF-1R carcinogenesis role. But we do not know at
which step the overexpression of IGF-1/IGF-1R occurs
and which factors can regulate it. The mRNA expression
level of IGF-1/IGF-1R was obviously higher in gastric
cancer tissues and adjacent mucosa than in normal tissue.
So we deduced that the overexpression of IGF-1/IGF-1R
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might be used as an indicator for early diagnosis of gastric
carcinoma.
Gastrin is a member of gastrin/CCK family. It contains
three exons. Aside from the function of regulating the
secretion of gastric acid, we have found that it plays an
important role in the carcinogenesis. CCK-BR is a gastrin
receptor[25] and belongs to the G-protein correlative receptor
superfamily. It could activate a sequence of enzymic
reaction, and call Ca2+ inside cells, and finally activate protein
kinase C[26]. Gastrin/CCK-BR could also promote the
growth of gastric carcinoma[27,28], and proliferate gastric
carcinoma cells[29].
The present study found that mRNA of gastrin/CCKBR was expressed both in gastric carcinoma tissues and in
normal controls, but it was increased in gastric carcinoma
tissues compared with controls (P<0.01). This finding is
consistent with previous reports by Konturek et al[30]. It is
supposed that a self-secretive circle of gastrin-CCK-BR may
exist in gastric mucosa, which regulates the normal secretion
of gastric acid and proliferation of gastric mucosa cells. In
gastric carcinoma, overexpression of gastrin stimulates the
expression of CCK-BR. After combined with gastrin/CCKBR, proliferation of cells is gradually strengthened, then
goes into a disorderly state, and the synthesis of DNA and
proteins is increased abnormally, at last the formation of
carcinoma is accelerated. Therefore, it is preliminarily
considered that overexpression of gastrin/CCK-BR takes
part in the carcinogenesis and development of gastric
carcinoma. However, its mechanism should be further
studied.
With the research of gastric carcinoma deepended, it is
the focus to find out pathological changes in the prophase
of carcinoma and signs of early pathological changes.
However, the highly specific and sensitive method has not
been found until now. The present study detected the mRNA
expression levels of gastrin/CCK-BR in gastric cancer
tissues, adjacent mucosa and tumor-free tissues from
patients with gastric carcinoma. The results showed that
the levels were increased successively in tumor-free tissues,
adjacent mucosa and gastric cancer tissues. Moreover, the
mRNA expression of gastrin was increased in adjacent
mucosa tissues compared with tumor-free tissues (P>0.05).
After analyzing the above results, we believe that gastrin
and CCK-BR both take part in the carcinogenesis of gastric
carcinoma, but the increase of CCK-BR expression may
appear earlier than gastrin expression. As for the reasons, it
could be that many factors influence the carcinogenesis of
gastric carcinoma and the expression of CCK-BR is also
regulated by other members of gastrin/CCK-BR family,
such as CCK, so the change of CCK-BR expression is a
result of very complicated mutual regulation between
receptors and ligands. Early changes in mRNA expression
of CCK-BR may be of great significance in estimating the
early carcinogenesis of gastric carcinoma.
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Abstract
AIM: To investigate the relationship between matrix
metalloproteinase-2 (MMP-2) mRNA expression and
clinicopathologic and urokinase-type plasminogen activator
(uPA) system parameter and prognosis in human gastric
cancer.
METHODS: Expression of MMP-2 mRNA, uPA, and uPA-R
mRNA in tumor tissues and ≥5 cm adjacent normal tissues
from 67 cases of gastric cancer was studied using RTPCR and Northern blot respectively. Survival analyses were
done using the Kaplan-Meier method.
RESULTS: The expression rates of MMP-2 mRNA, uPA
and uPA-R mRNA in tumor tissues (31%, 41%, and 51%,
respectively) were significantly higher than those in ≥5 cm
adjacent tissues (19%, 11%, and 9%; 2 = 4.59, 43.58,
and 53.24 respectively, P <0.05, 0.0001, and 0.0001,
respectively). Expression of MMP-2 mRNA was significantly
correlated with lymph node metastasis (metastasis:
61.9%, no metastasis: 39.1%, 2 = 7.61, P<0.05), Lauren’s
classification of diffuse/mixed types: 54.2%, intestinal
type: 26.3%, 2 = 4.25, P<0.05, expression of uPA and
uPA-R mRNA (uPA+: 55.1%, uPA-: 22.2% and uPA-R+:
54.9%, uPA-R-: 18.8%, 2 = 5.72 and 6.40 respectively,
P<0.05). Kaplan-Meier survival analysis of MMP-2 mRNA
expression did not show significant difference in all 67
cases, but revealed an association of the expression of
MMP-2 mRNA, uPA, and uPA-R mRNA with worse prognosis
(P = 0.0083, 0.0160, and 0.0094, respectively).
CONCLUSION: MMP-2 may play an important role in the
development of invasion and metastasis of gastric cancer.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Gastric cancer is one of the leading malignancies in many
countries. In spite of radical surgeries, such as sub-total or
total gastrectomy combined with other modalities, its cure
rate is quite low because of local invasion and metastasis,
which are known to be associated with increased activities of
several proteolytic enzymes, including matrix metalloproteinase
(MMP) and plasminogen activators. MMP-2 (72 ku type
IV collagenase) is a member of the MMP gene family which
degrades the macromolecules of connective tissues and
ECM, such as collagen, proteoglycans, laminin and fibronectin.
Thus MMP-2 is believed to play an important role in tumor
invasion and metastasis[1]. Our studies have shown that
MMP-2 mRNA and protein are overexpressed in gastric
cancer and related to the clinicopathologic parameters of
cancer. In this context evaluation of MMP-2 expression in
esophageal cancer, ovarian cancer, meningiomas and other
tumors appears as a useful prognostic indicator[2-7]. MMP-2
has been detected preferentially on cells from advanced
gastric carcinoma by immunohistochemistry and an
association of MMP-2 with poor prognosis of cancer
patients has been suggested[7].
There are two types of plasminogen activators, urokinasetype plasminogen activator (uPA) and tissue-type plasminogen
activator. In particular, the uPA and its specific cell surface
receptor uPA-R, play important roles in tumor invasion and
metastasis. Tissue levels of uPA, uPA-R are higher in several
malignant tumors than those of the corresponding adjacent
normal tissues, such as gastric cancer and esophageal squamous
cell carcinoma[8-10]. Many studies have shown that inhibition
of uPA activity or uPA binding to uPA-R results in the
suppression of tumor growth and reduces or abolishes
formation of metastasis[11].
The current study was designed to examine the possible
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association between the expression of MMP-2 mRNA and
clinicopathologic and uPA system parameters and prognosis
in human gastric cancer.

MATERIALS AND METHODS
Samples
The samples of tumor tissue and ≥5 cm adjacent normal
tissues from 67 gastric cancer patients were obtained from
the Surgery Department of our hospital and People’s
Hospital of Yunhe County, Zhejiang. Gastric tissues from
10 benign ulcer patients after partial gastrectomy were used
as controls. The histological diagnosis was made by the
pathologists of these two hospitals. Patients’ clinical features
are shown in Table 1. The mean age was 62.2 years (SD 9.3,
range 23-78 years), the male/female ratio was 1.79 (43/24).
All samples were quenched in liquid nitrogen immediately
after operation and then stored at -70 ℃ for study.
Table 1 Relationship between MMP-2 mRNA expression and clinicopathologic and uPA system parameters
Variable

Case number

Expression of
2
MMP-2 mRNA, n (%)

P

Depth of invasion
Early cancer

11

3 (27.3)

Advanced cancer

56

28 (50.0)

Differentiation
Well-moderate
Poor

1.91

>0.05

0.65

>0.05

16

6 (43.8)

51

25 (47.1)

21
46

13 (61.9)
18 (39.1)

7.61

<0.01

8

6 (75.0)

3.01

>0.05

59

25 (42.4)
3.49

>0.05

4.25

<0.05

Lymph node metastasis
Positive
Negative
Liver metastasis
Positive
Negative
TNM stage
I+II

13

3 (23.1)

III+IV

54

28 (51.9)

48

26 (54.2)

19

5 (26.3)

49
18

27 (55.1)
4 (22.2)

5.72

<0.05

Positive

51

28 (54.9)

6.40

<0.05

Negative

16

3 (18.8)

Lauren’s classification
Diffuse/mixed types
Intestinal type
uPA mRNA
Positive
Negative

BSA, 100 pole random six-polyoligonucleotide and 100 U
MMLV reverse transcriptase. The reverse transcriptional
condition was at 37 ℃ for 1 h, and at 95 ℃ for 5 min.
Twenty microliters of cDNA reverse transcriptase product
was put in PCR reaction solution containing 100 mmol/L
MgCl2, 200 mg/mL BSA, 30 pmoL sense and anti-sense
primers, and then 2 U Taq DNA polymerase was added
in the solution. The PCR amplification conditions were:
denaturation at 95 ℃ for 1 min, annealing at 65 ℃ for
1 min and extension at 72 ℃ for 1 min for 35 cycles. Ten
microliters of DNA amplified product was subjected to
electrophoresis in 4% agarose gel, stained with ethidium
bromide and observed under ultraviolet light. The photographs
of PCR results were used to measure the level of optical
density (A) of MMP-2 cDNA bands by densitometry
(Backman CD 2000).
Northern blot analysis of uPA and uPA-R mRNA
The probes of uPA and uPA-R cDNA encoding the PGEM
recombinant plasmid of human uPA cDNA 387 bp Acc IBgLII and uPAR cDNA 585 bp BamHI respectively were
provided by Shanghai Sangon Biotechnology and -actin
DNA probe (1.0 kb) was provided by Huamei Biotechnology.
All probes used in Northern blot analysis were labeled with
-32P-dCTP in Shanghai Sangon Biotechnology. Total RNA
was isolated from frozen tumor tissue and ≥5 cm adjacent
normal tissues using a guanidine isothiocyanate method[12].
Twenty-five micrograms of total RNA was fractionated in
0.8% agarose gel containing 1% formaldehyde at 30 V
overnight, transferred to a nylon membrane and fixed by
UV cross-linking. The filter was hybridized at 80 ℃ for 2 h
with a radioactive labeled probe in ExpressHyb solution
(Clontech), washed with 2×SSC/0.05% SDS for 40 min at
room temperature and then with 0.1×SSC/0.1% SDS for
40 min at 50 ℃. The probe was removed from the blot by
incubating with 0.5% SDS in H2O at 90 ℃ for 10 min. The
filter was then re-equilibrated in the ExpressHyb solution
and reprobed with a new sequence. The hybridization
signals were quantitated by scanning the autoradiograms
with a laser densitometer (Computing Densitometer Model
QTM970), and normalized to the quantity of mRNA and
the specific activity of different probes.

uPA-RmRNA

RT-PCR analysis of MMP-2 mRNA
dNTP, RNAsin and MMLV reverse transcriptase and Taq
DNA were provided by Stratagene, La Jolla, CA, USA.
MMP-2 primer pair was synthesized by Shanghai Cell
Research Institute, Chinese Academy of Sciences and its
sense and anti-sense were 5’-ACAAAGAGTGGCAGTGCAA-3’ and 5’-CACGAGCAAAGGCATCATCC-3’
respectively. The expected size of MMP-2 product was
302 bp. Total RNA was extracted from frozen tissues
by cesium chloride purifying method. A total amount of
20 L reaction solution contained 5 g RNA sample tissue,
1 mmol/L dNTP, 10 U RNAsin, 100 mmol/L Tris-HCl
pH 8.4, 50 mmol/L KCl, 2.5 mmol/L MgCl2, 200 mg/mL

Statistical analysis
The significance of differences in expression rates and A
values among groups was determined by 2 test and
Student’s t-test respectively. Kaplan-Meier analysis was used
to evaluate group oriented life-table curves which were
confirmed by log-rank statistics. P<0.05 was considered
statistically significant. All statistical analyses were performed
using SPSS software.

RESULTS
Expression of MMP-2, uPA, and uPA-R mRNA in tumor and
adjacent tissues
In 67 cases of gastric cancer, the positive rate of MMP-2
mRNA expression was significantly higher in tumor tissues
(expressed in 31 cases) than in ≥5 cm adjacent normal
ones (expressed in 19) (2 = 4.59, P<0.05, Figure 1). The A
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values of MMP-2 cDNA in 10 normal controls were very
low and considered to be negative. The average A value of
MMP-2 cDNA was 4.05 times higher in tumor tissues than
in ≥5 cm adjacent normal tissues (t = 3.437, P<0.01). The
positive rates of uPA and uPA-R mRNA expression were
significantly higher in tumor tissues (expressed in 49 and 52
cases respectively) than in ≥5 cm adjacent normal
(expressed in 11 and 9 respectively), (2 = 43.58 and 53.24
respectively, P<0.001). The average IOD value of uPA
and uPA-R was 5.1 and 5.5 times higher in tumor tissues
than in ≥5 cm adjacent normal ones (t = 3.841 and 4.026,
P<0.001, Figure 2).
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a mean survival time (MST) of 30.41 mo and in 36 negative
cases (MST: 46.51 months, P = 0.1321, Figure 3). Among
the 48 cases of Lauren’s diffuse/mixed types, MST of 26
positive cases (25.05 mo) was significantly lower than that
of 22 negative cases (51.77 mo, P = 0.0083). Among the
49 positive cases of uPA mRNA, MST of 27 positive cases
(29.79 mo) was significantly lower than that of 22 negative
cases (49.07 mo, P = 0.0160). Among the 51 positive cases
of uPA-R mRNA, MST of 28 positive cases (25.82 mo) was
significantly lower than that of 23 negative cases (52.11 mo,
P = 0.0094).

Survival (%)
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Figure 1 Expression of MMP-2 mRNA in gastric cancerous tissues and tumor
adjacent tissues. Lane M: DNA marker; lanes 1 and 2: gastric cancerous
tissues where MMP-2 mRNA is overexpressed; lanes 3 and 4: tumor adjacent
tissues; lane 5: normal control.
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Figure 2 Expression of uPA and uPA-R mRNA in gastric cancerous tissues
and tumor adjacent tissues. Lanes 1 and 4: normal controls; lanes 2 and 5:
tumor adjacent tissues; lanes 3 and 6: gastric cancerous tissues where uPA and
uPA-R mRNA are overexpressed; lanes 7: empty control.

Relationship between MMP-2 mRNA expression and
clinicopathologic and uPA system parameters (Table 1)
Although the expression rates of MMP-2 mRNA were lower
in cases with early cancer, MMP-2 mRNA expression in
tumor tissues correlated neither with depth of invasion,
differentiation and liver metastasis nor with TNM stage. A
significant correlation was seen, however, between lymph
node metastasis, Lauren’s classification and positive
expression of uPA and uPA-R mRNA (P<0.05).
Association between MMP-2mRNA expression and prognosis
of patients
Kaplan-Meier survival analysis of MMP-2 mRNA detection
did not show significant differences in 31 positive cases with

Figure 3 No significant differences between positive cases and negative
cases in Kaplan–Meier survival analysis of MMP-2 mRNA.

DISCUSSION
Studies have shown that MMP-2 is mainly expressed in
membrane of tumor cells while it cannot be detected in
normal gastric mucosal cells and that MMP-2 positive cells
are more numerous in poorly differentiated and advanced
gastric cancers than in well differentiated and early gastric
cancers[13-15]. Our previous study also revealed that MMP-2
mRNA and protein overexpressions are more significant
in poorly differentiated and advanced gastric cancer cells
than in well differentiated and early gastric cancer cells. In
the current study, MMP-2 mRNA could not be detected in
10 cases of normal controls, demonstrating that in normal
gastric tissues, MMP-2 is rarely expressed or the mRNA
level is too low to be detected. Schwartz et al [16], reported
that MMP-2 mRNA is expressed in invasive SK-GT1, SKGT5 and SK-GT6 cell lines but not in noninvasive SKGT2 and SK-GT4 cell lines. In ultrastructural study, MMP-2
mRNA is expressed markedly in cancer cells with rich false
feet and rapid movement in culture, but insignificantly
expressed in cancer cells with few false feet from unmetastatic
and uninvasive gastric cancerous tissues, indicating that
MMP-2 secretion is correlated with the invasion and metastasis
of gastric cancer[17,18]. Studies have shown that downregulation
of MMPs or reduction of MMP-2 expression results in
inhibition of tumor growth and reduces or abolishes formation
of metastasis[19,20]. In our study, the rates of positive MMP-2
mRNA expression were low in early gastric cancer with no
liver metastasis and stages I and II gastric cancer, but there
was no significant difference between MMP-2 mRNA
expression and the degree of invasion, differentiation, liver
metastasis and TNM stage of gastric cancer. However, the
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rates significantly increased in lymph node metastasis and
diffuse/mixed types. This phenomenon implies that gastric
cancer cells with more malignant and metastatic potential
may secrete much more MMP-2 protein. Sier et al [21],
reported that MMP-2 expression is significantly enhanced
in gastric cancerous tissues compared with that in adjacent
normal mucosal tissues. In our previous studies, adjacent
normal mucosal tissues had lower MMP-2 mRNA positive
expression and lower MMP-2 cDNA A than gastric
cancerous tissues. This study also showed that MMP-2
mRNA expression and MMP-2 A were higher in gastric
cancerous tissues than in ≥5 cm adjacent tissues. Although
the levels of MMP-2 cDNA signals in tumor-adjacent tissues
were lower than in tumor tissues, MMP-2 mRNA was
overexpressed in tumor-adjacent tissues, suggesting that both
gastric cancer cells and adjacent mesenchymal cells, including
fibrocytes, endothelium cells, macrophages, and lymphocytes
have the ability to secrete MMP-2. There may be information
exchange between cancer cells and these mesenchymal
cells through the dissolvable intercellular substances and
membrane cement factors, and such information exchange
may regulate the production of MMP-2. This may be very
important in elucidating the mechanism of invasion and
metastasis of cancer cells[22].
The role of MMP-2 protein and mRNA evaluation in
the prognostic judgment of gastric cancer is still controversial.
Mori et al[14], concluded that the expression of MT1-MMP
may influence prognosis via tumor invasion of gastric wall
and lymph node metastasis, and activation of MMP-2 may
be clinically relevant to the progression of gastric carcinoma
tumors. Caenazzo et al[15], suggested that the ratio of MT1MMP and MMP-2 mRNA of gastric carcinoma tissue is a
new preoperative molecular level prognostic factor for
gastric carcinoma. Allgayer et al [5] , showed that KaplanMeier survival analysis of immunohistochemical MMP-2
detection does not show significant differences in diseasefree and overall survival of curatively resected patients. In
diffuse types, however, a significant association of MMP-2
with disease-free and overall survival is revealed in curatively
resected patients. These results demonstrate that there is
an association of MMP-2 with prognosis of cancer patients.
For diffuse gastric cancers, MMP-2 is a significant prognostic
parameter; however, it is of no independent impact. In our
study, the average survival period of 31 MMP-2 mRNA
positive patients was shorter than that of negative ones,
but the difference did not show statistical significance. In
diffuse/mixed type, the average survival period was
significantly shorter than negative ones, which was similar
to the immunohistochemical results of Allgayer’s[5].
The uPA/uPA-R system not only takes part in tumor
formation, but also plays an important role in tumor invasion
and metastasis[23-26]. In this study, there was a significant
difference in uPA and uPA-R mRNA expression between
gastric cancer and adjacent tissues, and the IOD was
significantly higher in cancer tissues. Some studies reported
that the uPA and uPA-R protein activity in tumor center,
tumor border and adjacent normal tissue determined by
ELISA and immunohistochemistry decreases gradually,
which is similar to the results of our study[23]. These studies
show that either the protein or the mRNA level of uPA
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and/or uPA-R tends to decline following the decline of
malignant degree of tumors. uPA-R as the membrane-bound
center of the uPA system is able to concentrate on uPA
activity by focusing on receptor-bound uPA and enzymes
in the proteolytic cascade like MMP-2 may be activated,
resulting in stroma protein hydrolysis and tumor cell invasion
and metastasis[26-28]. Thus, MMP-2 and uPA/uPA-R system
co-operate during tumor invasion and metastasis. Allgayer
et al[5], reported a significant correlation between MMP-2
immunohistochemical detection and prognosis in cancers
with uPA-R but not uPA overexpressed. While in our study,
MMP-2 mRNA level in uPA and uPA-R positive patients
increased significantly. In 49 uPA and 51 uPA-R mRNA
positive patients, the survival time of MMP-2 positive
patients was significantly shorter than that of negative ones,
suggesting that MMP-2 can be designated as a prognostic
factor when MMP-2 activated enzymes such as uPA/uPAR are overexpressed[5,29] . In conclusion, MMP-2 mRNA
expression may play important roles in gastric cancer
formation, invasion, and metastasis.
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lower in cases with MVD over 39.5 and the positive
expressions of bFGFmRNA and MMP-9mRNA than those
with MVD less than 39.5 and the negative expressions of
bFGFmRNA and MMP-9mRNA.

Abstract

© 2005 The WJG Press and Elsevier Inc. All rights reserved.

AIM: To investigate the mRNA expressions of bFGF and
MMP-9 in gastric carcinomas so as to reveal their correlations
with tumor microvascular density (MVD), invasion,
metastasis, and prognosis.

Key words: Gastric neoplasm; bFGF; MMP-9; Microvascular
density; Prognosis

METHODS: In situ hybridization and immunohistochemical
techniques were used to detect the expressions of
bFGFmRNA and MMP-9mRNA and the proteins of CD34 in
105 specimens of gastric carcinomas.
RESULTS: In situ hybridization study showed that positive
rates of bFGF mRNA and MMP-9mRNA expressions were
60.95% and 59.19%; the mean MVD was 46.09±11.52
and 43.75±13.41, respectively in piece/0.72 mm2 in tumors
with bFGFmRNA and MMP-9mRNA positive expressions,
which were significantly higher than those with negative
expression (29.41±12.47; 33.45±13.92 piece/0.72 mm2,
respectively). The positive expression rates of bFGFmRNA
and MMP-9mRNA were correlated to the tumor invasion
depth (rs = 0.211, P = 0.031; rs = 0.335, P = 0.001), growing
pattern (rs = 0.324, P = 0.001; rs = 0.267, P = 0.006), vessel
invasion (rs = 0.579, P = 0.001; rs = 0.209, P = 0.032),
lymph node metastasis (rs = 0.405, P = 0.001; rs = 0.343,
P = 0.001) and distant metastasis (rs = 0.474, P = 0.001;
rs = 0.468, P = 0.001), but not correlated to tumor
type (rs = 0.134, P = 0.173; rs = 0.103, P = 0.145) and
differentiations (rs = 0.096, P = 0.332; rs = 0.102, P = 0.298).
The mean MVD was much higher in the tumors with
infiltrating growth at stage T3– T4 , with vessel invasion,
lymph node metastasis and distant metastasis than those
with expanding growth type (t = 10.105, P = 0.001) at
stage T1– T2 ( t = 5.961, P = 0.001), with non-vessel
invasion (t = 7.394, P = 0.001), non-lymph node metastasis
(t = 3.819, P = 0.01) and non-distant metastasis (t = 10.578,
P = 0.001). Positive correlation was observed between
MVD and the expressions of bFGFmRNA and MMP-9mRNA
(t = 3.207, P = 0.002; t = 7.035, P = 0.001, respectively).
The mean survival time and 5-year survival rate were

CONCLUSION: bFGF and MMP-9 promote the angiogenesis
of the gastric cancers. Detection of the expressions of
bFGF and MMP-9 can serve as a useful index to determine
the angiogenesis, invasion, metastasis, and prognosis of
gastric cancers.

Zhao ZS, Zhou JL, Yao GY, Ru GQ, Ma J, Ruan J. Correlative
studies on bFGF mRNA and MMP-9 mRNA expressions with
microvascular density, progression and prognosis of gastric
carcinomas. World J Gastroenterol 2005; 11(21): 3227-3233
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INTRODUCTION
The growth of solid carcinomas depends on the angiogenesis.
Induction of angiogenesis is the premise of the proliferation,
infiltration and metastasis of carcinomas. Among all known
regulating factors, bFGF is one of the most potent inducers
of the angiogenesis of carcinomas[1-7]. Matrix metalloproteinase9 (MMP-9) expression and distribution is also being observed
in carcinoma angiogenesis[8-15]. In some epithelial carcinomas,
MMP-9 can indirectly induce angiogenesis of carcinomas and
is correlated with carcinoma progression. Microvascular density
(MVD) is a quantitative index for carcinoma angiogenesis
and could serve as a marker for carcinoma prognosis[16-18].
Simultaneous study of bFGF and MMP-9 is of practical value
to reveal the mechanism and progression of gastric carcinoma
angiogenesis and its relationship to MVD using in situ
hybridization and immunohistochemical techniques, we
observed the expressions of bFGF and MMP-9 in gastric
carcinomas so as to explore the relationship of the carcinoma
angiogenesis with its filtration, metastasis, and other carcinoma
biological behaviors as well as the prognosis.
MATERIALS AND METHODS
Patients and tumor tissues
One hundred and five gastric carcinoma samples were
collected in the hospital from October 1986 to November
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1998. All the samples were fixed with formaldehyde and
paraffin embedded. Complete over 5-year follow-up data
are available for all these cases (follow-up ended in October
2002). Survival rate that was calculated from the day of
operation to the end of the follow-up or the date of death
was used due to the recurrence and metastasis. bFGF and
MMP-9 mRNA in situ hybridization and CD34 immunohistochemistry were carried out in all samples. The average age of
the cases was 57.6 years (38-78 years) and the ratio of male to
femalewas 2:1 (70:35). According to the classification standard
of WHO in 1997, 17 cases had papillary adenocarcinomas
while 37, 34, 9, and 8 had the tubular adenocarcinoma, poorlydifferentiatied adenocarcinomas, mucinous adenocarcinomas,
signet-ring cell carcinomas. Highly and intermediately
differentiated carcinomas were found in 63 cases while
poorly and undifferentiated carcinomas in 42 cases. Fortyeight cases had expansive growth carcinomas while 57 cases
had infiltrative growth carcinomas, and 20, 24, 32, and 29
cases had T1, T2, T3, and T4 carcinomas, respectively.
Carcinomas with vascular invasion were found in 76 cases
while non-vascular invasion carcinomas in 29 cases. Seventy
cases had lymph node metastasis while 35 cases had no
lymph node metastasis. Distant metastasis carcinomas were
found in 42 cases (liver metastasis 18 cases, peritoneum
metastasis 24 cases) while no distant metastasis in 63 cases.
Twenty control samples were collected from the same
gastric mucosa 5 cm away from the carcinoma tissues.
Histological treatment
In order to avoid the RNase contamination, all the glass slides,
slide covers and stain containers were treated with 0.1%
DEPC for 24 h. Gloves must be used when handling tissue
cutting and 10% SDS was used to clean the cutter. All the
sections were spread with 0.1% DEPC treated ddH2O.
The tissues were cut into 5-7 µmol/L in thickness and kept
at 4 ℃, and foil covered for HE stain, immunohistochemistry and in situ hybridization.
Reagents
(1) bFGF probes: Digoxin label oligonucleotides bFGF
probes were from Boshide Biological Technology Limited
Company, Wuhan, China, No. MK1054. The sequences
were 5’-GCCGT CGGGG TGGAT GCGCA GGAAG
AAGCC-3’; 5’-TTGAT AGACA CAACT CCTCT CTCTT
CTGCT-3’; 5’-ACCGG TAAGT ATTGT AGTTA TTAGA
TTCCA-3’ (2) MMP-9 probes: Digoxin label nucleotides
MMP-9 probes were from Boshide Biological Technology
Limited Company, Wuhan, China, No. MK1540. The
sequence were: 5’-TCCCT GCCCG AGACC GGTGA
GCTGG ATAGC-3’; 5’-CAACT CGGCG GGAGA CTGT
GCGTC TTCCC-3’; 5’-CCAGG TGGAC CAAGT
GGGCT ACGTG ACCTA-3’ (3) Immunohistochemical
reagents: CD34 (mouse anti-human) and Sp kit were from
Zhongshan Biotech Co., Beijing, China. The working
concentration of CD34 was 1:100.
In situ hybridization
All the slides, cover-slips and other containers were
autoclaved and treated with 0.1% DEPC ddH2O for 24 h.
All the buffers ware also treated with 0.1% DEPC. The
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tissues were routinely treated before in situ hybridization.
DEPC (0.1%) treated ddH2O was used to spread out the
sections, and the moderate temperature was used for drying
the sections, gradient ethanol was used for dehydration
with 3% H2O2 incubation for 10 min at room temperature.
Digestion was enabled with pepsin at 37 ℃ for 20 min,
0.5 mol/L PBS wash thrice at 5 min each, 20 mL hybridization
was used for each group with Probes, sealed and incubated
at wet chamber for 20 h at 45 ℃. Then the slides were
washed with 2×SSC for 5 min×3 min, and followed by
20 mL hybridization stabilization solution (2 mL A solution,
18 mL B solution) at 45 ℃ for hours incubation at wet
chamber. Post-hybridization washing was employed with
2×SSC-0.05×SSC for 2 h, following which the slides were
blocked with normal serum at 37 ℃ for 30 min. After
directly adding mouse-anti-digoxin antibody for 1 h at 37 ℃,
slides were washed with 0.5 mol/L PBS for 5 min×3 min,
then added SABC at 37 ℃ for 20 min and biotin-peroxidase
at 37 ℃ for 20 min. At last, the slides were washed with
0.5 mol/L PBS for 5 min×3 min, stained with DAB for
10 min and counter-stained with hematein for 8 min. No
probes hybridization solution and RNase treated sample
served as negative controls.
Immunohistochemistry
SP method was adopted according to the manual including
briefly, paraffin sectioning, antigen recovering, 3% H2O2
treatment to block endogenous peroxidase, goat serum for
blocking nonspecific reaction, 1st and 2nd antibodies followed
by streptavidin conjugated to horseradish with DAB as the
substrate. The negative is PBS used as the 1st antibody, and
the positive is from the kit.
Results evaluation
The cytoplasm of the bFGF and MMP-9mRNA appeared
as brown in color. Two hundred cells were chosen under
microscope to evaluate the stained cell number against the
total cell number in the field. Based on the positive cell
number, the criteria were set as follows: the negative (-)
having the positive cell number <10% or without positive
staining (-); (+) having 11-50% positive cells; (++) having
51-75% positive cells; and (+++) having >75% positive
cells. The MVD was calculated in the carcinoma tissues as
follows: first find the clear area under microscope with
endothelial cells and carcinoma cells, good background
contrast; among the carcinoma cells, the brown color staining
single cell or endothelial cell plexus is considered as one
vessel, then in ×200 fields, choose five unrepeated areas to
count the vessel number CD 34 positive vessels were used
as MVD expressed in mean±SD.
Statistical analysis
Statistical evaluation was performed using 2 test or Fisher’s
exact test to differentiate the rates of different groups, t-test
was used to analyze quantitative data, rank sum correlation
was analyzed with Spearman’s test. The survival rate was
estimated by the Kaplan-Meier method and analyzed by
means of log-rank test. P<0.05 was considered statistically
significant. SPSS 11.0 software for windows was employed
to analyze all the data.
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Table 1 Correlation of bFGF and MMP-9 mRNA expression and pathological parameters in 105 gastric carcinoma cases
bFGFmRNA
Groups

MMP-9mRNA

n

rs
–

+

++

+++

Growth pattern

P

0.324

Expansive

48

27

8

8

5

Infiltrative

57

14

7

20

16

Invasive depth
44

31

5

5

3

T3 –T 4

61

10

10

23

18

Vessel invasion
29

25

2

2

0

Present

76

16

13

26

21

Lymph node metastasis
35

25

4

4

2

Present

70

16

11

24

19

Distant metastasis

+++

27

12

9

0

17

13

21

6

26

11

6

1

18

14

24

5

17

7

4

1

27

18

26

5

21

6

7

1

23

19

23

5

0.001

0.405

Absent

++

0.031

0.579

Absent

+

0.001

0.211

T1 –T 2

rs
–

0.001

0.474

0.001

Absent

63

37

14

8

4

40

9

10

4

Present

42

4

1

20

17

4

16

20

2

RESULTS
bFGF mRNA expression and its correlation with pathological
parameters of gastric carcinoma
Two (10%) of the 20 cases of non-cancer gastric mucosa
had bFGF mRNA expression, and the light positive staining
was mainly located in the cytoplasm of the epithelium
around the neck area of gastric crypt, while 64 (61%) of
the 105 cases of gastric carcinoma had positive expression
with significant difference between the two groups
(Figure 1, 2 = 9.25, P = 0.025), The carcinoma cells had
brown staining in the cytoplasm and invaded the muscular
layer, peritoneum and greater omentum (Figure 1).
According to the clinicopathological parameters of gastric

0.267

0.006

0.335

0.001

0.209

0.032

0.343

0.001

0.468

0.001

cancer progression, bFGFmRNA positive expression had
different expressions in the different stages of the gastric
carcinomas (Table 1). No correlation was found between
bFGFmRNA positive expression and the histological types
of the carcinomas (rs = 0.134, P = 0.173), differentiation
(rs = 0.096, P = 0.332).
MMP-9mRNA expression and its correlation with gastric
carcinoma pathological parameters
Among the 105 gastric carcinoma cases, 61 cases showed
MMP-9mRNA positive expression cases where, accounting
for 58.1%, negative result was found in normal gastric
mucosa. The early stage of gastric carcinomas had positive
MMP-9mRNA expression (Figure 2), and the positive

A

B

C

D

Figure 1 Expression of bFGFmRNA in gastric carcinoma tissues. A: Positive
expression (+++) of bFGFmRNA in the plasma of gastric adenocarcinoma, ISH
×250; B: Positive expression (++) of bFGFmRNA in the plasma of gastric
adenocarcinoma, infiltrating stomach muscularis, ISH ×180; C: Positive

P

expression (++) of bFGFmRNA in the plasma of gastric adenocarcinoma,
infiltrating greater omentum, ISH ×250; D: Negative expression of bFGF mRNA
in normal gastric mucosa, ISH ×120.
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carcinoma cells were usually located near the edge of the
carcinoma filtration areas, and the involved greater
omentum and peritoneum were usually positive in MMP9mRNA expression (Figure 2). The correlation between
MMP-9mRNA positive expression and the pathological
parameters of gastric carcinoma is shown in Table 1. No
statistical correlation was revealed between MMP-9mRNA
positive expression and the carcinoma types (rs = 0.103,
P = 0.145) and differentiation (rs = 0.102, P = 0.298).
Correlation of MVD with gastric carcinoma pathological
parameters (Table 2 and Figure 3)

Table 2 MVD in different gastric carcinoma pathological parameters (number/0.72 mm2, mean±SD)
Groups

n

MVD

63
42

38.33±14.83
41.09±13.97

Expansive

48

34.70±15.23

Infiltrative
Invasive depth

57

43.42±12.64

T1–T 2

44

30.84±13.66

T3–T 4

61

45.64±11.69

Tumor differentiation
High-moderate
Low-undifferentiated

0.965

Growth pattern

Vessel invasion
Absent

29

25.69±10.11

76

44.68±12.33

35

27.07±11.33

70

45.62±11.69

Absent

63

31.30±12.97

Present

42

52.19±6.42

Present
Lymph node metastasis
Absent
Present
Distant metastasis

t

P

0.001

5.961

0.001

7.394

0.001

Number 21

Correlation of MVD with bFGFmRNA, MMP-9mRNA expression
(Table 3 and Figure 3)

Table 3 Correlation of MVD with bFGFmRNA , MMP-9mRNA expression in 105 cases of gastric cancer
Groups
bFGFmRNA
+-+++
MMP-mRNA
+-+++
-

n

MVD (number/0.72 mm2)

64
41

46.09±11.52
29.41±12.47

61
44

43.75±13.41
33.45±13.92

t

P

3.207

0.002

7.305

0.001

Correlation of bFGFmRNA and MMP-9mRNA expression
Positive correlation was observed between bFGFmRNA
and MMP-9mRNA expression (rs = 0.298, P = 0.045).
Correlation of MVD, bFGF, and MMP-9mRNA expression with
survival rate (Table 4 and Figure 4)

Table 4 Correlation of MVD, bFGF, and MMP-9mRNA expression
with survival rate
Groups

10.578

Volume 11

0.337

10.105

3.819

June 7, 2005

0.01

0.001

MVD
<39.5
≥39.5
bFGFmRNA
+-+++
MMP-mRNA
+-+++

A

B

C

D

Figure 2 Expression of MMP-9mRNA in gastric carcinoma tissues. A: Positive
expression (+++) of MMP-9mRNA in the plasma of early gastric adenocarcinoma,
ISH ×100; B: Positive expression (++) of MMP-9mRNA in the plasma of gastric
adenocarcinoma, infiltrating stomach muscularis, ISH ×120; C: Positive

n

Mean survival
time (mo)

Five-year
survival rate (%)

67
38

70.42±5.82
18.57±3.76

63.30 (42/67)
16.95 (6/38)

41
64

118.04±6.52
33.06±3.57

87.06 (38/41)
16.21 (10/64)

44
61

107.28±7.20
42.42±8.25

81.82 (36/44)
16.02 (9/61)

P
0.035

0.001

0.002

expression (++) of MMP-9mRNA in the plasma of gastric adenocarcinoma in
peritoneum cancer nodule, ISH ×180; D: Negative expression of MMp-9mRNA
in normal gastric mucosa, ISH ×180.
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B

Figure 3 Expression of CD34 protein in gastric carcinoma tissues. A: Positive
expression of CD34 in vascular endothelial cells of gastric adenocarcinoma. SP

×400; B: NO neovascularization and negative expression of CD34 protein in
normal gastric mucosa. SP ×280.

DISCUSSION
Carcinoma angiogenesis is induced by some angiogenesis
factors secreted by the carcinoma cells. bFGF is a patent
inducer for the mitosis of endothelial cells of vessels and
increases the chemiotaxis. Experiments confirmed that once
the carcinoma reached 2 mm in diameter (>1 million cells),
continued growth depends on the vascularization of the
carcinoma tissues to get fresh nutrients from the host, and
the newly formed vessels are infiltrative in nature[19-26]. The
newly formed vessels make the basal membrane incomplete,
forming broken spaces, and immature, resulting in carcinoma
cell metastasis. Our present study revealed that higher
expression of bFGF in carcinoma tissues than in the control
gastric mucosa correlated with the pathological parameters
of the tumor. Positive correlation was observed between
high expression of bFGF and short survival, indicating that
the angiogenesis of carcinoma is positively correlated with
the malignant biological behaviors. Also, the positive
correlation was found between bFGF expression and MVD,
indicating that bFGF is one of the important angiogenesis
factors for angiogenesis of carcinoma. Our data also showed
that in the primary carcinoma tissues and stroma around
the carcinomas, the average MVD was 44.68 in the 76 cases
of gastric carcinoma with vascular invasion, which was much
higher than that without vascular invasion (25.69), indicating
that angiogenesis of the carcinoma tissues is one of the
main biological behaviors of the carcinomas. We have found

that bFGF is mainly distributed in the cytoplasm of the
carcinoma cells, indicating that the carcinoma cells can
secrete bFGF. Further experiments demonstrate that bFGF
may be transmitted through the following routes to invade
the vessels and metastasize: (1) promote the proliferation
of the endothelial cells with faster blood supply to the
carcinoma tissues; (2) directly act on the carcinoma cells
and the cancer cell secretes all the enzymes to make the
metastasis easy[27]; (3) bFGF-mediated basal membrane is
immature and deficient[28] with higher permeability, making
it possible for the carcinoma cells to shed off and metastasize
into the blood system.
MMP-9 is one of the MMP members and plays an
important role in the degradation of extracellular matrix
(ECM). However, the degradation of the basal membrane
and matrix is important to immigration of the endothelial
cells in the angiogenesis. We believe MMP is a key factor in
the carcinoma angiogenesis[29]. MMPs can degrade ECM,
and participate in carcinoma angiogenesis. The carcinoma
angiogenesis must degrade not only the basal membrane,
but also the ECM. The carcinoma cells can secrete angiogenesis
factors such as bFGF, inducing the formation of MMPs.
Our study indicated that MVD is high when MMP-9 mRNA
was positive. The infiltration and metastasis is accompanied
with higher expression of MMP-9mRNA and higher
angiogenesis capability. In our study, the non-cancer gastric
tissue presented negative MMP-9 mRNA, but when the

A

B

C
1.2

1.0

bFGF mRNA (-)

0.8
0.6
0.4

bFGF mRNA (+)

0.2
0.0

1.0

MMP-9 mRNA (-)

0.8
0.6
0.4
MMP-9 mRNA (+)

0.2

20 40 60 80 100 120 140
Time after surgery (mo)

1.0

MVD<39.5

0.8
0.6
0.4

MVD≥39.5

0.2
0.0

0.0
0

Survival rate (%)

1.2
Survival rate (%)

Survival rate (%)

1.2

0

20 40 60 80 100 120 140
Time after surgery (mo)

Figure 4 Correlative studies on bFGF mRNA and MMP-9 mRNA expressions
with microvascular density, progression and prognosis of gastric carcinoma.
A: Kaplan-Meier survival curves of groups with positive and negative
bFGFmRNA expression in gastric adenocarcinoma (P<0.05); B: Kaplan-Meier

0

20 40 60 80 100 120 140
Time after surgery (mo)

survival curves of groups with positive and negative MMP-9mRNA expression
in gastric adenocarcinoma (P<0.05); C: Kaplan-Meier survival curves of groups
with MVD ≥ 39.5 and MVD<39.5 in gastric adenocarcinoma (P<0.05).
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carcinoma metastasized into peritoneum and liver, MMP-9
mRNA became more highly expressed than those without
metastasis. MVD was higher in 61 carcinoma cases with
positive MMP-9 mRNA expression than in the 41 cases
with negative MMP-9 mRNA, indicating that MMP-9
mRNA correlated with MVD and MMP-9 induced carcinoma
angiogenesis. MMP-9 positive expression is the basis of
carcinoma infiltration and metastasis. All these showed that
MMP-9mRNA positive expression correlated not only with
the filtration, but also with the degradation of ECM barrier
to invade blood vessels and metastasis, and MMP-9 can be
used as a marker of carcinoma metastasis and prognosis.
The solid carcinoma growth reached silent state when
its diameter reached 1.0-2.0 mm, when the growth and death
of the carcinoma cells reached a balanced state. But when
the angiogenesis begins, the carcinoma cells grow unlimitedly,
the blood vessels provided the nutrients that the carcinoma
cells need, which resulted in the faster infiltration and
metastasis. Our study showed that MVD was positively
correlated with carcinoma infiltrative growth, metastasis to
the muscular layers, lymph nodes, liver, and peritoneum,
indicating the infiltration and metastasis are related to
angiogenesis. MVD can be used as an prognosis marker
which corresponded to the study of Tomanek[30]. We also
found the positive correlation between bFGFmRNA and
MMP-9mRNA in gastric carcinoma tissues, both promoting
carcinoma angiogenesis. That is, bFGF promotes angiogenesis
while the endothelial cells secret enzymes such as MMP to
promote metastasis.
The Kaplan-Meier survival curve was drawn and
log-rank test indicated that bFGF and MMP-9 positive
expression was different from negative expression. No report
has been seen as to the relationship between bFGF, MMP-9,
and MVD and gastric carcinoma prognosis. The 41
bFGFmRNA negative cases in our study showed that the
mean survival rate was longer than that of 64 positive cases.
Statistical difference was revealed in the five-year survival
rate between the two groups. The 44 MMP-9 mRNA negative
carcinoma cases had longer survival rate than the 61 MMP-9
mRNA positive cases, indicating that bFGF and MMP-9
mRNA positive expression and MVD value ≥39.5 will result
in worse prognosis and can be used as an independent
prognosis marker.
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Abstract
AIM: To investigate the interrelationship between EpsteinBarr virus (EBV)-encoded proteins and cell proliferation,
apoptosis and apoptosis-related proteins in gastric carcinoma,
and to explore their role in gastric carcinogenesis.
METHODS: Tissues from 13 cases of EBV-associated
gastric carcinoma (EBVaGC) and 45 cases of matched
EBV-negative gastric carcinoma (EBVnGC) were collected,
and then subjected to analysis for apoptotic index (AI)
using the terminal deoxynucleotidyl transferase (TdT)mediated dUTP-biotin nick end-labeling (TUNEL) assay.
Nuclear cell proliferation-associated antigen ki-67 index
(KI), bcl-2, and p53 expression were examined by
immunohistochemistry. p53 mutation in exons 5-8 of 13
EBVaGC cases was determined by single-strand conformation
polymorphism (SSCP) and DNA sequencing. RT-PCR and
Southern hybridization were used to detect the expression
of nuclear antigens (EBNAs) 1 and 2, latent membrane
protein (LMP) 1, immediately early gene BZLF1 and early
genes BARF1 and BHRF1 in 13 EBVaGC cases.
RESULTS: The percentage of AI, KI and p53 overexpression
was significantly lower in the EBVaGC group than in the
EBVnGC group. However, bcl-2 expression did not show
significant difference between the two groups. p53 gene
mutations were not found in 13 EBVaGCs. Transcripts of
EBNA1 were detected in all 13 EBVaGCs, while both EBNA2
and LMP1 mRNA were not detected. Six of the thirteen
cases exhibited BZLF1 transcripts and two exhibited BHRF1
transcripts. BARF1 mRNA was detected in six cases.
CONCLUSION: Lower AI and KI may reflect a low biological
activity in EBVaGC. EBV infection is associated with p53

INTRODUCTION
The correlation between Epstein-Barr virus (EBV) infection
and gastric carcinoma is well known. EBV infection is found
in 2-16% of ordinary gastric adenocarcinoma cases and
80-100% gastric lymphoepithelioma-like carcinoma cases[1-4].
However, the pathogenic role of EBV in gastric carcinogenesis
remains to be elucidated. Recent studies have shown that
the form and expression of EBV encoded genes in gastric
carcinoma are different from those in Burkitt’s lymphoma
and nasopharyngeal carcinoma (NPC), suggesting that the
oncogenic mechanism of EBV in gastric carcinoma may
be unique[5,6]. In this study, we checked the expression of
EBV-encoded genes in EBV-associated gastric carcinoma
(EBVaGC) and compared cell proliferation and apoptosis
and expression of apoptosis-related proteins (bcl-2 and p53)
in EBVaGC with those of matched EBV-negative gastric
carcinoma (EBVnGC). Our aim was to investigate the
relationship between EBV-encoded proteins with cell
proliferation and apoptosis and apoptosis-related proteins
in gastric carcinoma, which might facilitate the understanding
of gastric carcinogenesis.
MATERIALS AND METHODS
Specimens and cases
Between January 2001 and December 2002, 185 surgically
resected specimens of gastric carcinoma were collected from
the Affiliated Hospital of Qingdao University Medical College,
Qingdao Municipal Hospital and Yantai Yuhuangding
Hospital. Tumor tissues from each surgical specimen were
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separately dissected. DNA was extracted by the standard
proteinase K-sodium dodecyl sulfate (SDS) method and
purified with phenol-chloroform. Total RNA was extracted
with TRIzol reagent (Gibco BRL, Gaithersburg, MD, USA)
according to the manufacturer’s instructions. The sections
were used for histopathological diagnosis, in situ hybridization
(ISH), immunohistochemical and TUNEL analysis. The
cases positive for EBV DNA by PCR-Southern assay were
further confirmed by ISH for EBER1 as previously
described[4,5,7]. The cases having EBER1 positive signals were
classified as EBVaGC group. EBVnGC cases with similar
clinicopathological data were chosen as the control group.
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were checked by TUNEL assay with the Apop-Tag TM
peroxidase kit (Zhongshan Biotechnology Company,
Beijing). Cell apoptosis was determined using the defined
morphological criteria[10,11]. TUNEL signals were detected
in nuclei of carcinoma cells with brown staining. Apoptotic
index (AI) was determined as the percentage of TUNELpositive carcinoma cells in comparison with the total
number of carcinoma cells in each specimen. Microscopic
magnification was 10×40. At least 1 000 tumor cells from
10 randomly selected fields were quantified.

RT-PCR and Southern hybridization analysis for EBV genes
expression
The sequence and genome coordinate of primers and probes
used to detect EBV transcripts are given in Table 1 [5,7-9] .
The probes were labeled with DIG-ddUTP by DIG
oligonucleotide 3’-end labeling kit (Roche Diagnostics,
Germany). Approximately 1 g RNA (treated with
DNAase I) of EBV-positive samples was subjected to cDNA
synthesis with reverse transcription system (Promega, USA).
PCR was performed as described previously[5]. The amplified
products were electrophoresed in 2% agarose gel, transferred
onto a Hybond N+ nylon membrane (Amersham Pharmacia
Biotec, Ireland) and subjected to hybridization with 3’-endDIG-labeled oligonucleotide probes. The hybridized signals
were detected by alkaline phosphatase (AP) conjugated antiDIG antibodies. The substrate of AP was CSPD (Roche
Diagnostics, Germany). cDNAs from EBV-immortalized
lymphoblastoid cell lines (LCL) were used as positive controls,
and those from EBV-negative Ramos cells as negative
controls. The integrity of RNA was checked by parallel
amplification of endogenous control gene glyceraldehyde3-phosphate dehydrogenase (GAPDH) mRNA.

Immunohistochemistry
Paraffin embedded sections of tissues from EBVaGC cases
and EBVnGC cases were immunostained by the standard
streptavidin-biotin-peroxidase method. The primary antibodies,
Do-7, sc-7382 and Ki-S35 (Santa Cruz Biotechnology, Inc.),
were anti-human mouse monoclonal antibodies against p53,
bcl-2 and ki-67, respectively. Phosphate buffered saline
(PBS), instead of the primary antibody, was used for negative
control sections. The sections of breast carcinoma tissue
with highly expressed p53 served as the positive control for
p53 staining while the sections of tonsil tissue expressing
both bcl-2 and ki-67 were used as positive control for bcl-2
and ki-67. The percentage of positively stained tumor
cells in each tumor section was evaluated by counting at
least 1 000 cells in 10 randomly selected high-power fields.
Brown staining for p53 and ki-67 was located in nuclei,
staining for bcl-2 protein was located in cytoplasm. The
section was considered as expressing the protein if cellular
staining was ≥5%[11,12]. p53 positivity was divided into two
grades: 5-50% positive cells (+) as lower expression, 50-100%
positive cells (++) as overexpression. Ki-67 index (KI) was
obtained as the percentage of ki-67-positive carcinoma cells
in comparison with the total number of carcinoma cells in
each specimen[10].

Detection of cell apoptosis by TUNEL assay
In order to observe cell apoptosis, paraffin embedded
sections of tissues from EBVaGC cases and EBVnGC cases

p53 mutation analysis by SSCP and DNA sequencing
p53 mutations were deter mined by single-strand
conformation polymorphism (SSCP) analysis with primers

Table 1 Sequence and co-ordinate of primers and probes for RT-PCR analysis
Transcript
EBNA1

Oligonucleotide sequence (5’-3’)
5’ primer

GATGAGCGTTTGGGAGAGCTGATTCTGCA

3’ primer

TCCTCGTCCATGGTTATCAC

Product size (bp)
273

Genome coordinate
67 510-67 539
108 075-108 056

probe

AGACCTGGGAGCAGATTCAC

EBNA2

5’ primer
3’ primer

GCTGCTACGCATTAGAGACC
TCCTGGTAGGGATTCGAGGG

LMP1

5’ primer

TCCTCCTCTTGGCGCTACTG

3’ primer
probe

TCATCACTGTGTCGTTGTCC
GAACAGCACAATTCCAAGGAACAATGCCTG

5’ primer

ATTGCACCTTGCCGCCACCTTTG

608

103 194-103 180

3’ primer

CGGCATTTTCTGGAAGCCACCCGA

102 486-102 463

probe
5’ primer

CACTGCTGCTGCTGTTTGAACAGT
GGCTGTCACCGCTTTCTTGG

203

102 772-102 795
165 560-165 579

3’ primer

AGGTGTTGGCACTTCTGTGG

probe

BZLF1

BARF1

probe
BHRF1

5’ primer
3’ primer
probe

67 608-67 627
339

47 892-47 911
48 616-48 597

490

169 383-169 364

CAGCACTGGCGTGTGACGTGGTGTAAGTT

48 391-48 420
168 740-168 759
169 061-169 090

165 762-165 743

CTGGTTTAAACTGGGCCCAGGAGAGGAGCA
GTCAAGGTTTCGTCTGTGTG
TTCTCTTGCTGCTAGCTCCA
ATGCACACGACTGTCCCGTATACAC

165 644-165 673
211

53 830-53 849
54 480-54 461
54 435-54 411
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of exons 5-8 [13]. Samples with putative mutations were
confirmed by DNA sequencing.
Statistical analysis
Qualitative data were analyzed by 2 test or the Fisher’s
exact test (two-tail). Quantificative data were expressed as
mean±SD and compared between the two groups by
Student’s t-test or t’-test. P <0.05 was considered statistically
significant. Software SAS 6.12 was employed to process
the data.

RESULTS
Clinicopathological features of EBVaGC and EBVnGC
There were 13 cases of EBVaGC among 185 cases of gastric
carcinoma (7.03%), 45 cases of EBVnGC with similar
clinicopathological data were chosen as the control group.
No statistical difference was found in age, sex, tumor location,
histological subtype, stage, or lymph node metastasis between
the two groups (Table 2).
Table 2 Comparison of clinicopathological data between EBVaGC
and EBVnGC patients

Age (yr) (mean±SD)1

EBVaGC
(n = 13)

EBVnGC
(n = 45)

59.76±10.17

57.31±14.05

P
0.5613 (t = 0.5844)

Sex
Male

13

35

0

10

Cardia/body

9

21

Antrum

4

24

12

41

1

4

Female

2

0.1466 ( = 2.1070)

June 7, 2005

M 1 2 3 4
bp
1 114→
900→
682→
501→
404→
320→
242→
190→
bp
1 114→
900→
682→
501→
404→
320→
242→
190→
bp
1 114→
900→
682→
501→
404→
320→
242→
190→
147→
124→
bp
1 114→
900→
682→
501→
404→
320→
242→
190→
147→
124→
bp
1 114→
900→
682→
501→
404→
320→
242→
190→
147→
124→
bp
1 114→
900→
682→
501→
404→
320→
242→
190→
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←608 bp BZLF1

←203 bp BARF1

←211 bp BHRF1

←273 bp EBNA1

←339 bp EBNA2

←490 bp LMP1

Tumor location
0.1516 (2 = 2.0566)

←450 bp GAPDH

Histological subtype
Adenocarcinoma
Signet ring carcinoma

0.6704 (2 = 0.1811)

Tumor differentiation
Moderate

1

7

12

38

Present

10

33

Absent

3

12

Poor

0.7890 (2 = 0.0716)

Figure 1 Detection of EBV-associated gene expression by RT-PCR and
Southern hybridization in EBVaGC. M: DIG-labeled DNA molecular weight marker
VIII (Roche); lane 1: EBV-positive LCL (positive control); lane 2: EBV-negative
Ramos cells (negative control); lanes 3-13: EBV-positive gastric carcinoma
samples.

Lymph node metastasis
0.9999 (2 = 0.0098)

Tumor stage2
Early
Advanced

0

1

13

44

1.0000

1

Age was compared using Student’s t test; 2Tumor stage was compared using twotailed Fisher’s exact test; the remainders, using 2-test.

Expression of EBV-associated genes in EBVaGC
We investigated the expression of EBV-associated genes in
13 EBVaGC cases by RT-PCR and Southern hybridization
analysis (Figure 1). The transcripts of EBNA1 were detected
in all 13 cases, while both EBNA2 and LMP1 mRNA were
not detected. Six of the thirteen cases exhibited BZLF1
transcripts and two exhibited BHRF1 transcripts. BARF1
mRNA was detected in six cases. GAPDH mRNA was
amplified to check pertinent RNA extraction. The result
showed that the RNA was integrity.

TUNEL for apoptosis and immunohistochemisty of ki-67, p53,
and bcl-2
Cell apoptosis by TUNEL and immunostaining of ki-67,
p53, and bcl-2 are shown in Figure 2. Both the mean values
of AI and KI were significantly lower in the EBVaGC group
than in the EBVnGC group (Table 3). The bcl-2 and p53
expression was 53.9% (7/13) and 84.6% (11/13), and p53
overexpression was15.4% (2/13) in EBVaGC group, while
they were 48.9 (22/45), 86.7% (39/45), and 57.8% (26/45)
respectively in EBVnGC group. The difference in p53
overexpression between EBVaGC and EBVnGC was
significant. However the difference in bcl-2 and p53 expression
between the two groups was not significant (Table 4).
p53 gene mutations
No mutation of p53 gene from exons 5-8 in tissues of 13
EBVaGC cases was detected by PCR-SSCP and DNA
sequencing analysis.
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A

B

C

D
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Figure 2 TUNEL for Cell apoptosis and immunohistochemistry of p53, bcl-2,
and ki-67. A: Apoptotic cells; B: Expression of p53; C: Expression of bcl-2; D:

Expression of ki-67. (Original magnification ×400).

Table 3 Apoptotic index and ki-67 index in EBVaGC and EBVnGC
(mean±SD)

EBVaGC had a lower rate of p53 overexpression than
EBVnGC, indicating that abnormal p53 expression is
associated with EBV infection. However, bcl-2 expression
did not correlate with the presence of EBV in EBVaGC. In
addition, the low rate of cell apoptosis and proliferation
may reflect a low biological activity in EBVaGC. The results
are inconsistent with previous studies[11,16,17]. For example,
Kume et al[16], found no correlation between p53 and EBV
infection, but found a lower rate of cell apoptosis and higher
bcl-2 expression in EBVaGC compared to EBVnGC,
suggesting that bcl-2 protein is the main inhibitor of
apoptosis in EBVaGC. Ishii et al[11], studied cell apoptosis,
bcl-2, and p53 expression in early and advanced stage of
EBVaGC and EBVnGC, and found p53 overexpression in
EBVaGC is significantly lower than in EBVnGC at early
stage. Cell apoptosis and bcl-2 expression between two
groups have no significant difference at advanced and early
stages. No correlation between bcl-2 and p53 expression
and presence of EBV is found in other study[17].
Some in vitro studies have shown that EBV-encoded
proteins during different replication phase play different roles
in regulating cell cycle and inhibiting cell apoptosis, which
includes LMP1, EBNA, BZLF1, BHRF1, and BARF1[18-22].
EBV-encoded proteins can interact with various kinds of
cell regulation factors, making regulation mechanism very
complicated. EBNA and LMP1 are the essential genes for
cell transformation. LMP1 can induce expression of bcl-2
and block p53-mediated apoptosis through the induction
of A20 gene in vitro[18,23]. EBV nuclear antigen leader proteins
(EBNA-LP) and EBNA2 are the earliest expressed proteins
in EBV-immortalized lymphoblastoid cells, and activate cell
cycle by inducing transcription of cyclin D2 and promoting
the induction of bcl-2 expression by LMP1[19,24]. Our study
and other studies failed to detect LMP1 and EBNA2 mRNA

EBVaGCs (n = 13)
EBVnGCs (n = 45)
1

AI

KI

0.97±0.41 1
2.03±0.60

28.25±6.282
37.86±14.52

t = 5.9795, P = 0.00001<0.01; 2t’ = 3.4579, P = 0.0012<0.01.

Table 4 bcl-2 and p53 expression in EBVaGC and EBVnGC
bcl-2

p53
expression

p53
overexpression

n
+

–

+

–

+

–

EBVaGC

13

7

6

11

2

2

11

EBVnGC

45

22

23

39

6

26

19

2

0.0991

0.0716

7.2593

P value

0.7529

0.7912

0.0085

DISCUSSION
EBV is encountered in a subset of tumors but its role in
gastric carcinogenesis is not quite understood. Several in
vivo studies explored the mechanisms by which EBV might
contribute to gastric carcinogenesis[10,11,14-17]. Methylation is
currently regarded as an alternative mechanism for silencing
tumor suppressor genes. In a recent publication more
frequent CpG islands methylation were found in EBVpositive gastric carcinomas than EBV-negative carcinomas,
suggesting that aberrant methylation might be an important
mechanism of EBV-related gastric carcinogenesis[14]. Other
studies focused on the relationship between EBV and
oncogenes or tumor suppressor genes in EBVaGC, but no
conclusive results have been reported[10-12,16,17]. In this study,
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in EBVaGC[5-7], suggesting that LMP1 and EBNA2 may
not be essential for tumor formation and not related with
cell proliferation and apoptosis, bcl-2, and p53 expression
in EBVaGC.
p53 protein is known as a tumor suppressor. The wildtype p53 controls cell proliferation and survival by inducing
G1/G2 cell cycle arrest and apoptosis. p53 abnormalities
play a critical role in oncogenesis. Several studies showed
that EBV-encoding proteins EBNA5 and BZLF1 can bind
to p53, possibly resulting in increased p53 half-life and
interference with p53 function[25,26]. BZLF1 regulates p53
function through multiple mechanisms in vitro. For example,
BZLF1 increases the level of cellular p53 by activating p53
transcription. However, BZLF1 can inhibit the function of
p53 by preventing induction of p53-dependent cellular
target genes, such as p21 and MDM2 [27,28]. In the present
study, p53 overexpression was lower in EBVaGC than
in EBVnGC. Most EBVaGC cases showed a weak p53
expression, but most EBVnGC cases showed strong
expression. Some previous studies also found lower level
expression of p53 in EBVaGC than in EBVnGC [12,29],
suggesting that the mechanism of p53 abnormal expression
in EBVaGC is different from that in EBVnGC. No p53
mutation was detected in 13 EBVaGC cases. However,
six cases exhibited BZLF1 mRNA, indicating the p53
accumulation in EBVaGC might not be a consequence of
mutation but a manifestation of upregulation on p53 by
EBV protein such as BZLF1. This viewpoint has been
proposed as an explanation for the overexpression of p53
in nasopharyngeal carcinomas in which p53 gene mutation
is uncommon[30,31]. Very few papers reported that p53 is not
inactivated by EBV[29,32]. van Rees et al[32], found an inverse
correlation between EBV positivity and loss of heterozygosity
(LOH) at chromosomal arm 17p, and also none of the
EBV-positive carcinomas showing p53 immunopositivity
in contrast to 39% of EBV-negative carcinomas (P<0.01),
indicating that p53 is not or differently inactivated in EBVrelated gastric carcinoma. It is conceivable that binding
with EBV proteins, instead of genetic alteration of p53
gene, lead to an accelerated degradation of p53 protein.
Further analysis of EBVnGC is needed to identify whether
overexpression of p53 is mutated or is derived from other
pathways.
bcl-2 is a protein best known for its suppression of
apoptosis. In vitro studies have shown that LMP1 and
EBNA2 can induce bcl-2 expression, but clinical studies
have failed to confirm this mechanism in vivo[11,17,30,33]. Our
study of gastric carcinoma showed that bcl-2 expression
did not appear to correlate with the presence of EBV or
viral LMP1 and EBNA2 expression. The possible explanations
are as follows. bcl-2 expression may not be necessary for
cancer cells in vivo as indicated by in vitro experiments. bcl-2
might localize at different cellular organelles in cancer
development, which makes it undetectable by light
microscopy. It is the balance between anti-apoptic and proapoptic members of the bcl-2 family that determine the
outcome. Therefore, it may be necessary to carry out further
studies to detect the expression of bcl-2-related proteins[11].
Early gene BHRF1 shows partial sequence homologous to
the human bcl-2 proto-oncogene, which is involved in
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inhibiting cell apoptosis. BHRF1 protein can inhibit
apoptosis of B lymphocytes and epithelial cells and promote
cell growth and transformation [21,34]. BARF1 shares
homology with the cellular proto-oncogene c-fms and is
able to immortalize epithelial cells and fibroblast cells and
B lymphocyte in vitro[6,35,36]. Furthermore, it can activate the
expression of bcl-2 [22] . We demonstrated that six of 13
EBVaGC cases exhibited BARF1 mRNA and two exhibited
BHRF1 mRNA. Zur Hausen et al [6] , also detected nine
BARF1-positive cases and two BHRF1-positive cases in 10
EBV-related gastric adenocarcinomas. Because EBVaGC
lacks the expression of LMP1 [5-7] , BARF1, and BHRF1
might provide an alternative way for the pathogenesis of
EBVaGC independent of LMP1.
In summary, this study showed that the mechanism by
which EBV inhibits cell apoptosis is not through the induction
of bcl-2 expression by EBNA2 or LMP1. BZLF1, BARF1
and BHRF1 may play important roles in inhibiting cell
apoptosis and tumorigenesis of EBVaGC through different
pathways.
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Abstract
AIM: To determine the correlation between methylation
status of 5’ CpG island of cyclooxygenase-2 (COX-2)
gene and protein expression in gastric cancer tissues
for distinguishing the molecular characters of gastric
cancers.
METHODS: Methylation status of 5’ CpG island of COX-2
gene was studied by PCR amplification after HpaII and
Hha I restrictive enzyme digestion; COX-2 expression was
evaluated by immunohistochemical method.
RESULTS: Hpa II and HhaI site were all methylated in 12
normal gastric mucosa tissues, whereas they were
demethylated in 77.27% (34/44) and 84.09% (37/44)
gastric cancer tissues, respectively. Expression of COX-2
was detected in 68.18% (30/44) gastric cancer tissues,
but no expression was found in normal gastric mucosa
tissues. In gastric cancer tissues, COX-2 expression
was correlated significantly with HpaII site demethylation
(29/30 vs 5/14, P<0.001 and HhaI site demethylation
(28/30 vs 9/14, P<0.05).
CONCLUSION: The demethylation of 5’ CpG island of
gene is necessary for COX-2 expression in human gastric
cancer. The expression status of COX-2 may provide
theoretical basis for COX-2 targeting gastric cancer
treatments.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Gastric cancer; Methylation; Cyclooxygenase-2
Wang BC, Guo CQ, Sun C, Sun QL, Liu GY, Li DG. Mechanism
and clinical significance of cyclooxygenase-2 expression
in gastric cancer. World J Gastroenterol 2005; 11(21):
3240-3244

http://www.wjgnet.com/1007-9327/11/3240.asp

INTRODUCTION
Cyclooxygenase (COX) is a rate-limiting enzyme involved
in the conversion of arachidonic acid to prostaglandins.
COX-1 is constitutively expressed in a variety of tissues;
COX-2 is induced by cytokines, growth factors, mitogens,
oncoproteins, etc. [1-4]. Overexpression of COX-2 has been
reported in various types of tumors and some precancerous
tissues[5-11]. Many epidemiological studies indicate that the
use of nonsteroidal anti-inflammatory drugs (NSAIDs) over
one year reduces the risk of esophageal[12] , gastric[13] and
colorectal cancers[14]. Inhibiting COX-2 activity reduces the
growth of polyps in APC△716 knockout mice[15] . Sulindac
and Celecoxib cause regression of colorectal adenomas in
patients with familial adenomatous polyposis (FAP)[16,17]. The
effects of NSAIDs will bring about a new approach to the
prevention and treatment of cancers, especially digestive
cancers. Unfortunately, the mechanisms of COX-2
expression have not been defined.
Aberrant DNA methylation exists in carcinoma
universally and is manifested as wide DNA hypomethylation
and local CpG island hypermethylation (mainly in the
promoter region). CpG island demethylation facilitates gene
transcription, resulting in oncogene activation [18] ,
chromosome instability[19,20], mutation hotspots[21,22], and
retrotransposon replacement[23]. CpG island hypermethylation
in the promoter is one of the predominant mechanisms of
inactivating various tumor suppressor genes in tumorigenesis.
Thus aberrant DNA methylation is regarded as ‘the third
tumorigenesis pathway’. In recent years, it was reported that
some cancer cell lines without COX-2 expression exhibit
hypermethylation of CpG island in the promoter or exon 1
region, and methylation-inhibiting agents restore expression
of COX-2[24,25], suggesting that COX-2 expression may be
related to the methylation status of 5’- CpG island of COX2 gene. Accordingly, we attempted to compare the methylation
status of 5’ CpG island around the transcriptional starting
site of COX-2 gene in the normal gastric mucosa and gastric
cancer in order to clarify the mechanisms for COX-2
expression, distinguish the molecular characteristics of gastric
cancers, and provide the theoretical basis for COX-2 in the
prevention and treatment of gastric cancer.
MATERIALS AND METHODS
Materials
Forty-four primary gastric cancer tissue specimens were
obtained from patients undergoing gastrectomy in the First
Affiliated Hospital of Zhengzhou University and Luoyang
Oriental Hospital. The age of patients ranged from 35 to
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71 years (a mean of 55.7 years). Twelve normal gastric
mucosal specimens adjacent to cancer were used as controls.
None of the patients received chemotherapy or radiation
therapy. All tissues were immediately frozen in liquid
nitrogen and stored at -80 ℃. Genomic DNA was isolated
by proteinase-K digestion and phenol-chloroform extraction
methods and stored at -20 ℃.
Methods
COX-2 gene methylation status analysis DNA methylation
status of CpG island at the 5’ end of COX-2 gene was
determined by restriction enzyme PCR as described
previously[26] . This method for distinguishing methylated
from unmethylated alleles in a gene is based on cutting by
methylation-sensitive restrictive enzymes (HpaII, HhaI)
and subsequently amplifying the gene fragment by PCR
using primers specific to sequences flanking the restrictive
enzyme cut sites. Design of COX-2 primers was based on
the following published sequences (D28235, AF044206):
5’-CAGCTTCCTGGGTTTCCGATT-3’ (sense) and 5’TTTGCTGTCTGAGGGCGTCT -3’ (antisense), 292 bp
product. One microgram genomic DNA was cut by 12 U
HpaII or HhaI (TaKaRa) in 20 L volume for 8h at 37 ℃.
PCR was performed using primer pairs described above,
under the following conditions: 25 L volume, PCR mix
containing 1× GC buffer, deoxynucleotide triphosphates
(0.3 mmol/L each), primers (1 mol/L each), enzyme-cut
DNA 200 ng, and 1.5 U LA Taq DNA polymerase (TaKaRa).
Amplification was carried out for 30 cycles at 94 ℃ for
45 s, at 56 ℃ for 30 s, at 72 ℃ for 30 s, final extension at
72 ℃ for 5 min. Positive control was performed using
genomic DNA lacking enzyme digestion. Four microliters
of PCR products were loaded onto 20 mg/L agarose gel,
stained with ethidium bromide, and visualized under UV
illumination.
Immunohistochemistry
Paraffin-embedded gastric tumor tissues were cut into 4 m
sections, then deparaffinized in xylene and rehydrated
through a series of alcohol and water. The slides were placed
in 10 mmol/L citrate buffer (pH 6.0) and microwaved for
15 min to enhance antigen exposure. The sections were
incubated in 30 mL/L hydrogen peroxide for 10 min to
quench endogenous peroxidase activity. Slides were then

A

B

Figure 2 Immunohistochemical analysis of COX-2 in gastric cancer. A: Negative
staining for histological normal gastric mucosa (×100); B: COX-2 expression in
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washed in PBS (pH 7.6) and incubated with PBS containing
normal rabbit serum for 30 min, followed by incubation
with primary goat antibody to COX-2 (SantaCruz) at 4 ℃
overnight. Sections were then incubated with a second
biotinylated antibody for 30 min before they were reacted
with DAB solution. In control slides, PBS was used instead
of the primary antibody. On the basis of the intensity and
the number of cells stained, expression of COX-2 was
defined as moderate to strong staining affecting more than
30% of the tumor area. The COX-2 staining was reviewed
by two immunohistochemistry experts independently.
Statistical analysis
2 or Fisher’s exact test was used, P<0.05 was considered
statistically significant. All analyses were performed using
SPSS 10.0 software.

RESULTS
Demethylation of HpaII and HhaI site was found in 34
(77.27%) and 37 (84.09%) of 44 gastric cancer tissue
specimens, respectively. Both sites were methylated in 12
normal gastric mucosa specimens (Figure 1). Expression
of COX-2 was negative in normal gastric mucosa specimens
but positive in 30 (68.18%) of 44 gastric cancer tissue
specimens. COX-2 protein was located in cytoplasm of
cancer cells (Figure 2).
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Figure 1 Methylation status of 5’ CpG island of COX-2 gene in normal
gastric mucosa and gastric cancer. Lanes 1-3: normal gastric mucosa;
lanes 4-6: gastric cancer tissue; lanes 1 and 4: positive control; lanes 2 and
5: HpaII digestion; lanes 3 and 6: HhaI digestion, lane 7: ΦX174-HaeIII
marker.

C

high differentiated cancer (×200); C: poorly differentiated cancer (×400).
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The study showed that demethylation of HpaII and HhaI
site was not significantly correlated with the tumor cell
differentiation degree, TNM staging, and lymph node
(LN) metastasis (P>0.05). COX-2 expression was
significantly higher in III/IV stage group than in I/II stage
group(24/31 vs 6/13, P<0.05). In gastric cancer with LN
metastasis, COX-2 expression was statistically higher than
that without LN metastasis (22/27 vs 8/17, P<0.05). There
was no significant difference in COX-2 expression between
high/moderate and poor differentiation groups (16/21 vs
14/23, P<0.05, Table 1).
Among the 30 cases of 44 gastric cancers with positive
COX-2 expression, 28 had demethylation of both HpaII
and HhaI site, one had methylation of HhaI site, and one
had methylation of both HpaII and HhaI site. In 14
COX-2 negative gastric cancer tissue specimens, four had
methylation of HpaII and HhaI site, five had demethylation
of HhaI site and HpaII site, one had demethylation of
HpaII site and methylation of HhaI site, and four had
demethylation of both HhaI and HpaII site. Demethylation
of DNA at HpaII and HhaI site was correlated significantly
with COX-2 expression in gastric cancer tissue (P<0.001,
P<0.05, Table 2).

Table 1 Relationship between HpaII and HhaI demethylation, COX-2
expression and clinical parameters in gastric cancers
HpaII

COX-2 expression

HhaI

n
D

M

D

M

+

–

Differentiation
High/moderate

21

18

3

19

2

16

5

Poor

23

16

7

18

5

14

9

13

8

5

9

4

6

7

31

26

5

28

3

24

7a

TNM staging
I/II

Lymph node metastasis
No

17

11

6

12

5

8

9

Yes

27

23

4

25

2

22

5c

a

P <0.05 vs I/II stage group, cP<0.05 vs no LN metastasis group, D: demethylation,
M: methylation.

Table 2 Correlation of HpaII and HhaI site demethylation and COX-2
expression
COX-2
expression

HpaII

HhaI

D

M

D

M

+

29

1

28

2

-

5

9b

9

5a

a

P<0.05 vs HhaI, bP<0.001 vs HpaII, D: demethylation, M: methylation.

DISCUSSION
The present study indicates that the demethylation of 5’
CpG islands of COX-2 gene may be a major cause for
COX-2 expression in human gastric cancer. Human COX-2
gene is located in 1q 25.2-25.3, consisting of 10 exons and 9
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introns. In the 5’-flanking region, there is a CpG island
containing many transcription factor binding sites including
cAMP response element (CRE), NF-B, Sp-1, TATA box,
etc.[27]. We chose a 292 bp region in the up- and downstream
of the transcriptional starting codon from -194 to +98
(containing 14 CpG sites with G+C content of 51% and
an observed/expected presence of CpG of 0.75), which
meets the established criteria for a CpG island [28,29].
According to our results, unlike that being fully methylated
in normal gastric mucosa specimens, the 5’ CpG island of
COX-2 was demethylated in most gastric cancer tissue
specimens. Moreover, the demethylation was correlated
significantly with COX-2 expression. Song et al[25], reported
that CpG island is completely methylated in human gastric
carcinoma cell line SUN-601, and treatment of the
demethylating agent 5-aza-deoxycitidine reactivates the
expression of COX-2 and restores IL-1 sensitivity.
Akhtar et al [30], found that gastric carcinoma cell lines
ASG and KATO III, possessing methylated promoters,
do not express COX-2, and have no response to H pylori
stimulation, but treatment with 5-aza-cytidine and H pylori
subsequently causes significant COX-2 expression. These
results suggest that 5’ CpG island demethylation may be a
prerequisite factor for expression of COX-2 gene. It has
been suggested that many stimulators can regulate the
expression of COX-2 gene through complex signal
transduction pathways acting on transcriptional-regulatory
elements, or improving COX-2 mRNA stability through
binding to AU-rich element in 3' untranslated region[31,32].
These results lead us to assume that in the early stage of
gastric cancer, COX-2 gene is firstly demethylated by
unknown mechanisms and then begins to transcript under
the co-effects of many transcriptional factors. In our study,
5’ CpG island of COX-2 gene was partially or completely
demethylated in 10 cancer tissue specimens without
COX-2 expression, but was methylated in two cancer
tissue specimens with COX-2 expression, suggesting that
the interaction between suppressive effects of CpG island
methylation and activation effects of transcriptional
factors may influence the transcription of COX-2, namely,
a COX-2 gene with demethylated CpG island, if there
is no activation of transcriptional factors, may also be in
transcriptional silencing.
We found that in 22.73% (10/44) gastric cancer tissue
specimens, COX-2 gene exhibited a methylated CpG island.
Toyota et al [33,34], reported that a subset of gastric and
colorectal cancers present a CpG island methylator
phenotype (CIMP), which is characterized by simultaneous
methylation of multiple CpG islands of many genes,
including p16, THBS1, and hMLH1. It was suggested that
CpG island methylation of COX-2 is strongly correlated
with CIMP + in gastric cancer [24]. Interestingly, K-ras
mutations are frequently found in CIMP+ colorectal cancer,
compared with CIMP– cases having higher P53 mutations[35],
and P 53 could suppress the expression of COX-2 [36].
Furthermore, overexpression of COX-2 is less frequent in
gastric cancer with microsatellite instability (MSI) than in
that without MSI [37] which is mainly resulted from
methylation of hMLH1[38]. These findings suggest that the
COX-2 expression status represents different pathways of
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gastric carcinogenesis. COX-2 unexpressed cases have
abnormally high methylating potential of CpG island of
many genes, including COX-2 gene.
Based on this research, we propose to divide gastric
cancer into two groups according to the expression status
of COX-2. The clinical treatment targeting COX-2
correspondingly need different strategies. Most gastric
cancers are COX-2 positive, COX-2 inhibitors may get
favorable curative effects[16,17]. The other cases are COX-2
negative, which mainly resulted from transcriptional
silencing caused by 5’ CpG island methylation of the gene.
Demethylating agents may exert beneficial therapeutic
effects [39], but further study is needed to address these
deductions.
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Abstract
AIM: To assess the expression of Ki67 as prognosticator
in rectal/recto sigmoid cancer.
METHODS: Samples from 146 patients with rectal and
recto sigmoid cancer were studied for expression of Ki67
and its prognostic significance in comparison with clinicopathological predictors of survival. Formalin-fixed,
paraffin-embedded tissues from 6 (4.1%) patients with
T1, 26 (17.8%) with T2, 94 (64.4%) with T3, and 20
(13.7%) with T4 tumors were studied. Ki67 expression
was determined immunohistochemically. Samples were
divided according to mean value into high (>40%) and
low (≤40%) expression. Areas of extensive proliferation
(>50%) were defined as ‘hot spot’ areas.
RESULTS: Hot spot areas were present in samples
regardless of histopathological grade. Lower TNM and
Dukes stage and higher expression of Ki67 and presence
of Ki67 hot spot areas in histopathological samples were
associated with better survival, whereas no association
was observed with histopathological grade (P = 0.78). In
Cox multivariate regression analysis, significant prognostic
factors were Dukes stage (P<0.001), presence of lymph
node metastases (P = 0.015), age (P = 0.035) and
presence of Ki67 hot spot areas (P = 0.044).
CONCLUSION: Proliferative activity as measured by Ki67
in rectal cancer is associated with survival improvement
compared with patients with low Ki67. Areas of prognostically
significant increased proliferation were found independently
of histopathological tumor grade.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Colorectal cancer is the third most common cancer in the
Western world and constitutes the second leading cause of
cancer deaths[1]. Its incidence has been increasing steadily during
recent years. The tumor biology of rectal adenocarcinoma
is different from that of upper colon cancers. Rectal cancer
is characterized by particular biological and genetic features
and clinical behavior[2].
Ki67 is a proliferation antigen which is expressed
during all phases of the cell cycle except for the resting of
cells in G0[3]. Ki67 can be detected in proliferating cells in
both frozen and paraffin-embedded tissue[4]. This specific
immunoreactivity is associated with tumor proliferation[3]
and the Ki67 labeling index has prognostic significance in
various types of carcinomas. In many cancers, including
cancer of the breast, malignant lymphomas and astrocytomas,
a high proliferation rate expressed by Ki67 antigen has been
shown to have prognostic significance[5-8].
In colorectal cancer, contradictory results have been
reported on associations of Ki67 with prognosis and
survival. Palmqvist and collaborators[9] reported colorectal
tumors with a low proliferation index in Dukes B tumors to
be associated with survival impairment compared to those
with high values. Willett and associates [10] measured
proliferative activity after preoperative irradiation in rectal
cancer. They observed that patients whose tumors showed
higher proliferative activity after radiation treatment
survived better compared to those with tumors of lower
proliferation. In contrast, Kimura and collaborators[11]
reported poor prognosis in colorectal tumors with a high
proliferative index. The reasons for these discrepancies have
remained open.
As reports on proliferative activity and survival in rectal
cancer are scant and the association of low proliferation
with poor survival is limited to Dukes B tumors, we undertook
to study the association of Ki67 in all stages of rectal tumors
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to clarify its prognostic role for patients with rectal or recto
sigmoid cancers.

MATERIALS AND METHODS
One hundred and forty-six patients with recto sigmoid and
rectal cancer who were treated for primary (135 patients,
92%) or recurrent (11 patients, 8%) cancer at the University
Hospital in Turku in 1992-2002 were included in this study.
Criteria for inclusion were as follows: histologically proven
recto sigmoid or rectal carcinoma with the upper lever below
24 cm, no preoperative chemo- or radiotherapy. Twentyone tumors (14%) were located in the rectosigma (17-24 cm
from anus) and 125 (86%) in the rectum (<17 cm). All
patients had been operated on for cancer, either with anterior
resection or rectum amputation. Most patients received
postoperative adjuvant radiotherapy given with a linear
accelerator using conventional fractionation and dose
planning to a mean dose of 50.4 Gy to the tumor area.
TNM classification (UICC 1997)[12] and Dukes staging[13]
were used for staging. The samples were re-evaluated by an
experienced pathologist who graded the tumors from I to
III, depending on the degree of anaplasia and nuclear size
according to the World Health Organization[14].
Immunohistochemical staining and scoring of Ki67
From paraffin-embedded blocks, 5-m-thick sections were
cut, deparaffinized with xylene and rehydrated through a
graded series of alcohol. For antigen retrieval, the samples
were boiled for 10 min in a microwave oven in 10 mmol/L
sodium citrate buffer (pH 6.0). An automated processor
(TechMate 500, DAKO) was used for immunohistochemical
staining. Steps were performed in the immunostainer using
the avidin-biotin-peroxidase staining method. Mouse
monoclonal Ki67 antibody MIB-1 antibody (DAKO,
Denmark) was diluted 1:100 and applied for 27 min. The
percentage of immunoreactive nuclei of Ki67 was counted
for each tumor slide. The reaction was considered positive
when 10% or more of the cancer cells showed staining.
The cut-off point was chosen to indicate cases with clear
positive staining. As a negative control the primary antibody
was omitted from each staining. No significant background
staining was detectable.
The expression of Ki67 was evaluated by two observers
(SP and KOS) independently and they were blinded to the
clinical data at this stage. A consensus was sought for
differences in opinion. The total expression of Ki67 was
evaluated in the whole sample. The amount of positively
stained cells was counted in different areas and the total
expression then estimated in percentages. Areas of extensive
proliferation (>50%) were defined as ‘hot spot’ areas. A
hot spot area was described as an area seen with a 10×
objective with the highest number of Ki67 positively stained
cells.
Statistical analysis
Univariate associations between variables were evaluated
by 2 test or Fisher’s exact test. The Kaplan-Meier survival
curves were compared using log-rank test. Univariate and
multivariate associations between risk factors and survival
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were analyzed with Cox proportional hazard models. P values
less than 0.05 were considered statistically significant.
Statistical computations were made with SAS System for
Windows, release 8.02.

RESULTS
Patient characteristics are presented in Table 1. The mean
age of the patients was 66 years (range 36-86 years). Six
(4%) presented with T1 tumors, 26 (18%) with T2, 94 (64%)
with T3 and 20 (14%) with T4 tumors, corresponding to
Dukes A in 27 patients (18%), with B in 86 patients (57%),
with C in 25 patients (17%) and with D in 12 patients (8%).
Histological sample re-evaluation for grade according to
the WHO classification indicated 24 tumors (16%) of grade
1, 89 (61%) of grade 2 and 33 (23%) of grade 3. Based on
tumor growth to surgical margins or the presence of lymph
node metastases, radiotherapy was given to 91 (62%) patients
at a median dose of 50.4 Gy (range 48-67 Gy). One patient
received only a dose of 25 Gy.
Table 1 Patient characteristics
Number of patients (%)
Total number of eligible patients

146 (100)

Sex
Male

87 (60)

Female

59 (40)

Age (yr)
Mean

66

Range

36–86

Performance status (WHO)
0

11 (15)

1

53 (72)

2

10 (14)

Tumor histology
Grade 1

24 (16)

Grade 2

89 (61)

Grade 3

33 (23)

Tumor localization
Rectum
Recto sigmoid

125 (86)
21 (14)

T stage
T1

6 (4)

T2

26 (18)

T3

94 (64)

T4

20 (14)

Dukes
A

26 (18)

B

85 (58)

C

25 (17)

D

10 (7)

N stage
0

98 (67)

1

26 (18)

2

22 (15)

Primary tumor

135 (93)

Recurrent tumor

11 (8)

Radiotherapy

1

Given to N patients (%)

91 (62)

Median dose (range) Gy1

50 (48–67)

One patient treated only to 25 Gy.
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Associations of clinical variables with Ki67 expression
Hot spot areas were found in tumor samples regardless of
the degree of average Ki67 proliferation, similarly among
tumors with overall low, higher and highest degree of
proliferation, e.g., under and above the cut-off level of
40% or 50%, which represented the median values in
samples. The significance of associations of Ki67
proliferation with clinico-pathological factors was tested by
2 test. The associations with N-stage, Dukes and hot spot
areas were significant (P = 0.020, P = 0.012 and P<0.001,
respectively) (Table 2). No statistically significant associations
were observed with sex, age (cut point 65 years), grade, Tstage, radiotherapy or primary vs. recurrent tumor.

60
40
20
0
0 10 20 30 40 50 60 70 80 90 100 110 120

Time (mo)

Figure 1 Kaplan-Meier survival curve for the whole patient population (n = 146).
Five-year median survival 53%, 10-year survival 41%.

Table 2 Association of Ki67 expression with N-stage, Dukes and
presence of hot spot areas in rectal cancer

T-stage

100

P<0.001

Ki67 expression
>40

n (%)

n (%)

N-stage

0.020

0

50 (63)

48 (73)

1

12 (15)

14 (21)

2

18 (23)

4 (6)

1

9 (11)

17 (26)

2

53 (66)

32 (48)

3

10 (13)

15 (23)

4

8 (10)

2 (3)

≤50

65 (81)

10 (15)

>50

15 (19)

56 (85)

Dukes

Survival (%)

≤40

2
3

60

4
40
20
0

0.012

Hot spot

1

80

P

0 10 20 30 40 50 60 70 80 90 100 110 120

Time (mo)

Figure 2 Kaplan-Meier survival by UICC 1997 T-stage (T1 n = 6, T2 n = 26,
T3 n = 94, T4 n = 20).
<0.001

N-stage
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0
1

P<0.001

60
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Figure 3 Kaplan-Meier survival by N-stage, N0 = no lymph node metastases
(N0 n = 98, N1 n = 26, N2 n = 22). N1 = documented lymph node metastases,
2 = NX, lymph node status undefined.

Dukes
100

1

80
Survival (%)

Survival
The follow-up time of the surviving patients estimated from
the time of operation ranged from 42 to 156 mo, with a
median of 99 mo (Figure 1). The median survival time of
the patients was 72 mo.
In Figure 2 survival by T-stage is presented showing a
decrease in survival with increasing T-stage (P<0.001), and
similarly in Figure 3 by Dukes stage (P<0.001) and Figure 4
by lymph node status (P<0.001). In all of these figures
lower presentation indicated better survival.
Figure 5 shows better survival among patients with
higher proliferation Ki67 compared to those with lower
values (P = 0.039).
Figure 6 shows survival by presence or absence of Ki67
hot spot areas, with significantly better survival seen among
patients with higher hot spot presentation (P = 0.001).
No statistically significant association with survival
was observed by sex (P = 0.56), age with a cut-off point at
65 years (P = 0.05), histopathological grade (P = 0.78) or
tumor localization (P = 0.42).
Cox’s proportional hazard model was used to quantify
the independent contribution of clinical factors and Ki67
to survival. The results are presented in Table 3. The significant
prognosticators in the multivariate model were Dukes stage
(P<0.001), N-stage (P = 0.015), age (P = 0.035) and presence
of Ki67 hot spot areas (P = 0.044).

Survival (%)

80

P<0.001

2

60
3
40
4

20
0
0 10 20 30 40 50 60 70 80 90 100 110 120

Time (mo)

Figure 4 Kaplan-Meier survival by Dukes stage (Dukes A n = 26, Dukes B
n = 85, Dukes C n = 25, Dukes D n = 10).
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P<0.039
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Figure 5 Kaplan-Meier curve for risk of death for all patients by expression of
Ki67 (n = 146), cut-off level 40% (≤40 n = 80, >40 n = 66).

Host spot
100

≤50

Survival (%)

80

>50

P<0.001
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Figure 6 Kaplan-Meier curve for risk of death for all patients by expression of
Ki67 hot spot areas, cut-off level 50% (≤50 n = 75, >50 n = 71).

Table 3 Cox univariate and multivariate regression analysis
Variable

Univariate analysis
HR (95%CI)

P

Age (>65 vs <65 yr)
1.54 (0.99–2.39)
0.056
T-stage (3+4 vs 1+2)
2.24 (1.21–4.23)
0.010
N-stage (1+2+3 vs 0) 2.42 (1.57–3.74) <0.001
Dukes (4 vs 1+2+3)
11.42 (5.34–24.43) <0.001
Ki67 (>40 vs ≤40)
0.63 (0.41–0.98)
0.040
Ki67 Hot spot
0.48 (0.31–0.75)
0.001
(>50 vs ≤50)

Multivariate analysis
HR (95%CI)

P

1.62 (1.04–2.52)
1.61 (0.86–3.03)
1.82 (1.12–2.94)
6.32 (2.78–14.39)
1.26 (0.67–2.39)
0.51 (0.27–0.98)

0.035
0.139
0.015
<0.001
0.469
0.044

DISCUSSION
Cancer of the rectum and recto sigmoid area belongs to
the commonest cancers in the Western world, with relatively
poor prognosis. They show a common tendency to both
local recurrences and distant metastases[15] . The constant
increase in the incidence of these cancers both among men
and women in recent years makes characterization of tumor
types and identification of new prognosticators important.
Histopathological characterization differs from that in other
tumors and contradictory observations on the prognostic
role of Ki67 proliferative activity have been reported[9,11].
The results of this current study indicate that higher
expression of the proliferative antigen indicates better
survival in rectal and recto sigmoid cancer.
The survival of patients with colorectal cancer depends
on the extent of the tumor and metastatic spread at
presentation; patients with advanced stage and/or metastatic
lymph nodes at presentation have poor prognosis compared
to those with locally limited tumors, as also reflected in the
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current results. Adjuvant treatment improves disease control
in locally advanced carcinoma, and it has been the standard
treatment over the period of this study. The overall survival
of 60% at 5 years and 45% at 10 years observed in the
present series is within the range for this patient group[16].
When used as a continuous variable, age was not associated
with survival, though with the cut-off at 65 years the younger
patients showed significantly better survival when compared
to older ones. T-stage and Dukes classification are known to be
valuable prognostic tools in the characterization of colorectal
tumors. They describe the extent of growth and correlate
with survival similarly, as seen in the present results. The
spread of cancer to lymph nodes is often an independent sign
of poorer prognosis, regardless of other tumor characteristics.
Pre-treatment evaluation of tumors is difficult due to
their location. Contrary to what is seen in many tumors, in
colorectal cancer histopathological grade alone does not
characterize tumor prognosis. In tumors at this location,
the presentation of tumors of the same stage can be
heterogeneous when measured by proliferation. In the
present study, Ki67 acted independently of histopathological
grade and as independent prognostic factor produced more
prognostic information for survival than grade. Histological
grade was not an independent prognosticator, results being
similar to those of Palmqvist and coworkers[9].
Possible explanations for deviation/discrepancies from
what is seen with other tumors in the role of Ki67 as a
cancer prognosticator have been suggested, including
preoperative procedures and tumor growth type. In rectal
tumor samples, preoperative colon cleaning with laxatives
and enemas has been shown to induce mucosal proliferative
activity[17]. Preoperative cleaning was used routinely during
the time of operation of the patients in the present series.
Another explanation suggests that ulcerative processes may
increase proliferation at the luminal border[9], resulting in
higher Ki67 expression. This could explain the connection
among larger tumor size, advanced stage, and higher
proliferative activity without impairment to survival. It has
also been argued that the true proliferation rate of cancer
cannot be measured immunohistochemically, because it is a
function of both growth fraction and the time required for
completion of the cell cycle[18-20]. Duchrow and colleagues[20]
have presented a comparison of expression of pKi67
mRNA and protein in colorectal cancer and shown that
tumors with a high pKi67 protein level but low mRNA
expression may proliferate more slowly than estimated if
only their Ki67 staining index is taken into account, which may
explain the patients’ improved outcome. They suggest that
massive expression of pKi67 in tumor cells possibly induces
growth arrest and contributes to its own stabilization[20]. A
role for Ki67 determination as a tool in selecting and
monitoring colorectal cancer patients for radiotherapy has
been suggested[21] . However, a recent study has failed to
show an association between Ki67 and response in
preoperative chemo-radiotherapy in rectal cancer[22].
The prognostic value of Ki67 determination in colorectal
cancer may vary depending on how the sample is taken[18].
Kimura and coworkers[11] observed that samples taken for
Ki67 determination at the site of the deepest tumor showed
poor prognosis for patients with high Ki67 values. Systematic
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heterogeneity in colorectal samples with higher proliferative
activity at the luminal border compared with the invasive
margin has been observed and reported [9]. We here
standardized the samples by systematic evaluation of hot
spot areas as the parameter of observation to overcome
heterogeneity in the samples. Hot spot areas could be
observed throughout the study samples independently of
histopathological grade, which in most other tumors is
associated with the degree of proliferation activity. A
significant association between hot spot presentation of Ki67
and improved survival was recorded in both uni- and
multivariate analysis, and provides new insight regarding
the biological behavior of these tumors.
The present finding of an association between high
proliferation rate and survival improvement is concordant
to earlier observations noted in more highly selected patient
series[9,10]. Palmqvist and coworkers[9] showed that a lower
tumor proliferation rate at the invasive margin was associated
with poor prognosis in Dukes B colorectal cancer. To our
knowledge the present is the first report on Ki67 as a
prognosticator in all Dukes stages in rectal cancer.
Tumors with high proliferative activity are known to be most
responsive to radiotherapy. Willett and collaborators[10]
showed that radiation eradicates preferentially rapidly
dividing cells in rectal cancer, whereas populations with slow
proliferation show greater radioresistance. Their conclusion
was that more than minimal proliferative activity in T3
and T4 tumors indicates a survival improvement with
radiotherapy. Thus, although survival is reduced with the
increase in T or D stage in general, within each tumor stage
those with higher proliferation had better disease-free survival
and response to conventional radiotherapy/chemotherapy.
No association was shown in a recent microarray study
between Ki67 expression and distant metastases in rectal
cancer[23]. Tumors with lower proliferative activity may need
different adjuvant approaches or sensitizers, which could
make them more responsive to treatment.
In conclusion, determination of immunohistochemical
Ki67 hot spot areas, which act as independent prognosticators,
contributes to the prognostic evaluation of patients with
rectosigmoid and rectal cancer and in considering them for
postsurgical treatment.
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Abstract
AIM: To investigate the relationship between single nucleotide
polymorphisms in the uridine-diphosphoglucuronosyltransferase (UGT) UGT1A7 and UGT1A1 genes and
patients suffering from colorectal cancer (CRC).
METHODS: A case-control study was designed in order
to investigate the genotypes of the UGT1A7 and UGT1A1
genes, which were identified by the polymerase chain
reaction-restriction fragment length polymorphism (RFLP)
method, for 268 CRC patients and 441 healthy controls.
RESULTS: The results of simple logistical regressions
revealed odds ratios (ORs) of 1.97 ( P <0.001), 1.91
(P<0.001), and 2.03 (P<0.001) for patients who carried
the UGT1A7*1/*3 genotype, UGT1A7*3 allele, and
variant-211 UGT1A1 allele. The interaction of UGT1A7*3
allele and variant-211 UGT1A1 allele produced an additive
effect on the risk for the development of CRC [observed
OR (2.34) greater than expected OR (1.59)]. For the 268
patients, the results of simple logistical regressions
indicated that the OR of developing metastases was 4.90
( P <0.001) and 4.89 ( P <0.001) for the individuals
possessing UGT1A7*3 allele and variant-211 UGT1A1
allele, respectively. The results of multivariate logistical
regressions confirmed these findings (OR = 2.51, P = 0.01;

and OR = 2.71, P = 0.01, respectively). The interaction
of these two variants resulted in an additive effect on the
risk for metastases amongst patients [observed OR (6.83)
greater than expected OR (4.56)].
CONCLUSION: In conclusion, carriage of the UGT1A7*3
allele, as well as variant-211 UGT1A1 allele represents a
risk factor for the development of, and a determinant for,
metastases associated with CRC patients.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The uridine-diphosphoglucuronosyltransferase (UGT)
superfamily is a detoxification pathway[1]. Two subfamilies,
UGT 1 and UGT 2, have been identified in human bodies[2].
The study concerns the single nucleotide polymorphisms
(SNPs) in the UGT 1 subfamily. Recently, in determining
the full sequence of the UGT1A1 and UGT1A7 genes, we
have observed that the allele frequencies of both the genes
for our populations differed from the corresponding figures
for Caucasians[3]. We also found that carriage of the variant
UGT1A1 gene at nucleotide 211 [211 G to A (G71R)] was
highly associated with the carriage of UGT1A7*3 allele.
The UGT1A7*3 allele in Caucasian populations has been
shown to be a risk factor in cancer of oral cavity[4], liver[5],
colon[6] and pancreas[7], which are included as leading causes
of cancer mortality in Taiwan [8]. This study is a casecontrolled research of the variants for the UGT1A7 and
UGT1A1 genes in patients from Taiwan with colorectal
cancer (CRC). This is probably the first report conducted
to research the relative risk for the development of CRC
simultaneously for these two genes.
MATERIALS AND METHODS
Patients and controls
The study subjects consisted of 268 pathologically-identified
CRC patients collected between January 2004 and July 2004
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and 441 healthy controls who attended our institution for
the purpose of a physical examination during the same
period. All study-participating individuals provided their
written consent as regards their participation. All the 268
CRC patients underwent surgery followed by subsequent
pathological examination for tumor residue/presence within
a period of about 2 mo subsequent to initial diagnosis at
which time the suspicious symptoms were first noticed. The
tumor was diagnosed by pathological observation and
categorization into one of the several tumor-developmental
stages A-D, according to the criteria of the modified Dukes
classification scale: stage A, limited to mucosa; stage B,
extension into, R/O through muscularis propria, no nodal
involvement; stage C, limited or substantial extension
through bowel wall, metastases in the lymph nodes; and
stage D, distant metastases[9].
Determination of UGT1A7 and UGT1A1 genotypes
Total genomic DNA was isolated from peripheral blood
cells (K 3EDTA as anticoagulant) using the blood DNA
isolation kit (Maxim Biotech Inc., San Francisco, CA, USA).
PCR amplification was performed in a thermal cycler
(Perkin-Elmer Cetus, Norwalk, CT, USA) applying 35
cycles of denaturation for 60 s at 94 ℃, annealing for
60 s at 55 ℃, primer extension for 60 s at 72 ℃, and a
final extension for 10 min at 72 ℃. The genotypes of
UGT1A7 were identified by determining nucleotides -57
and 387 with the restriction fragment length polymorphism
(RFLP) method, using enzymes HpyCH4 IV and AflII as
described previously. If the result is a homozygous G
variation at nucleotide -57, the genotype is UGT1A7*3/*3.
The detection of nucleotide 387, following the determination
of nucleotide -57, can be used as a marker to identify the
genotypes of UGT1A7 in subjects carrying genes other than
UGT1A7*3/*3. For the situation for the wild type of
UGT1A7 gene at nucleotide -57, the genotypes are
UGT1A7*1/*1, *1/*2, and *2/*2 when the results for
nucleotide 387 show it to be wild, heterozygous variation,
and homozygous variation. For the situation, where there
exists heterozygous variation at nucleotide -57, the genotypes
are, respectively, UGT1A7*1/*3 and *2/*3 when the results
for nucleotide 387 reveal heterozygous and homozygous
variations. For the determination of the UGT1A1 gene, the
promoter area and nucleotides 211, 686, 1 091, and 1 456 were
analyzed using the RFLP method as described previously[10].
In brief, the restriction enzymes AvaII, BsrI, BclI, and AvaII
were utilized in order to determine whether heterozygous and
homozygous variations occur at nucleotides 211, 686, 1 091,
and 1 456; while the A(TA)6TAA and A(TA)7TAA of the
promoter area were differentiated directly by the size of the
produced PCR fragments (77 and 79 bp, respectively) on the
electrophoresed agarose gel. The DNAs of UGT1A7*1/*1,
*1/*2, 1/*3, *2/*2*, *2/*3, *3/*3, and the five known variants
(promoter area and nucleotides 211, 686, 1 091, and 1 456)
in the UGT1A1 gene (heterozygous and homozygous), which
had been found and identified by the DNA sequencing method,
respectively[3], were run as controls in each performance of
genotyping assays by the RFLP method.
Statistical analysis
The 2 test and Student’s t-test were used, as appropriate,
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in order to compare parameters corresponding to the case
and control groups. To evaluate the contribution of each
genetic allele, simple and multivariate logistical regressions,
as appropriate, were used for the calculation of the relevant
odds ratio (OR) and the 95%CI for CRC. The respective
ORs for developing metastases (stages C and D) CRCs for
the subjects carrying CRC-related UGT1A alleles were
compared with the corresponding values for patients not
bearing those alleles. Interaction effects between suspected
risk factors were evaluated using the logistical regression
models. The evaluation of the dimension of interaction
was then performed by comparing observed with expected
ORs under the assumptions derived from the application
of additive models[11]. A P value <0.05 or a 95%CI for the
OR above or below 1.0 was defined as constituting statistical
significance. All data were analyzed using the Statistical
Package for Social Sciences software (SPSS, version 10.0;
SPSS Inc., Chicago, IL, USA).

RESULTS
For both the case and control groups, the male/female ratio
was identical (140/128 vs 237/204, P = 0.70 by 2 test,
data not shown in the tables), whilst the mean age was
significantly different (65±11.2 years, range 31-92 years
vs 47.0±12.3 years, range 20-79 years, P<0.001 by Student’s
t-test, data not shown in the tables). Six genotypes and three
alleles of the UGT1A7 gene were found in both case and
control groups, as shown in Table 1. Table 1 also reveals
that about half decreased and two-fold increased in the
risk of individuals developing CRC existed for subjects who
carried the UGT1A7*1/*1 (wild type) and UGT1A7*1/*3
genotypes, respectively (OR = 0.55, P<0.001; and OR =
1.97, P<0.001), whilst the ORs for those possessing genotypes
UGT1A7*1/*2, UGT1A7*2/*2, UGT1A7*2/*3, and
UGT1A7*3/*3 did not prove to be meaningful. Table 2
shows that the frequency distribution of UGT1A7
genotypes in our control group followed the Hardy-Weinberg
equilibrium. Four of the five variant alleles determined for
the UGT1A1 gene were found in both the case and control
groups, whilst the allele for the variation at nucleotide
1 456 was neither observed in the case nor in the control
group, as shown in Table 3. The incidence for variant
UGT1A1 gene was not significantly different between the
case and control groups (P = 0.78). Table 3 also shows that
the frequency distribution of UGT1A1 genotypes in our
control group followed the Hardy-Weinberg equilibrium.
The analysis for the genetic alleles, as listed in Tables 1 and
4, indicated that only the ORs of UGT1A7*3 allele and
variant-211 allele in the UGT1A1 gene were statistically
significant between the case and control groups (1.91,
P<0.001; and 2.03, P<0.001, respectively). Since the mean
age was significantly different between the case and control
groups, the multivariate logistical regressions were not
performed to analyze the adjusted ORs for age, gender,
and the CRC-related UGT1A alleles. The interaction of
UGT1A7*3 allele and variant-211 UGT1A1 allele revealed
an additive effect on the risk for the development of CRC,
as the observed OR (2.34) was greater than the expected
OR (1.59) between the case and control groups, as shown
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in Table 5. Table 6 illustrates the relationship between the
stage of CRC and the presence of the CRC-related UGT1A
alleles. The two stage-D patients possessed both UGT1A7*3
and variant-211 UGT1A1 alleles, whilst 59 (64.8%) and 53
(58.2%) of the 91 stage-C patients carried UGT1A7*3 allele
and variant-211 UGT1A1 allele, respectively, and relatively
fewer proportion of patients featuring stages A and B bore
these two variants [28.0% (49/175) for UGT1A7*3 allele
and 22.8% (40/175) for variant-211 UGT1A1 allele,
respectively]. Compared to the number of CRC patients
featuring stages A and B tumors (non-metastases), the OR
for developing stages-C and -D CRCs (metastases) for the
subjects carrying UGT1A7*3 allele and variant-211
UGT1A1 allele was 4.90 (P<0.001) and 4.89 (P<0.001),
respectively. The results of multivariate logistical regressions
confirmed that the metastases of CRC was associated with
the presence of UGT1A7*3 allele or variant-211 UGT1A1
allele (OR = 2.51, P = 0.01; and OR = 2.71, P = 0.01,
respectively), but was independent of age and gender of
CRC patients, as shown in Table 7. Table 8 shows that the
interaction between the UGT1A7*3 allele and variant-211
UGT1A1 allele resulted in an additive effect on the risk of
metastases (stages C and D) for CRC patients, as the
observed OR (6.83) was greater than the expected OR
(4.56) for the development of metastases.

DISCUSSION
Since CRC is a disease of late onset[8], the mean age of our
CRC-suffering patient group was relatively greater

Table 1 OR and 95%CI for CRC with UGT1A7 genotypes and
alleles
Number (%)
UGT1A7 genotype
or allele
Cases
Controls
(n = 268)
(n = 441)

OR (95%CI)
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(mean = 65 years, range 31-92 years) than was the case for
the control group (mean = 47 years, range 27-79 years),
similar to what was reported for German CRC patients
(mean = 63 years, range 38-85 years) and controls (mean =
48 years, range 19-85 years) from a study investigating the
relationship between the SNPs of the UGT1A7 gene and
CRC [6]. The association between the SNPs of certain
carcinogen metabolizing enzymes and human cancer
represents a model combining genetic predisposition and
environmental exposure[12]. UGTs are the most important
enzymes of phase-II detoxification proteins; therefore, it
appears logical that their SNPs are worthy of studies for
the development of cancers and evaluation of specific drug
therapy regimens for cancer treatment [12]. The study
investigating the development of CRC amongst German
individuals reported that a highly significant association
between the presence of UGT1A7*3 allele and CRC was
observed (OR = 2.75, 95%CI 1.60-4.71)[6]. Contrasting this,
however, the results of a study concerning the treatment
of Japanese patients with irinotecan, a drug commonly used

Table 3 The comparison of UGT1A1 genotypes between case and
control groups
Case group
(n = 268)

Control group
(n = 441)

Number

%

Number

%

Wild type

121

45.2

218

49.4

Heterozygous variation

118

44.0

186

42.23

6/71
211 G to A/normal

37
76

1 091 C to T/normal

5

Compound heterozygous

23

11

variation
6/7, 211 G to A/normal

13

6

6/7, 686 C to A/normal

8

20

8.6

34

0

2

1

2

1

0

0

4

UGT1A7*1/*1

76 (28.4)

184 (41.7)

0.55 (0.40–0.77)

<0.001

6/7, 211 G to A/normal,
686 C to A/normal

UGT1A7*1/*2

73 (27.2)

117 (26.5)

1.04 (0.74–1.46)

0.84

6/7, 686 C to A/normal,

UGT1A7*1/*3

77 (28.7)

75 (17.0)

1.97 (1.37–2.83)

<0.001

UGT1A7*2/*2

9 (3.4)

22 (5.0)

0.66 (0.30–1.46)

0.31

UGT1A7*2/*3

23 (8.6)

32 (7.3)

1.20 (0.69–2.10)

0.52

Homozygous variation

6

UGT1A7*3/*3

10 (3.7)

11 (2.5)

1.52 (0.64–3.62)

0.35

7/72

1

0

211 G to A/211 G to A
7/7, 211 G to A/normal

4
1

3
0

226 (84.3)

376 (85.3)

1.08 (0.71–1.64)

0.74

105 (39.2)

171 (38.8)

1.02 (0.75–1.39)

0.92

UGT1A7*3

110 (41.0)

118 (26.8)

1.91 (1.38–2.63)

<0.001

Table 2 The comparisons between the observed percentage with
the expected percentage of control subjects carrying UGT1A7*1/
*2, UGT1A7*1/*3, and UGT1A7*2/*3 genotypes

0.78

96
79

6/7, 1 091 C to T/normal

UGT1A7*1

P (2 test)

UGT1A1 genotype

P

UGT1A7*2

Number 21

7.7

1 091 C to T/normal
211 G to A/normal,
1 091 C to T/normal

2.2

3

0.7

1

6/7 and 27/7 represent A(TA)6TAA/A(TA)7TAA and A(TA)7TAA/A(TA)7TAA
in the promoter area of UGT1A1 gene, respectively. 3The expected frequency is
40.7% calculated by Hardy–Weinberg equilibrium: [2×(frequency of wild type)1/2×
(frequency of compound heterozygous variation plus frequency of homozygous
variation)1/2 = 2×49.41/2×(7.7+0.7)1/2 = 40.7]. The observed frequency (42.2%) is not
significantly different from the expected frequency (40.7%) (P = 0.89 by 2 test).

Control subjects (n = 441)
Observed
percentage (%)

Expected
percentage (%)1

UGT1A7*1/*2

26.5

28.9

UGT1A7*1/*3

17.0

20.4

UGT1A7*2/*3

7.3

7.1

1

2
0.081

P
0.960

The expected percentage was calculated by the Hardy–Weinberg equilibrium.
For example, expected percentage of UGT1A7*1/*2 = 2× (frequency of
UGT1A7*1/*1 )1/2×(frequency of UGT1A7*2/*2)1/2 = 2×41.71/2×5.01/2 = 28.9%.

Table 4 OR and 95%CI for CRC with UGT1A1 alleles
UGT1A1 allele

A(TA)7TAA
Variant-211
Variant 686
Variant 1091

Number (%)
Cases
(n = 268)

Controls
(n = 441)

OR (95%CI)

P

62 (23.1)
95 (35.4)
10 (3.7)
6 (2.2)

126 (28.6)
94 (21.3)
22 (5.0)
17 (3.8)

0.75 (0.52–1.05)
2.03 (1.45–2.84)
0.74 (0.34–1.58)
0.57 (0.22–1.47)

0.09
<0.001
0.44
0.25
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Table 5 The interaction effect of the UGT1A7*3 allele and variant211 UGT1A1 allele upon the development of CRC

Table 7 Adjusted odds ratios (AOR) and 95%CI for the different
stages of CRC with age, gender, and CRC-related UGT1A alleles

Number (%)
UGT1A7*3/
variant-211 UGT1A1
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CRC stage
Factor

Controls
(n = 441)

Absent/absent

145 (54.1)

302 (68.5)

Present/absent
Absent/present

28 (10.4)
13 (4.8)

45 (10.2)
21 (4.8)

1.30 (0.78–2.16)
1.29 (0.63–2.65)

0.39
0.33

Gender male/female
UGT1A7*3

Present/present

82 (30.6)

73 (16.5)

2.34 (1.61–3.40)

<0.001

Variant-211 UGT1A1

55 (59.1%)

Expected by additive1
1

OR (95%CI)

OR (95%CI)

Cases
(n = 268)

P

1.00

Age >51/≤50 yr

P

C and D
(n = 93)

A and B
(n = 175)

79/14

155/20

0.68 (0.31–1.53)

0.35

55/38
61 (65.6%)

85/90
49 (28.0%)

1.44 (0.82–2.51)
2.51 (1.23–5.13)

0.20
0.01

40 (22.9%)

2.71 (1.31–5.58)

0.01

1.59

Expected OR under no-interaction additive model.

Table 8 The interaction effect of the UGT1A7*3 allele and variant211 UGT1A1 allele upon the stage of CRC
Table 6 OR and 95%CI of stages-C and -D CRCs with CRC-related
UGT1A alleles
Stage of CRC
CRC-related
allele
UGT1A7*3
Variant-211

CRC stage
UGT1A7*3/
variant-211 UGT1A1

C and D
(n = 93)

A and B
(n = 175)

OR (95%CI)

P

0.02

C and D
(n = 93)

A and B
(n = 175)

OR (95%CI)

P

Absent/absent
Present/absent

27 (29.0%)
11 (11.8%)

118 (67.4%)
17 (9.7%)

1.00
2.83 (1.19–6.72)

61 1 (65.6%)
55 1 (59.1%)

49 (28.0%)
40 (22.9%)

4.90 (2.86–8.41)
4.89 (2.84–8.41)

<0.001
<0.001

Absent/present

5 (5.4%)

8 (4.6%)

2.73 (0.83–9.01)

Present/present

50 (53.8%)

32 (18.3%)

UGT1A1

Expected by additive1

1

1

All the subjects were stage-C patients, except two were stage-D patients.

for the treatment of CRC patients, suggested that the
determination of UGT1A7 genotypes would not be useful
for predicting severe toxicity amongst CRC sufferers[13]. On
the other hand, the determination of variation in the
promoter area of UGT1A1 gene was found to be clinically
useful for predicting the potential for severe toxicity as a
consequence of the use of irinotecan amongst Caucasians
and Japanese[14-16] . Nevertheless, the UGT1A1 gene has
never been investigated as regarding whether or not it is a
risk factor for developing CRC.
In this study, for the first time, the variation of the
UGT1A1 gene was considered to constitute one of the risk
factors for causing CRC. It was interesting to find that the
variation at nucleotide 211 of the UGT1A1 gene, the most
common variant of the UGT1A1 gene amongst our
populations[3], as well as the presence of the UGT1A7*3
allele or UGT1A7*3 allele plus variant-211 UGT1A1
allele, was involved in the development of CRC. The
variant-211 UGT1A1 gene has been observed to be the
key UGT1A1-gene defect for the development of neonatal
hyperbilirubinemia amongst Asians[10,17-19], as opposed to the
homozygous variation in the promoter area, which has been
reported to be the responsible region amongst Caucasians[20,21].
In an in vitro gene expression study, the UGT1A1 enzyme
activities of the 211 A for G substitution for the heterozygous
and homozygous state appeared to have reduced to,
respectively, 60.2% and 32.2% of normal values[22]. Such
decreased enzyme activity is thought, by some, to result in
the delayed elimination of bilirubin[22]. We hypothesize that
such a functional defect may also occur for the elimination
of carcinogen (s), which induces the development of CRC.
Another explanation for being a risk factor in the
development of CRC is that variant-211 UGT1A1 allele is
associated with UGT1A7*3 allele. For example, in our
previous study, we found that 81 (90.0%) of the 90 subjects
featuring the heterozygous G for A substitution at nucleotide

6.83 (3.71–12.56)

0.10
<0.001

4.56

Expected OR under no-interaction additive model.

211 of the UGT1A1 gene and all of the 100 subjects bearing
the homozygous G 211 UGT1A1 gene were carriages of
UGT1A7*3, respectively. In this current study, a similar
result was observed: 73 (77.6%) of the 94 controls and 82
(86.3%) of the 95 CRC patients featuring variant-211
UGT1A1 alleles were the possessors of UGT1A7*3 alleles
(Table 5). These results indicate that homozygous variation
of UGT1A1 gene at nucleotide 211 and UGT1A7*3 were
in complete linkage disequilibrium, whilst heterozygous
variant-211 UGT1A1 gene was highly associated with
UGT1A7*3 allele. UGT1A7*3 represents the allele that
features the least benzopyrene (a carcinogen)-metabolite
glucuronidation activity[6], and therefore it is thought by a
number of researchers to be a risk factor for the development
of CRC[6,13]. Interestingly, the 211 G to A variation has been
found amongst Asians[3,10,17-19], but not for Caucasians[23] ,
suggesting that the clinical significance of the association
between variant-211 UGT1A1 and UGT1A7*3 alleles is
more important for Asian people.
Another novel finding in our study was that the risk for
developing metastases amongst the study-participating CRC
patients possessing the UGT1A7*3 allele or variant-211
UGT1A1 allele was greater than that for those who did not
possess these variants. Moreover, an additive interaction
effect upon metastases was observed for those patients who
featured the UGT1A7*3 allele plus the variant-211
UGT1A1 allele. The pathological stage of a tumor upon
diagnosis is typically determined by the extent of delay to
treatment and the degree of tissue differentiation of certain
involved tissue present[9] . Since all of our CRC patients
underwent colorectal surgery within 2 mo of initial diagnosis,
it would appear unlikely that the delayed tumor treatment
for the patients possessing the UGT1A7*3 allele or variant211 UGT1A1 allele would be the reason for causing
metastases. Our finding may indicate that the degree of
tissue differentiation in the colorectum for CRC sufferers
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is more severe, perhaps even as much as is in the development
of metastases, amongst individuals who feature the presence
of the UGT1A7*3 allele or variant-211 UGT1A1 allele
than is the case for CRC patients who do not possess those
alleles. Clearly, further investigation is warranted in order
to evaluate those hypotheses, the results of which should
provide useful information for clinical utilization in this
realm, because CRC is still currently a life-threatening disease
in Taiwan featuring a mortality rate of 16.5 per hundredthousands[8].
In conclusion, carriage of the UGT1A7*3 allele, as well
as the variant-211 UGT1A1 allele, is a risk factor for the
development of CRC, and also is a determinant of the
particular pathological stage of CRC (metastases or not).
The risk associating the development and metastases of
CRC in the individuals possessing both UGT1A7*3 and
variant-211 UGT1A1 alleles is higher than those carrying
either one of these two variants. The determination of the
specific nature of the UGT1A1 and UGT1A7 genes may
be helpful to improve the chances of prevention of CRC
or a reduction in the severity of CRC for certain at-risk
groups.
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Abstract
AIM: Cytotoxin-associated protein (antigen) A (CagA)
plays an important role in Helicobacter pylori (H pylori)
pathogenesis. Our aim was to obtain cagA- mutant strains
by a new mutation method so as to better understand
the mechanism of CagA in epithelial cells.
METHODS: In contrast with the traditional method
using suicide plasmid, we constructed cagA – mutant
strains directly with PCR products. The constructed mutant
clones grew on selective media and allelic exchange was
confirmed by Southern blot. Furthermore, two different
transformation methods, electroporation, and natural
transformation, were compared with regard to the
efficiency of recombination.
RESULTS: The mutation by PCR products could be
completed within 3-5 d, and the recombination rate by
electroporation and natural transformation was 4.02×10-8
and 1.03×10-9 respectively. Mutation rate by electroporation
(4.02×10-8) was far higher than by natural transformation
(1.03×10-9) (P = 0.000<0.005).
CONCLUSION: cagA– mutant strains have been constructed,
which is important for further study on the function of
CagA in epithelial cells. A mutation method by directly
using PCR products has been proved successful with a
much higher mutation rate, and is easier, especially when
in combination with electroporation. This method could
be widely used in gene deletion of H pylori.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Helicobacter pylori (H pylori), a Gram-negative bacterial
pathogen, is highly successful in that it has colonized the
human stomach in at least half of the world population.
Epidemiological studies suggest that H pylori have close
relationship with chronic gastritis, peptic ulcer, gastric
cancer, and gastric mucosa-associated lymphoid tissue
lymphomas and some of them have been confirmed by
animal experiments[1-4]. H pylori strains are divided into two
categories, type I and type II[5]. Clinical isolates of H pylori
from gastric diseases indicate that the pathogenesis of types
I and II strains is different[6]. Compared with type II strains,
type I strains are more closely associated with duodenitis,
duodenal ulcers, and gastric cancer[7]. Type I strains express
CagA protein which is encoded by a gene located in the cag
pathogenicity island (cag PAI). The cag PAI is a 40-kb DNA
segment which encodes for type IV secretion apparatus for
delivering virulent proteins[8]. In contrast, type II strains lack
the entire cag PAI and do not possess the CagA and have
no cytotoxin in vitro[1,9]. It is clear that CagA is transferred
into gastric epithelial cells through type IV secretion system
and phosphorylated by src family protein tyrosine kinases
of host cells. Then, the phosphorylated CagA may lead to
cell skeleton rearrangement and hummingbird phenotype
of epithelial cells[10-15]. Recent studies have shown that the
main difference of CagA of clinical isolates between
different gastric diseases is the amount of EPIYA motif
that can be phosphorylated at C-terminals of CagA[16,17] .
Other researches showed that the sequences near the
EPIYA motif also had important functions, which might
affect the function of the EPIYA motif[17,18] . Moreover,
some research found that EPIYA motif of CagA had its
own functions[19].
However, the function of CagA is very complicated
and the roles of CagA in host cells are still unclear. To
better understand the mechanisms involved in the induction
of host cell responses to CagA and the signal transduction,
it is important to construct cagA mutated strains in an easier
way. Here, we report a simple mutation method by PCR
products to directly construct cagA knockout strains with a
high recombination rate.
MATERIALS AND METHODS
Bacterial strains
H pylori 26695 was grown on Columbia agar plates, which
contain sheep blood (5%) supplemented with vancomycin
(10 g/mL), nystatin (1 g/mL), and trimethoprim (5 g/mL)
for 2 d at 37 ℃ in an anaerobic jar consisting of 5% O2,
100 mL/L CO2, and 85% N2. Chloramphenicol (20 g/mL)
was added for the mutated strains selection.
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Polymerase chain reaction (PCR)
The method of one-step deletion of H pylori gene was as
described previously with slight modifications[20]. Briefly, the
strategy for constructing fragments with chloramphenicol
resistance gene and gene allelic replacement by PCR is shown
in Figure 1. H pylori genomic DNA was extracted by using
BioDev genomic DNA extraction kits (BioDev, China) as
per the manufacturer’s instructions. By use of primers
designated as C1 and C2, chloramphenicol resistance gene
was amplified from plasmid pBSC103, which contained
chloramphenicol resistance gene cassette (Cmr). Two pairs
of primers specific for cagA gene were designed, P1-P2
and P3-P4, which amplified the up- and downstream regions
of cagA gene respectively. Primers P2 and P3 were designed
with leaders at 5’ ends which were complemented with C1
and C2, respectively. In addition, primers B1 and B2 were
designed to detect whether cagA had been deleted. A pair
of primers of cagE gene, E1 and E2, was selected as positive
control. All the primers are shown in Table 1.

cagA gene of 26 695
P1

P2

B1

B2

P3

PBSC103 Cmr

PCR

C1 PCR
P1

P4

PCR

C2
P4

PCR
P1-2

C1-2

P3-4

Figure 1 Strategy for constructing fragments with chloramphenicol resistance
gene and gene allelic replacement by PCR. Primers P1-P2, P3-P4 and C1-C2
were amplified and each PCR products were purified. Each three PCR products
were mixed and amplified by primer P1 and P4. Then, the PCR product P1-4
was acquired containing three fragments.

Table 1 Primers for amplifying Cmr and up- and downstream regions
of cagA
Primer

Sequence (5’–3’)

Expected product size
[20]

C1

GAT ATA GAT TGA AAA GTG GAT

C2
P1

TTA TCA GTG CGA CAA ACT GGG[20]
GCC ACT ACT ACC ACC GAC AT

P2

ATC CAC TTT TCA ATC TAT ATC TAT GAC T

P3

CCC AGT TTG TCG CAC TGA TAA TCA AAT A
CA CCA ACG CCT
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were then amplified using primers P1 and P4 in a single
reaction to generate the linear product with Cmr. The hotstart PCR conditions are as follows: the templates mixture
were amplified five cycles without primers P1 and P4, at
94 ℃ for 1 min, 45 ℃ for 1 min, and 72 ℃ for 5 min,
followed by 40 cycles with primers P1 and P4, at 94 ℃ for
45 s, 40 ℃ for 1 min, and 72 ℃ for 3 min. Then, the PCR
products were extracted by Qiagen gel extraction kits (Qiagen,
Germany).
H pylori DNA transformation by electroporation and natural
transformation
H pylori were harvested after 2 d’ cultivation and washed
thrice by deionized water with 12% glycerol. They were
then suspended in 0.1 mL deionized water with 12%
glycerol and 0.5 g PCR product was added and mixed
well. To calculate the transformation rate, 9.7×109 H pylori
were used. For electroporation, the mixture was added into
electroporation cuvette (Equibio, USA) and after that
subjected to two-pulse electroporation and scraped onto
Columbia agar plates. The condition is as follows: first pulse:
2500 V, 25 F, delay 10 s; second pulse: 120 V, 150 F.
For natural transformation, the mixture was spotted onto
Columbia agar plates directly. After incubated for 24 h,
cells were scraped onto selective Columbia agar plates
containing 20 g/mL chloramphenicol and incubated for
3-5 d.
Southern blot
The transformants were harvested from selective Columbia
agar plates and genomic DNA was extracted. In order to
confirm that the correct chromosome rearrangement
occurred, transformants were initially screened by diagnostic
PCR using primers B1 and B2. To prepare the blot probes,
the PCR products of C1-2 were purified and labeled using
DIG DNA labeling and detection kits (Roche, Germany).
The genomic DNA of transformants was digested by EcoRI
for 4 h. The protocol of Southern blot was performed
following instructions of DIG DNA labeling and detection
kits.
Statistical analysis
2 test was used to calculate the difference of two mutation
methods. P<0.05 was taken as significant.

364

AA GCC ACT GCC GT
484

P4

GCA TCC CTA TTA GCC TCT T

B1

ATT AGA CAA CTT GAG CGA G

276

B2
E1

ACA AAC ATC ACG CCA TC
ATG CGA GCC TAT AAT GAG AAG C

841

E2

GAA GCG TGA TAA AAG AGC AAT GTT

Lineated sequences are complementary to C1 and C2. E1, E2 are positive controls
for cagE gene.

Each PCR product was purified by DNA purification
system (Promega, USA). Templates mixture containing 1 g
each of three purified PCR products (P1-2, P3-4, C1-2)

RESULTS
PCR products with chloramphenicol resistance gene
PCR products C1-2, P1-2, P3-4 and the mixture products
P1-4 are shown in Figure 2. The 1.6-kb PCR products
suggested that the three parts of PCR products C1-2, P12, P3-4 were linked by primers P1 and P4.
Construction and identification of transformants
H pylori transformed by the 1.6-kb PCR products P1-4 were
cultivated on selective Columbia agar plates. After 3-5 d,
single clones were isolated. In comparison between the two
different mutation methods, 39 clones were isolated by
electroporation and one clone was isolated by natural
transformation from 9.7×109 bacteria. The mutation rates by
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Figure 2 PCR amplification for constructing fragments with chloramphenicol
resistance gene and gene allelic replacements. The length of cagA/P1-4, a 1.7-kb
fragment, is equal to the sum of the length of cagA/P1-2, cagA/P3-4, and cam.
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Figure 3 A: Result of PCR amplified for diagnosing homologous recombination
strains of cagA gene. Lanes 1-12 are 12 clones selected from chloramphenicolresistant plates. Control is 26695 wild type. Twelve clones were all negative for
diagnostic primers B1-2 while control is positive, suggesting that the flanking region
of cagA gene of all the selected clones was deleted; B: Result of PCR amplified for
positive control of homologous recombination strains of cagE gene. Lanes 1-12 are
12 clones selected from chloramphenicol-resistant plates. Control is 26695 wild
type. Twelve clones were all positive of cagE gene; C: Result of Southern blot for
diagnosing homologous recombination strains of cagA gene. Lanes 1-12 are 12
clones selected from chloramphenicol-resistant plates. Control is 26695 wild
type. All the 12 clones except 3, 5, and 9 were positive hybridization with
probes of chloramphenicol-resistant gene while control was negative.

electroporation and natural transformation were 4.02×10-8
and 1.03×10-9, respectively (2 test: P = 0.000<0.005). All
clones (26695△cagA) were diagnosed by primers B1, B2
and E1, E2 as positive control (Figures 3A and B). The
results suggested that the flanking region of cagA gene, we
designed to delete in all the clones, had been replaced.
Southern blot using probes labeled with chloramphenicol
resistance gene further confirmed that the chloramphenicol
resistance gene had only one copy in the genomic DNA of
H pylori except clones 3, 5, and 9 (Figure 3C). Consequently,
the allelic exchange occurred only in the cagA gene just as
we designed in all clones except clones 3, 5, and 9.

DISCUSSION
The correlation between the expression of CagA and H pylori

cat

Allelic fragment

Flanking fragment

Suicide
plasmid

Figure 4 Mechanism of allelic fragments recombination used by suicide
plasmid. The recombination consists of two steps. In the first step, suicide
plasmid with PCR products to be exchanged recombined with one allelic
fragment and formed a loop. Then, the suicide plasmid recombined with another
allelic fragment.

virulence was described long time ago[21]. Early studies
found that a 145-ku host protein was phosphorylated in
epithelial cells after being infected by H pylori[22]. Recent
investigations demonstrated that the phosphorylated 145-ku
protein was CagA which was delivered by type IV secretion
system[23,24]. Then, the phosphorylated CagA, binding with
SHP-2, led to rearrangements of the actin cytoskeleton
and hummingbird phenotype[25,26]. The further consequence
of phosphorylated CagA is tyrosine dephosphorylation of
several cell proteins of 120 and 85 ku [23,27-29] . However,
the precise function of this protein is still not understood
well. To study the mechanism of CagA, we constructed
CagA mutant strains.
Because H pylori has higher mutation ratio than other
bacteria, it is suitable to use PCR products as the allelic
fragments to disrupt genes. The normal method for gene
mutation is by suicide plasmid[29] or PCR products with
plasmid expressing recombinase[29]. Compared with these
techniques, our method was much more simple and efficient.
Suicide plasmid has potential disadvantage in that it may
have many false clones without mutation. The mechanism
is as shown in Figure 4. The suicide plasmid with PCR
products to be exchanged firstly recombines with one allelic
fragment and then recombines with another allelic fragment.
If the second recombination does not occur, it would form
a loop without flanking regions deletion. Thus, some
investigations disrupting genes with suicide plasmid normally
use two screening markers to confirm the flanking regions
deletion. Another method, by recombination of PCR
products with plasmid expressing recombinase, requires the
phage  Red recombinase, which is synthesized under the
control of an inducible promoter of an easily curable, low
copy number plasmid. In this way, allelic fragments of PCR
products are very short, less than 50 bp. However, phage 
Red recombinase may lead to other unwanted recombination
of events which can hardly be under control. Moreover,
phage  Red recombinase system is mainly used in E.coli.
Its application in other bacteria still needs to be proved.
Allelic exchange directly by PCR products has no such
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problems because it is linear DNA and cannot form the
loop. In our study, we successfully deleted virB4, virB10,
virB11, and cag PAI (data not shown). To confirm whether
the flanking regions were replaced, the detective PCR was
used and results proved that the flanking fragment we wanted
to replace by resistant gene was disrupted. On the other
hand, PCR for detecting chloramphenicol resistance gene
indicated that all the mutated strains contained the resistant
gene except the control. In addition, Southern blot using
probes for resistant gene further confirmed that no other
gene replacement occurred except in our designed region.
However, the results of Southern blot suggested that gene
replacement of clones 3, 5, and 9 did not happen in our
designed region. This could suggest that unwanted
replacement also occurred.
Disrupting H pylori chromosome gene by PCR products
was firstly described by Chalker et al [20] . However, details
were improved by which electroporation was used in this
study. Normally, bacteria can take up free DNA directly
from their environment. This process is called transformation.
However, natural transformation rate is far lower. One
factor that affects the efficiency of transformation rate is
the size of DNA to be transformed. Natural transformation
is more sensitive to the size of DNA. Compared with
natural transformation, electroporation can increase the
transformation rate by high electric shock opening the cell
membrane, through which DNA can move into cells. During
this process, the size of DNA has minor effects on its
movement. Moreover, another advantage of electroporation
is that it can transform not only the linear DNA such as
PCR products, but also circular plasmids or phage DNA.
Natural transformation cannot transform circular DNA
efficiently because natural transformation requires breakage
of the double-stranded DNA and degradation of one of
the two strands so that a linear single strand can enter the
cells. So, natural transformation is more suitable for uptaking PCR products which are linear. Our data indicated
that, in H pylori, at least in 26695, the efficiency of
transformation rate of electroporation was 4.02×10 -8,
far higher than natural transformation, 1.03×10-9 (2 test:
P = 0.000<0.005).
In conclusion, we have successfully constructed the
26695 cagA- strain which is very important for investigation
of mechanism of CagA. Moreover, we have developed a
new mutation method which can be wildly used in gene
mutation of H pylori.
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Abstract
AIM: To investigate whether there was a relationship
between the liver functions and fibrosis scores of hepatitis
B patients and their TNF-, IFN-, IL-4, and TGF-1 serum
levels based on the studies of liver biopsies.
METHODS: Thirty patients with chronic hepatitis B (CHB)
receiving no treatment and 30 healthy individuals with
negative hepatitis serology and normal values of liver
biochemistry were studied. After serum samples of the
patients were collected, liver needle biopsy was performed
on each patient. Cytokine levels were studied by ELISA.
The biopsy materials were scored based on Knodell’s
histological activity index.
RESULTS: In comparison of cytokine levels between CHB
patients and control group, TNF-, IL-4, and TGF-1 levels
of the patients were higher in CHB patients than in the
controls, while IFN- level was lower in the patients than
in the controls. There were significant differences between
the groups in TNF-, IL-4, TGF-1, and IFN- (P<0.005,
0.03, 0.002, 0.0001, respectively). There was a negative
correlation between TGF-1 and IL-4 and IFN- (P<0.05),
TNF- and the other cytokines and IFN- and IL-4 were
not correlated (P >0.05). TGF- 1 was correlated with
fibrosis (P<0.05). Liver necroinflammatory activity and
fibrosis and TNF-, IL-4, and IFN- were not correlated
(P>0.05).
CONCLUSION: In the course of HBV infection and its
chronic progress, cytokines play an important role. IL-4
and IFN- are effective in the chronic progression, while
TGF-1 is effective in the development of fibrosis. Serum
cytokine levels may be effective tools in the estimation of
chronic progression and fibrosis development.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
HBV is a common infection agent leading to various
clinical patterns from subclinic infection to fulminant
hepatitis. While most of the hepatitis B cases fully recover,
some remain carriers and some suffer from its chronic
complications such as fibrosis and/or cirrhosis[1-3]. Cytokines
have been claimed to have a role in the management,
chronic progress, and fibrosis development in hepatitis B
infections[4,5]. This study aimed to investigate whether there
was a relationship between liver functions and fibrosis scores
of hepatitis B patients and their TNF-, IFN-, IL-4, and
TGF-1 serum levels based on the studies of liver biopsies.
MATERIALS AND METHODS
Patients
Thirty patients (24 males, 6 females; mean age, 26 years)
with positive HBsAg longer than 6 mo and chronic hepatitis
B (CHB) diagnosis based on their serological results
comprised the study group. After their serum samples were
collected, they were subjected to liver needle biopsy. Thirty
healthy subjects (18 males, 12 females; mean age, 22 years)
with negative hepatitis serology, normal liver biochemistry
values, and without acute or chronic infections served as a
control group of the study.
Cytokine evaluations
The serum samples of the study and control groups were
studied by ELISA for TGF- 1, IFN-, TNF- and IL-4
levels with cytokine kits (Biosource, CA, USA).
Liver biopsy and histopathologic examination
Echo-guided percutaneous liver biopsy was undertaken using
an 18-G needle and when enough tissues were obtained
(length of the specimen >2 cm), the biopsy samples were
fixed in buffered formaldehyde for 24 h and then processed
by routine tissue procedures. The tissue samples were then
embedded into paraffin blocks and sliced into 4-m-thick
sections.
Each biopsy was analyzed simultaneously by two
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pathologists (NA, SY) with two hematoxylin and eosin (HE)
stained sections and periodic-acid Schiff with diastase
stain for necroinflammatory activity (NIA). The Masson’s
trichrome and Sweet’s reticulin stains were reviewed for
fibrosis and structural change. The biopsy samples were
scored for NIA (grade) and fibrosis (stage) according to the
modified Knodell’s histological activity index[6].
Statistical analysis
Statistical analyses of the data were conducted with ‘SPSS
for Windows (ver.10.1)’. Student’s t test was used in the
comparison of the study and control groups, and SpearmanPearson correlation test was used in the evaluations of the
relation among cytokines, and between cytokines and
other parameters (NIA, fibrosis). P<0.05 was considered
statistically significant.

RESULTS
Age-gender
In the study group, there were 24 males (80%) and 6 females
(20%) with their age ranging from 16 to 55 years (mean
age: 26 years). The control group consisted of 18 males
(60%) and 12 females (40%) with their age ranging from
21 to 38 years (mean age: 22 years) (Table 1).
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patients had minimal (Figure 1A), 7 mild, 5 moderate, and
5 severe (Figure 1B) NIA (Table 3). In the stage (fibrosis)
evaluation, the results were as follows: 3 patients had no
fibrosis, 11 had mild fibrosis, 14 had severe fibrosis, and 2
had cirrhosis (Figure 2). The histopathologic values of the
patients are shown in Table 2.

A

B

Table 1 Demographic features of the study and the control groups

n
Sex
Male (%)
Female (%)
Age (yr)
Age interval
Median age

Patients

Control

30

30

24 (80)
6 (20)

18 (60)
12 (40)

16-55
26

21-38
22

Figure 1 Mild degree NIA (A) (HE, ×100) and severe NIA (B) (HE, ×40).

Cytokine levels
In comparison of cytokine levels between patients and controls,
TNF-, IL-4, TGF-1, and IFN- levels were significantly
higher in the patients than in the controls (P<0.005, 0.03,
0.002, 0.0001, respectively) (Table 2).
Table 2 Cytokine results of the study and control groups (mean±SD)
Patients
IFN-
IL-4
TGF- 1
TNF-

1.57±0.59
2.51±0.67
822.8±121.24
17.7±4.98

Control

P

3.44±0.41
1.01±3.88
419.33±37.78
3.1±1.21

<0.0001
<0.030
<0.002
<0.005

There was a significant correlation between IL-4 and
TGF-1 (P<0.05), while TGF-1 and IFN- were negatively
correlated (P<0.05). TNF- and other cytokines, and IFN-
and IL-4 were not correlated (P>0.05).
NIA and fibrosis
In the evaluation of the liver functions of the patients, 13

Figure 2 Porto-central bridging necrosis and severe fibrosis, reticuline, ×40.

Table 3 NIA and fibrosis results of the patients
NIA

Fibrosis
Absent
Mild
Severe
Cirrhosis
Total

Total

Minimal

Mild

Moderate

Severe

3
6
4
0
13

0
4
3
0
7

0
1
4
0
5

0
0
3
2
5

3
11
14
2
30

Cytokine, activity and fibrosis
Fibrosis and TGF-1 were significantly correlated (P<0.05).
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However, the other cytokines and fibrosis had no significant
correlation (P>0.05).

DISCUSSION
Viral dissemination is mainly limited by cellular immunity.
Cytotoxic T lymphocytes (Tc) play a most important role in
the host defense against viruses. T-cell receptors are activated
by the complex of HLA class I or II and viral proteins,
during which CD4+ and CD8+ T lymphocytes play a role.
Cytotoxic T lymphocytes exert their effects either by forming
direct cytolysis and/or apoptosis or by cytokine secretion.
In the control of immune response, CD4+ cells assume the
central role in cytokine secretions, and CD8+ cells produce
cytokines[5,7-9].
High levels of TNF-, a chief mediator in many
inflammatory processes, have been detected in experimental
liver damages and CHB. TNF- is known to play a key
role in liver regeneration, proliferative response, and to
reduce type I collagen, thus antagonizing the fibrogenic
effects of TGF-1. In vitro studies have shown that TNF-
increased HBV mRNA demolition and inhibited HBV
replication[5,10].
In CHB, serum levels of TNF- and its secretion from
peripheral blood mononuclear cells were elevated in in vitro
studies. In addition, by intense secretion of TNF- from
mononuclear blood cells in CHB patients under IFN-
treatment increased transaminases were detected, and
elevated TNF- levels were claimed to indicate HBV
elimination[11].
In this study, TNF- values of the patients were
significantly higher than those of the controls (P<0.005),
which may indicate that TNF- can inhibit viral replication
and ongoing process of HBV elimination[11].
In the management and elimination of HBV infection,
increased IFN- secretion has been reported. IFN- levels
were found to be lower in CHB patients than in the control
group and even lower in the decompensation phase.
Furthermore, a correlation between IFN- levels and activity
was reported[7,12,13].
In comparison of serum IFN- (Th1 response) levels
between the study and control groups, the IFN- (Th1
response) levels of the study group was significantly lower
than those of the controls (P<0.001). However, they were
not correlated with NIA (P>0.05). Lower IFN- levels in
CHB patients than in the controls may be attributed to the
reduction and/or loss of IFN- efficiency during chronic
progression of the infection.
The number of IL-4 secreting Th cells has been reported
to be higher in CHB patients than in healthy individuals,
and IL-4 elevation has been attributed to the persistent HBV
infection[13-15]. Similarly, in our patients, serum IL-4 (Th2
response) levels were significantly higher than those in the
controls (P<0.01).
TGF- 1 (Th3 response) has an important stimulating
effect on CHB and pathogenesis of fibrosis in patients with
cirrhosis. Besides its immunosuppressive effect, its strong
correlation with the histological degree of lobular necrosis
and activity has been reported[5,7,16]. TGF-1 may also reduce
hepatocyte regeneration, enhance stellate cell activation, and
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trigger fibrogenesis. It could stimulate extracellular matrix
proteins such as collagen and fibronectin, and activation of
type I collagen and its secretion by stellate cells[17,18]. TGF- 1
level was reported to reflect the histological stage and the
activation of latent TGF-1 was reported to be the starting
point of fibrogenesis[19,20].
The serum TGF-1 levels in CHB patients in this study
were significantly higher than those in the controls (P>0.01).
Furthermore, TGF- 1 was significantly correlated with
fibrosis (P<0.05). Thus, our findings support the findings
that TGF-1 secretion is the most important starting point
of pathogenesis of fibrosis.
IL-4 and TGF- 1 levels were significantly correlated
(P<0.05), while TGF-1 and IFN- levels were negatively
correlated (P<0.01). Lower IFN- levels in CHB are
suggestive of chronic progression. TGF-1 elevation, however,
is suggestive of it as the only important immune mechanism
in the development of fibrosis.
In conclusion, compared with the levels of healthy
individuals, the TGF-1, IL-4, and TNF- levels in HBV
patients are significantly higher and IFN- levels are lower.
The differences are statistically significant. The positive
correlation between serum TGF-1 levels and fibrosis suggests
that TGF-1 may be a reliable marker for the development
of fibrosis (cirrhosis). Evaluation of cytokine levels may
contribute to the early detection of fibrosis development,
thus enabling treatment at an earlier phase. The measurement
of cytokine levels in blood is a convenient and non-invasive
method. However, it has some disadvantages. Since the time
many of the cytokines remain in blood is very short, their
detection in blood is difficult, because many cytokines do
not have endocrine effects, and do not pass into the blood.
In HBV patients accompanying acute/chronic diseases,
blood cytokine levels may not be a reliable marker.
Because of the reasons stated above, the measurement
of cytokines at tissue level should prove more reliable in
the estimation of the course of the disease.
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Abstract
AIM: The sphincter of Oddi (SO) plays an important role in
delivery of bile into the duodenum. To establish whether
vasoactive intestinal polypeptide (VIP) and nitric oxide (NO)
were involved in phasic contractile activity of the rabbit
SO stimulated by cholecystokinin-octapeptide (CCK-8).
METHODS: Isolated SO muscle rings were cleaned of fat
and mounted horizontally on two small L-shaped hooks
one of which was connected to a force transducer for the
measurement of isometric tension. The experiments were
carried out in a thermostatically controlled (37±0.2 ℃)
organ bath (5 mL) containing Krebs solution. The organ
fluid was gassed with 95% O2 and 50 mL/L CO2 to keep
the pH at 7.40±0.05. Contractile responses to CCK-8
(1 mol/L) were evaluated in the presence and absence
of NG-nitro-L-arginine (LNNA), an inhibitor of NO synthase
(100 mol/L), and (p-chloro-D-Phe6 -Leu17 )-VIP (VIPa,
30 mol/L), a VIP receptor antagonist.
RESULTS: CCK-8 stimulated the phasic activity of the SO.
NO synthase inhibition increased the frequency and amplitude
of contractions with a slight increase in developed tension.
Pre-incubation with VIPa also attenuated this CCK-8 effect.
The combined application of LNNA and VIPa abolished
the phasic activity of the muscle rings with a marked increase
in tension in response to CCK-8.
CONCLUSION: VIP and NO together contribute to an
increase in phasic activity of SO.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The sphincter of Oddi (SO) plays an important role in delivery
of bile into the duodenum. In animals like rabbits, opossums
and guinea pigs, the partially extraduodenal sphincter operates
like a peristaltic pump that actively squeezes bile into the
duodenum[1]. Thus, contraction and relaxation mechanisms
are of equal importance in controlling normal sphincter
function. Regulation of the relaxation function of this
sphincter is mainly executed by non-adrenergic, non-cholinergic
(NANC) nerves[2]. With regard to the neurotransmitters involved,
evidence favors a role for vasoactive intestinal polypeptide
(VIP)[2] and nitric oxide (NO) in various species including guinea
pigs[3], rabbits[4], and humans[5]. In the rabbit SO the NANC
relaxation is completely blocked by NG-nitro-L-arginine methyl
ester (L-NAME), an inhibitor of NO-synthase[4]. The inhibitory
effect of L-NAME can be reversed by concurrent incubation
with L-arginine but not D-arginine indicating the response to
be essentially nitrergic. It is widely accepted that NO evokes
smooth muscle relaxation through formation of cyclic GMP
within muscle cells[6]. Nevertheless, NO has been shown to
stimulate the release of VIP from enteric nerve terminals, an
effect to enhance or contribute to its ‘per se’ relaxant effect[7].
Much less is known about the influence of endogenous
substances that promote the peristaltic pump-like sphincter
function through generating phasic contractions. Cholecystokinin
(CCK) is generally regarded as the major hormone regulating
postprandial SO motility. CCK has been shown to initiate
VIP and acetylcholine release at both pre- and post-junctional
sites in enteric nervous system through CCK A receptors,
whereas CCKB receptors seem to mediate NO release at postjunctional sites[8]. Nevertheless, the contribution of NO and
VIP release to CCK-induced stimulation of phasic contractile
activity of the SO has not been explored. The present work
was therefore concerned with the possibility that an interplay
between NO and VIP would contribute a significant degree
to CCK-induced phasic contractions in the SO of rabbits.
MATERIALS AND METHODS
Ethics
The experiments in the present work conformed to European
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Guiding Principles for Care and Use of Experimental
Animals. In addition, the experimental protocol applied was
approved by the local ethical board of University of Szeged
and University of Debrecen, Hungary.
Isometric tension measurements
These measurements were described in detail elsewhere[4].
Biliary SO muscle rings of approximately 6 mm in length
from adult male New Zealand white rabbits weighing 3 5004 000 g were prepared. The papilla Vateri was eliminated
and the ampullary part of the muscle rings of approximately
3 mm in length were mounted horizontally on two small Lshaped glass hooks of which one was connected to a force
transducer (SG-O2, Experimetria, Budapest, Hungary)
attached to a six channel polygraph (R61 6CH, Mikromed,
Budapest, Hungary) for measurement and recording of
isometric tension as described[4]. One muscle ring was prepared
from one animal. The experiments were carried out in an
organ bath (5 mL) containing Krebs bicarbonate buffer (mM:
NaCl 118.1, KCl 4.7, MgSO4 1.0, KH2PO4 1.0, CaCl2 2.5,
NaHCO3 25.0, glucose 11.1) which was maintained at
37 ℃ and aerated continuously with carbogen (50 mL/L CO2
in oxygen, Ph. Eur. III.). The initial tension was set at 10
mN and the rings were allowed to equilibrate for over an
hour. Cholecystokinin octapeptide (CCK-8, 0.01-10 mol/L),
atropine (1 mol/L), tertrodotoxin (TTX, 1 mol/L), (pchloro-D-Phe6, Leu 17 )-VIP (VIPa, 30 mol/L), and NGnitro-L-arginine (LNNA, 100 mol/L) were added directly
to the organ bath in 50-150 L volume.
Experimental protocol
The muscle rings underwent brief experimental protocols
as follows. Protocol 1: the preparations with a resting tension
of 10 mN were exposed to cholecystokinin-octapeptide
(CCK-8) (0.1 mol/L, the EC50 for the peptide in this
preparation) subsequent to an equilibration period of over
60 min. After a stable contractile response was obtained,
the preparations were washed until tension returned to
previous baseline level. Protocols 2 and 3 were to study the
effect of atropine and TTX (1 mol/L for both) on CCK8-induced increase in phasic activity. Atropine and TTX
were applied either prior to CCK-8 or at maximum increase
in phasic contractions, respectively. Protocols 4 and 5 were
to study the effect of NO synthase inhibition (100 mol/L
LNNA) and neutralization of VIP action on CCK-8-induced
responses. The preparations were pre-incubated with either

A

B

Tension (mN)

100 mol/L LNNA or 30 mol/L VIPa for over 20 min,
and then CCK-8 (0.1 mol/L) was given. In protocol 6,
LNNA and VIPa were applied together prior to CCK-8.
Except for protocol 3, baseline contractile patterns were
re-gained subsequent to washout; in case of TTX, however,
the decrease in baseline contractile amplitudes could not be
overcome even by extensive washout.
Drugs and chemicals
Atropine, TTX, LNNA, and CCK-8 were obtained from
Sigma Chemical Company (St. Louis, USA). Polyclonal VIPa
was a generous gift from Joseph Nemeth (Department
Pharmacology, Medical University of Pecs). The compounds
were dissolved in Krebs solution and added directly to the
organ bath except for LNNA which was dissolved in ethanol
and then diluted with Krebs solution.
Data and statistical analysis
Parameters producing the data for evaluation were as follows.
The amplitude of contractions (mN) was referred to as the
difference between peak contractions and relaxations. The
averages of the amplitudes were calculated for every minute
(results are expressed as mean±SE, n = number of frequencies in a minute). The frequencies of contractions (cpm) were
calculated for every minute. Statistical analysis was performed
for every 10 min of the experiments using either Student’s
t-test (when the data consisted of two groups) or ANOVA
(when three or more data groups were compared). Results
were expressed as mean±SE, n = 5, P<0.05 was accepted
as statistically significant.

RESULTS
Effect CCK-8 on isolated SO motility
CCK (0.1 mol/L) increased frequency and amplitude of
contractions, and elevated the developed tension of the
muscle rings (Figures 1A-C).
Effect of atropine and TTX on CCK8-stimulated SO contractions
CCK-8-stimulated SO contractions were blocked by TTX
(1 mol/L). Atropine in the same concentration (1 mol/L)
also abolished agonist-induced contractile activity.
Effect of LNNA and VIPa on CCK-8-stimulated SO motility
NO synthase inhibition by LNNA markedly increased the
frequency and amplitude of contractions with a slight increase
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Figure 1 Effects of LNNA and VIPa on CCK-8-stimulated mechanical activity
of rabbit SO in vitro. A: Summary of the effect of LNNA, VIPa and combined
application of these substances on CCK-8-induced change of tension. Data are
mean±SD, n = 6, aP<0.05 vs baseline. B: Summary of the effect of LNNA, VIPa
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and combined application of these substances on CCK-8-induced change of
amplitudes. Data are mean±SD, n = 6, aP<0.05 vs baseline. C: Summary of the
effect of LNNA, VIPa and combined application of these substances on CCK-8stimulated contractile frequency. Data are mean±SD, n = 6, aP<0.05 vs baseline.
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in developed tension. Pre-incubation with polyclonal VIPa
attenuated each CCK-8 effect. Combined application of LNNA
and VIPa significantly increased the tension of CCK-8, but
abolished the phasic contractile activity of the muscle rings
(Figures 1A-C). Separate application of LNNA and VIPa
potentiated the effect of CCK-8-induced phasic contractions,
while combined application of these substances completely
abolished the phasic activity of the muscle rings with a marked
increase in tension in response to CCK-8. These results
indicated that VIP and NO together are mediators of the
CCK-8-stimulated phasic contractions in rabbit SO.

DISCUSSION
The results showed that the CCK-8-induced increase in phasic
contractile activity characterized by an amplification of
frequency of contractions superimposed on an increase in
tension was augmented by NO synthase inhibition. The
amplitude of contractions, exhibited only a tendency to
increase when the effect of CCK-8 on rings pre-exposed to
LNNA was studied. Neutralization of VIP yielded an increase
in tension and a reduction of contractile amplitude with no
effect on frequency of contraction. NO synthase inhibition
together with neutralizing VIP completely blocked any phasic
activity after CCK-8 with a substantial increase in tension
i.e., this combined treatment converted the phasic activity
stimulating effect of CCK-8 to a pure increase in tonic
contraction.
As far as the mechanism of action of CCK on the SO is
concerned, previously it has been postulated that CCK at
least in the dog sphincter exerts the majority of its effect
through stimulation of receptors on smooth muscle cells[9].
Nevertheless, results by Behar and Biancani[10] revealed that
blockade of action potential propagation by TTX abolishes
the inhibitory effect of CCK on sphincter mechanics converting
its action to stimulation. This evokes the concept of the
involvement of neural inhibitory mechanisms in the CCK
effect that interact with stimulatory impulses targeted to
smooth muscle receptors. Regarding neural inhibition on
SO of rabbits, we have shown that it is primarily of nitrergic
origin[4]. NO besides producing smooth muscle relaxation
may enhance the release of VIP, which in turn may further
stimulate NO formation[7] . Moreover, CCK A receptors
have been found to stimulate VIP and acetylcholine release
from enteric nerve terminals at pre-and post-junctional sites,
whereas CCK B receptors seem to elicit NO release at postjunctional sites[8]. The results that neither LNNA nor VIPa
was able to block the phasic activity stimulating effect of
CCK-8 but combined application of these substances resulted
in conversion of CCK-8 effects to a full contractile one
seem to support the assumption that an interplay between
VIP and NO is of crucial importance in the development
of phasic activity by CCK-8 in the rabbit SO. Moreover,
since both TTX and atropine could block the effect of
CCK-8, the majority of the effects of CCK-8 seem to be
mediated by cholinergic impulses.
To the best of our knowledge this report is the first to
describe that the integrity of neural nitrergic and VIP-
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mediated processes are pre-requisites for the ability of CCK8 to stimulate sphincter motility. Since in rapacious animals,
the peristaltic pump-like sphincter activity actively squeezes
bile into the duodenum, and this sphincter activity is underlain
by neurotransmitter release from either intrinsic or sensory
neurons, it is not surprising that diseases that deteriorate
these nerves impair sphincter function as well[11,12]. Of course,
based on the present results it is not possible to estimate
whether or not the neural responses participate in CCK-8induced responses. However, that VIP and NO together
comprise the principle neural effectors of relaxation
interrupting tonic contractions evoked by CCK-8 in the
rabbit SO seem to be supported by the data obtained. Similarly,
the present work has not elucidated the precise role of
cholinergic impulses implicated in either contractile or
relaxant effects of CCK-8. Nevertheless, since similar to that
seen with TTX, atropine also blocked the CCK-8 effects,
thus it is possible that cholinergic nerves besides eliciting
contractions may facilitate relaxation through releasing NO
or VIP or other currently undefined relaxants.
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Abstract
AIM: To analyze retrospectively the records of 294
conse-cutive patients operated upon for gallbladder
stones, to determine the predictive factors of synchronous
common bile duct (CBD) stones and validate prospectively
the generated model.
METHODS: The prognostic estimation of a biochemical
test and ultrasonography alone to differentiate between the
absence and presence of choledocholithiasis was assessed
using receiver operating characteristics curve analysis.
Multivariate analysis was employed using discriminant analysis
for establishment of a best model. Prospective validation
of the model was made.
RESULTS: Discriminant forward stepwise analysis
disclosed that high values (≥ 2×normal) of SGOT, ALP,
conjugated bilirubin and CBD diameter on ultrasound ≥
10 mm were all prognostic factors of CBD lithiasis in
univariate and multivariate analysis, P<0.01. History was
not included in the model. Prospective validation of the
model was performed by multivariate analysis using Visual
General Stepwise Regression. Positive predictive value,
when considering all these predictors, was 93.3%, while
the negative predictive value was 88.8%. Sensitivity of the
model was 96.5% and specificity 80%.
CONCLUSION: The above model can be objectively applied
to predict the presence of CBD stones.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Evolving laparoscopic techniques of common bile duct (CBD)
exploration aroused interest on the debate of the optimal
management of patients with suspected CBD stones, who
underwent laparoscopic cholecystectomy. CBD stones are
present in 10-15% of patients, though the incidence declines
in recent years after the widespread acceptance of laparoscopic
cholecystectomy. Further inquiry of the usefulness of CBD
stone predictors is, therefore, highly necessary. The records
of 294 consecutive patients operated upon laparoscopically
for gallbladder stones from June 1993 until June 1994 were
taken into analysis retrospectively.
Forty-two patients were documented to have CBD lithiasis,
based on the data of intraoperative cholangiography, which
was technically feasible in 263 patients.
An optimal model ïf CBD stone prediction was established
based on these data and validated prospectively by Visual
General Stepwise Regression (VGSR) in a subsequent series
of patients undergoing laparoscopic cholecystectomy.
MATERIALS AND METHODS
All patients admitted for extrahepatic biliary tree pathology,
were evaluated with ultrasonography and liver enzyme profile
in addition to a detailed history. Enrollment to this study was
strictly limited to the patients who fulfilled at least one of the
prognostic factors for CBD lithiasis found in a preliminary
retrospective study.
The records of 294 consecutive patients operated upon
laparoscopically for gallbladder stones from June 1993 to June
1994 were taken into analysis retrospectively.
Among the 294 patients, only 280 had a complete record
with detailed histories (present and past), ultrasound, liver
enzyme profile at admission (except for GT and SGPT) and
intraoperative cholangiography. Biochemical results were
considered abnormal for a patient with any of the followings:
direct bilirubin >1 mg/100 mL, alkaline phosphatase >
300 U/L, alanine aminotransferase >35 U/L. Dilatation
of CBD was considered if a diameter of >6 mm was measured
in its midportion. The suspicion of presence of CBD stones
seen on ultrasound was also recorded.
Forty-two patients (14%) were documented to have CBD
lithiasis according to the data of intraoperative cholangiography
which was technically feasible in 263 (94%) patients.
Predictors of CBD lithiasis were defined for better patient
selection in a prospective randomized trial comparing laparoscopic CBD exploration and cholecystectomy vs ERCP, endoscopic sphincterotomy and laparoscopic cholecystectomy[1].
From April 1997 to August 2000, all the patients presented
with, at least one of the predictors, as dictated by the preliminary
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retrospective study were enrolled in the protocol. Excluded
from the study were patients:
·With physical status ASA ≥III
·Who did not sign the informed consent
·Who had past abdominal procedures which should
exclude laparoscopy
·Suffering from malignancy or other pathology,
affecting life expectancy
·With recurrence of CBD lithiasis
·Who had to be operated upon for concurrent pathology
·With coagulation disorders
·Presented with multiple intrahepatic lithiasis
·Who had concurrent pathology of the extrahepatic
biliary tree (fistulas, choledochal cysts, etc.).
The remaining patients were assigned into two groups
(laparoscopic CBD exploration, group A and combined
approach, group B), by opening a sealed envelope. The time
interval between the onset of acute symptoms and intervention
was 24-48 h.
Demographic characteristics, mean values and standard
deviations of liver function tests and ultrasonographic findings
of the 78 patients are depicted in Tables 1-3, respectively.
After confirming CBD lithiasis with intraoperative cholangiography, patients of group A were addressed laparoscopically,
either with direct CBD exploration or with trancystic duct
stone extraction and cholecystectomy. Patients of group B
were referred for ERCP and potential ES and stone extraction
through the ampulla, and laparoscopic cholecystectomy was
done later (24 or 48 h).

Table 1 Clinicopathologic characteristics of patients of both groups
Group A

Group B

Number

36

42

Female

21

25

Male

15

17

43-88

46-89

Fever

3

3

Jaundice

8

9

Chills

1

1

Pancreatitis

1

1

Age (yr)
Positive history

Total

13

14

Ultrasonographic CBD diameter ≥ 10 mm

33

37

SGOT ≥ 2 normal

21

26

dBil ≥ 2 normal

15

17

ALP ≥ 2 normal

18

22

Table 2 Mean values and standard deviation of liver function tests
Group A

Group B

197 U/L

189 U/L

38 U/L

35 U/L

SGOT
Mean
Standard deviation
Bilirubin
Mean

5.2 mg/100 mL

4.1 mg/100 mL

Standard deviation

2.2 mg/100 mL

1.8 mg/100 mL

ALP
Mean
Standard deviation

540 U/L

469 U/L

87 U/L

81 U/L
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Table 3 Ultrasonographic findings

CBD diameter <10
CBD diameter ≥ 10
CBD diameter
Median
Range
Choledocholithiasis
Positive
Suspected

Group A

Group B

3
33

5
37

10.5
5-21

11
5-23

11
18

14
21

Laparoscopic direct common bile duct exploration[2-5]
Selection of the flexible choledochoscope was made between
one of the medium size (10 Fr, 3.3 mm) and the other of the
large size (15 Fr, 5.5 mm). The small size choledochoscopes
are not proper for this method because of inefficient vision,
inadequate lavage facilities and the need for large baskets
for sizable stone pick up.
The rest of the equipment included 30 o laparoscope,
curved pair of scissors, knife, a Semm forceps, irrigationsuction device, and a pair of laparoscopic needle holders
(alternatively an endostitch apparatus). CBD suturing was
made by 4/0 coated vicryl or 4/0 polysorb threads.
In addition to the classical sites of port placement in
laparoscopic cholecystectomy, a fifth 11 mm port was put
at right of the midline (in the immediate proximity) to the
xiphoid for the insertion of the choledochoscope and cholangiography was performed.
It was important that the continuity of the cystic duct
with both the CBD and the gall bladder was maintained
since this enables fixation of the CBD by lateral and upward
traction of the gall bladder. After that, we were able to proceed
to the anterior dissection of the supraduodenal segment of
the CBD in about a 2-cm long and 1-cm wide area, while
the duodenal bulb was mobilized downward. Mobilization
of hepatic artery or its right branch is necessary if these
entities cross the bile duct in this region.
Choledochotomy procedure: the opening should not
exceed 1.0 cm at first instance. External massage and
manipulations of the lower bile duct is surprisingly efficacious
and should always be tried as the first measure. After that,
a biliary balloon catheter was inserted through the subxiphoid
port into the bile duct. Blind biliary balloon stone dislodgment
was successful in some of our patients. Smaller stones can
also be removed using the sucker tip.
Visually guided extraction with the flexible choledochoscope
by wire baskets or long balloon catheters of Fogarty type
was successful in the vast majority of our patients. Upon
completion of the procedure, the entire biliary tract (proximal
and distal) was inspected and shown to be free of calculi and
debris and a cholangiogram was also done to ensure complete
duct clearance.
Drainage of the extrahepatic biliary tree was done through
a T-tube insertion or through the cystic duct stump with
primary closure of the bile duct. Closure is accomplished with
interrupted 4/0 absorbable sutures. After cholecystectomy,
a subhepatic drain was inserted.
Cholangiography was performed on the 8th postoperative
day and the T-tube or the cystic duct cannula was removed
2 d later.
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Laparoscopic trancystic duct exploration[6]
Flexible choledochoscope must have an outside diameter
of no larger than 3 mm.
Not infrequently, the duct was cleared before the scope
had been completely prepared by noncholedochoscopic
maneuvers such as pharmacologic relaxation of the sphincter
of Oddi, administration of 1-2 mg of intravenous glucagon,
flushing of the cholangiocatheters with saline, balloon and
helical or straight basket techniques.
Three tools are available to dilate the cystic duct for
choledochoscope entry: curved forceps, mechanical graduated
dilators and pneumatic high pressure balloon dilators. The
choledochoscope was inserted through the midclavicular
port into the cystic duct. Choledochoscopic stone retrieval
was most commonly achieved using a basket inserted through
the channel of the scope.
Balloon-tipped catheters were also used. These catheters
generally do not fit in the working channel of the newer
small-diameter scopes, so they must be inserted adjacent to
the scope. In cases that scope or stone passage was not
feasible, the cystic duct wall was cut longitudinally towards
the common duct. If the incision included or abut the cystic
duct-CBD junction, some stitches were sewn. Most often
this was accomplished without the placement of a T-tube
unless there was a good reason for doing so.
Patients were followed every 3 mo by phone and every
6 mo by personal conference and if mandatory, laboratory
tests and ultrasonography were prescribed. There were no
violations of the protocol.
Statistical analysis
The corresponding proportion and total number of patients
were expressed for each clinical predictor. When distributed
normally, continuous variables were described using mean
and standard deviation, if not they were expressed as median
and range. All parameters were analyzed as categorical variables.
A sensitivity analysis of all possible predictors was
conducted through an ST Neural Network. The prognostic
estimation of a biochemical test alone to differentiate between
the absence and presence of choledocholithiasis was assessed
using receiver operating characteristics (ROC) curve analysis.
For each test, one cut-off value was chosen by determining
the point closest to an ideal test with 100% specificity and
sensitivity (the upper most left corner of the graph).
Discriminant forward stepwise analysis, using the ideal
cut-offs determined at ROC curve analysis, was employed
to retrospective data to establish the model that could best
predict the presence of a CBD stone. Positive and negative
predictive values were determined for all predictors. Prospective
validation of the model that predicts choledocholithiasis was
done by VGSR. In addition, the parameter coefficients of
the initial model were compared with those obtained from
the data of the prospective study.
Statistical analysis was made using the Statistica (StatSoft)
software. Results with P values less than 0.05 were considered
to be statistically significant.

RESULTS
Retrospective study
Eight potential prognostic factors (positive history, past and
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present; abnormal values of LDH; amylase; SGOT; dBil;
ALP and CBD diameter on ultrasound) were considered
for evaluation as predictors of choledocholithiasis. A sensitivity
analysis was conducted through an ST Neural Network.
Variables pruned because of training, and verification ratios
below the threshold were: past history, amylase and lactate
dyhydrogenase, and were removed from the underdevelopment
model of predictors. The “rank” on sensitivity datasheet
was CBD diameter = 1, ALP =2 , dBil = 3, SGOT = 4. The
best network found had good performance: correct classification
rate 0.894737 and area under ROC curve 0.946328. ROC
curve was used to select an optimum decision threshold
(value that equalizes the probability of this classification of
either class of false positive and false negative). Diameter
of the supraduodenal CBD documented by ultrasonography
was categorized into two cut-off values: >6 and ≥10 cm.
The ideal cut-off was 10 mm. History was categorized as
positive (presence of fever, jaundice, chills, pancreatitis) or
negative. Categorical classification of liver enzymes was done
by two values: simply elevated and equal or above twice normal.
The ideal cut-off value was twice as normal.
In 42 patients with choledocholithiasis, positive histories
were present in 36%, CBD diameter ≥10 mm on ultrasound
in 95% and more or equal twice normal values of SGOT
in 59%, dBil in 42%, and ALP in 50%. In the remaining
238 patients without evidence of CBD lithiasis in intraoperative
cholangiography, positive histories were present in 5%, CBD
diameter ≥10 mm in 15% and more or equal twice normal
values of SGOT in 11%, dBil in 7% and ALP in 7%.
Discriminant forward stepwise analysis disclosed that
high values (≥2×normal) of SGOT, ALP, conjugated
bilirubin and CBD diameter on ultrasound ≥10 mm were
all prognostic factors of CBD lithiasis in univariate and
multivariate analysis at a level of P<0.01. History was not
included in the model.
Positive predictive value (PPV), when considering all
predictors was 93%, while the negative predictive value
(NPV) was 95%.
Prospective study
From April 1997 to August 2000, 97 patients fulfilled the
criteria of enrollment in the protocol as dictated by the
preliminary retrospective study.
The following 19 patients were excluded from the study:
·Physical status ≥ASA III (seven patients)
·Did not sign the informed consent (six patients)
·Past procedures which should exclude laparoscopy
(two patients)
·Recurrence of CBD lithiasis (one patient)
·Huge esophageal hernia (one patient)
·Von Willebrand disease (one patient)
·Choledochal cyst (one patient).
There were no statistically significant differences regarding
demographic and clinicopathological characteristics, ultrasonography and liver function tests among patients of both
groups (Mann-Whitney U test was applied). Postoperative
follow-up was made for 7-36 mo (median 22.36 mo).
Group A: Twenty-eight of thirty-six patients of group A had
CBD lithiasis, 12 patients had direct CBD exploration and,
the trancystic duct approach was applied in the remaining 16.
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The application of direct CBD exploration was unsuccessful
in three patients: there was conversion to open in one patient
and the rest two patients were referred for endoscopic stone
extraction. We had only one failure in the application of the
trancystic duct approach and the patient was also referred
for endoscopy.
The median duration of laparoscopic CBD exploration
was 90 min (range 70-310 min). Median hospital stay was
7.4 d (5 d for trancystic duct approach and 11 d for direct
CBD exploration).
Group B: Thirty-two of forty-two patients of group B had
CBD lithiasis. In five patients, endoscopic stone extraction was
unsuccessful and all were referred for open choledochotomy.
Median hospital stay was 9 d. Duration of ERCP and ES
in addition to the time spent for LC was 60-255 min (median
105 min).
The short-and long-term results from the application of
the above-mentioned laparoscopic and endoscopic procedures
are shown in Table 4.

Table 4 Short and long term results

Number of patients

Group A

Group B

36

42

Patients with CBD lithiasis

28 (121, 162)

32

Successful stone extraction
Method failure

24/28 (85.7%)
4/28 (14.3%)

27/32 (84.3%)
5/32 (15.7%)

Conversion to other procedure

4/28 (14.3%)

5/32 (15.7%)

Total morbidity

5/28 (17.8%)

6/32 (18.7%)

Death
Mean hospital stay (d)

13
7, 4 (52, 111)

14
9

Stones remaining during follow up

1

1

CBD stenosis

0

1

1

2

3

Direct CBD exploration. Trancystic duct CBD exploration. On the 40 th
postoperative day at home. 4Acute myocardial infarction 2 d after endoscopy.

Table 5 Complications
Group A

Group B

Cholangitis

0

1

Mild pancreatitis

0

2

Bile collection

0

1

Biliary fistula

11

0

Pulmonary embolism

1

0

Death

12

13

Sepsis

0

1

Abdominal wall hematoma

2

0

Upper G.I. hemorrhage

0

1

Cardiovascular

1

0

1
After direct CBD exploration. 2 On 40 th postoperative day at home. 3 Acute
myocardial infarction 2 d after endoscopy.

Complications encountered among patients of both
groups are depicted in Table 5.
Rank sum test disclosed that there was not a statistically
significant difference among patients of both groups
concerning morbidity (P = 0.87), mortality (P = 0.70) and
hospital stay (P = 0.07). On the contrary, there was statistically
significant difference regarding hospital stay in favor of
patients that underwent the trancystic duct approach (P<0.01).
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To compare long-term results, we applied the Gehan’s
Wilcoxon test but a statistically significant difference was
not found (P = 0.70).
Prospective validation of multivariate model
In order to validate prospectively the multivariate model,
we used the VGSR module to build a model for our design
with multiple degrees of freedom effects for categorical predictor
variables.
The best model for predicting bile duct stones included
the following independent predictors: CBD diameter ≥10 mm
(dichotomized, using a cut-off value of 10 mm) and
elevated values (≥2 nor mal) of SGOT, dBil, ALP
(dichotomized using a cut-off value of equal to twice normal).
All the above were predictors on univariate analysis even
after using the Bonferroni-Holm method to adjust for
multiple comparisons. Level of significance in univariate
analysis for CBD diameter ≥ 10 mm, and elevated values
(≥2 normal) of SGOT, dBil, ALP was P<0.01 for each
of them. Table 6 shows the performance of each possible
predictor of CBD lithiasis analyzed including positive and
NPVs. Table 7 depicts the model building via forward
stepwise regression.
There were no significant differences between observed
and predicted probabilities in the subgroups of patients when
broken down according to the different possible predictor
combinations.
The respective coefficients for each of the predictors
were: CBD diameter ≥10 mm (0.314982024), SGOT
(0.227198578), dBil (0.244231286), ALP (0.207177395).
Prediction equation for choledocholithiasis was: CBD
lithiasis = -0.03912693+0.314982024×CBD ≥10 mm+
0.227198578×SGOT+0.244231286×BIL+0.207177395×ALP
in which CBD diameter ≥ 10 = 1 if yes or = 2 and if not,
values of SGOT, dBil, ALP = 1 if ≥2 normal or 2 if
lower. Presence of CBD stone in a given case, is to be
expected if the result of the equation is ≤1.5, the opposite
is true if the result is >1.5. Consequently, parameter
coefficients of the model did not vary significantly when
retrospective and prospective data were combined. PPV,
when considering all these predictors, was 93.3%, while the
NPV was 88.8%. Sensitivity of the model was 96.5% and
specificity 80%.

Table 6 Performance of predictors in univariate analysis
Predictor
CBD ≥ 10 mm

Number of patients (%)

PPV (%)

NPV (%)

70/78 (89.7)

74

87.5

SGOT ≥ 2 normal

32/78 (41)

46

97

dBil ≥ 2 normal

33/78 (42.3)

48

97

ALP ≥ 2 normal

40/78 (51.2)

42

95

DISCUSSION
Laparoscopic cholecystectomy and evolving laparoscopic
techniques of CBD exploration renewed interest on the
debate of the optimal management of patients with suspected
CBD stones who underwent cholecystectomy[7,8].
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Table 7 Building the model via forward stepwise regression
Summary of stepwise regression; variable: lithiasis. Forward stepwise P to enter: 0.05, P to remove: 0.05
Steps
History

F to remove

P to remove

Effect status

0.6688

Out

15.9619

0.0001

Out

SGOT

1

48.4107

1.05E-09

Out

Bil
ALP

1
1

63.4082
55.3074

1.3E-11
1.31E-10

Entered
Out

10.6347

0.0016

Entered

9.16433
3.33518

0.0033
0.0717

Out
Out

7.98087

1

CBD_10

1

SGOT
History

1
1

ALP

0.18442

P to enter

1

Step 2

1

F to enter

CBD_10

Bil

Step 1

Degrees of
freedom

63.4082

1.29624E-11

0.0060

Out

1

54.81658

1.61316E-10

In

CBD_10
SGOT

1
1

10.6347

0.0016709
8.23132

0.0053

In
Entered

History

1

0.31224

0.5779

Out

ALP

1

6.52043

0.0127

Out

Bil

Bil
CBD_10

1

In

Step 3

1
1

17.77605
9.667935

6.94475E-05
0.0026617

SGOT

1

8.231323

0.0053630

History

1

ALP
Bil

Step 4

Step 5

1
1

5.631729

In
In
In
0.39927

0.5294

Out

4.50211

0.0372

Entered
In

0.0202726

CBD_10

1

8.529480

0.0046459

In

SGOT

1

6.148871

0.0154574

In

ALP
History

1
1

4.502116

0.0372471

CBD stones are present in 10-15% of patients undergoing
cholecystectomy[9] though the incidence declines in recent
years after the widespread acceptance of LC, possibly due to
earlier presentation in the natural course of symptomatic
gallstone disease.
Criteria for selective endoscopic cholangiography or
intraoperative cholangiography before LC have not been
adequately defined.
Laparoscopic CBD exploration poses doubt about the
effectiveness of ES in CBD clearance and its potential advantages in terms of morbidity or mortality. Several strategies
have emerged to manage synchronous CBD stones: i.e.,
open CBDE, laparoscopic CBDE or postoperative ERCP
with stone extraction. An inadvertently discovered CBD
stone at the time of LC has to be addressed laparoscopically
if this technique is mastered by the surgeon, otherwise
posing the dilemma between converting to an open procedure
or relying on postoperative ERCP for stone retrieval.
Routine preoperative cholangiography and sphincterotomy
in the presence of stones is not a cost-effective prospective,
taking also into account the relevant morbidity of 5-10%
and mortality rate of 1-3%[9]. Intraoperative cholangiography
is successful in 88% of patients, who have a PPV of 6392%[10], delineates the intra- and extra-hepatic biliary anatomy
and potentially prevents bile duct injury. Routine use of
IOC lengthens the operative time and has a sizable false
positive rate ranging from 21% to 67%, which should obviate
unnecessary CBD exploration or conversion to open surgery.
In a public institution with limited resources, a choice
should be made to limit the number of negative ERCs, and
IOCs is mandatory. It is well known that the higher the
increase of liver function tests, the increase in patients who

0.62724

0.4309

In
Out

have CBD stones. Although ultrasonography could produce
a good chance of prediction, a dilated CBD alone is an unreliable
indicator. Combination of CBD diameter with high values
of LFT, increases its PPV, perhaps by reflecting ongoing biliary
obstruction[11].
We believe that the high percentage of CBD lithiasis
among those patients is due to the fact that the vast majority
of admissions were on an emergency basis as well as that the
socioeconomic status of the major area is low.
Strengths of the present study lie in the use of:
·ST Neural Network to avoid a poorly adapted statistical
technique with highly intercorrelated clinical predictors.
LDH, amylase and past history were removed from
the model. Increased levels of serum amylase and a
history of pancreatitis according to bibliography are
not significant predictors of a CBD stone[11,12]. Clinical
practice suggests that unsustained increase of serum
amylase reflects recent stone passage across the sphincter
of Oddi.
·ROC curve analysis for optimal prediction of serum
liver function tests and ultrasonographic CBD-diameter,
cut off values.
·Multivariate model and the assessment of homogenous
population in terms of enrollment in a randomized
trial protocol, avoiding inclusion of patients with retained
or recurrent stones because such a population subset
has a different biological behavior.
·A relatively long follow-up, which can prevent in part
the underestimation of the true NPV.
·The ability of the model to predict the presence and
particularly the absence of a CBD stone.
·A prospective validation of the model.
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·Giving answers about the identification of the optional
method of cholangiography (ERCP pre-LC vs IOC)
by focusing on percentages of undetected stones,
morbidity and mortality. This is very important in
the minimally invasive surgery era.
·A prediction equation that gives answer to the
question of presence or absence of CBD stone for an
individual patient.
The policy of selective preoperative ERC before laparoscopic cholecystectomy has been proposed in some reports[13,14]
Stain et al, performed preoperative ERCP in all patients with
an elevation of more than twice as normal in one of LFT
measurements. Approximately, 57.6% of those had stones[15].
In this study, only laboratory data were assessed and ultrasonographic criteria were not included in the establishment
of the predictive model.
Barkun et al, determined optimal cut-off values using
ROC curve analysis upon retrospective data. Independent
predictors were age (cut-off 55 years), bilirubin (over
30 mol/L), presence of a dilated CBD on ultrasonography
>6 mm and suspected or detected bile duct stone (at ultrasonography). The model was validated prospectively. A CBD
stone was predicted with a probability ranging from 19% to
38%, when none or only one criterion was present to 4994%, when three or four criteria were fulfilled[16].
In the current series of patients enrolled according to
the selection criteria, a total of 60 out of 78 patients (28 of
36 patients in group A and 32 of 42 patients in group B
accounting for 76.9%), were found to have CBD stones,
which in our opinion is a well acceptable result.
We conclude that selection criteria such as equal or
greater than twice normal values of dBil, ALP, SGOT and
CBD diameter ≥ 10 mm on ultrasound can be objectively
applied to predict the presence of CBD stones.

REFERENCES
1

2

Sgourakis G, Karaliotas K. Laparoscopic common bile duct
exploration and cholecystectomy versus endoscopic stone ext ra ct i on and l a pa rosc opi c c hol e c yste c t omy for
choledocholithiasis. A prospective randomized study. Minerva
Chir 2002; 57: 467-474
Pe te lin JB. La pa rosc opi c approa c h to c ommon duc t

3

4

5
6
7

8

9

10

11

12

13

14

15

16

June 7, 2005

Volume 11

Number 21

pathology. Surg Laparosc Endosc 1991; 1: 33-41
Ferzli GS, Massaad A, Ozuner G, Worth MH. Laparoscopic
exploration of the common bile duct. Surg Gynecol Obstet 1992;
174: 419-421
Stoker ME, Leveillee RJ, McCann JC, Maini BS. Laparoscopic
common bile duct exploration. J Laparoendosc Surg 1991; 1:
287-293
Pe te lin JB. La pa rosc opi c approa c h to c ommon duc t
pathology. Am J Surg 1993; 165: 487-491
Hunter JG. Laparoscopic transcystic common bile duct
exploration. Am J Surg 1992; 163: 53-56; discussion 57-58
Corder AP, Scott SD, Johnson CD. Place of routine operative
cholangiography at cholecystectomy. Br J Surg 1992; 79:
945-947
Cranley B, Logan H. Exploration of the common bile ductthe relevance of the clinical picture and the importance of
peroperative cholangiography. Br J Surg 1980; 67: 869-872
Fletcher DR. Changes in the practice of biliary surgery and
ERCP during the introduction of laparoscopic cholecystectomy to Australia: their possible significance. Aust N Z J Surg
1994; 64: 75-80
Madhavan KK, Macintyre IM, Wilson RG, Saunders JH, Nixon
SJ, Hamer-Hodges DW. Role of intraoperative cholangiography in laparoscopic cholecystectomy. Br J Surg 1995; 82:
249-252
Reiss R, Deutsch AA, Nudelman I, Kott I. Statistical value
of various clinical parameters in predicting the presence of
choledochal stones. Surg Gynecol Obstet 1984; 159: 273-276
Hauer-Jensen M, Karesen R, Nygaard K, Solheim K, Amlie
EJ, Havig O, Rosseland AR. Prospective randomized study
of routine intraoperative cholangiography during open
cholecystectomy: long term follow-up and multivariate analysis of predictors of choledocholithiasis. Surgery 1993; 113:
318-323
Lillemoe KD, Yeo CJ, Talamini MA, Wang BH, Pitt HA, Gadacz
TR. Selective cholangiography. Current role in laparoscopic
cholecystectomy. Ann Surg. 1992; 215: 669-674; discussion
674-676
Barkun JS, Fried GM, Barkun AN, Sigman HH, Hinchey EJ,
Garzon J, Wexler MJ, Meakins JL. Cholecystectomy without
operative cholangiography. Implications for common bile duct
injury and retained common bile duct stones. Ann Surg 1993;
218: 371-377; discussion 377-379
Stain SC, Marsri LS, Froes ET, Sharma V, Parekh D. Laparoscopic
cholecystectomy: laboratory predictors of choledocholithiasis.
Am Surg 1994; 60: 767-771
Barkun AN, Barkun JS, Fried GM, Ghitulescu G, Steinmetz
O, Pham C, Meakins JL, Goresky CA. Useful predictors of
bil e duc t stones i n pati ents undergoing l a pa roscopi c
cholecystectomy. McGill Gallstone Treatment Group. Ann
Surg 1994; 220: 32-39

Science Editor Ma JY and Guo SY Language Editor Elsevier HK

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

EL SEVIER

World J Gastroenterol 2005;11(21):3273-3276
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• BRIEF REPORTS •

Helicobacter pylori serology in a birth cohort of New Zealanders
from age 11 to 26
J. Paul Fawcett, Gill O. Barbezat, Richie Poulton, Barry J. Milne, Harry H.X. Xia, Nicholas J. Talley
J. Paul Fawcett, School of Pharmacy, University of Otago, Dunedin,
New Zealand
Gill O. Barbezat, Dunedin School of Medicine, University of Otago,
Dunedin, New Zealand
Richie Poulton, Barry J. Milne, Dunedin Multidisciplinary Health
and Development Research Unit, Dunedin School of Medicine,
University of Otago, Dunedin, New Zealand
Harry H.X. Xia, Department of Medicine, The University of Hong
Kong, Queen Mary Hospital, Hong Kong, China
Nicholas J. Talley, Department of Medicine, The University of
Sydney, Nepean Hospital, NSW 2751, Australia
Correspondence to: Dr. J.Paul Fawcett, School of Pharmacy,
University of Otago, PO Box 56, Dunedin,
New Zealand. paul.fawcett@stonebow.otago.ac.nz
Telephone: +64-3-479-7290 Fax: +64-3-479-7034
Received: 2004-07-09 Accepted: 2004-11-04

Abstract
AIM: To determine seroprevalence of Helicobacter pylori
(H pylori) in the Dunedin Multidisciplinary Health and
Development Study (DMHDS) at age 26 in order to
investigate seroconversion and seroreversion from age
11 to 26 and the association of seropositivity with risk
factors for H pylori infection.
METHODS: Participants in the DMHDS at age 26 and retrospectively at age 21 were tested for H pylori antibodies
using two commercially available ELISA kits. Gender, socioeconomic status (SES), smoking, educational attainment
and employment at age 26 were tested for association
with H pylori seropositivity.
RESULTS: At ages 21 and 26, seroprevalence of H pylori
using one or other kit was 4.2% (n = 795) and 6.3% (n = 871)
respectively. Seroreversion rate was lower than seroconversion rate (0.11% vs 0.53% per person-year) in contrast
to the period from age 11 to 21 when seroreversion rate
exceeded seroconversion rate (0.35% vs 0.11% per
person-year). Serology in those tested at ages 11, 21,
and 26 remained unchanged in 93.6% of the sample.
Seroprevalence at age 26 was lower among those with a
secondary school qualification (P = 0.042) but was not
associated with gender, SES, smoking or employment status.
CONCLUSION: H pylori seroprevalence in a New Zealand
birth cohort remains low between ages 11 and 26. H pylori
infection remains stable from childhood to adulthood although
seroreversion seems to be more common in the adolescent
years than in young adults.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Helicobacter pylori (H pylori) is one of the most common bacterial
infections in the world[1] and is now recognized as the main
acquired factor in the pathogenesis of duodenal ulcer disease[2].
H pylori acquisition (i.e., seroconversion) occurs at any age
but chiefly during childhood[3]. Infection in adulthood appears
to be stable and is unlikely to be resolved unless suitable
antimicrobial treatment is sought[4,5]. Thus, although age is a
risk factor for H pylori infection[6], the apparent increase in
seroprevalence in a given population mainly arises from a
cohort effect (increasing risk of exposure associated with
earlier year of birth)[5,7] . H pylori infection appears to be
declining in developed countries probably due to a decreasing
rate of childhood infections associated with improved hygiene
and socioeconomic circumstances.
Of the many factors that have been investigated for
their possible association with H pylori infection, age, lower
socioeconomic status (SES), and possibly ethnicity are important,
but gender, alcohol, and cigarette use are of less significance[2].
The natural history of H pylori infection remains poorly
characterized particularly in relation to the question of
spontaneous seroreversion. In our study of the DMHDS birth
cohort, seroprevalence of H pylori antibodies was low, decreasing
from 6.6% at age 11 to 4.1% at age 21[8,9]. We were interested to
determine if this decline in seroprevalence continued on into
early adulthood and accordingly studied H pylori seroprevalence as the birth cohort turned 26 in 1998-1999.
MATERIALS AND METHODS
Participants
The Dunedin Multidisciplinary Health and Development
Study (DMHDS) was established in 1975-1976 when the
families of 1 037 children born at Queen Mary Hospital,
Dunedin in 1972-1973 agreed to participate[10]. Cohort families
represented the full range of SES in the general population
of New Zealand’s South Island and were predominantly
Caucasians. The cohort has been studied every 2 years from
age 3 to 15 and again at ages 18, 21, and 26 but blood
collection was only carried out at ages 11, 21, and 26. Of
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the total sample remaining at age 26 (n = 1 019; 525 males,
494 females), 980 study members (499 males, 481 females)
were seen around the time of their 26th birthday. Approval
to collect blood was obtained from 882 of these study members
(452 males, 430 females), a consent rate of 90%. The study
was approved by the Ethics Committee of the Otago District
Health Board, and each study member gave informed consent
for the donation of a blood sample.
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RESULTS
The number of seropositive and seronegative males and
females and the seroprevalences determined by the two
kits at ages 21 and 26 are shown in Table 1. At age 26, a
total of 55 study members was seropositive by one or both
kits, a seroprevalence of 6.3% (95%CI 4.7-7.9). The two
kits had 34 seropositivities in common, suggesting good
agreement between tests ( = 0.75, 95%CI 0.68-0.82). At
age 21, a total of 33 study members was seropositive by
one or both kits, a seroprevalence of 4.2% (95%CI 2.8-5.5).
The two kits had 19 seropositivities in common, again suggesting
good agreement (= 0.74, 95%CI 0.67-0.81). Seroprevalence
of H pylori using the Cobas kit was higher than that using
the pylori DTect kit at both ages, but increase in seroprevalence
from age 21 to 26 was slightly greater for the DTect kit
(2.2%) than for the Cobas kit (1.4%).
Seroprevalence at age 26 in relation to risk factors is
given in Table 2. Seroprevalence was higher in males, daily
smokers and those in employment but the differences were
not significant. Seroprevalence was not associated with SES
but was significantly lower in those with a secondary school
qualification than those without the qualification (P = 0.042).
The distributions of DMHDS members (total, male and
female) among the four categories of serology (stable positivities,
stable negativities, seroconverters, and seroreverters) at ages
21 and 26 (n = 755) and among the eight categories of serology

H pylori testing
Serum was collected and stored at -80 ℃ until tested for
anti-H pylori IgG antibodies using two commercial ELISA
kits: the Cobas Core Anti-H pylori EIA (Roche SA, Basel,
Switzerland)[11] and the H pylori DTect ELISA (Diagnostic
Technology, Australia)[12]. The Cobas kit was used in our previous
studies[8,9] and has been validated in New Zealand against
the urea breath test in 123 subjects with dyspepsia (sensitivity
100%, specificity 87%)[13]. The pylori DTect kit has been
validated in Australia against H pylori status as defined by
biopsy in 209 patients with dyspepsia and reflux symptoms
(sensitivity 96%, specificity 94%)[12] . Serum samples for
testing with the Cobas and pylori DTect kits were available
for 854 and 870 study members respectively. Stored serum
samples collected at age 21 (previously tested with the Cobas
kit in 1994) were available for retrospective testing with the
pylori DTect kit for 764 study members (402 males, 362
females). A total of 755 study members (401 males, 362
females) had serology at ages 21 and 26, and 452 (256
males, 196 females) had serology at ages 11, 21, and 26.

Table 2 Seropositivity of H pylori infection in the DMHDS at age 26
in relation to risk factors

Statistical analysis
Data were analyzed using Stata 7.0 (Stata Corporation, College
Station, TX, USA) and differences evaluated by Student’s
t-test or Pearson’s 2-test. Seroprevalence at ages 21 and 26
was defined as the number of persons who were seropositive
by one or both tests in recognition of the fact that no single
antigen is recognized by sera from all subjects in a given
population[14]. Level of agreement between tests was indicated
by the  statistics, where = 0 reflects agreement at chance
level and = 1 reflects perfect agreement. Confidence
intervals (95%CI) of prevalence estimates were based on
the binomial distribution. SES was based on the Elley-Irving
category of the father when sample members were aged 5
(low, unemployed and categories 5 and 6; medium/high,
categories 1-4)[15]. Employment status was based on employment
at the time of interview at age 26. Smoking status was based
on the number who had smoked daily for at least 1 mo in
the previous year. Educational attainment was based on the
number with a secondary school qualification.

n

Number of
seropositivities (%)

Significance
by 2-test

Male

451

35 (7.8)

0.069

Female

420

20 (4.8)

Gender

SES at age 5
High

580

37 (6.4)

Low

237

15 (6.3)

NS

Daily smokers
Yes

343

26 (7.6)

No

528

29 (5.5)

NS

Secondary school
qualifications
Yes

704

42 (5.6)

No

112

13 (10.4)

0.042

Employment
Yes

654

44 (6.7)

No

217

11 (5.1)

NS

Table 1 H pylori serology (as determined with Cobas and pylori DTect ELISA kits), gender, and seroprevalence in the DMHDS at ages 21 and 26
Test

Cobas
DTect
Both tests
Cobas
DTect
Both tests

Age (yr)

21
21
21
26
26
26

Seropositivity

n

785
764
795
854
870
871

Seronegativity

Males

Females

Males

Females

24
15
24
32
28
35

8
5
9
15
14
20

389
387
394
412
422
416

364
357
368
395
406
400

Seroprevalence (95%CI)

4.1 (2.7-5.5)
2.6 (1.5-3.7)
4.2 (2.8-5.5)
5.5 (4.0-7.0)
4.8 (3.4-6.2)
6.3 (4.7-7.9)
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at ages 11, 21, and 26 (n = 452) are presented in Table 3.
Seroconversion and seroreversion rates from age 21 to 26
were 0.53% and 0.11% per person-year respectively. In
those tested at ages 11, 21, and 26, corresponding rates
were 0.44% and 0.04% per person-year respectively. From
age 11 to 21, seroconversion and seroreversion rates in this
subset were 0.11% and 0.35% per person-year respectively.

Table 3 Distribution of categories of H pylori serological status (A)
in the DMHDS between ages 21 and 26 (n = 755), and (B) across
ages 11, 21, and 26 (n = 452). Seropositive status is indicated by
“+”; seronegative status by “-”
A. H pylori serological status between ages 21 and 26 (n, %)
Status at ages
21

26

+
+
-

+
+
-

Males (n = 401)
20 (5.0)
4 (1.0)
11 (2.7)
366 (91.3)

Females (n = 354) Total (n = 755)
8 (2.3)
0 (0)
9 (2.5)
337 (95.2)

28 (3.7)
4 (0.5)
20 (2.6)
703 (93.1)

B. H pylori serological status across ages 11, 21, and 26 (n, %)
Status at ages
Males (n = 256)
11

21

26

+
+
+
+
-

+
+
+
+
-

+
+
+
+
-

11 (4.3)
0 (0)
0 (0)
6 (2.3)
3 (0.5)
1 (0.4)
4 (1.6)
231 (90.2)

Females (n = 196) Total (n = 452)
2 (1.0)
0 (0)
2 (1.0)
8 (4.1)
1 (1.2)
0 (0)
4 (2.0)
179 (91.3)

13 (2.9)
0 (0)
2 (0.4)
14 (3.1)
4 (0.9)
1 (0.2)
8 (1.8)
410 (90.7)

The number of individuals who seroreverted from age
11 to 21 (16/29) was much higher than from age 21 to 26
(1/18). SES, smoking, and employment were not associated
with either seroconversion or seroreversion. However, both
females and those who attained secondary school qualifications were more likely to serorevert between ages 11 and
21 (gender: females [10/12, 83.3%], males [6/17, 35%],
2 = 6.6,  = 1, P<0.05; without qualification [0/4, 0%],
with qualification [16/25, 64%], 2 = 5.7, = 1, P<0.05).

DISCUSSION
This study used two commercially available ELISA kits to
estimate H pylori seroprevalence in the DMHDS at ages 21
and 26. The manufacturers’ recommended cut-off values
were used to divide positive from negative results. The cutoff values are specifically chosen by the manufacturers to
err on the side of sensitivity rather than specificity in order
to reduce the likelihood of false negative results and enhance
the detection of both previous and current infection[12,13].
Seroprevalence was higher with the Cobas kit which probably
reflected the fact that, compared with other kits, Cobas has
been shown to have somewhat lower specificity[16]. Despite
the discrepancy between the two kits, it is clear that
seroprevalence in the DMHDRU was very low at age 11
and remained low through to age 26.
In the interval from age 21 to 26, the increase in seroprevalence in the DMHDS from 4.2% to 6.3% reversed the
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trend downwards in seroprevalence from 6.6% to 4.2% in
the interval from age 11 to 21. Whilst the decrease in
seroprevalence from age 11 to 21 may reflect some process
peculiar to the adolescent years, the possibility that the
fluctuations simply resulted from measurement error could
not be ruled out[17]. What is clear is that the vast majority of
study members (93.6%) remained stable with respect to
serological status from age 11 to 26 in line with the results
of other studies of paired serum samples showing that
serological status remains essentially constant over many
years[4-7]. Seroprevalence in a given cohort is therefore
mainly determined in childhood and risk of acquisition in
adulthood is relatively low[6]. In general practice, this implies
that patients with H pylori who undergo successful eradication
therapy but have subsequent gastrointestinal problems are
unlikely to benefit from further H pylori testing and eradication
therapy.
Despite the fact that H pylori infection is generally associated
with lower SES, this association was weak in the DMHDS.
Thus, it was present at age 21[9] but absent at ages 11 and
26. However, seropositivity at age 26 was associated with
lower educational attainment, which may be considered as
a surrogate for lower SES. In contrast, the weak association
with male sex found in the DMHDS is consistent with other
studies. Although the number of seropositive males was
higher at all ages tested, the difference was only significant
at age 21. Similarly, the association with smoking was absent
in the DMHDS as has been found in other recent studies[2].
The seroprevalence of H pylori antibodies in the DMHDS
can be compared to values determined in two other studies
in New Zealand, which also used the Cobas kit. In one
study, a group of 11-year-old children of European ethnicity
in South Auckland had a seroprevalence of 7%[13] and, in
the other, a group of 18-24-year-old adults of largely
European ethnicity in Christchurch had a seroprevalence
of 4.2%[18]. Interestingly, the large study of active H pylori
infection in the general population of England and Wales
estimated seroprevalence in those born in the 1970s to be
about 7% falling to about 4.3% in those born in the 1980s[5].
In conclusion, our study shows that H pylori infection
remains stable from childhood into adulthood although
seroreversion seems to be more common in the adolescent
years than in young adults.
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Abstract
AIM: To investigate the difference of gene expression
profiles between Barrett’s esophagus and reflux esophagitis induced by gastroduodenoesophageal reflux in
rats.
METHODS: Eight-week-old Sprague-Dawley rats were
treated esophagoduodenostomy to produce gastroduodenoesophageal reflux, and another group received sham
operation as control. Esophageal epithelial tissues were
dissected and frozen in liquid nitrogen immediately for
pathology 40 wk after surgery. The expression profiles of
4 096 genes in reflux esophagitis and Barrett’s esophagus
tissues were compared with normal esophageal epithelium
by cDNA microarray.
RESULTS: Four hundred and forty-eight genes in Barrett’s
esophagus were more than three times different from
those in normal esophageal epithelium, including 312 upregulated and 136 down-regulated genes. Two hundred
and thirty-two genes in RE were more than three times
different from those in normal esophageal epithelium, 90
up-regulated and 142 down-regulated genes. Compared
to reflux esophagitis, there were 214 up-regulated and
142 down-regulated genes in Barrett’s esophagus.
CONCLUSION: Esophageal epithelium exposed excessively
to harmful ingredients of duodenal and gastric reflux can
develop esophagitis and Barrett’s esophagus gradually.
The gene expression level is different between reflux
esophagitis and Barrett’s esophagus and the differentially
expressed genes might be related to the occurrence and
development of Barrett’s esophagus and the promotion
or progression in adenocarcinoma.

Cheng P, Gong J, Wang T, Jie C, Liu GS, Zhang R. Gene
expression in Barrett’s esophagus and reflux esophagitis
induced by gastroduodenoesophageal reflux in rats. World
J Gastroenterol 2005; 11(21): 3277-3280
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INTRODUCTION
The incidence of esophageal adenocarcinoma has increased
considerably in the past few years, which may be related to
the increasing incidence of gastroesophageal reflux diseases
and Barrett’s esophagus[1,2]. However, the exact mechanism
especially the molecular biological mechanism of esophageal
adenocarcinoma is unknown. In our study, esophagoduodenostomies were performed on Sprague-Dawley rats to produce
gastroduodenoesophageal reflux according to Miwa[3] and the
changes of gene expression profiles between Barrett’s esophagus
and reflux esophagitis were investigated by cDNA microarray.
MATERIALS AND METHODS
Experimental animals and animal models
One hundred and twenty healthy Sprague-Dawley rats
weighing about 200-250 g were purchased from the Experimental Animal Center of Xi’an Jiaotong University. The
rats were housed in rat cages at 22-25 ℃ with free access
to standard rat pellet food and water for 40 wk. Rats were
treated following the guidelines for the care and use of
laboratory animals of National Animal Welfare Committee.
Surgical procedures were performed on 90 rats by esophagoduodenostomy to produce gastroduodenoesophageal
reflux, and on 30 rats by sham operation[3] . The animals
were fed with a standard chow.
Tissues and specimens
All the tissue specimens including esophagitis, Barrett’s
esophagus were taken from animals 40 wk after esophagoduodenostomy, by which gastroduodenoesophageal reflux
animal models were produced. Normal esophageal epithelium
of sham operation at the same anatomical site served as
normal control. For each sample, the inner part of each
sample was cut and frozen in liquid nitrogen immediately
after surgical resection, and outer marginal part was used
for histopathological examination to ensure that all the frozen
tissue specimens their corresponding histological appearance.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Chip preparation
Four thousand and ninety-six target cDNA clones were used
in cDNA microarray (United Gene Ltd.). These genes were
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amplified with PCR using universal primers and then purified
with standard method. The quality of PCR was monitored
by agarose gel electrophoresis. The obtained genes were
dissolved in 3×SSC spotting solution and then spotted on
silylated slides (TeleChem, Inc.) by Cartesian 7500 spotting
robotics (Cartesian, Inc.). Each target gene was dotted twice.
After spotting, the slides were hydrated (2 h) and dried (0.5 h,
room temperature). The samples were cross-linked with UV
light and treated with 0.2% SDS, H2O and 0.2% NaNBH4
for 10 min. Then the slides were dried in cold condition
and ready for use.
Probe preparation
Total sample RNA was extracted by single step method[5].
Briefly, after taken out from liquid nitrogen specimens were
ground completely into tiny powder while liquid nitrogen
was added in ceramic mortar and then the powder was
homogenized in D solution plus 1% mercaptoethanol. After
centrifugation, the supernatant was extracted with phenol:
chloroform (1:1) and NaAC and acidic phenol: chloroform
(5:1). The aqueous phase was precipitated by an equal
volume of isopropanol and centrifuged. The precipitates
were dissolved with Millie-Q H2O. After further purification
by LiCl precipitating method was obtained RNA, good in
quality with UV analysis and electrophoresis. The mRNAs
were isolated and purified with Oligotex mRNA Midi kit
(Qiagen, Inc.). The fluorescent-labeled cDNA probe was
prepared through retro-transcription, in reference to the
method of Schena[4]. The probes from normal epithelium
were labeled with Cy3-dUTP, while those from Barrett’s
esophagus and esophagitis epithelium with Cy5-dUTP.
The probes were mixed (Cy3-dUTP control+Cy5-dUTP
Barrett’s esophagus epithelium and Cy3-dUTP control+Cy5dUTP esophagitis epithelium) and precipitated by ethanol,
and then resolved in 20 mL hybridization solution (5×SSC
+0.2% SDS).
Hybridization and washing
Probes and the chip were denatured in 95 ℃ bath for 5 min,
and then the probes were added on to the chip. They were
hybridized in a sealed chamber at 60 ℃ for 15-17 h, washed
in turns with solutions of 2×SSC+0.2% SDS, 0.1×SSC+0.2%
SDS and 0.1% SSC for 10 min each, and then dried at room
temperature.
Fluorescent scanning and results analysis
The chip was read by Scan Array 3000 Scanner (General
Scanning Inc.). The overall intensities of Cy3 and Cy5 were
normalized and corrected by a coefficient according to the
ratios of the located 40 housekeeping genes. Cy3 was
normalized as Cy3*. The acquired image was further
analyzed by Gene Pix Pro 3.0 software with digital computer
to obtain the intensities of fluorescent signals and the Cy5/
Cy3* ratio. The data was an average of the two repeated
spots. The differentially expressed genes were defined as:
(1) Absolute value of the Cy5/Cy3* natural logarithm was
more than 1.10 (the variation of gene expression was more
than three folds). (2) Either Cy3 or Cy5 signal value was
required for more than 800, or both signal values were
more than 200. (3) PCR results were satisfactory.
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RESULTS
Total sample RNA extraction
Total sample RNA of normal esophageal epithelium, reflux
esophagitis and Barrett’s esophagus was extracted and the
D260/D280 was between 2 and 2.6, indicating pure mRNA
was acquired.
Scatter plot of hybridization signals on gene chip
The scatter plot that was plotted with Cy3 and Cy5 fluorescent
signal values displayed quite a dispersed pattern in distribution.
Most of the spots gathered around a 45 angle diagonal line
in which the blue spots represented the area where the signal
intensities varied between 0.33 to 3 folds compared with
that of the control. Some yellow spots distributed beyond or
far from 45 angle diagonal line indicating the existence of
abnormal gene expression in Barrett’s esophagus or esophagitis
epithelium and their signal intensities were three times more
or less than that of the control (Figure 1A and B).
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Figure 1 Scatter-plot of hybridization signals on gene chip. (A: reflux esophagitis
and normal control; B: Barrett’s esophagus and normal control).

Gene expression pattern by scanning analysis
In esophagitis epithelia 232 genes showed expression
variations more than three times from the control, the up
and down-regulated genes numbered 90 and 142 respectively.
In Barrett’s esophagus epithelia 448 genes exhibited expression
variations more than three times than the control, the up
and down-regulated genes were 312 and 136 respectively.
Difference of gene expression between esophagitis epithelia
and Barrett’s esophagus was acquired by subtracting genes in
common from the total genes expressed differently of
esophagitis epithelia and Barrett’s esophagus. Three hundred
genes expressed differentially in Barrett’s esophagus
compared to those in esophagitis epithelia, and the up and
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down-regulated genes were 214 and 86 respectively. Some
genes are listed in Tables 1 and 2. These genes might be
divided into 12 groups (Table 3) according to their
functions.

DISCUSSION
Some researchers confirmed that Barrett’s esophagus is
related to esophageal adenocarcinoma closely. The annual
rate of Barrett’s esophagus developing into esophageal
adenocarcinoma increased by 0.5% and the former was
regarded as the precancerous lesion of the latter[2]. However,
in those reports adenocarcinoma of the gastroesophageal

Table 1 Some up or down-regulated genes expressed in Barrett’s
esophagus compared to esophagitis
Up-regulated gene
Glutathione synthetase
S100 calcium binding protein A9
alpha-fibrinogen
alpha-1-protease inhibitor
Lyn protein non-receptor kinase
Polymeric immunoglobulin receptor
Prostaglandin D2 synthase 2
Serine protease inhibitor
Kangai 1
Hemopexin
Fibrinogen
DOC-2 p82 isoform
Leukemia-associated cytosolic phosphoprotein
Junctional adhesion molecule 1
Interleukin 1 beta
Cell adhesion regulator

Table 2 Some genes expressed down-regulation in Barrett’s esophagus compared to esophagitis
Down-regulated gene
BCL2/adenovirus E1B 19-ku-interacting protein-3
Transforming growth factor  stimulated clone-22
Tissue inhibitor of metalloproteinase-3
Phosphoglyceromutase
CD36 antigen
Calsequestrin 2
Transgelin
Mitochondrial adenine nucleotide translocator
Glucocorticoid-induced leucine zipper
Extracellular matrix protein 2
Protein tyrosine phosphatase
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junction was thought as esophageal adenocarcinoma, which
mixed up the tissue origin of esophageal adenocarcinoma.
Some clinical epidemiological data on cardiac and esophageal
adenocarcinoma indicated that the two diseases were similar
in respects of age, sex, clinical, and pathological characteristics
so that the origin of the two diseases was thought as the
same tissue[5]. And both the diseases were known as adenocarcinoma of gastroesophageal junction[6].
Whether Barrett’s esophagus is the precancerous disease
of esophageal adenocarcinoma is further studied by Miwa’s[3]
research, which suggested that esophageal adenocarcinoma
arose from Barrett’s esophagus, which is induced by gastroduodeno-esophageal reflux. Single gene research on esophageal
adenocarcinogenesis has been done[7]. The carcinogenesis is
a process involving multiple steps and factors and caused
by abnormal expression of tumor-associated genes or
inactivation of tumor suppression genes or both. Therefore
clarifying the gene expression differences between malignant,
precancerous and normal tissues is the key procedure for
the cancer control study. It is generally accepted that although
the number of genes with mutation is limited in a cancer, a
great number of genes in related pathways may be affected
at the expression level, and this aberrant gene transcriptional
expression network should be essential in the initiation/
maintenance of the malignant phenotype. With the advances
of molecular biological techniques, gene chip has been used
to detect gene expression difference in various specimens
by parallel analysis on a large scale[8]. In our research, animal
model of gastro-duodeno-esophageal reflux was made with
reference to Miwa[3] and the changes of gene expression profiles
between Barrett’s esophagus and reflux esophagitis were
investigated by cDNA microarray.
Among the up-regulated genes, cell adhesion regulator
1, leukemia-associated cytosolic phosphoprotein, glutathione
synthetase, kangai 1, junctional adhesion molecule 1 and
S100 calcium-binding protein A9 were all related to the
development of tumor. The transmembrane protein,
junctional adhesion molecule 1, causes the protein CagA
into gastric epithelial cells and associates with peptic ulcer
disease and carcinoma[9]. It might be participating in the
epithelium in jury by harmful ingredients of duodenal and
gastric reflux. Leukemia-associated cytosolic phosphoprotein
is supposed to play a role in regulation of cell proliferation
or the proliferation-differentiation switch and expressed
vigorously in all but one of 85 diverse tumor cell lines and

Table 3 Functional classification of genes expressed differently between Barrett’s esophagus and esophagitis epithelia
Functional classification
Oncogenes and tumor suppressor genes
Ion channel and transporters
Cell cycle proteins
Extra-pressure reaction proteins
Cell regulatory proteins
Cell apoptosis related proteins
DNA synthesis, repair and recombinant factors
DNA binding, transcription factors
Cell receptors
Immunity-related proteins
Cell signal transduction proteins
Metabolism related proteins
Total

n

Up-regulated

Down-regulated

14
30
21
20
13
14
25
30
33
29
40
31
300

12
16
18
18
9
10
17
22
27
17
27
21
214

2
14
3
2
4
4
8
8
8
12
13
10
86
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primary human malignant tumors examined[10]. Its upregulated expression indicated over proliferation of Barrett’s
esophagus compared with reflux esophagitis. Apoptotic
signaling after genotoxic exposure can be inhibited by the
antioxidant activity of glutathione[11]. The up-regulation of
cell adhesion regulator is associated with the progression of
colorectal tumors, while that of kangai 1 seems to be involved
in the early stage[12]. Up-regulation of the two genes in Barrett’s
esophagus illuminated Barrett’s esophagus might be inclined to
developing into tumor. Up-regulated expression of the hemopexin
is involved in enhanced neoplastic cell invasion and migration[13].
S100 calcium-binding protein A9 gene expression has been
detected in cultured human adenocarcinoma cells derived
from various organs[14].
Among the down-regulated genes, extracellular matrix
protein 2, protein tyrosine phosphatase 2E, tissue inhibitor
of metalloproteinase 3, CD36 antigen, transforming growth
factor  stimulated clone-22, and BCL2/adenovirus E1B 19ku-interacting protein-3 were involved in suppressing tumor,
indicating the ability of esophagus against tumor decreased
with normal esophageal epithelium developing into Barrett’s
esophagus by over exposure to contents of gastric and duodenal
reflux. Extracellular matrix protein 2 mRNA expression levels
decreased in many metastasis specimens, it might be related
to invasion and migration of tumor[15]. Protein tyrosine phosphatase was associated with the cell signaling control, energy
metabolism, proliferation and promotion of MHC-I antigen
expression, mediated by numer-ous hormones (such as epidermal growth factor, insulin, insulin-like growth factor 1)[16].
The down-regulated PTPase would decrease the antigen
expression on the cell surface, and result in malignant cells
escaping from the immune surveillance. In the present study,
the enzyme was also down-regulated in Barrett’s esophagus.
Tissue inhibitor of metalloproteinase-3 inhibits the activity
of metalloprotease and the latter is an important protein
associated with tumor invasion and metastasis. In general,
the former is down-regulated and the latter up-regulated in
tumor tissue[17]. CD36 antigen is the cellular receptor for
thrombospondin-1 on microvascular endothelium and is
necessary for its anti-angiogenic activity with down-regulation
in many tumor tissues. Transforming growth factor betastimulated clone-22 mediated inhibition of apoptosis and
was down-regulated in over proliferated tissues. BCL2/
adenovirus E1B 19-ku-interacting protein-3 had growth
inhibitory effect on cancer cells and was down-regulated in
many tumors.
Many up-regulated or down-regulated genes in Barrett’s
esophagus compared to reflux esophagitis indicated that a
great number of genes in related pathways might affect the
carcinogenesis of Barrett’s esophagus. The application of
gene chip technique is a revolution of research method in
life science. Our experiment illustrated that the detection of
gene expression difference between Barrett’s esophagus and
reflux esophagitis by gene chip might disclose the molecular
mechanism of the onset, promotion and progression of
Barrett’s esophagus into esophageal adenocarcinoma and
provide a new direction for diagnosis, therapy and prevention
of esophageal carcinoma.
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Abstract
AIM: To investigate the tissue distribution, urinary and fecal
excretions of 125I-lidamycin (125I-C-1027) in mice and its biliary
excretion in rats.
METHODS: The total radioactivity assay (RA method)
and the radioactivity assay after precipitation with 200 mL/L
trichloroacetic acid (TCA-RA method) were used to dete-rmine
the tissue distribution, and the urinary and fecal excretions
of 125I-C-1027 in mice and its biliary excretion in rats.
RESULTS: Tissue concentrations reached the peak at the
fifth minute after administration of 125I-C-1027 to mice.
The highest concentration was in kidney, and the lowest
in brain at all test-time points. The organs of the concentrations of 125I-C-1027 from high to low were kidney, lung,
liver, stomach, spleen, uterus, ovary, intestine, muscle, heart,
testis, fat, and brain in mice. The accumulative excretion
amounts of 0-24 h, and 0-96 h after administration of
125
I-C-1027 were 68.36 and 71.64% in urine, and 2.60 and
3.21% in feces of mice, respectively, and the accumulative
excretion amount of 0-24 h was 3.57% in bile in rats.
CONCLUSION: Our results reflect the characteristics of
the tissue distribution, urinary and fecal excretions of 125IC-1027 in mice and the biliary excretion of 125I-C-1027
and its metabolites in rats, and indicate that 125I-C-1027
and its metabolites are mainly distributed in kidney, and
excreted in urine.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Lidamycin (C-1027) is a new kind of macromolecular antitumor
antibiotics, produced by Streptomyces globisporus in soil, consisting
of a noncovalently bound apoprotein and a labile chromophore
which is responsible for most of the biological activities[1-5].
C-1027 could exert remarkable inhibition on the growth of
human liver and colon cancers[6,7], and shows a highly potent
cytotoxicity to cultured cancer cells and a marked DNA
cleaving ability[8]. The protein moiety of C-1027 has a single
polypeptide chain cross-linked by two disulfide bonds with
a molecular weight of 10 500 Da[9,10]. Like other enediyne
agents, antibiotic C-1027 is believed to exert its biological
activity through the induction of cellular DNA damage[11-13].
Preclinical studies on the pharmacodynamics, pharmacokinetics
and toxicology have exhibited that C-1027 appears to be a
very promising anticancer candidate, and is entering clinical
trial in China. The study on the pharmacokinetics of lidamycin
has been finished, and would be reported. In this paper, we
investigated the distribution and excretion characteristics
of 125I-lidamycin in different organs of mice and rats.
MATERIALS AND METHODS
Chemicals and instrumentation
C-1027 (Lot: 20020525), with a purity of 95.0%, was produced
by the Institute of Medicinal Biotechnology, Chinese Academy
of Medical Sciences and Peking Union Medical University
(Beijing, China). 125I-C-1027, which was radio-iodinated by
the Iodogen method[14], had a specific radioactivity of 7.45
mCi (275.65 MBq)/mg. The radiochemical purity was more
than 95.0%. Iodogen was from the Academy of Military
Medical Sciences (Beijing, China). Trichloroacetic acid (analytical
grade) was provided by the Chemical Company (Beijing,
China), and sodium chloride solution (9 g/L) was purchased
from Dazhong Pharmaceutical Company (Tianjin, China).
Gamma counter (FJ630G/12 model) was produced by the
Beijing Nuclear Company (Beijing, China). This chromatographic system (LC-6A, Shimadzu, Japan) consists of a
pump (LC-6AT), a temperature box and a variable wavelength
UV detector (Spectra 100, Shimadzu, Japan). Sephadex G50 column (300 mm×7.8 mm2 I.D.) was purchased from
Pharmacia Company (USA). Distilled water, prepared from
demineralized water, was used throughout the study.
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Animals
Kunming mice (body weight, 17-24 g) and Wistar rats (body
weight, 190-250 g), males and females, were purchased from
the Center of Experimental Animals of Tianjin Institute
of Pharmaceutical Research (Certificate No. 20020804,
Tianjin, China). They were raised at least 1 wk before the
experiment.
Preparation of 125I-C-1027
Iodogen (100 g) in 100 L of chloroform was placed in a
sample tube and evaporated to dryness with nitrogen gas.
Fifty micrograms of C-1027 and 50 µL of Na125I (74 MBq)
were pipetted, mixed, and allowed to react at 15 ℃ for
30 min[14]. The mixture was chromatographed on Sephadex
G-50 column. The mobile phase consisted of 0.05 mol/L
sodium dodecyl sulfate phosphate buffer solution (pH 7.0)
at a flow rate of 0.8 mL/min. The eluted fractions, detected
by a gamma counter as the same chromatographic behavior
as standard C-1027 and Na125I, were the components of
125
I-C-1027 and Na125I, respectively. The fraction, collected
from 10 to 12.5 min, was a single radioactive peak of 125IC-1027, and was concentrated to a specific activity and
applied for the study.
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Bile excretion
The rats, which were anesthetized by i.p. injection of urethan
(1.2 g/kg), were operated by the bile duct-cannulation
method. Then, the animals were administered 125I-C-1027
(50 µg/kg) by tail vein injection. The bile samples were
collected at the fixed time intervals from 0 to 1, 1 to 2, 2 to
4, 4 to 6, 6 to 8, 8 to 12, and 12 to 24 h. The total volume
was measured, and the samples were kept at -20 ℃ until analysis.
Statistical analysis
The t-test was used to analyze the tissue distribution data.
The data were expressed as mean±SD.

Tissue distribution test
The mice were randomly divided into three groups. Each group
contained six mice. The mice were killed at 5, 30 min and 2,
and 6 h after tail vein injection of 125I-C-1027 at the dose of
50 µg/kg, respectively. Each of the tissues from heart, liver,
spleen, lung, kidney, brain, muscle, intestines, fat, ovary,
testis, and uterus was isolated and prepared for the assay.

RESULTS
Curve equations and linearity range
Stock solution (2.0 mg/L) of 125I-C-1027 (275.65 MBq/L)
and C-1027 was prepared in water, and stored at -20 ℃.
The stock solution of 125I-C-1027 (2.0 mg/L), containing
275.65 MBq/L of 125I-C-1027, was prepared into the serial
concentrations of standard solution of 0.5, 2.5, 5.0, 50.0,
200.0, 500.0, and 1 000.0 g/L with 0.9% sodium chloride
solution. The standard solution was used to prepare standard
curves. The serial concentrations of calibration curves were
prepared with blank tissues of mice instead of 0.9% sodium
chloride solution as mentioned above. Quality control (QC)
samples were prepared into concentrations of 5.0, 50.0,
and 200.0 g/L in tissue. The regression equations, the
concentrations (x) vs response values (y), were as follows:
y = 90.2+1 103.9x (n = 8, r = 0.9997) for the standard
125
I-C-1 027, where r represents correlation coefficient.
y = 102.4+1 058.1x (n = 8, r = 0.9995) for serum at the
concentration range from 0.5 to 100.0 g/L, and
Heart: y = 67.6+1 235.8x (n = 7, r = 0.9996),
Liver: y = 9.60+1 219.9x (n = 8, r = 0.9999),
Kidney: y = 48.9+1 237.7x (n = 7, r = 0.9999),
Brain: y = 75.4+1 220.9x (n = 7, r = 0.9998),
Muscle: y = 39.2+1 225.9x (n = 6, r = 0.9999),
Urine: y = 76.0+1 232.4x (n = 7, r = 0.9999),
Feces: y = 44.6+1 232.8x (n = 6, r = 0.9999),
Bile: y = 57.9+1 278.9x (n = 5, r = 0.9998) for each tissue
at concentration range from 0.5 to 100.0 g/L.

Urine and feces excretion
125
I-C-1027 (50 µg/kg) was administered to mice by intravenous injection. The animals were raised in metabolic cages.
The urinary and fecal samples were collected at the fixed
time intervals from 0 to 1, 1 to 2, 2 to 4, 4 to 6, 6 to 8, 8 to 12,
12 to 24, 24 to 36, 36 to 48, 48 to 72, and 72 to 96 h,
respectively. The total volume of urine was measured. The
feces was freeze-dried, weighed, and pulverized with a mortar
or pestle. All samples were stored at -20 ℃ until analysis.

Precision and accuracy
The precision and accuracy of the assay were evaluated by
assaying QC samples (5.0, 50.0, and 200.0 g/L) in six
replicates on three different days.
The precision, which was evaluated by a one-way analysis
of variance (ANOVA), was defined as the relative standard
deviation (RSD). The intra-day and inter-day mean square
of variance was used to calculate RSD values. The RSD
was less than 5.0% for intra-day and less than 10.0% for

Sample treatment procedure
Serum sample solution (100 µL), which was prepared by
diluting the weighed tissue five times with 0.9% sodium
chloride solution, was directly determined by a gamma
counter for radioactivity assay (RA method). To 100 µL of
serum sample, 100 µL of 20% trichloroacetic acid was
added. The mixed solution was homogenized, precipitated,
and centrifuged at 1 500 r/min for 10 min. The supernatant
was removed, and the precipitated fraction was detected by
a gamma counter.

Table 1 Recovery and precisions for the determination of
Nominal concentration (g/L)
5.0
50.0
200.0

125

I-C-1027 by TCA-RA method (n = 18, mean±SD)

Measured concentration (g/L)
4.91±0.04
49.64±0.07
199.3±0.4

Recovery (%)
98.2
99.3
99.6

Precision (%)
Intra-d

Inter-d

4.12
4.05
3.18

9.78
8.01
7.83

125

I-lidamycin in mice and rats
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Figure 2 Excretion curves after iv. injection of 125I-C-1027 (50 g/kg) to mice
by RA method (n = 6). A: excretion in urine; and B: excretion in feces. Values
were expressed as mean±SD.
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Tissue distribution of 125I-C-1027 in mice
125
I-C-1027 was observed in different tissues of mice after
intravenous administration of 125I-C-1027 (50 µg/kg).
Figures 1A and B represent the graphs of the tissue
distribution of radioactivity of 125I-C-1027 by RA and TCARA methods after intravenous injection to mice, respectively.
The conce-ntrations of 125 I-C-1027 were the highest in
kidney. The unchanged drug could not be detected except
in kidney after 36 h. The results, obtained by RA and TCARA methods, were analyzed by t-test. There was a significant
difference between RA and TCA-RA methods (P<0.05).
The results measured by RA method were higher than those
by TCA-RA method. The RA method determined the total
radioactivity, and the TCA-RA method detected the
precipitated fractions and could remove the interference
of decomposed compounds with a small molecular weight.
The TCA-RA method was a better method to assay 125I-C1027 in tissues.

A

Accumulative excretion
amounts (g/kg)

inter-day assay at the range from 0.5 to 1 000.0 g/L for
each tissue, urine, feces and bile sample. The accuracy was
expressed as the recovery (more than 98%) (Table 1). The
validation results satisfied the need of bioanalysis[15,16].
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Figure 3 Bile excretion curve after i.v. injection of 125I-C-1027 (50 g/kg) to rats
by RA method (n = 5). Values were expressed as mean±SD.
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Figure 1 Tissue distribution of radioactivity of 125I-C-1027 (50 ìg/kg) after i.v.
injection to mice (n = 6). A: RA method; and B: TCA-RA method. Values were
expressed as mean±SD.

Excretion of 125I-C-1027 in urine and feces
The excretion-time curves of urine and feces, assayed by
RA method after intravenous injection of 125I-C-1027
(50 µg/kg) to mice, are plotted in Figure 2. The accumulative
excretion percentages were 71.64 and 3.21% from urine
and feces within 96 h, respectively. The urine excretion was

Excretion of 125I-C-1027 in bile
The results determined after iv. injection of 125 I-C-1027
(50 µg/kg) to rats by RA method are displayed in Figure 3.
The accumulative excretion amount was 3.57% in bile within
24 h. It indicated that the bile excretion was a subsidiary
pathway of radioactive materials.

DISCUSSION
The tissue distribution experiment showed that 125I-C-1027
was widely distributed in most tissues of mice after intravenous
administration of it at the dose of 50 µg/kg. The drug
concentration was the highest in kidney. The concentrations
of 125I-C-1027 in fat, brain, ovary, testis, and uterus tissues
were lower than those in other tissues. The level of 125I-C1027 could not be detected except in kidney after 36 h of
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administration. The concentrations in most tissues reached
the peak values at the fifth min after administration. The
accumulative excretion percentages were 71.64, 3.21, and
3.75% in urine, feces, and bile, respectively. The kidney
had a high concentration of 125I-C-1027 in our experiment,
multi-dosage tissue distribution test was done within 72 h,
and we found that there was a little accumulation in kidney.
RA method determined the total radioactivity, and could
not distinguish 125I-C-1027 from its decomposed products.
TCA-RA method could remove 125 I and its decomposed
products with a small molecular weight, and has become an
accepted method[17]. TCA-RA method could further reflect
the tissue distribution characteristics of C-1027 compared
with RA method. So, TCA-RA method is better than RA
method.
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Abstract
AIM: To investigate the expression pattern of clusterin in
colorectal adenoma-carcinoma-metastasis series, and to
explore the potential role of clusterin in multistage colorectal
tumorigenesis and progression.
METHODS: A colorectal carcinoma (CRC)-tissue microarray
(TMA), which contained 85 advanced CRCs including 43
cases of Dukes B, 21 of Dukes C and 21 of Dukes D tumors,
were used for assessing the expression of clusterin (clone
41D) and tumor cell apoptotic index (AI) by immunohistochemistry and TUNEL assay, respectively. Moreover the
potential correlation of clusterin expression with the patient’s
clinical-pathological features were also examined.
RESULTS: The positive staining of clusterin in different
colorectal tissues was primarily a cytoplasmic pattern.
Cytoplasmic overexpression of clusterin was detected in
none of the normal colorectal mucosa, 17% of the adenomas,
46% of the primary CRCs, and 57% of the CRC metastatic
lesions. In addition, a significant positive correlation between
overexpression of clusterin and advanced clinical (Dukes)
stage was observed ( P <0.01). Overexpression of
cytoplasmic clusterin in CRCs was inversely correlated
with tumor apoptotic index (P<0.01), indicating the antiapoptotic function of cytoplasmic clusterin in CRCs.
CONCLUSION: These data suggests that overexpression
of cytoplasmic clusterin might be involved in the tumorigenesis
and/or progression of CRCs. The anti-apoptotic function of
cytoplasmic clusterin may be responsible, at least in part, for
the development and biologically aggressive behavior of CRC.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Colorectal carcinoma (CRC) is one of the most common
human cancers and a major cause of cancer-related death
in the developed countries[1]. The incidence of CRC in China
including urban Shanghai, is increasing rapidly particularly
in the last two decades[2]. At present, CRC is the fourth leading
cause of cancer-related death in China. Although CRC has
been widely studied and the development of this cancer is
most probably a multistep process involving multiple genetic
changes, the understanding of the precise pathogenic
mechanisms by which normal colorectal epithelial cells become
malignant cells, is far from being thoroughly understood.
Clusterin, also known as apolipoprotein J (ApoJ), is a
heterodimeric highly conserved and secreted glycoprotein
being expressed in a wide variety of tissues and found in
many body fluids. Clusterin has been implicated in diverse
normal biological processes such as sperm maturation, lipid
transportation, tissue remodeling, membrane recycling, cellcell and cell-substratum interactions and cell apoptosis[3-7].
Recently, a potential oncogenic role of clusterin in the
development and/or progression of several human cancers
has been examined. Increased expression of clusterin was
detected in prostate, renal cell and lung cancer[8,9]. Expression
of clusterin has been positively associated with the aggressive nature of breast cancer, while the expression of
clusterin in normal breast epithelial cells has been undetectable[10].
Moreover, increased expression of clusterin in murine
and human intestinal neoplasia has been reported[11]. However,
to date, the expression pattern of clusterin and its oncogenic
role in the development of human CRC are unclear. In the
present study, the expression dynamics of clusterin in an
array of human colorectal tissue, normal and pathological,
non-neoplastic and neoplastic, were investigated using a tissue
microarray (TMA) assay. The potential correlation between
clusterin expression and critical clinical/pathological features
of CRC were also assessed.
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MATERIALS AND METHODS
Patients and tissues
Eighty-five surgically resected CRC specimens were obtained
from the First Affiliated Hospital of Sun Yat-Sen University,
Guangzhou, China as previously described[12]. The age of these
patients ranged from 36 to 85 years at the time of surgery
(mean age, 59.6 years) and the male/female ratio was 1.2:1.
All cases selected were moderately differentiated adenocarcinomas. According to Dukes staging system, the distribution
for clinical stage of these CRCs were as follows: Dukes B,
43 cases; Dukes C, 21 cases; Dukes D, 21 cases. A previously
constructed TMA block containing all 85 CRC cases was
used for immunohistochemical (IHC) and TUNEL assay[12].
In this CRC-TMA, six samples from different pathologic
and progressive loci were selected from each of the 85
advanced CRC cases. Tissue samples from adjacent nonneoplastic mucosa, primary carcinomas in inner layers (confined
to the layer of mucosa and/or submucosa), muscularis layer
and serosa layer of the bowel wall were selected for all CRC
cases. Tissue samples from matched adenomatous polyps
were obtained from 22 cases (tubular, n = 12; tubulovillous, n = 3; and villous, n = 7) and tissues from matched
lymph node and distant metastases were selected from 21
cases.
IHC staining
IHC studies were performed using a standard streptavidinbiotin-peroxidase complex method[12]. In brief, TMA sections
were deparaffinized and rehydrated. Endogenous peroxidase
activity was blocked with 0.3% hydrogen peroxide for 20 min.
For antigen retrieval, CRC-TMA slides were microwavetreated in 10 mmol/L citrate buffer (pH 6.0) for 10 min.
Nonspecific binding was blocked with 10% normal rabbit
serum for 10 min. The TMA slides were incubated with a
monoclonal anti-clusterin (Clone 41D; Upstate Biotechnology,
Lake Placid, NY, USA, 1:200 dilution) and a monoclonal
anti-Ki-67 (Dako, Glostrup, Denmark, 1:100 dilution) for
60 min at 37 ℃ in a moist chamber, respectively. The slides
were then sequentially incubated with a biotinylated rabbit
anti-mouse immunoglobulin at a concentration of 1:100
for 30 min at 37 ℃ and subsequently reacted with a
streptavidin-peroxdase conjugate for 30 min at 37 ℃ and
3’-3’ diaminobenzidine as a chromogen substrate. The
nucleus was counterstained using Meyer’s hematoxylin. The

A

B

Figure 1 Expression of clusterin in different pathological loci of one Dukes C
colorectal carcinoma with matched lymph node metastasis. Strong cytoplasmic
staining of clusterin was observed in primary carcinoma in the mucosa layer of
the bowel wall, while its adjacent normal mucosa showed a weak positivity
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slides were dehydrated and coverslipped. Negative controls
were performed by replacing the primary antibody with mouse
IgG. Known immunostaining positive slides of ovarian cancer
were used as positive controls.
For evaluation of the clusterin IHC staining in different
colorectal tissues, the positive expression of clusterin in nonmalignant and malignant tissues was primarily a cytoplasmic
pattern (Figure 1). Both staining intensity and positive areas
were recorded. A staining index (values 0-12), obtained as
the intensity of clusterin positive staining (negative = 0,
weak = 1, moderate = 2, or strong = 3 scores) and the
proportion of immunopositive cells of interest (<25% = 1;
25-50% = 2; >50-75% = 3; >75% = 4 scores), was calculated.
The status of Ki-67 nuclear expression was counted as the
percentage of Ki-67 positive staining cells in each case. The
immunostained slides of TMA were reviewed independently
twice and intra-observer disagreements (<10%) were reviewed
a third time, followed by a conclusive judgment.
TUNEL assay
The fluorescent TUNEL staining was performed using a
death detection kit (Roche Diagnostic GmbH, Mannheim,
Germany) according to the manufacturer’s instructions.
Briefly, the rehydrated TMA section was microwave-treated
in 10 mmol/L citrate buffer (pH 6.0) for 5 min. After
washing in phosphate-buffered saline (PBS), the specimen
was incubated with a mixture of TdT solution (enzyme
solution) and FITC labeled dUTP solution (label solution)
in a humidified chamber in the dark at 37 ℃ for 60 min.
After washing, the slide was examined with a Zeiss Axiophot
fluorescence microscope. Negative controls were obtained
by replacing the TdT solution with distilled water. The
presence of clear nuclear staining (TUNEL-positive, green
color) was indicative of apoptotic cells (Figure 2). Apoptotic
bodies were defined as TUNEL-positive, single, relatively
large (≥ 4 µm diameter) and rounded bodies existing in
extra- or intra-tumor cells with intense staining. The number
of TUNEL-positive tumor cell nuclei was counted and the
apoptotic index (AI) was determined as the percentage of
apoptotic cells in the tumor. Because the mean value of AI
for all informative samples in this study was 1.9, tumors
were classified into two groups according to their AI: low
AI group (AI≤1.9) and high AI group (AI>1.9).
To investigate the correlation of clusterin expression

C

D

(A). Strong cytoplasmic staining of clusterin was also observed in carcinomas
in muscularis propria (B), and serosa layer (C) and its matched lymph node
metastasis (D) in the same primary carcinoma (original magnification ×100).
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Figure 2 Double fluorescent staining of clusterin and TUNEL in colorectal
carcinoma. A: A colorectal carcinoma with overexpression of cytoplasmic
clusterin (red) showed low apoptotic index (AI), where apoptosis (green signal
indicated with arrows) was observed in only one tumor cell; B: High AI was

observed in a CRC with negative expression of cytoplasmic clusterin, where
several TUNEL positive cells (green nuclei indicated with arrows) were observed.
(Left figure: original magnification ×100; Right figure: ×400).

and cell apoptosis, a simultaneous IHC staining with anticlusterin antibody and fluorescent TUNEL staining was
performed. First, clusterin immunostaining was performed
as described above. The second antibody was used with a
Cy3 (orange) labeled goat anti-mouse polyclonal IgG (SC20009, Santa Cruz Biotechnology, Santa Cruz, CA, USA,
1:100 dilution) and incubated with the section, in the dark,
at 37 ℃ for 45 min. The slide was washed with PBS and
then counterstained with 1 µg/mL DAPI in an anti-fade
solution, then examined with a Zeiss Axiophot fluorescence
microscope equipped with a dual band pass filter for
simultaneous visualization of FITC and Spectrum Orange
signals using ×10 and ×40 objectives.

adenomas, 39/85 (46%) primary CRCs, and 20/35 (57%)
lymph node and/or distant metastatic lesions, respectively.
The increasing frequencies of clusterin overexpression from
normal colorectal mucosa, to benign adenomas and primary
CRC, and to CRC metastatic lesion were significant (P<0.01,
2 trend test, Table 1). However, no heterogeneous expression
of clusterin was observed among the different layers of
the bowel wall of CRC.

Table 1 Expression of clusterin in normal colorectal mucosa and in
benign and malignant colorectal tumors 1
Clusterin
Informative cases

Statistical analysis
For statistical evaluation, 2 test for trend was used to assess
the differential expression of clusterin in different colorectal
tissues. 2 test was used to assess the statistical significance
of the association of the expression of clusterin with the
patient’s clinico-pathological parameters and its correlation
with apoptotic indices. Unpaired t test was used to assess the
statistical significance of the differential expression of Ki67 between groups with and without clusterin overexpression.
P values lesser than 0.05 were considered significant.

RESULTS
Clusterin expression in colorectal tissues
The expression of clusterin was investigated by IHC in a
CRC-TMA which contained adjacent normal colorectal
mucosa and different colorectal lesions including premalignant
colorectal adenoma, primary CRC, and metastatic CRC.
The antibody (clone 41D) used in this study was a monoclonal
anti-human clusterin, which recognizes the a subunit of the
clusterin heterodimer. The expression pattern of clusterin
in epithelial cells of different colorectal tissues was heterogeneous
with different staining indices in the cytoplasm. Because
the staining index of cytoplasmic expression of clusterin in
all 76 informative normal colorectal mucosa was less or
equal to 6, we designated the staining index of 0-6 as the normal
expression of clusterin. Overexpression of clusterin was
defined when staining index was more than 6 (Figure 1B-D).
Using this designation, the overexpression of cytoplasmic
clusterin was detected in 4/20 (17%) informative colorectal

Normal expression

Overexpression

Normal mucosa

76

76 (100%)

Adenoma

20

16 (83%)

0 (0)
4 (17%)

Primary carcinoma

85

46 (54%)

39 (46%)

Metastases

35

15 (43%)

20 (57%)

1
Values are n (%). A significant increasing frequency of overexpression of clusterin
was observed in adenoma, in primary carcinoma and in metastatic lesion (P<0.01,
2 test for trend.

Association of clusterin expression with clinico-pathological
features
The association of cytoplasmic expression of clusterin and
patient’s clinico-pathological features were further studied.
The results showed that cytoplasmic overexpression of
clusterin in primary CRC was significantly associated with
the patient’s clinical stage. Overexpression of clusterin was
detected in 25/42 (60%) CRCs in late clinical stages (Dukes
C or D stage), which was significantly higher than that in
early stage (Dukes B) (14/43, 33%) (P<0.05, 2 test). But
no significant association was found between clusterin
expression and other clinico-pathological features, such as
patient’s gender, age, and tumor location (data not shown).
Correlation of clusterin expression with cell apoptosis
Because clusterin has been associated with the process of
cell apoptosis[7], the TUNEL assay was used to study the
status of apoptosis in these CRC cohorts. A high apoptotic
index was detected in 32/83 (39%) of the informative
CRCs. The results showed that the frequency of high
apoptotic index was significantly higher in tumors with a
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normal expression of clusterin (24/46 cases, 52%) than
that in cases with overexpression of clusterin (8/37, 22%)
(P<0.01, Table 2). In addition, the double fluorescent staining
with clusterin and TUNEL showed that apoptosis was more
likely to occur in tumor cells with low level expression of
clusterin, but not in tumor cells with high level of expression
of clusterin (Figure 2A). In general, cell apoptosis in CRC
was inversely correlated with the overexpression of clusterin.

Table 2 Correlation of expression of clusterin and apoptotic index
(AI) in colorectal carcinomas
Apoptotic index (AI)
Clusterin
Overexpression (%)
Normal expression (%)

Informative
case

High

Low

P1

37
46

8 (22)
24 (52)

29 (78)
22 (48)

<0.01

1 2

 test.

Correlation of clusterin expression with cell proliferation
To identify whether or not the overexpression of clusterin
was associated with cell proliferation in colorectal cancer,
we further analyzed the potential correlation between the
expression of clusterin and cell proliferation (via monoclonal
anti-ki-67). For the 39 cases with overexpression of clusterin,
an average of 36.7% of the tumor cells was positively stained
with Ki-67 antibody, which was similar to that (average of
38.1% cells) in the remaining 46 tumors with normal expression
of clusterin (P>0.05, unpaired-t test).

DISCUSSION
Most CRCs arise from adenomas through an archetypal
pathogenic pathway, the adenoma-carcinoma-metastasis
sequence. CRC is a well-studied example of multistep
tumorigenesis and, therefore, offers an excellent model to
investigate the accumulation of genetic alterations during
this neoplastic process. In the present study, we used a
previously constructed TMA-CRC series[12], which was
composed of multiple colorectal tissues from different
pathological loci of the same patient samples. These samples
represented the full spectrum of CRC pathogenesis, including
adjacent normal mucosa, benign adenoma, primary carcinomas
and lymph node and distant metastases. Overall, overexpression of clusterin was observed to increase from the earliest
detectable stage of abnormal growth, adenoma, to primary
carcinoma and to local lymph node or distant metastases.
These findings provide evidence that the increased expression
of clusterin is involved in CRC tumorigenesis and
progression. In addition, we found that the overexpression
of cytoplasmic clusterin in primary CRCs was strongly
associated with patients’ Dukes stage, i.e., overexpression
of clusterin in cytoplasm was more frequently detected in
later Dukes stages (C and D) when compared to that in
Dukes B. These results suggest that overexpression of
cytoplasmic clusterin in CRC may facilitate cancer cell invasion
and metastasis. Previous studies have also documented that
increased expression of clusterin was involved in the development and progression of several types of carcinomas, including
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breast, prostate and kidney carcinomas[8-10]. Taken together,
clusterin expression may be an important prognostic factor
of aggressive nature of several human cancers, including
CRC.
Although some hypothetical indirect tumorigenic
functions of clusterin could be speculated due to its
implication in cell-cell and cell-substratum interactions, and
in a cytoprotective role in plasma membrane[13], the biological
role in tumorigenesis remains unclear. Trougakos and colleagues
have reported that clusterin knockdown in human cancer
cell, by using small interfering RNA, may induce higher rates
of spontaneous apoptosis and significantly reduce tumor
cell growth [14]. Other groups have reported a significant increase
in cell death after transfection of antisense oligonucleotides
into clusterin[15]. Some authors have suggested that the antiapoptotic activity of clusterin may account for the genesis and
biologically aggressive behavior of several cancer cells[10,16].
In the present study, a significant inverse correlation of
clusterin expression and apoptosis was revealed in our CRC
cohorts, i.e., a lower apoptotic index was more likely to be
observed in CRCs with overexpression of cytoplasmic
clusterin than in those with normal expression of this protein.
Furthermore, tumor cells undergoing apoptosis were often
found with a lower expression level of cytoplasmic clusterin
when compared to their adjacent tumor cells without
apoptosis. These results demonstrate as well an anti-apoptotic
function of clusterin in CRCs.
Clusterin has been implicated in apoptosis as a pro-or
anti-apoptotic molecule in various models under different
circumstances, in which clusterin may exert different
biological functions[13]. Recently, it has become increasingly
clear that the clusterin gene codes for a family of different
protein isoforms[17], which are derived, by alternative posttranslational processes, from the same precursor of 53 ku
protein[18,19] . Different isoforms of clusterin have been
previously reported to occur, in apoptotic and surviving cells,
in the regressing rat ventral prostate[4]. Nuclear clusterin has
been suggested as a cell death protein[20]. Recently, data from
in vivo and in vitro studies of clusterin in colon tumorigenesis
have demonstrated that nuclear clusterin was predominantly
expressed in normal mucosa of colon and may act as a proapoptosis protein, while cytoplasmic clusterin may function
as an anti-apoptosis protein[16]. In the colorectal tumors of
the present study, the antibody (clone 41D) used was a
monoclonal anti-human clusterin, which recognizes the 
subunit of the clusterin heterodimer. The staining of
clusterin in colorectal epithelial cells was only a cytoplasmic
pattern and nuclear staining was not observed in colorectal
epithelial tissues, non-neoplastic and neoplastic. Although
further studies are needed to determine the exact function
of the different isoforms of clusterin and how the signaling
pathways through clusterin gene are regulated, the present
study has demonstrated: (1) a cytoplasmic expression pattern
of clusterin in the full spectrum of CRC pathogenesis, from
normal mucosa, to adenoma, to carcinoma, to metastasis; and
(2) an increased level of cytoplasmic clusterin was directly
associated with decreased cell apoptosis, increased aggressiveness and metastasis, suggesting that this protein may
play an important role in the multistage development and/or
progression of human CRCs.
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Abstract
AIM: To explore the difference between cancer cells and
normal cells, we investigated the Raman spectra of single
cells from gastrointestinal cancer patients.
METHODS: All sam ples were obta ined from 30
diagnosed as gastrointestinal cancer patients. The flesh
tumor specimen is located in the center of tumor tissue,
while the normal ones were 5 cm away from the outside
tumor section. The imprint was put under the microscope and a single cell was chosen for Raman measurement. All spectra were collected at confocal Raman
micro-spectroscopy (British Renishaw) with NIR 780 nm
laser.
RESULTS: We measured the Raman spectra of several
cells from gastrointestinal cancer patients. The result
shows that there exists the strong line at 1 002 /cm
with less half-width assigned to the phenylalanine in
several cells. The Raman lines of white cell were lower
and less, while those of red cell were not only higher
in intensity and more abundant, but also had a particular C-N breathing stretching band of pyrrole ring at
1 620-1 540 /cm. The line at 1 084 /cm assigned to
phosphate backbone of DNA became obviously weaker
in cancer cell. The Raman spectra of stomach cancer
cells were similar to those of normal cells, but the
Raman intensity of cancer cells was much lower than
that of normal cells, and even some lines disappear.
The lines of enteric cancer cells became weaker than
spectra above and many lines disappeared, and the
cancer cells in different position had different fluorescence
intensity.
CONCLUSION: The Raman spectra of several cells from
cancer patients show that the structural changes of cancer
cells happen and many bonds rupture so that the biological
function of cells are lost. The results indicate that Raman

spectra can offer the experiment basis for the cancer
diagnosis and treatment.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Cancer is one of the most serious diseases threatening human
health and life, and the influence of this disease becomes
increasing. Due to the pathogeny of cancer and some correlative
illness have not been found, and the effective diagnosis and
complete therapy cannot be carried out at present. It is
impossible to control the progress of the state of the illness
for cancer patient in terminal stages. Therefore, early diagnosis
and timely therapy is the most effective approach in improving
the surviving chance of patient. It is very difficult to diagnose
cancer in modality because the early symptom of cancer is
not evident and it has no distinct difference from that of
some other illness. Therefore, it is a research emphasis to find
new, effective diagnosis technology and treatment method.
The vibration spectrum has promising potential as an
analytical tool for diagnosing cancer because it can probe
the chemical composition and molecular structure of the
normal and pathological tissue, so that researchers have
paid much attention to the field over the past decade[1-5].
The Raman method has the relative lower requirement to the
preparation of sample, ordinary biological sample such as cell,
living tissue, DNA and RNA can be measured directly. The
measurement has no damage to sample and a large number
of data can easily be obtained. Therefore, many application
of Raman spectrum have been gained in biology, medicine,
medicament analysis and filtration[6-10]. But to date, there is
some lack of knowledge about the Raman spectra of a single
cancer cell in the former reports. In the present paper, we
report a study about the Raman spectra of single cells of
stomach, rectal, and colon cancer tissue and corresponding
normal cells.
MATERIALS AND METHODS
All samples were collected from the imprint with desquamation
cells from fresh sample after operating on 30 diagnosed
patients of Liaocheng People’s Hospital (20 men and 10
women, of ages 30-70 years). The tumor specimens were
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RESULTS
The Raman spectra of single red cell and a string of red cell
are shown in Figure 1A. The red cell is mainly composed of
membrane and cytoplasm which has a large number of
hemoglobin. We can see that hemoglobin has a typical band
at 1 620-1 540 /cm in Figure 1A, which is assigned to C-N
breathing stretching band of pyrrole ring. This band cannot be
measured in other cells. There exists the peak at 1 654 /cm
assigned to -helix, which has low intensity, but the peaks
assigned to -folding and random coil are not found. The
band of amide-III at 1 246 /cm is wide and strong, which is
assigned to the overlapping of -helix, -folding and random
coil. The Raman lines at 1 447, 1 369 and 1 340 /cm
correspond to the deformation vibration of CH2 and CH3.
The strong line with 4 /cm half-width at 1 001 /cm assigned to
the phenylalanine is very steady and can be used as a standard
line with respect to other Raman lines. The frequencies of
other Raman lines and their assignment are shown in Table 1.

The Raman spectra of single white cell are shown in
Figure 1B. Its peaks are very weak except the band of
phenylalanine at 1 003 /cm.
The Raman spectra of lymphocyte are shown in
Figure 1C. We can see the wide and strong band at 1 658 /cm,
which is assigned to the characteristic vibration of
Amide-I and may be correlated to the overlapping of
-helix, -sheet and random coil. The strong Raman
lines at 1 447 /cm corresponds to the deformation of
CH 2 and CH3. The assignment of other Raman lines is
shown in Table 1.
The Raman spectra of normal cell from rectal cancer
patient are shown in Figure 2A similar to that of the
lymphocyte. Figures 2B and 2C show the Raman spectra
of cancer cells on rectal smooth muscle and rectal,
respectively. The Raman line assigned to phenylalanine is
still distinct and its intensity becomes low in cancer cells.
There exist the Raman lines of Amide-I, CH2 and CH3 in
two cases, these lines become weak and other lines disappear.
The cancer cells in different position have distinctly different
fluorescence intensity. The Raman spectra of colon cancer
cells in Figure 3A are similar to that of rectal cancer cells in
Figure 2C.
The Raman spectra of stomach cancer cells are shown
in Figure 3B. Its Raman spectra are similar to the normal
cells, but the Raman intensity is much lower than that of
normal cells. The peak at 1 084 /cm of phosphate backbone
of DNA disappears.

936

taken from the part of cancer tissue, the normal samples
were 5 cm away from the outside cancer tissue. The residual
samples after the patches were marked were stained and
sliced so as to be analyzed and diagnosed in pathology.
All spectra were collected at confocal Raman microspectroscopy (British Renishaw), with NIR 780 nm laser
whose power was maintained at 25 mW and the spectral
resolution was less than 2 /cm.

1 003

B
A
1 700 1 600 1 500 1 400 1 300 1 200 1 100 1 000 900
Counts/Raman shift (/cm)

Figure 1 Raman spectra of several cells from cancer patients. A: red cell; B:
lymphocyte; C: white cell.

Figure 2 Raman spectra of normal and cancer cell from rectum cancer patients.
A: normal cell; B: cancer cell on rectal smooth muscle; C: rectal cancer cell.

Table1 Peak position and assignments of Raman spectra of several cells from cancer patients
Red cell
1 654
1 619
1 578
1 560
1 548
1 447
1 369
1 340
1 246

White cell

Lymphocyte

Normal cell

Colon, rectal cancer cell

Stomach cancer cell

1 658

1 658

1 657

1 662

1 660

1 445

1 447

1 449

1 449

1 449

1 003

1 338
1 247
1 209
1 126
1 084
1 053
1 032
1 003

1 338
1 247
1 208
1 126
1 084
1 054
1 032
1 003

1 123
1 052
1 030
1 001
Symmetric
974
936

937

936

1 342
1 248
1 206
1 126

1 002

1 054
1 032
1 002

938

Assignments
Amide-I , -helix
Tyr, Trp v (C = C)
Phe v (C = C) symmetric
Trp
Trp
(CH2, CH3)
CH2
CH2
Amide-III
Tyr, Phe
v (C-N)
v (C-N)
v (C-N)
Phe v (C-H)
Phe v (C-C) symmetric
CH2
v (CC)skeletal -helix
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biological function of cells are lost. The results indicate that
Raman spectra may offer the experiment basis for cancer
diagnosis and treatment.
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Figure 3 Raman spectra of cancer cell. A: colon cancer cell; B: stomach
cancer cell
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DISCUSSION
We studied the Raman spectra of several cells from gastrointestinal cancer patients. There exists the strong line at
1 002 /cm with less half-width assigned to the phenylalanine
in several cells, whose intensity is not easy to change and
can often be a standard of Raman lines of cell. The Raman
intensity of white cell is low and lacking, while that of red
cell is high and abundant and it has a particular C-N breathing
stretching band of pyrrole ring from 1 620 to 1 540 /cm.
The relative intensity of 1 084 /cm of phosphate backbone
of DNA becomes obviously weak in cancer cells. The Raman
spectra of stomach cancer cells are similar to the normal
cells, but the Raman intensity is much lower than that of
normal cells. The lines of enteric cancer cells become weaker
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the cancer cells in different part have different fluorescence
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Abstract
AIM: To observe the protein and mRNA expression of
bcl-2 oncogene in gastric precancerous lesions (GPL) and
to analyze its correlation with syndromes in traditional
Chinese medicine (TCM).
METHODS: Sixty-seven patients with GPL confirmed by
gastroscopy and pathology were studied, including 39
cases of moderate gastric mucosal dysplasia, 19 cases
of severe gastric mucosa dysplasia, 9 cases of incomplete
colon metaplasia. In syndrome differentiation of TCM, 17
cases belonged to the syndrome of qi and yin deficiency
of the spleen and stomach complicated by qi stagnation,
21 cases belonged to the syndrome of qi and yin deficiency
of the spleen and stomach complicated by stomach heat,
29 cases belonged to the syndrome of qi and yin deficiency
of the spleen and stomach complicated by blood stasis.
Protein and mRNA expression of bcl-2 oncogene were
detected by labeled streptavidin biotin (LSAB) immunohistochemistry and in situ hybridization respectively.
RESULTS: Abnormal expression of protein and mRNA on
bcl-2 oncogene was found in GPL, which increased
gradually with the course of lesions. In moderate and
severe gastric mucosal dysplasia and incomplete colon
metaplasia, there was no difference in the expression of
bcl-2 oncogene (P>0.05). In different accompanying
syndromes, the expression of protein and mRNA on bcl-2
oncogene increased gradually in the following order:
deficiency of both qi and yin of the spleen and stomach
accompanying qi stagnation → stomach heat → blood
stasis. In GPL, compared with accompanying blood stasis,
there was an obvious difference in the expression of bcl-2
oncogene between the syndrome of qi and yin deficiency
of the spleen and stomach and accompanying stomach

heat, so did accompanying qi stagnation (the level of
protein: 2 = 8.45, P<0.05; the level of mRNA: 2 = 7.35,
P<0.05).
CONCLUSION: Apoptosis-associated bcl-2 oncogene is
abnormally expressed in GPL, which correlates with different
accompanying syndromes in TCM.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Gastric precancerous lesions (GPL) refer to moderate and
severe dysplasia and/or incomplete colon metaplasia. It has
an increasing risk to develop into gastric cancer[1-5]. Gastric
cancer has a close correlation with abnormal cell proliferation
and apoptosis. Excessive accumulation of cells caused
by imbalance of proliferation and apoptosis may be the
pathological basis of gastric cancer development [6-10].
Traditional Chinese medicine (TCM) holds that GPL is a
complex syndrome of deficient origin and excessive
superficiality. Deficiency of qi and yin of the spleen and
stomach is the origin of GPL. Its superficiality includes qi
stagnation, blood stasis and heat toxin. Chinese herbs can
not only relieve clinical symptoms of GPL[11-13], but also
regulate the expression of related oncogenes to some extent
in GPL[14-17]. Bcl-2 is one of the oncogenes and has a close
correlation with apoptosis, its abnormal expression is usually
observed during the development of GPL[18-25]. Although
overexpression of bcl-2 oncogene is found in GPL, it is
different in same tissues of different sufferers and the
regulating effect of Chinese herbs is different too. Recently,
it has been found that the protein expression of some
proliferation-associated genes is correlated with GPL
syndromes [26]. In this article, the correlation between
expression of bcl-2 oncogene in GPL with syndromes in
TCM was further investigated from the viewpoints of
apoptosis, protein expression and mRNA transcription of
bcl-2 oncogene.
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MATERIALS AND METHODS
Materials
All samples of gastric mucosa were obtained under a
gastroscopy. Four samples were obtained from each patient.
Moderate and severe dysplasia were confirmed by pathologic
examination. Incomplete colon metaplasia was confirmed
by HID-ABpH2.5-PAS staining. Based on the syndrome
differentiation in TCM, patients meeting the diagnostic
criteria were included in the study, patients with abnormal
functions of heart, liver, and kidney or carcinomatous change
were excluded. The criteria of syndrome differentiation
in TCM were as follows (referring to Clinical Trial Guideline
of New Chinese Herbs, first edition, 1993:88, 108); dominating
symptoms of deficiency of both qi and yin of the spleen
and stomach: including fullness and distension of the
epigastrium being more severe after meal, bulgy and tender
tongue, or tongue with tooth prints, weak red tongue with
whitish fur or thin fur, slow and weak pulse; minor symptoms
of deficiency of both qi and yin of the spleen and stomach:
including lassitude of limbs, no desire to speak, sweating,
dryness of mouth and without desire to drink, emaciation.
Patients with two dominating symptoms (including state of
tongue or pulse) and two minor symptoms could be
diagnosed as dysplasia. Accompanying symptoms of qi
stagnation were as follows: fullness, distension and discomfort
of the epigastrium, distending pain in hypochondrium,
frequent belching, gastric discomfort with acid regurgitation
and taut pulse. Accompanying symptoms of blood stasis
were as follows: persistent and fixed pain, sting, dark tongue
or tongue with petechia. Accompanying symptoms of
stomach heat were as follows: dry and bitter mouth, dry
feces, and tongue with yellow fur. Patients having two of
the above symptoms were diagnosed with accompanying
syndromes. Sixty-seven cases of GPL were enrolled in this
research, including 39 cases of moderate gastric mucosal
dysplasia, 19 cases of severe gastric mucosa dysplasia and
9 cases of incomplete colon metaplasia. In the syndrome
differentiation in TCM, 17 cases had qi stagnation, 21 cases
had stomach heat, and 29 cases had blood stasis. Their
average age was 53±11 years. The course of disease was less
than 5 years in 36 cases, 5-10 years in 25 cases, and more
than 10 years in 6 cases. Monoclonal antibody to bcl-2
and LSAB reagent kit were products of DAKO Company.
Bcl-2 ISH kit was a product of Boshide Company.

A

Figure 1 Protein positive expression of bcl-2 oncogene in gastric mucosal
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Methods
Gastric mucosa was prepared with 1 g/L diethyl pyrocarbonate
before it was fixed for preventing degeneration of nuclear
acids. Labeled streptavidin biotin method and in situ
hybridization (ISH) were adopted for determining the
expression of protein and mRNA transcription of bcl-2
oncogene. PBS was used instead of the first antibody as
negative control group. Proved positive sections were used
as positive control. Positive signals were fine brown yellow
granules. The hybridization probe was removed in negative
group. The samples were prepared with RNase for
preventing false positive signals. The positive signals were
fine purple and black granules.
Statistical analysis
The data were analyzed by 2 test and 2 partition test with
SPSS 10.0 software package. P<0.05 was considered
statistically significant.

RESULTS
Detection of bcl-2 oncogene in GPL
The expression of protein and mRNA on bcl-2 oncogene
was observed in cytoplasm of GPL (Figures 1 and 2). As
the lesion developed, the expression gradually increased,
but there was no significant difference in moderate and
severe gastric mucosal dysplasia and incomplete colon
metaplasia (P>0.05, Table 1).

Table 1 Protein and mRNA expression of bcl-2 oncogene in GPL (%)
Lesions

n

Protein
expression

mRNA
expression

Moderate gastric mucosal dysplasia
Severe gastric mucosal dysplasia

39
19

35.89
47.37

41.03
52.63

Incomplete colon metaplasia

9

33.33

44.44

Expression of bcl-2 oncogene in different accompanying
syndromes
The protein and mRNA expressions of bcl-2 oncogene were
observed in different accompanying syndromes. The expression
increased gradually in the following order: deficiency of
both qi and yin of the spleen and stomach accompanying
qi stagnation → stomach heat → blood stasis (Table 2).

B

dysplasia. (A) and incomplete colon metaplasia; (B) (LSAB, ×200).
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B

Figure 2 mRNA positive expression of bcl-2 oncogene in gastric mucosal

dysplasia. (A) and incomplete colon metaplasia; (B) (ISH, ×200).

Table 2 Protein and mRNA expression of bcl-2 oncogene in GPL
with different accompanying syndromes (%)

herbs can not only relieve the clinical symptoms of GPL[11-13],
but also decrease the protein expression of bcl-2 oncogene
to some extent[32,33]. The expression of bcl-2 oncogene is
different in similar tissues of different patients, while the
regulating effect of Chinese herbs on gene expression is
not the same. GPL is a complex syndrome of deficient
origin and excessive superficiality. Does the difference
indicate that there is an internal relationship between the
expression of apoptosis-associated gene and syndromes in
TCM? The results of our study showed that there were
abnormal protein and mRNA expressions of bcl-2 oncogene
in GPL. With the development of lesions in gastric mucosa,
the positive rate of the gene expression increased gradually.
Although there were no significant differences in expression
of bcl-2 oncogene in moderate and severe gastric mucosal
dysplasia and incomplete colon metaplasia, it was quite
different between different accompanying syndromes in
TCM. From the viewpoint of TCM, the state of illness is
the slightest in accompanying qi stagnation, more severe in
accompanying stomach heat, and the worst in accompanying
blood stasis, indicating that there is a parallel relationship
between the expression of bcl-2 oncogene and the state of
illness in different accompanying syndromes of GPL. The
more serious the state of illness, the higher is the positive
rate of bcl-2 oncogene expression. The pathology of
transformation of accompanying syndromes of GPL
correlates with the abnormal expression of proliferationassociated genes[26] and apoptosis-associated genes, which is
consistent with the concept that carcinoma results from the
imbalance between cell proliferation and apoptosis in
Western medicine. Study on the correlation between the
syndromes of GPL and gene expression might be a new
way for uncovering the syndromes of GPL.

Accompanying syndrome

n

Protein expression

mRNA expression

Qi stagnation

17

17.65

23.53

Stomach heat

21

28.57

33.33

Blood stasis

29

58.62a

62.07c

P<0.05, 2: 8.45 vs stagnation and stomach heat. cP<0.05, 2: 7.35 vs qi stagnation
and stomach heat.

a

DISCUSSION
Oncogene can regulate and control proliferation, differentiation
metastasis and apoptosis of carcinoma cells[27,28]. Bcl-2 is a
new oncogene, which locates on 18q21 of chromosome, encodes
a protein with Mr 26 000 molecule, and is predominantly
distributed in nuclear membrane and cytoplasm of endoplasmic
reticulum. It can block programmed cell death but does
not affect cell proliferation and is an important factor for
suppressing apoptosis[29]. Overexpression of bcl-2 oncogene
promotes development of carcinoma by suppressing
apoptosis and prolonging life span of cells[30,31] . Under
normal conditions, cells of human gastric mucosa renew
frequently. The dynamic balance between proliferation and
apoptosis maintains the normal structure of gastric mucosa.
Generally speaking, apoptotic cells locate on the surface of
mucosa and proliferate on the gland neck of gastric mucosa,
indicating the growing, aging and dying rule of gastric mucosa
cells from basal layer to surface. However, in atrophy
gastritis, colon metaplasia, dysplasia and gastric cancer,
apoptotic and proliferating cells do not have the above
characteristics, and abnormal expression of bcl-2 oncogene
is found in these lesions. When the lesions exacerbate, the
cell proliferation index increases while apoptosis index
decreases gradually, the dynamic balance between proliferation
and apoptosis is disturbed, suggesting that there is a regulating
disturbance between cell apoptosis and proliferation in
carcinogenesis of gastric mucosa, while bcl-2 oncogene is
involved in regulating apoptosis of GPL[6-10] . Finally, the
increase of instability and speeding of accumulation of cells
result in carcinogenesis.
TCM believes that GPL is a syndrome of deficient origin
and excessive superficiality. Deficiency of both qi and yin of
the spleen and stomach is the origin of GPL. Its superficiality
includes qi stagnation, blood stasis, and heat toxin. Chinese
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Abstract
AIM: To investigate the expression of several important
molecules involved in major histocompatibility complex
(MHC) class I presentation pathway in primary hepatocellular
carcinoma (HCC), and to determine whether cytotoxic T
lymphocyte (CTL) vaccine therapy was suitable for HCC.
METHODS: Labeled streptavidin biotin (LSAB) method of
immunohisto-chemistry was used to study 33 HCC tissue
specimens.
RESULTS: Most HCC tissues and adjacent histological
normal hepatocytes expressed HLA-I antigens,TAP, and
B7, expression of B7 was especially strong, and there
was no significant difference between them (P>0.05).
CONCLUSION: The MHC class I presentation pathway in
primary hepatocellular carcinoma may not be abnormal
or dysfunctional, and CTL could kill these tumor cells.
Thus, it is suitable and practicable to design and construct
CTL vaccine against HCC.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Cell-mediated immunity plays an important role in anti-tumor
immune response, especially lysis by cytotoxic T lymphocytes

(CTL)[1]. Intact MHC I presentation pathway is crucial for
introduction of cellular immunity and killing by CTL. The
transporter associated with antigen processing (TAP), human
leukocyte antigen (HLA)-I antigens and B7 are important
molecules of the MHC I presentation pathway. TAP is a
transmembrane transport protein located in endoplasmic
reticulum (ER) and its main function is to translocate
endogenously processed antigenic peptides from cytosol into
ER lumen. There, antigenic peptides and HLA class I
molecules assemble into a HLA I molecule-antigenic peptide
complex, and then this complex is translocated to the surface
of cell and recognized by CD8+T lymphocytes to provide
the first signal of T cell activation. B7 is the most important
costimulatory molecule of antigen-presenting cells (APCs),
and it binds to its partner (CD28) on the surface of T cells
to deliver the second signal. Upon the double signal stimulation
T cells proliferate and differentiate to initiate cell immunity.
At the effective stage, lysis of target cells by CTL is also
dependent on recognition of HLA I molecule-antigenic
peptide complex on the target cells. Many tumors downregulate or lose expression of TAP, HLA-I antigens or B7
molecules leading to dysfunction or defect of MHC I
presentation pathway to escape from immune surveillance
of the host[1-7]. The aim of CTL epitope-based vaccine is to
induce and produce specific CTL response. Therefore, it is
necessary to investigate the expression of TAP, HLA-I
antigens and B7 in human primary hepatocellular carcinoma,
and to understand the relationship between the tumor and
host before design and construction of CTL epitope-based
vaccine against HCC.

MATERIALS AND METHODS
Main reagents
Mouse anti-human B7 mAb and HLA-ABC mAb were
purchased from DAKO Corp. Rabbit anti-human TAP pAb
was from Chemicon International, Inc. Biotin labeled goat
anti-mouse IgG, HRP-labeled streptavidin and avidin biotin
blocking system were from Beijing Zhongshan Corp.
Tumor specimens
Thirty-three pathological specimens were obtained from
surgically resected tissues of patients with HCC in West
China Hospital of Sichuan University, two of them without
adjacent histological normal hepatocytes. All specimens were
fixed in 40 g/L formaldehyde, embedded in paraffin.
Consecutive sections (5 µm) were prepared and attached to
loading-slides smeared with APES before. Pathological
diagnoses were made based on routinely processed HE
sections.
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Immunohistochemistry
The sections were dewaxed and rehydrated. Endogenous
peroxidase was blocked with 30 mL/L H2O2 for 15 min.
After retrieval of antigens, the sections were incubated with
normal goat serum for blocking non-specific antigens and
subsequently with antibody (anti-TAP, HLA-ABC and B7,
respectively) or PBS as control at 37 ℃ for 1 h, washed
and incubated with biotinylated goat anti-mouse IgG or goat
anti-rabbit IgG at 37 ℃ for 30 min. After being washed as
before, HRP labeled streptavidin was added. The following
incubation and washing were exactly the same as above.
Finally, DAK working solution was added for color
development. The reaction was stopped with tap water rinse.
Then, the sections were counterstained with hematoxylin
and mounted for examination.
Statistical analysis
The differences between HCC tissues and adjacent
histological normal hepatic tissues were analyzed with 2square test. P<0.05 was considered statistically significant.

RESULTS
Expression of HLA-I antigens
Positive staining of HLA-I antigens appeared in brown. The
staining was mainly located on the cell membrane, in the
cytoplasm and perinuclear area of tumor cells and hepatocytes.
The cytoplasmic staining showed a granular pattern. The
adjacent hepatic tissues squeezed by tumor were stained
more strongly, and there was negative staining in connective
tissues between lobes of liver (Figure 1A).
HLA-I antigens expression was strongly positive in all
HCC specimens. Thirty of thirty-one (96.8%) adjacent hepatic
tissues showed positive staining.
Expression of TAP
Positive staining of TAP appeared in brown, and the staining
was mainly located in the cytoplasm and perinuclear area
of tumor cells and hepatocytes. The staining showed a
granular pattern. The hepatic tissues adjacent to tumor were
stained more intensely, and connective tissues between lobes
of liver were negatively stained (Figure 1B).
TAP expression was detected in 32 of 33 HCC specimens
(97.0%). The positive expression of TAP was present in all
31 normal hepatic tissues adjacent to tumor.

A

B

Figure 1 Expression of HLA-I antigens,TAP and B7 in HCC. A: Expression of
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Expression of B7 molecules
The very strongly positive expression of B7 molecules was
detected in 33 HCC tissues and 30 adjacent non-neoplastic
hepatic tissues. The positive staining located on the cell
membrane and filled cytosol, and showed a granular
intracytoplasmic pattern. No B7 molecule was detected in
connective tissues between lobes of liver (Figure 1C).
Comparison between HCC and adjacent normal hepatic tissues
Expressions of HLA-I antigens,TAP and B7 were strongly
positive in 32 of 33 cases of HCC (97.0%).Twenty-nine of
thirty-one cases expressed these molecules (93.5%) in
adjacent normal hepatic tissues. The statistical analysis
showed there was no significant difference in expressions
between HCC and adjacent normal hepatic tissues (P>0.05).

DISCUSSION
HCC is the most common malignant tumor of liver, and
the second killer cancer in China. Because of unsatisfactory
curative effects of surgical therapy, radiotherapy and
chemotherapy, and the high rate of recurrence, much effort
has been devoted to HCC immunotherapy[1] . Currently,
antitumor CTL epitope-based vaccines aimed to induce
specific CTL have been widely considered for cancer
immunotherapy[8]. Two basic problems need to be solved
for the design and construction of CTL vaccines. One is
how to induce tumor-specific CTL, the other is killing tumor
cells by CTL. Both of them are associated with the function
of MHC I presentation pathway in tumor cells. Dysfunction
or defect of MHC I presentation pathway could lead to no
expression of HLA I molecule-antigenic peptides on the
surface of tumor cells, and specific CTL could not recognize
the tumor cells and kill them. Therefore, it is necessary to
investigate the expression of several important molecules
involved in MHC class I presentation pathway in HCC
before design and construction of CTL vaccines targeting
tumor-associated antigens (TAA) of HCC.
It has been generally acknowledged that tumors usually
escape from host immune surveillance by dysfunction or
defect of MHC I presentation pathway, such as decrease or
defect expression of TAP, HLA-I antigens or B7 molecule[1-7].
But our results showed the majority of HCC tissues and
adjacent normal tissues expressed important components
of MHC I presentation pathway, which is consistent with

C

HLA-I antigens; B: Expression of TAP; C: Expression of B7.
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the results from human HCC cell lines by other groups.
Sung et al [9], and Wadee et al[10] , found that several human
HCC cell lines strongly express HLA-I antigens by different
ways. Kurokohchi et al[11], detected both HLA-I antigen and
TAP expression in several liver cancer cell lines by PCR.
Furthermore, Butterfield et al[12], obtained three hAFP CTL
epitope peptides (hAFP158-166, hAFP325-334, hAFP542-550) from
the surface of AFP-producing human HCC cell line HepG2
by acid elution, and this showed that HepG2 had a functional
MHC I presentation pathway able to process and present
AFP naturally. These results together with our finding
indicate that MHC class I presentation pathway may not be
abnormal or dysfunctional in most HCCs and adjacent liver
tissues, and TAA may be processed and presented naturally
in most HCCs. So, specific CTLs are able to recognize and
kill HCC cells, the CTL epitope-based vaccine is suitable
for immunotherapy of HCC. It also implies that tumor
escape is attributed to post-antigen presentation events.
Wei et al[13], proposed that immunotolerance was one of
the main mechanisms for tumors to escape from host
immune surveillance, and tumors were regarded as a kind
of special autoantigens, which are normally tolerable to
host immune system. Tumors also escape from immune
surveillance through suppressing host immunity by varied
ways. Si et al[14], found that B7 molecules were expressed in
many cancerous human tissues. Chaperot et al[15], found that
malignant B cells from non-Hodgkin’s lymphomas expressed
functional B7 molecules. This is consistent with our finding,
suggesting that tumor growth is not only attributed to defect
of costimulatory molecules in APC. Dendritic cells (DC)
are the most potent professional APC of our body, and
play an important role in antitumor immunity. The data
showed that tumor environment could inhibit activation and
maturation, and some tumor infiltrating cells could even
secrete IL-10 to suppress host antitumor immunity[16,17]. It
was reported that DC in human regional lymph nodes
draining cancer exhibited a functional depletion as compared
to those from patients without malignancies[18]. Recently, Chen
et al[19], reported that neuroblastoma cells could inhibit the
immune function of DC. Our studies also showed that
DC from peripheral blood of patients with HCC were in a
state of low immune function (data unpublished). Taken
together, it indicates that the host of tumor is possibly in a
state of immunotolerance or immunosuppression. So it is
suitable and practicable to design and construct CTL epitopebased vaccines against HCC.
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Abstract
AIM: To construct fusion protein of a single-chain antibody
(scFv) against transferrin receptor (TfR) with alkaline
phosphatase (AP).
METHODS: The VH-linker-VL, namely scFv gene, was
prepared by amplifying the VH and VL genes from plasmid
pGEM-T-VH and pGEM-T-VL with splicing overlap extension
polymerase chain reaction (SOE PCR). After the ScFv gene
was modified by Sfi I and Not I, it was subcloned into the
secretory expression vector pUC19/119, and then was
transformed into E.coli TG1. The positive colonies were
screened by colony PCR and their expressions were
induced by IPTG. ScFv gene was gained by digesting ScFv
expression vector pUC19/119 with Sfi I and Not I restriction
enzymes, then subcloned into expression vector pDAP2,
followed by transformation in E.coli TG1. The positive
colonies were selected by bacterial colony PCR. The
expression of fusion protein (scFv-AP) was induced by
IPTG. Its activity was detected by enzyme immunoassay.
The molecular weights of scFv and scFv-AP were measured
by s o dium do decy l s ulf a te- po ly a cry la m ide gel
electrophoresis (SDS-PAGE).
RESULTS: The product of SOE PCR formed a band of 700
bp in agarose gel electrophoresis. SDS-PAGE demonstrated
the molecular weight of scFv was 27 ku. Immunofluorescent
assay (IFA) demonstrated its reactivity with TfR. The
molecular weight of scFv-AP was 75 ku. Enzyme immunoassay
showed that scFv-AP could specifically bind to human TfR
and play AP activity.
CONCLUSION: We have successfully prepared the antihuman TfR scFv and constructed the fusion protein of scFv
and AP. It is promising for immunological experiments.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Transferrin receptor (TfR) is a transmembrane glycoprotein,
which expresses on the surface of rapidly proliferative cells
and highly expresses in various tumor cells, especially in
hepatoma carcinoma cells[1]. It is associated with substance
transfer in cell cycles[2-5]. Therefore, anti-TfR antibody (Ab)
is regarded as a potential molecule for the located diagnosis
and target treatment of tumors[6-8]. In our previous studies,
the plasmid expressing VH and VL had been successfully
prepared[9]. In this paper, we prepared single chain Fv (scFv)
antibody against TfR and then constructed the fusion protein
of scFv and alkaline phosphatase (AP) by using gene
engineering technique.
MATERIALS AND METHODS
Bacterium strains and vectors
E.coli TG1 was purchased from Stratagen Corporation. Clone
vector pGEM-T was produced by Promega Co. Ltd. The
prokaryotic secretory expression vectors pUC19/119 and
pDAP2 were generously presented by Dr. RJ Kerschboumer.
The former carries a T7 RNA polymerase promoter, a
leading peptide pelB, His and c-myc markers which make
for the expression and purification of scFv, and a termination
codon. The pelB, His and c-myc markers, and termination
codon can be cut during scFv preparation. The latter
contains AP gene and Lac promotor which switches on the
expression of fusion protein scFv-AP under the induction
of isopropyl -D-thiogalactopyanoside (IPTG). Its Nterminal pelB leader can lead the fusion protein into the
periplasma and its hexa-histidine-tag makes it easy to be
purified via affinity chromatography[10].
Enzymes
T4 DNA ligase was purchased from USB Corporation
(Cleveland, USA), calf AP and RNase from BoerhingerMannheim Biochemicals (Indianapolis, USA), endonucleases
SfiI and NotI from Jingmei Biotech Co., Ltd.
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Construction of anti-TfR scFv
A primer was designed according to the complementary
sequences of FR1 region of VH, which contained cleavage
sites of SfiI: 15560, VH2 SfiI 5’-TATGCGGCCC AGCCGGCCATGGC(A/C)(G/C)AG(G/A)T(T/C)CAGCTGCAGCA-3’; Another primer was designed according
to the sequences of FR4 of VH, which contained 2/3
sequences of 5’-terminal glycine linker [(Gly4Ser)3]: 15 561,
VH3 Linker, 5’-GGAGCCGCCGCCGCCAGAACCACCACCACC(C/T)G(A/C)(T/G)GAGAC (T/A)GTGA
(G/C)-3’.
A pair of primers for VL were designed according to
the same segments, the forward primer contained 2/3
sequences of 3’-terminal glycine linker and reverse primer
contained Not I cleavage site: 15 562, VL5 Linker, 5’GGCGGCGGCGGCTCCGGTGGTGGTGGTTCT
(G/C)A(C/A)ATTGT(G/C)(A/C)T(G/C)ACCC-3’; and
1261K, VL Not I, 5’-CGGGCGGCCGCTTTGATTTCCAGC TTGGTCCC-3’.
VH gene of monoclonal antibody (McAb) was amplified
from pGEM-T-VH by PCR with primers 15 560 and
15 561. VL gene was amplified from plasmid pGEM-T-VL
with primers 15 562 and 1 261 K. VH-Linker-VL (scFv
gene) was obtained by splicing overlap extension PCR (SOE
PCR). Cleaved by Sfi I and Not I, ScFv gene was subcloned
into vector pUC19/119, which was then transformed into
competent E.coli TG1, and positive colonies were selected
by colony PCR. The expression of scFv was induced by
IPTG and its molecular weight was identified by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDSPAGE).
Human TfR expressing cell line SMMC7721 at
logarithmic phase was plated into 96-well plates (2×105/well),
then IPTG induced supernatant was added to the wells
(100 L/well). After incubated for 30 min at 4 ℃, rabbit
anti-His McAb was added and indirect immunofluorescent
assay (IFA) was performed to identify the antibody activity.
Preparation and identification of anti-TfR scFv-AP fusion
protein
The plasmid pUC19/119 expressing scFv was digested by
Sfi I and Not I to produce scFv gene, then the gene was
subcloned into vector pDAP2 to construct the gene encoding
fusion protein (scFv-AP) directly. The expression vector
was transformed into E.coli TG1. Positive colonies were
screened by colony PCR, and the expression of scFv-AP
was induced by IPTG. The molecular weight was measured
by SDS-PAGE. SMMC7721 cells at 1×107/mL at logarithmic
phase were plated into 96-well plates (20 L/well),
glutaraldehyde 20 L/well was added to fix cells for 2 min.
After washed twice by PBS, IPTG induced cultural
supernatant was added to the wells (100 L/well) and
incubated at 37 ℃ for 60 min. The plate was washed thrice
by PBS, the substrate was added and then the A value was
measured at 405 nm.

RESULTS
Amplification of target gene
On agarose gel electrophoresis, SOE PCR product formed
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a single band of expected size of 700 bp (Figure 1).

A B C D E F
bp
bp
700
500

1 000
500

Figure 1 scFv gene from SOE PCR amplification. Lanes A and F: DNA
markers; lanes B-E: SOE PCR products.

Subcloning and sequencing of PCR product
After collection, purification and quantification, the SOE
PCR product was digested by SfiI and NotI, and linked with
pUC19/119. The conjugate was transformed into E.coli
TG1 on Amp+ LB plates. Ten colonies were identified from
20-30 colonies by colony PCR for selection of positive
colonies. After two positive colonies were proliferated by
culture, small quantities of plasmids were extracted and
were put through plasmid PCR. On electrophoresis, PCR
product formed a band of 700 bp (Figure 2). The plasmid
extracted from positive colonies was sequenced and
confirmed that the prepared sequence was scFv gene (VHLinker-VL, data not shown).

A B

C

bp
1 000
700 bp
500

Figure 2 plasmid PCR products. A: DNA marker; B and C: PCR products.

Identification of expression product of anti-TfR scFv
The positively transformed bacteria of scFv gene were
induced by IPTG; the bacteria were cleaved and examined
by SDS-PAGE. On the gel, a specific protein band was
displayed at 27 ku. The control bacteria did not display this
band (Figure 3). IFA showed that SMMC7721 cells reacted
with IPTG-induced cultural supernatant. Negative control
did not show membrane fluorescence as it reacted with
SMMC7721 cells. It suggested that IPTG-induced cultural
supernatant contained anti-human TfR scFv.
Preparation and identification of anti-TfR scFv-AP fusion
protein
After the plasmid pUC19/119 which carries anti-TfR scFv
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Figure 3 SDS-PAGE of ScFv induced products. A: Negative bacteria induced
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Figure 4 ScFv- pDAP2 plasmid PCR. M: DNA molecular markers; A-G: PCR
products.

gene and vector pDAP2 was digested by SfiI and NotI,
ScFv gene was converted into vector pDAP2 with AP gene.
The conjugate was transformed into E.coli TG1 on Amp+
LB plates. Twenty to thirty colonies were obtained, 10 positive
colonies were determined by colony PCR and agarose gel
electrophoresis. The positive colonies were cultured and
proliferated, and the plasmid was extracted and underwent
plasmid PCR. Its product formed a band of 700 bp on
electrophoresis (Figure 4). It suggested that the scFv gene
had been subcloned into the vector pDAP2.
ScFv-AP gene transformed bacteria were cultured
overnight, and induced by IPTG. SDS-PAGE was performed
to determine the molecular weight of the expression
product. On the gel, the product formed a specific protein
band of 75 ku. It is consistent with the molecular weight of
fusion protein. However, the empty bacteria did not display
the protein band at 75 ku (Figure 5). It suggested that the
fusion protein of anti-TfR scFv-AP had been successfully
constructed and expressed.
The supernatant from scFv-AP positive bacteria was
added into SMMC7721 cell coated plates, and then the
substrate of AP was added into the wells to stain. The
average A value of positive wells was 1.32, obviously higher
than that of control wells (0.32). It suggested that IPTG
induced cultural supernatant contained the specific fusion
proteins, which had a specific binding reactivity with human
TfR and possessed the activity of AP.

DISCUSSION
In general, TfR predominantly expresses on the surfaces

Figure 5 SDS-PAGE of scFv-AP expressing product. A: Negative bacteria
induced by IPTG; B: low molecular mass protein markers; C: positive bacteria
induced by IPTG.

of proliferative cells, especially malignant cells. Therefore,
detection of TfR is useful to diagnosis of tumors. A report
on 20 surgically resected samples of HCC showed that TfR
expressed highly in cancer tissue, whereas expressed very
low in pericancer tissues and normal tissues[11]. Its importance
for cancer diagnosis and prognostic evaluation has been
also documented in leukemia[4], lymphoma[5], pulmonary
cancer [12,13] , breast cancer [14] , and gastroenteric cancer [15].
There is an additional kind of transferrin receptor in serum,
termed as soluble transferrin receptor (sTfR). It is lack of
transmembrane and intracellular segment of TfR and
associated with iron metabolism. The detection of sTfR is
useful for adjuvant diagnosis of iron deficiency anemia[16].
sTfR represents a valuable quantitative assay of marrow
erythropoietic activity as well as a marker of tissue iron
deficiency[17].
Immunoassay is the major measurement method of TfR.
McAb and polyclonal serum are employed for this test.
ScFv is a small single-strand peptide that is formed by linking
VH and VL of immunoglobulin. Fv segment comprising
VH and VL is a tiny unit of an antibody molecule. ScFv
has many advantages[18,19]: (1) Its small molecule, only 1/6
of the full antibody, makes it potentially applicable in the
clinical diagnosis and treatment of both infectious diseases
and cancers due to its good penetration and rapid clearance;
(2) It can be mass-produced by fermentation in E.coli; (3)
Its single chain makes it easy to fuse with other proteins or
toxins[20] . In this paper, anti-TfR scFv was successfully
constructed and exhibited a good specificity and sensitivity.
It has potential to substitute McAb for immunoassay of
TfR, especially for the immunohistochemistry assay.
In ordinary EIA and IFA, it is necessary to label the
anti-Ab1 antibody (Ab2) with a kind of enzyme or fluorescein.
In the protocol, every batch of labeled antibody needs to
be standardized. The fusion protein for special purpose
produced by gene engineering technique can replace the
routine chemistry linking enzyme-labeled antibody and can
be mass-produced. ScFv-enzyme fusion protein can
specifically bind to the antigen and catalyze the substrate
reaction. Compared to McAb, the small size of Fv fragment
and the absence of the constant regions of the antibody
polypeptide chain suggest fewer background reactions. It
shows a unique advantage as a reagent for immunoassay
and antigen location. The application of scFv-enzyme fusion
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protein in immunological test will omit the procedure of
enzyme labeling or fluorescence labeling. For example, the
fusion protein of AP and scFv against tumor associated
antigens (e.g., CEA or AFP) can display the AP activity as
well as the binding ability to CEA or AFP. With this
detection system, the detection of CEA or AFP can be
finished in a single step. In this report, anti-TfR scFv-AP
was successfully constructed, and expressing product could
specifically bind to TfR and displayed AP activity. The use
of this detection system in immunoassay can omit the step
adding the enzyme-labeled antibody. It is promising for
immunological experiments and clinical application.
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Abstract
AIM: To investigate the mutation in D-loop region of mitochondrial DNA in gastric cancer and its influence on the
changes of reactive oxygen species (ROS) and cell cycle.
METHODS: The D-loop region was amplified by PCR and
sequenced. Reactive oxygen species and cell cycle were
detected by flow cytometry in 20 specimens from gastric
cancer and adjacent normal tissues. According to the sequence
results, gastric cancer tissue was divided into mutation
group and control group. Reactive oxygen species, apoptosis
and proliferation in the two groups were compared.
RESULTS: Among the 20 gastric cancer specimens, 18
mutations were identified in 7 patients, the mutation rate
being 35%. There were four microsatellite instabilities in
the mutations. No mutation was found in the adjacent tissues.
Reactive oxygen species, apoptosis, and proliferation in
the mutation group were all significantly higher than those
in control group.
CONCLUSION: Mutation in D-loop region plays a role in
the genesis and development of gastric cancer.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The occurrence and progression of gastric cancer are a multistep process due to multiple factors and gene mutations.
Although great success has been achieved in oncogenes and

cancer suppressor genes, a lot of questions cannot be explained
by alteration of nuclear genes. In recent years, mutation of
mitochondrial DNA (mtDNA) has been associated with the
occurrence and progression of tumor and is regarded as a
possible causitive factor for cancer[1].
Human mtDNA is a closed double strand circular molecule
of 16 569 bp, coding 13 proteins, 22 tRNAs and 2 rRNAs.
Its D-loop is a non-coding region, containing some important
sequences such as the promoter for heavy chain replication.
Because of the properties of its structure as well as its
mechanism of DNA replication and injury repair, the
mutation frequency of mitochondria is 10-100×higher than
that of nuclear DNA. In recent years, the instability, gene
mutation or abnormal expression of mitochondrial genome
has been detected in many kinds of malignant cancer
tissues [2,3]. The mitochondrial D-loop is a hotspot for gene
mutation in cell lines of colonic and rectal cancer. But there
is a difference in mutation frequency of the D-loop among
different tumors[4-7].
In this report the region of mtDNA D-loop was
amplified by PCR and then sequenced with samples from
cancer tissues and corresponding normal mucous membrane
of 20 gastric cancer patients. Reactive oxygen species (ROS)
and cell cycle were detected with flow cytometry. The samples
were divided into mutation group and control group
according to the mutations. We compared the level of ROS
and cell cycle within two groups to clarify the influence of
mutations of D-loop on ROS and cell cycle. Our purpose
was to investigate the influence of mutation of D-loop on
cell carcinogenesis and progression of gastric cancer.

MATERIALS AND METHODS
Patients
Twenty surgical samples of gastric cancer were selected from
hospitalized patients in the Department of Gastroenterology
Surgery of Jiangsu Provincial Hospital from May to November,
2003. All patients, 13 males and 7 females, were diagnosed
by gastroscopy and biopsy before operation. Their ages varied
from 39 to 78 years and averaged 57.2 years.
Procedure of sample preparation
A region without bleeding was carefully selected. A block
of 1.0 cm3 fresh cancer tissue was cut and stored in a -70 ℃
refrigerator. Other tissues were cleaned with PBS. Cell
suspension was prepared by mechanical grinding and filtered
through a net and cancer cells were separated by centrifugation
(proved by Rye’s dyeing). A block of 1.0 cm3 normal gastric
tissue was cut and cell suspension was prepared according
to the same procedure.
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Determination of cell cycle
Half of 1 mL cell suspension was put into a test tube,
centrifuged for 5 min at 1 500 r/min, washed thrice with
normal saline water and cell debris were by centrifugation
for 3 min at 500-800 r/min. Cells were fixed with 2-4 mL
1% poly-formaldehyde and centrifuged for 10 min at
1 500 r/min. The supernate was discarded and the pallet
was resuspended in 2-4 mL 0.1% Triton-X-100 for 3 min
and centrifuged. The supernate was discarded and
resuspended in 1-2 mL 0.01% RNase, vortexed for 30 min
in 37 ℃ water bath. One milliliter 0.05% PI solution was
added to dye the DNA for 30 min. The cell cycle of cancer
cells and normal gastric cells was measured by FACS (Vantage
SE, BD, USA). The fluorescence signal was processed by
multicycle analytical software for cell cycle.

the PCR product was purified with an instant PCR product
purification kit (Promega, USA) and quantified with a
spectrophotometer.

Measurement of ROS level[8]
DCFH-DA (from Sigma Company) was dissolved in 95%
ethanol to a concentration of 5 mmol/L and stored at 4 ℃
in the dark, diluted to 5 mol/L with PBS before use.
Two hundred microliter cell suspension (1×106/mL) was
put into a test tube, washed twice with PBS and centrifuged
for 5 min at 1 500 r/min. The supernate was discarded and
the pallet was resuspended in 2 mL and 5 mol/L DCFH-DA
(2 mL PBS for the contrast groups), vortexed for 20 min in
37 ℃ water bath and centrifuged for 5 min at 1 500 r/min.
The supernate was discarded and the cells were resuspended
in 600 L PBS. The intensity of DCF green fluorescence
was measured after DCFH-DA reaction with FACS. The
wavelength of stimulation sub-laser within the FACS was
488 nm and the power was 10 mW. The results were expressed
as mean fluorescence intensity (MFI).

DNA sequencing
Sequencing reaction was completed with the sequencing kit
of end termination by fluorescence labeled ddNTPs (ABI,
USA). The total volume of sequencing PCR reaction was
10 L, including 1 L of sequencing primer, 6 L of kit
mixture, 3 L of purified PCR product. Three sequencing
primers (Table 2) were used to divide the replicated D-loop
region into three overlapped segments. The reaction
condition was as follows: the initial denaturation step was at
96 ℃ for 1 min, followed by 40 cycles of at 96 ℃ for 10 s
and at 55 ℃ for 2 min. The sequencing reaction product
was precipitated by 70% ethanol and loaded on a ABI Prism
310 sequencer (Perkin Elmer, USA).

1

2
bp
2 960
1 882
1 489
952
421

Figure 1 PCR amplification of D-loop region in mtDNA; lane 1: PCR product of
D-loop region in mtDNA; lane 2: marker.

Table 2 Primers for sequencing and their nucleotide sequences
Primers

Nucleotide sequence

DNA extraction
DNA extraction was carried out according to the protocol
of the reagent kit. (Promega, USA).

Upper
Upper
Down

PCR replication of mtDNA D-loop region
The sequences of primers are listed in Table 1. The total
volume of PCR reaction was 50 L, including 1 L of
each primer (20 pmol/L), 5 L of 10× PCR buffer, 5 L
of dNTPs (2 nmol/L), 0.4 L of ExTaq DNA polymerase
(5 U/L) and 100 ng of extracted DNA sample. PCR
reaction was carried on using PCR instrument (Perkin Elmer
2400, USA). The initial denaturation was at 94 ℃ for 5 min,
followed by 35 cycles of denaturation at 94 ℃ for 45 s, a
denaturation at 56 ℃ for 45 s, an extension at 72 ℃ for 90 s.
The final extension was at 72 ℃ for 7 min.

Experimental data and statistical analysis
Taken the sequence of mtDNA D-loop from Cambridge
sequence[9] as criterion, a comparison was made between
the sequences of cancerous tissue and those of normal tissue.
If the mtDNA D-loop sequence from cancerous tissue was
different from normal tissue, the alteration was regarded
as gene mutation.
Other data were expressed as mean±SD. Comparison
between groups was carried out by t test. P<0.05 was considered
statistically significant.

Table 1 Primers for amplification and their nucleotide sequences
Primers
Upper
Down

nt15791-15810
nt725-706

Nucleotide sequence
5’-ATCATTGGACAAGTAGCATC-3’
5’-GGTGAACTCACTGGAACGGG-3’

Confirmation of PCR product
Two microliters of PCR product was loaded on 1.5% agrose
gel for electrophoresis. If the mtDNA D-loop region was
successfully amplified, a picture was taken (Figure 1) and

nt111-nt130
nt16 328-16 347
nt16 540-16 514

5’-ACCCTATGTCGCAGTATCTG-3’
5’-CGTACATAGCACATTACAGT-3’
5’-GTGGGCTATTTAGGCTTTATGACCCTG-3’

RESULTS
Eighteen gene mutations were found in the cancerous tissue
from seven patients, among which four were microsatellite
instabilities. Thus the mutation rate of mtDNA D-loop in
the specimens of gastric cancer was 35% (Table 3).
Cell cycle and apoptosis could be detected by flow
cytometry synchronously. In cell cycle, DNA was synthesized
in synthesis (S) phase. As a result, the percentage of cells in
synthesis phase could reflect cell proliferation. As shown in
Table 4, level of ROS, rate of cell apoptosis and proliferation
in mutation group were higher than those in control (P<0.05).
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Table 3 Mutations in D-loop region of mitochondrial DNA in gastric
cancer
Location
16
16
16
16
16
16
16
16
16

122
221
234
366
401
438
465
492
494
41
72
167
255
303
303
392
514
567

Cambridge
sequence

Cancer
nucleotide

Normal
tissue nucleotide

T
C
C
T
C
G
A
A
C
C
T
C
G
(C)7
(C) 7
T
(CA) 5
(C) 6

C
T
Deletion
C
A
A
G
Deletion
T
T
C
G
A
(C) 8
(C) 9
C
(CA) 6
(C) 7

T
C
C
T
C
G
A
A
C
C
T
C
G
(C) 7
(C) 8
T
(CA) 5
(C) 6

Table 4 ROS level and cell cycle in mutation group and control group
(mean±SD)
ROS
(MFI)
Mutation
group n = 7
Control
group n = 13
a

156.3±9.7a
117.3±10.4

Apoptosis
(%)

G0/G1
(%)

S
(%)

12.5±1.5a 57.3±5.3 22.3±2.4a
8.6±0.1

65.4±5.6 16.4±1.5

G2/M
(%)
20.6±2.1
18.1±1.3

P<0.05 vs control group.
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Apaf-1) and can activate some useful components of cell
apoptosis[11] . The increase of ROS is often accompanied
with the decrease of intracellular anti-oxidant, resulting in
imbalance between oxidant and reductive, which is just the
common central step of cell apoptosis[2]. Most people believe
that ROS is necessary for cell apoptosis. High level of ROS
inspires cell necrosis or drives cells to the way from apoptosis
to necrosis.
ROS not only participates in the process of cell apoptosis
but also is a kinetin for cell division that promotes nuclear
DNA mutation, cell mitosis and selective growth of tumor
cells. ROS is relatively stable and easy to diffuse within cells
and exist universally in various cell types. The formation
and elimination of them are under strong cellular regulation.
All the above properties make ROS extraordinary proper
for second messengers. The level of intracellular ROS increases
under extracellular stimulation signals such as cytokine and
growth factor. Then they take part in cellular signal transduction.
There exist two research hotspots at present as for the relation
between ROS and cell proliferation. One is activation of
MAP kinase family to promote cell mitosis, the other is
activation of transcription factors such as NF-B to facilitate
gene expression.
In conclusion, the mutation of D-loop takes part in the
carcinogenesis and progression of gastric cancer through
the effect of increased ROS.
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Abstract
AIM: To investigate the risk indicators, pattern of clinical
presentation and treatment strategy of superior mesenteric
artery syndrome (SMAS) after scoliosis surgery.
METHODS: From July 1997 to October 2003, 640 patients
with adolescent scoliosis who had undergone surgical
treatment were evaluated prospectively, and among them
seven patients suffered from SMAS after operation. Each
patient was assigned a percentile for weight and a percentile
for height. Values of the 5th, 10th, 25th, 50th, 75th, and 95th
percentiles were selected to divide the observations. The
sagittal Cobb angle was used to quantify thoracic or thoracolumbar kyphosis. All the seven patients presented with
nausea and intermittent vomiting about 5 d after operation.
An upper gastrointestinal barium contrast study showed a
straight-line cutoff at the third portion of the duodenum
representing extrinsic compression by the superior mesenteric artery (SMA).
RESULTS: The value of height in the seven patients with
SMAS was above the mean of sex- and age-matched
normal population, and the height percentile ranged from
5% to 50%. On the contrary, the value of weight was below
the mean of normal population with the weight percentile
ranging from 5% to 25%. Among the seven patients, four
had a thoracic hyperkyphosis ranging from 55° to 88°
(average 72°), two had a thoracolumbar kyphosis of 25°
and 32° respectively. The seven patients were treated
with fasting, antiemetic medication, and intravenous fluids
infusion. Reduction or suspense of traction was adopted
in three patients with SMAS during halo-femoral traction
after anterior release of scoliosis. All the patients recovered
completely with no sequelae. No one required operative
intervention with a laparotomy.

INTRODUCTION
Superior mesenteric artery syndrome (SMAS) results from
compression of the third portion of duodenum as it crosses
underneath the superior mesenteric artery (SMA), the second
branch of the abdominal aorta (Figure 1). Several authors
have reported series or individual cases of the condition
after the trunk is immobilized with a cast, also known as cast
syndrome[1,2] or Wilkie’s syndrome[3-5]. It is rarely reported
that SMAS occurs after scoliosis correction with newlydeveloped three-dimensional derotation technique. The
extrinsic compression of duodenum by the SMA produces
a charac-teristic contrast with the upper gastrointestinal tract.
Clinically, the syndrome may progress to serious sequelae with
a mortality rate of 33% or follow a benign course [6].
Therefore, its early diagnosis and treatment should be
emphasized. We report seven cases of SMAS following
surgery for scoliosis and the risk indicators, pattern of clinical
presentation and treatment strategy.

T12
L1
Superior mesenteric
Artery

L2

Duodenum
Aorta

L3

Figure 1 Anatomic relationship between SMA and duodenum.

CONCLUSION: Height percentile<50%, weight percentile
<25%, sagittal kyphosis, heavy and quick halo-femoral
traction after spinal anterior release are the potential risk
indicators for SMAS in patients undergoing correction surgery
for adolescent scoliosis.

MATERIALS AND METHODS
From July 1997 to October 2003, 640 patients (228 boys and
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normal thoracolumbar alignment was 0°[6]. Among the seven
patients, four had a thoracic hyperkyphosis ranging from
55° to 88° (average 72°), one had a thoracic alignment of
48° within the normal range of thoracic kyphosis but close
to the upper normal value. Thoracolumbar kyphosis was
identified in the other two patients with the sagittal Cobb
angle of 25° and 32° respectively.
The seven patients were treated with fasting, antiemetic
medication, and intravenous fluids infusion. A left lying
position was mandatory, and reduction or suspense of
traction was adopted in three patients who developed SMAS
during halo-femur traction after anterior release of scoliosis.
Symptoms were alleviated after 5-7 d in five patients. The
other two patients had an obstinate and repetitive vomiting,
conservative management was continued, and feeding was
not started until days 12 and 18. At that time, their weight
reduced 7 and 11 kg respectively. All the patients recovered
completely with no sequelae. No one required operative
intervention with a laparotomy.

412 girls) with adolescent scoliosis who had undergone surgical
treatment with three-dimensional correction technique were
evaluated prospectively. Seven of them suffered from SMAS
after operation, including three males and four females, aged
from 13 to 16 years. Three of them were diagnosed as
congenital scoliosis and four as idiopathic scoliosis with their
coronary Cobb angle ranging between 45° and 116° (average,
82°). SMAS occurred in three patients during halo-femoral
traction following anterior spinal release, in three after
posterior correction with three-dimensional TSRH (Texas
Scottish Rite Hospital, Sofamor-Danek, USA) derotation
technique, and in one after anterior correction with CDH
(CD-Horizon, Sofamor-Danek, USA) instrumentation.
Charts were reviewed for weight and height at admission.
Each patient was assigned a percentile for weight and a
percentile for height. The percentile was obtained by referring
to the normal data reported by the National Center for
Student Status and Health Statistics in 2001, and the tabulated
data were sex- and age-specific. Values of the 5th, 10th, 25th,
50 th, 75 th, and 95 th percentiles were selected to divide the
observations. The sagittal Cobb angle across the involved
segments was used to quantify thoracic or thoracolumbar
kyphosis. Values were interpreted with respect to normative
data for sagittal alignment in adolescents.
All the seven patients presented with nausea and intermittent vomiting about 5 d after operation. The vomit was
brown green and turbid liquid. Between bouts of vomiting,
the patients felt appetitive. On examination, the epigastrium
was distended and soft with mild tenderness and resonant
percussion, and bowel sounds were often active. An upper
gastrointestinal barium contrast study showed a barium-filled
dilatation of the proximal part of duodenum and a straightline cutoff at the third part of the duodenum representing
extrinsic compression by the SMA.

DISCUSSION
The etiology of SMAS is related to the anatomy of the
third part of duodenum, which passes between the aorta
and its SMA branch. The SMA arises from the anterior
aspect of the aorta at level of L1 and L2 vertebral body. It is
encased in fat and lymphatic tissue at its origin and descends
downwards at an acute angle into the mesentery. In normal
individuals, the SMA to aortic angle is 20°-50°. The
duodenum usually passes across the aorta at level of L3
vertebral body and is suspended in acute angle between the
aorta and the SMA by Treitz ligament[7]. This special anatomical
relationship has been referred to as “a nutcracker”[8]. Any
factors disturbing the close relationship of this anatomy
may lead to extrinsic compression of duodenum. SMAS
may occur due to weight loss in patients suffering from
malabsorption, anorexia nervosa, extensive burns, or multiple
trauma, when fat is depleted at origin of the SMA surrounding
duodenum[9-12] . Other causes include extrinsic vascular
obstruction secondarily due to bowel dilatation resulting
from atrophy of bowel musculature and its replacement by
collagen in connective tissue disorders.
Since 1990s, three-dimensional derotation technique has
improved the corrective rate of scoliosis greatly[8,13]. Although
SMAS has decreased sharply due to the adoption of this
technique, SMA compression of duodenum is still a
potentially life-threatening complication of scoliosis surgery[14].
The incidence of adverse sequelae from the syndrome

RESULTS
In the seven patients, the correction rate of coronary Cobb
angle ranged from 57% to 74%, with an average of 66%.
The height increased 4-15 cm after surgery.
All the seven patients with SMAS had a disproportionately
thin habitus in relation to their height. The value of height
was above the mean of sex- and age-matched normal
population, and the height percentile ranged from 5% to
50%. On the contrary, the value of weight was below the
mean of sex- and age-matched normal population with their
weight percentile ranging from 5% to 25% (Table 1). The
normal thoracic kyphosis was defined as 20°-50°, and the

Table 1 Height, weight, and sagittal kyphosis data of patients with SMAS
Case no.

Sex

Age (yr)

Height percentile

Weight percentile

Pre-operative sagittal kyphosis

1

M

16

25

5

85° (T)

2
3

F
M

15
16

50
25

5
10

48° (T)
88° (T)

4

F

14

25

25

55° (T)

5

M

15

10

5

60° (T)

6
7

F
F

13
14

5
25

25
25

M, male; F, female; T, thoracic; TL, thoracolumbar.

32° (TL)
25° (TL)
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remains alarmingly high. Aspiration pneumonia, acute gastric
rupture, and cardiovascular collapse have been documented
as morbid or fatal complications of SMAS[15-17]. Scoliosis
surgery also relatively lengthens the spine, displacing the
SMA origin cephalad at the expense of lateral mobility.
Crowther et al[15], showed that there can be an acute increase
in vertebral column length with spinal instrumentation,
resulting in traction on the SMA and narrowing of the
arteriomesenteric angle, and postoperative weight loss results
in loss of retroperitoneal fat that protects duodenum from
compression[18,19].
We emphasize the importance of identifying those
patients at risk and maintaining a high index of suspicion.
Paying attention to the various risk factors that may be
present before surgery may be beneficial to the understanding
and treatment of SMAS. Munns et al[20], identified high-risk
patients as “those with a thin, asthenic habitus”. Hutchinson
and Bassett[21] reported that five patients undergoing operative
treatment of scoliosis have a “disproportionately thin habitus in
relation to their height”. However, there are no clinically useful
parameters to identify individuals susceptible to SMAS[22].
In order to quantify the degree of asthenia, we calculated
the absolute difference in these patients’ height percentile
and weight percentile and compared it with the sex- and
age-matched normal population. In our series, all the seven
patients who developed SMAS had also a disproportionately
thin habitus in relation to their height, the value of height
was above the mean of normal population with the height
percentile ranging from 5% to 50%, and the value of weight
was below the mean of normal population with the weight
percentile ranging from 5% to 25%. We propose that the
height percentile <50% and the weight percentile <25%
might be potential risk indicators for SMAS in patients
undergoing correction surgery for adolescent scoliosis. Attention
should also be given to sagittal kyphosis. Scoliosis associated
with sagittal kyphosis is usually accompanied with severe
trunk collapse. Following scoliosis correction or heavy skullfemur traction, the trunk elongation becomes more
remarkable. This may lead to further narrowing of the
arteriomesenteric angle. In this series, six patients had the
sagittal abnormity including four with thoracic hyperkyphosis
and two with thoracolumbar kyphosis. In addition, the highrisk patients include those who undergo heavy and quick
halo-femoral traction after spinal anterior release (three
patients in our group).
Symptoms of obstruction often become apparent 5-7 d
after surgery. Clinicians should be on the alert for the persistent
nature of vomiting. This is accompanied with upper abdominal
distension, epigastric tenderness, and tympanic percussion.
Bowel sounds are present on auscultation in contrast to the
findings in postoperative ileus. Postoperative paralytic ileus
caused by general anesthesia, analgesic, electrolytic imbalance,
or greater splanchnic nerve injury during anterior spinal
release usually occurs at an earlier period after operation
and disappeared spontaneously in 3-5 d. Plain abdominal
radiograph has no remarkable value in early diagnosis. An
upper gastrointestinal barium contrast radiograph should
be mandatory, the classic findings of which are specific for
SMAS. Computed tomography scan and endoscopy do not
contribute to the diagnosis of SMAS[15].
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Treatment of SMAS varies from nonoperative to operative
procedures[23-26]. Anderson et al[27], reported that five of nine
cases require exploratory laparotomy. Crowther et al[15], proposed
that most patients recover after conservative measures, but
occasionally surgical intervention may be required. Van
Brussel et al [4], states that the first choice of treatment for
SMAS is conservative therapy. In our series, through fasting,
gastrointestinal decompression, changing posture, maintaining electrolytic balance or relieving halo-femoral traction,
the seven patients recovered without operative intervention
and internal fixation removal. We consider that conservative
therapy is effective if early diagnosis, appropriate measures,
and gastrointestinal physicians’ participation are obtained.
In conclusion, patients undergoing correction surgery
for adolescent scoliosis have multiple potential risk indicators
for SMAS. The main risk indicators include height percentile
<50%, weight percentile<25%, sagittal kyphosis, heavy and
quick halo-femoral traction after spinal anterior release.
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Abstract
AIM: To describe the use of hand-assisted laparoscopic
surg-ery (HALS) as an alternative to open conversion for
complex gall-stone diseases, including Mirizzi syndrome
(MS) and mimic MS.
METHODS: Five patients with MS and mimic MS of 232
consecutive patients undergoing laparoscopic cholecystectomies were analyzed. HALS without a hand-port device
was performed as an alternative to open conversion if the
anatomy was still unclear after the neck of the gallbladder
was reached.
RESULTS: HALS was performed on three patients with MS
type I and 2 with mimic MS owing to an unclear or abnormal
anatomy, or an unusual circumstance in which an impacted
stone was squeezed out from the infundibulum or the
aberrant cystic duct impossible with laparoscopic approach.
The median operative time was 165 min (range, 115190 min). The median hand-assisted time was 75 min (range,
65-100 min). The median postoperative stay was 4 d (range,
3-5 d). The postoperative course was uneventful, except
for 1 patient complicated with a minor incision infection.
CONCLUSION: HALS for MS type I and mimic MS is safe
and feasible. It simplifies laparoscopic procedure, and can
be used as an alternative to open conversion for complex
gallstone diseases.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Mirizzi syndrome (MS) is an uncommon complication of

chronic cholecystitis and cholelithiasis. The diagnosis of MS
is established after the demonstration of a compression or
obstruction of the bile duct by stone located in the gallbladder
neck or cystic duct. Laparoscopic surgery in the treatment
of MS has been reported at a few centers[1-4] ; however,
laparoscopic intervention for the MS has its limitations and
may result in more complications and a significant conversion
rate[5,6] . The aim of this paper is to describe the use of
hand-assisted laparoscopic surgery (HALS) as an alternative
to open conversion for the MS and mimic MS. Mimic MS
is defined as an impacted stone(s) in the neck of gallbladder
with short cystic duct, causing obscured Calot’ triangle
without obstructive jaundice.

MATERIALS AND METHODS
Patients
From June 2003 to December 2003, 232 consecutive patients
underwent laparoscopic cholecystectomy (LC) by a single
surgeon and his team. Five of the patients with MS and
mimic MS were analyzed here. Three patients were of MS
type I, according to McSherry Classification, and two patients
had mimic MS. Data and video-recordings were collected
with regard to the patients’ age, sex, presentation, investigations,
operative findings, method and time, and causes of HALS.
Operative techniques
The procedure was carried out using the conventional
laparoscopic method of insertion of Trocars. The camera
port was placed via an umbilical incision. Once the decision
was made to perform HALS, a right subcostal oblique incision
was done. The incision approximated the surgeon’s hand
size (6.0-6.5 cm). Following the introduction of the surgeon’s
left hand, the incision was tightened by a towel clip. The size
of the split-muscles should be smaller. The pneumoperitoneum
was re-established. A gauze roll was placed around the surgeon’s
wrist if gas was escaped. These can provide a seal to avoid
gas escape. The introduction site of the hand should not be
too close to the operating field, otherwise the hand itself
may interfere with the laparoscopic view and instrumentation.
The working port was inserted into the left subcostal region
to allow enough room for manipulation (Figure 1). The
surgeon and the assistant/camera operator stood on the
left side of the patient.
We tried an initial fundus-first dissection (FFD) when
the presence of MS was suspected or when Calot’s triangle
was completely obscured. HALS was performed as an
alternative to open conversion if the anatomy is still unclear
after the neck of the gallbladder is reached. The operative
principles are similar to those recommended for open
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Table 1 Demographic data of the five patients
Patient
No.

D
B
C
A

1
2
3
4
5

Age
(yr)
33
63
43
51
68

Sex
M
M
M
M
F

Bilirubin
(mg/dL)

ALP
(IU/L)

8.5
1.0
0.9
6.2
5.0

337
71
83
211
277

AST
(IU/L)
68
59
30
70
350

M: male, F: female.

Figure 1 Position of the Trocars and the hand. A: Camera port; B: working port;
C: hand insertion; D: additional port.

procedures. A partial or subtotal cholecystectomy was performed
with suturing closure or with endoloops closure; the intraoperative
cholangiography (IOC) was performed by a direct injection
into the bile duct or via the cystic duct. The IOC clarified
the anatomy and excluded bile duct stones. A suction drain
was placed in the subhepatic space at the end of the procedure
in all patients.

RESULTS
Table 1 presents the demographic data of the five patients.
There were four men and one woman. The average age
was 52 years (range, 33-68 years). All patients presented
with histories of recurrent right upper quadrant pain, three MS
patients were jaundiced with abnormal liver function at
presentation, and one patient had pancreatitis with jaundice
history. Of two mimic MS patients presented with subacute
cholecystitis. Preoperative investigations of the five patients
were as follows: In three MS patients, ultrasonography
showed an atrophic gallbladder with stones, and intrahepatic
bile duct or common hepatic duct (CHD) dilatation. Magnetic
resonance cholang-iopancreaticography (MRCP) (Figure 2)
and computed tomography (CT) scan were used, and MS
was established provisionally. Ultrasonography showed
gallbladder distension with specific mention of the neck
stones in two mimic MS patients.

but one 1.0-cm stone impacted in the infundibulum, which
was fused with the CHD, impossible to remove with laparoscopic
instruments (Figure 3A and B). The operative findings of case
4 proved a contracted atrophic gallbladder, one 2.5-cm large
stone with extrinsic compression of the CHD, and obliteration
of Calot’s triangle (Figure 3C and D). Case 5 had dense adhesions
of Calot’s triangle, and one 0.8-cm stone impacted in the
cystic duct incapable of milked back. IOC was performed
in case 4 and case 5 with the aid of the hand. Case 2 had
one 2.5-cm neck stone, and case 3 had two neck stones of
0.5- and 0.8-cm; both had severely inflamed large gallbladders.
Causes of HALS were unclear anatomy in the Calot’s triangle
shown in Figure 3E, and the bleeding of FFD and gallbladder
empyema, respectively (Table 2). Both short cystic ducts
were ligated with a 12-mm Lapro-Clip. The histopathological
results showed both acute suppurative cholecystitis. The
intra-abdominal hand-aid operation was easier and quicker
for retraction of the liver and gallbladder, finger dissection,
identification of bile duct, and manual hemostasis.

Table 2 Causes of HALS and operative method for the five patients
Patient No.

Causes of HALS

Operative method

1

Impacted stone in
infundibulum
Obscured Calot triangle,
bleeding of FFD
Obscured Calot triangle,
GB emphysema
Contracted atrophic GB,
obliterated Calot triangle
Dense adhesions of Calot
triangle, impacted stone
in cystic duct

Subtotal Cholecystectomy

2
3
4
5

Total cholecystectomy
Partial cholecystectomy
Partial cholecystectomy
Subtotal Cholecystectomy

HALS: hand assisted laparoscopic surgery. FFD: first-fundus dissection, GB:
gallbladder.

Figure 2 Preoperative MRCP demonstrated compression of the CHD by a large stone
with dilation of intrahepatic bile duct characteristic of Mirizzi’s syndrome (Case 4).

Table 2 presents the causes of HALS and operative method
for the five patients. Case 1 underwent subtotal cholecystectomy for an atrophic gallbladder with multiple stones,

The median operative time was 165 min (range, 115190 min). The median hand-assisted time was 75 min (range,
65-100 min). The median postoperative stay was 4 d (range,
3-5 d) (Table 3). The estimated median operative blood
loss was 80 mL (range, 50-100 mL). Only two patients needed
an additional single dose of 75 mg pathidine. The patients
were encouraged to have oral intake at the 1 st day after
surgery, and early ambulation as well. The postoperative
course was uneventful, except for one patient who had a
minor incision infection. Seven to twenty-one days after
surgery, liver function was back to normal range in three MS
patients. All patients remain asymptomatic within a follow-up
period of 15-36 wk (median, 25 wk).

Wei Q et al. Complex gallstone disease
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A

B

D

E

C

Figure 3 Causes of hand-assisted laparoscopic surgery. A: One 1.0-cm
stone impacted in the infundibulum fused with the CHD, impossible to remove
with laparoscopic instruments; B: Using the intra-abdominal hand to facilitate
such maneuvers as squeezing out of the stone (case 1); C: Compression of

the CHD by one 2.5-cm stone; D: Identification and dissection of the obscured
Calot triangle by the hand (case 4); E: A severely inflamed gallbladder with a
neck stone caused obscured Calot’ triangle without jaundice (mimic Mirizzi
syndrome, case 2).

Table 3 Operative time and postoperative stays of the five patients

investigation currently recommended, however, surgery is
needed in most patients[1,2]. The roles of MRCP and ERCP
remain to be further evaluated[9].
Successful laparoscopic surgery for MS has been reported
in Refs.[1-4], however, it can be extremely challenging and timeconsuming, and may be associated with increased intraoperative
and postoperative complications, and the cumulative
conversion rate being 68% among these cases[5,6].
In MS and mimic MS patients, abnormal anatomy such
as the presence of contracted atrophic or distended gallbladder
with an impacted stone(s) in the neck, often led to problems
in grasping or retracting the gallbladder and liver, and
contributed to the difficulty of laparoscopic procedure[10].
In laparoscopic FFD fashion, however, retraction of the
liver and control of unexpected bleeding may still be the
limiting factors, especially in an acutely intensive inflamed
gallbladder[11].
In our cases, the main causes for HALS were unclear
or abnormal anatomy, and a severe adhesion if the neck
of the gallbladder has been reached, even after partial or
subtotal cholecystectomy was performed (Table 2). Since
continued dissection laparoscopically at the obscure Calot’s
triangle carries the potential risk of ductal injury and difficulty
of unexpected bleeding control, in those situations, HALS
can be considered a technical aid in cases in which conversion
is required due to unclear anatomy[12-14] . With improved
tactile sense and manipulative ability of traction and countertraction with the hand rather than the instruments, blunt
and sharp dissections are achieved expeditiously without
fear of injury to the organs. Similarly, finger dissection and
finger depression of bleeding are easy and quick. Critical
structures such as bile duct and blood vessels are easily

Patient Operative
No.
time (min)

Hand-assisted
time (min)

Postoperative
stays (d)

Clinical
diagnosis

1

165

75

4

MS type I

2

165

70

3

Mimic MS

3

115

65

4

Mimic MS

4

180

100

5

MS type I

5

190

90

4

MS type I

MS: Mirizzi syndrome.

DISCUSSION
MS has a reported incidence of 0.7-1.4% of all patients
undergoing biliary surgery[2] and is 1.3% (3/232) in our cases.
However, our three patients were of MS type I. This
difference is possibly a consequence of early operation in
the era of LC. Csendes suggested that the MS type I and
cholecystobiliary fistulas have different stages of the same
disease process[7]. The presence of a short or absent cystic
duct may increase the likelihood of MS occurrence. This
indicates that patients with mimic MS or MS type I are
more often encountered at LC[8].
Ultrasound is a screening investigation in patients of
biliary symptoms. A single large stone in the neck of the
gallbladder commonly raises suspicion of MS. In our cases,
an atrophic gallbladder with stones was more frequently a
feature. If such findings are recognized at ultrasonography,
further evaluation of the biliary tree is required. In our
studies, MRCP and CT were used in three suspected MS patients
and preliminary diagnosis of MS was made. Endoscopic
retrograde cholangiopancreatography (ERCP) is the
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identified by tactile feedback, thus having a lower chance
of being inadvertently injured[6,13-15].
Another important reason for HALS was unusual maneuvers
such as removing an impacted stone in the infundibulum
or the aberrant cystic duct, which might be impossible with
laparoscopic approach, but readily performed by the intraabdominal hand in our case 1 and case 5 (Table 2). As far
as the identification of gallbladder or bile duct carcinoma is
concerned, the ability to palpate and define tissue characteristics
manually is helpful[12].
The benefit of HALS is demonstrated by the reduction
in operative time owing to improved identification of anatomy,
dissection, retraction, and better control of hemorrhagic
accidents[6,13-15]. In our initial experience, the median operative
time was 165 min and the median hand-assisted time was
75 min. Decision made promptly in HALS could reduce
the operative time.
Concerning gas leakage by the procedures without handport device, the movement of the hand was limited to some
extent, however, it was not difficult to keep the seal of the
small incision tight and to avoid loss of gas. The seal with
the help of “a towel clip” to maintain pneumoperitoneum
was feasible. Gas leakage was encountered in two of five
patients, however, the pneumoperitoneum generally was
maintained at 10-12 mmHg during surgery. A hand-port
device requires much space around a relatively small incision;
and in the subcostal oblique incision where the device is
placed close to the rib margin and lateral abdominal wall,
there can be gas leakage[14]. Moreover, the hand-port device
is relatively expensive, leading to an increased cost.
Hand fatigue is one drawback of HALS in long or
complicated procedures. Hand fatigue occurred in 2 of 5
procedures due to longer hand-assisted operative time (Table 3).
In such cases, the surgeon can remove or have his or hers
hand rest for a few minutes. Following the principles of
instrument triangulation, with the hand considered as an
instrument, this could reduce intraoperative hand fatigue[13,14].
Between June 2001 and June 2003, eight cases of MS
were identified in 5310 LC (0.15 %) at our surgical
department; six patients had MS type I and two had MS
type II. There were three men and five women. The average
age was 50 years (range, 38-72 years). All patients were
converted to an open procedure with a 15-20 cm subcostal
incision. Two cases with injuries of the bile duct (a complete
transection and an excision of a duct segment) underwent
an end-to-end anastomosis of the injured bile duct over a
T-tube and a Roux-en-Y hepatico-jejunostomy with a
transanastomotic stent, respectively. The median operative
time was 165 min (range, 140-250 min). The median
postoperative stay was 5.5 d (range, 4-13 d). The median
estimated operative blood loss was 100 mL (range, 80-400
mL). At the end of surgery, a mixture of tramadol plus
fentanyl was used maintaining 48-96 h in the analgesia pump
for all patients. The patients began to have oral intake from
the 2nd to 5th d (median, 3 d) after surgery.
As described above, HALS can improve the success rate
and decrease the complication rate of laparoscopic procedures,
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especially bile duct injuries. It is a mini-access surgery
characterized with less pain, earlier oral intake, and decreased
hospital stay in comparison with the open operations[12-15].
Experienced surgeons can be successful in performing
laparoscopic surgery for MS. However, it is challenging and
time-consuming. Our results suggest that HALS without a
hand-port device for MS type I and mimic MS is safe and
feasible. HALS appears to facilitate difficult laparoscopic
procedures, by decreasing operative time and had minimal
increase of complications. It can be used as an alternative
to open conversion for complex gallstone diseases.
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Abstract
AIM: To evaluate the value of endovascular stent in the
treatment of portal hypertension caused by benign main
portal vein stenosis.
METHODS: Portal vein stents were implanted in six patients
with benign main portal vein stenosis (inflammatory stenosis
in three cases, postprocedure of liver transplantation in
another three cases). Changes in portal vein pressure, portal
vein patency, relative clinical symptoms, complications, and
survival were evaluated.
RESULTS: Six metallic stents were successfully placed
across the portal vein stenotic or obstructive lesions in
six patients. Mean portal venous pressure decreased
significantly after stent implantation from (37.3±4.7) cm
H2 O to (18.0±1.9) cm H2O. The portal blood flow restored
and the symptoms caused by portal hypertension were
eliminated. There were no severe procedure-related
complications. The patients were followed up for 1-48 mo.
The portal vein remained patent during follow-up. All
patients survived except for one patient who died of other
complications of liver transplantation.
CONCLUSION: Percutaneous portal vein stent placement
for the treatment of portal hypertension caused by benign
main portal vein stenosis is safe and effective.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Portal venous hypertension is caused by extrahepatic
obstruction or stenosis when the portal vein is blocked before
blood reaches the liver. Patients with this condition account
for 5-10% of all cases of portal hypertension[1-3]. Benign
portal venous stenosis or obstruction induced by pancreatitis,
appendicitis and postsurgical adhesive portal venous stenosis
are the most common extrahepatic portal venous occlusion[4].
Portal hypertension resulted from the occlusion of main
portal vein often results in the development of varices in
esophagus, stomach, duodenum, small and large bowel, and
gastrointestinal bleeding leading to death[4,5]. The development
of ascites due to portal hypertension affects the patient’s
quality of life. Therefore, it is crucial to restore the blood
flow of portal vein and to prevent symptoms of portal
hypertension.
To date, little is known about the role of stent placement
in the treatment of benign portal venous stenosis or
occlusion. The aim of the present study was to retrospectively
assess the value of stent placement in the treatment of
portal hypertension caused by benign main portal vein
stenosis or occlusion.
MATERIALS AND METHODS
Patients
From July 2000 to July 2004, six male patients (mean age,
39.8±14.7 years, range 21-65 years) underwent percutaneous
transhepatic stent placement for benign portal vein stenosis
or occlusion. The clinical characteristics of these patients
are summarized in Table 1. Three cases were associated
with procedure of liver transplants for posthepatitic cirrhosis,
two cases with necrotizing pancreatitis, and one case with
suppurative appendicitis. The diagnosis of portal vein
stenosis (five cases) and occlusion (one case) was established
by Doppler ultrasound, and confirmed by transhepatic
direct portography. Clinical signs or symptoms included
gastrointestinal tract bleeding from varices in two patients,
gastrointestinal tract bleeding and ascites in two patients,
and ascites in two patients.
Stent placement
Informed consent was obtained from all patients prior to
all procedures. After local anesthesia was performed with
2% lidocaine, the liver was punctured with fluoroscopic
guidance using a 21-G needle (Chiba, COOK) or 18-G
percutaneous cholangiographic needle (NPAS-100, COOK).
A 7-F sheath was inserted into the portal vein through a
guidewire. A 5-F catheter was advanced beyond the stenotic
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Table 1 The clinical characteristics of six patients
Portal venous pressure (cm H2O)
Patient
no.
1

Sex

Age (yr)

Symptoms

Etiology

Stent style
Before stent
placement

Male

33

Ascites, gastroesophageal

After
stent placement

Postsurgical of liver transplantation

45

20

Wallstent
Wallstent

varices, hematemesis
2

Male

35

Ascites

Postsurgical of liver transplantation

33

18

3

Male

21

Ascites, Melena

Necrotizing pancreatitis

38

20

Wallstent

4

Male

65

Gastroesophageal varices, Melena

Postsurgical of liver transplantation

35

18

Wallstent

5

Male

40

Ascites

Necrotizing pancreatitis

40

15

Symphony

6

Male

45

Gastroesophageal varices, Melena

Suppurative appendicitis

33

17

Wallstent

1 cm H2O = 0.098 kPa.

or occluded lesions. Then portography was performed and
portal venous pressure was measured. After 3 000-IU
heparin was directly injected into the portal vein, the stenotic
or occluded segment was dilated with a 10-mm-diameter
balloon catheter. The stents were placed across the lesions
because of the persistence of stenotic lesions after repeated
dilations. The implanted stents included 5 wallstents with a
diameter of 10 mm and a length of 5-8 cm (Wallstent, Boston
Scientific) in five patients (patients 1-4 and 6), and a
Symphony stent with a diameter of 10 mm and a length of
8 cm (Symphony stent, Boston Scientific) in one patient
(patient 5) (Table 1). Then portography and portal venous
pressure measurement beyond the lesions were repeated.
Finally, gelatin sponge or coins were placed in the liver
parenchymal tract via the sheath or catheter to prevent
intraperitoneal hemorrhage.
All the patients underwent anticogulant therapy using
fraxiparin 3-5 d after the procedure, followed by warfarin
administration for 3 mo unless bleeding occurred.
Follow-up protocol
All the patients were followed up by Doppler ultrasound
every month to evaluate the patency and blood flow in the
portal vein, stent location and stenosis recurrence.
Improvement of clinical symptoms, complications and
survival was observed.
Statistical analyses
The data were expressed as mean±SD. The significance of
differences in portal venous pressure before and after stent

A

B

Figure 1 Development of ascites and hematemesis 1 mo after liver transplantation
in a 33-year-old man (A and B) and refractory ascites 4 mo after acute necrotizing

placement was assessed with Student’s t test. P<0.05 was
considered statistically significant.

RESULTS
Six stents were successfully implanted in the portal venous
lesions of all six patients (Table 1, Figure 1). The mean portal
venous pressure decreased significantly from (37.3±4.7) cm
H2O (1 cm H 2O = 0.098 kPa) to (18.0±1.9) cm H 2O
(Table 1). There was a significant difference in portal
venous pressure before and after stent placement (t = 10.52,
P<0.001).
The clinical signs or symptoms of gastrointestinal tract
bleeding, gastroesophageal varices and ascites were eliminated
after stent placement in all patients. The follow-up period
ranged from 1 to 48 mo (mean 30 mo). During the followup period, all patients survived except for patient 4 who
died of other complications of liver transplantation 1 mo
after stent implantment. The follow-up Doppler ultrasound
demonstrated that the portal vein remained patent and blood
flow in the portal vein with a stent was good. All stents
remained patent, and none required repeat dilation and
migration of stents was not observed in all patients during
follow-up.
After stent placement, all patients complained of mild
abdominal pain at the puncture site. Transient fever (lower
than 38 ℃) occurred in three patients (patients 1, 3 and 4).
These symptoms could be alleviated after symptomatic
treatment. There were no other procedure-related and
postprocedure complications in all patients.

C

D

pancreatitis in a 40-year-old man (C, D).
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DISCUSSION
Etiology of portal vein stenosis or occlusion
Portal vein stenosis or occlusion is associated with neoplastic
and non-neoplastic conditions. Malignant portal vein
stenosis usually results from portal vein tumor thrombus
or compression of neoplasms, accounting for 15-24% of
patient with portal venous stenosis or occlusion[4,6-9]. Nonneoplastic conditions are the most common causes of portal
venous stenosis and occlusion. The following factors are
associated with benign portal vein stenosis or occlusion:
inflammatory diseases such as pancreatitis and appendicitis,
which can result in thrombosis or elastic portal vein
stenosis[10-12]; portal hypertension resulted from liver cirrhosis
during which stasis of blood flow in main portal vein and
its branches caused by portal hypertension may result in
portal vein stenosis or occlusion due to thrombosis[13,14], and
anticardiolipin antibodies may play a role in the development
of portal vein thrombosis in cirrhosis[15]; abdominal surgeries
or trauma such as liver transplantation surgery, spleenectomy,
cholecystectomy[4,16,17] ; other conditions such as primary
portal vein thrombosis and congenital absence of portal
vein[18] . Local portal vein stenosis secondary to fibrosis
adhesion is usually associated with the inflammatory factors
or abdominal surgery at the region of liver hilum. However,
not all portal vein stenoses would cause symptoms related
to portal hypertension. Some studies indicated that there is
no clinical symptom if the stenosis is less than 50% of the
diameter of portal vein. If the stenosis of portal vein was
greater than 80% of its diameter, symptoms of portal
hypertension (e.g, gastrointestinal bleeding, refractory
ascites, and thrombocytopenia) develop and liver failure
and transplant recipient liver dysfunction occur[19,20].
In our series, three patients were associated with liver
transplant surgery, and the other three patients were
associated with inflammation (necrotizing pancreatitis in two
cases and suppurative appendicitis in one case). The stenosis
in our series was greater than 50% of the diameter of
portal vein and occluded completely in one case. Because
the clinical symptoms of portal hypertension in these patients
were significant, portal venoplasty or stent placement was
necessary to decrease the portal venous pressure.
Clinical value of portal venous stent placement
Portal venous stent placement is useful for most patients
with portal vein stenosis or occlusion caused by malignant
neoplasms. Yamakado et al [6,21], reported the clinical
effectiveness of portal venous stent placement in patients
with hepatocellular carcinoma (HCC), pancreatic and
biliary neoplasms invading portal vein, and found that portal
venous stent placement decreases portal venous blood
pressure. The clinical outcomes, however, are quite different
depending on the invasion site. When portal venous blood
flow is blocked and the splanchnic vein is intact, the stents
remain patent and portal hypertension symptoms subside.
If splanchnic vein is involved, stents patency would become
worse.
To our knowledge, there are only few case reports about
the stent placement for portal hypertension caused by benign
portal vein stenosis or occlusion. Funaki et al[16], considered
that the first choice of treatment for most patients with
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benign portal vein stenosis is venoplasty with balloon
dilation, and stent placement is important for the elastic
and recurrent stenosis to maintain the portal vein blood
flow. In their study, intravascular stents were placed in 12
patients with segment hepatic transplants for ‘elastic’ or
‘recurrent’ portal vein stenosis, which remained patent for
5-61 mo (mean time, 46 mo). Cherukuri et al[22], placed stents
after thrombolysis in two patients with hepatic transplants
and portal vein stenosis and thrombosis, and reported that
the portal venous patency is good during follow-up. Some
authors considered that the management of thrombolysis
after stent placement is crucial and effective for patients
with portal vein thrombosis[23,24]. In our series, portal stenosis
(n = 5) and occlusion (n = 1) were elastic. Balloon dilation
was not enough for these patients, stent implantation was
performed for all patients to decrease the portal vein
pressure. Our results showed portal venous stent placement
was useful in decreasing the portal vein pressure, and all
stents remained patent in the follow-up. All patients survived
and were asymptomatic except for one case who died of
complications of hepatic artery thrombosis and bile leakage
related to liver transplant.
Complications of pecutaneous transhepatic portal venous
stent placement
Abdominal pain at the puncture site is the most common
complication of pecutaneous transhepatic portal venous
stent placement[6,16], which occurred in all cases of our series.
Transient fever (lower than 38 ℃) occurred in three of six
patients. The symptoms of abdominal pain and fever are
usually mild and disappear 2-3 d after symptomatic
treatments. Complication of liver abscess has been reported[16].
Percutaneous drainage is necessary in these patients. The
potential complications of intraperitoneal bleeding, bile
injury or biliary bleeding, have been reported in
percutaneous portal vein embolization or percutaneous
transhepatic measurement of portal pressure[25-29] . There
were no severe complications in our series.
In conclusion, percutaneous portal vein stent placement
for the treatment of portal hypertension caused by benign
main portal vein stenosis is safe and effective.
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CONCLUSION: In rats with hepatic encephalopathy,
mRNA expression levels of GABAA receptor subunits 1 ,
1, 2 increase significantly in basal nuclei, substantia nigra
and hippocampi, suggesting that the changes of mRNA
expression levels in GABA A receptor subunits may
contribute to the pathogenesis of hepatic encephalopathy.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Abstract
AIM: To investigate the mRNA expression of gammaaminobutyric acid A (GABAA) receptor subunits 1, 1, 2
in different parts of the brain of rats with hepatic
encephalopathy.
METHODS: Twelve adult male Sprague-Dawley rats were
randomly divided into two groups: (1) hepatic encephalopathy
model group (n = 6), which was induced by intraperitoneal
injection of thioacetamide (TAA, 350 mg/kg) for three
consecutive days; (2) control group (n = 6), in which the
rats were treated with same dose of normal saline
solution. After the freeze slice of cerebrum was made, in
situ hybridization was used to detect the mRNA of GABAA
receptor subunits 1 ,  1, and 2 in rat cerebral cortex,
basal nuclei, substantia nigra and hippocampi. Image data
were collected and analyzed quantitatively by QWin550CW
model image signal gather and analysis system.
RESULTS: In rats with hepatic encephalopathy, mRNA
expression levels of GABAA receptor subunits 1, 1 increased
significantly in basal nuclei, substantia nigra pars
compacta, substantia nigra pars reticularis and hippocampi
(144.7±15.67/184.14±4.41, 60.61±33.66/113.07±32.44,
87.71± 21.25/128.40±18.85, 122.34±5.56/161.60±4.56,
123.29±5.21/140.65±4.15, 123.40±4.42/140.09±4.52,
124.76±4.18/140.09±4.12, 141.62±15.09/182.80 ±5.20,
69.13±30.74/134.21±43.76, 87.87±25.16/151.01±19.49,
122.14±6.30 /162.33±3.92, 122.81±5.09/137.19±7.12,
123.00±4.63/138.11±5.92, 125.75 ±2.43/138.81±6.10,
P<0.01), but did not change in the cerebral cortex compared
to the control group. Similar changes were found in the
mRNA expression levels of GABAA receptor subunit 2 ,
which increased significantly in basal nuclei, substantia
nigra pars compacta, substantia nigra pars reticularis
(136.81±26.41/167.97±16.23, 51.00±36.14/113.18±36.52,
86.35±20.30/ 126.90±19.74, P<0.01), CA1 of hippocampal
(162.15±9.05/178.62±6.45, P<0.05), and no changes
were found in the cerebral cortex and CA2, CA3, CA4 of
hippocampi.

Li XQ, Dong L, Liu ZH, Luo JY. Expression of gammaaminobutyric acid A receptor subunits 1,  1, 2 mRNA in
rats with hepatic encephalopathy. World J Gastroenterol
2005; 11(21): 3319-3322

http://www.wjgnet.com/1007-9327/11/3319.asp

INTRODUCTION
Hepatic encephalopathy (HE) is a neuropsychiatric syndrome
associated with fulminant hepatic failure and chronic liver
disease. Its pathogenesis is unclear till now. One of the important
factors is the increase of gamma-aminobutyric acid (GABA)
level and GABA-ergic activity. GABA is the most important
inhibitory neurotransmitter in the central nervous system
(CNS). Up to now, three different GABA receptors have
been discovered: GABAA, GABAB and GABAC receptors.
Among these three receptors, GABAA receptor is considered
to have the closest relationship with HE. In order to find
out the pathogenesis of HE, we used in situ hybridization to
detect the changes of mRNA expression of GABA A
receptor subunits 1,  1, and 2 in several major parts of
the brain of rats after making hepatic encephalopathy models
by intraperitoneal injection of thioacetamide.
MATERIALS AND METHODS
Animal model
Twelve adult male Sprague-Dawley rats (230±17 g), supplied
by Xi’an Jiaotong University Experiment Animal Centre were
used in this study. The rats were randomly divided into
hepatic encephalopathy model group (n = 6) which was
induced by intraperitoneal injection of thioacetamide (TAA,
350 mg/kg) for three consecutive days, and control group
(n = 6) in which the rats were treated with same dose of
normal saline solution.
Slide preparation
Rats were poured with 40 g/L polymerisatum/0.1 mol/L
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PBS with 1 mL/L DEPC for fixation after being anesthetized.
Cerebrum was taken out, fixed with 40 g/L polymerisatum/
0.1 mol/L PBS containing 1 mL/L DEPC for 20 min, and
soaked in 300 g/L cane sugar solution. Before bein cut into
14-m thick slices, the slides were dealt with poly-L-lysine.
In situ hybridization
Digoxin-labeled oligonucleotide probes aimed directly at
GABAA receptor subunits 1,  1, 2 were used for in situ
hybridization (ISH). Experiments were carried out according
to ISH detection kit manufacturer’s instructions (Boster
Company, Wuhan). Slices were dealt with 1:50 mixed
30 mL/L H2O2 and pure methanol for 30 min at room
temperature. After washing thrice with distilled water, the
slices were digested with fresh pepsin that was diluted in
3% citromalic acid for 5-120 s at room temperature in
order to expose mRNA nucleic acid fragment, then washed
thrice (5 min each time) with PBS for ISH, followed by a
wash with distilled water. After washing, the slices were fixed
with 40 g/L polymerisatum/0.1 mol/L PBS containing
1 mL/L DEPC for 10 min at room temperature, and
subsequently washed thrice with distilled water. After all
the preparatory procedures were completed, we added
20 L of prehybridization liquid to each slice and prehybridized
it for 2-4 h at 38-42 ℃. Then the unnecessary liquid was
removed without washing. Thereafter, we added 20 L of
hybridization liquid to each slice and covered it with a cover
slip. After hybridizing overnight at 38-42 ℃, the slices were
washed twice (5 min each time) with 2×SSC at 37 ℃, once
for 15 min with 0.5×SSC at 37 ℃, 1-3 times (15 min each
time) with 0.2×SSC at 37 ℃, and finally treated with close
liquid for 30 min at 37 ℃. Unnecessary liquid was removed
without washing before biotin-conjugated rat anti-digoxin
antibody was added to the slices. After reaction for 60 min
at 37 ℃, the slices were washed four times (5 min each
time) with PBS for ISH. Then, we added streptavidin-biotin
complex (SABC). After reaction for 20 min at 37 ℃, the
slices were washed thrice (5 min each time) with PBS for
ISH. Then biotin-conjugated peroxidase was added to react
for 20 min at 37 ℃, washed four times (5 min each time)
with PBS for ISH. After the color was developed by DAB,
the slices were washed sufficiently with water. At last, all
slices were dehydrated with alcohol, and sealed.
Image analysis
Ten ISH slices were randomly selected from each brain
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region in both groups. Image data were collected and
analyzed quantitatively using QWin550CW model image
signal gather and analysis system.
Statistical analysis
Data analysis was done with SPSS10.0 statistics software.
The average gray values were compared between control
and hepatic encephalopathy model group with t test. P<0.05
was considered statistically significant.

RESULTS
mRNA expression levels of GABAA receptor subunits
The positively stained GABAA receptor subunits 1,  1, 2
mRNA were located in cytoplasm of the cells. Table 1 shows
the results of quantitative analysis of mRNA expression
levels of GABAA receptor subunits 1,  1, 2 in rats with
hepatic encephalopathy using QWin550CW model image
signal gather and analysis system.
In rats with hepatic encephalopathy, mRNA expression
levels of GABAA receptor subunits 1, 1 increased significantly
in basal nuclei, substantia nigra pars compacta, substantia
nigra pars reticularis and hippocampi (P<0.01), but did not
change in the cerebral cortex compared to the control group.
Similar changes were found in the mRNA expression levels
of GABAA receptor subunit 2, which increased significantly
in basal nuclei, substantia nigra pars compacta, substantia
nigra pars reticularis (P<0.01), CA1 of hippocampi (P<0.05),
and no changes were found in the cerebral cortex and CA2,
CA3, CA4 of hippocampi. (Figure 1, Table 1)
DISCUSSION
Although many research works were reported in recent
years that tried to explain the pathogenesis of hepatic
encephalopathy, it is still not elucidated properly [1,2].
According to the increased levels of GABA in plasma,
increased permeability of the blood-brain barrier and the
changes of GABA receptors on the surface of neuron
membrane, Schafer and other scientists proposed the GABA
hypothesis about hepatic encephalopathy in 1982[3,4]. GABA
is a principal inhibitory neurotransmitter in the mammalian
brain, and the concentration of GABA in plasma is increased
in the animal model of liver function failure during hepatic
encephalopathy. The increased concentration of GABA
neurotransmitter and enhanced GABA-ergic activity are

Table 1 Gray values of mRNA expression levels of GABA A receptor subunits 1, 1,  2 in rats with hepatic encephalopathy (mean ± SD)
1 mRNA

 1 mRNA

2 mRNA

Position
Control group

HE model

Control group

HE model

Control group

HE model
136.81±26.41b

Basal nuclei

184.14±4.41

144.7±15.67b

182.80±5.20

141.62±15.09b

167.97±16.23

Cerebral cortex

149.54±13.74

154.9±11.02

141.96±17.55

155.26±10.24

142.47±15.69

143.29±24.87

Substantia nigra pars reticularis

113.07±32.44

60.61±33.66b

134.21±43.76

69.13±30.74 b

113.18±36.52

51.00±36.14b

Substantia nigra pars compacta

128.40±18.85

87.71±21.25b

151.01±19.49

87.87±25.16 b

126.90±19.74

86.35±20.30b

Hippocampal CA1

161.60±4.56

122.34±5.56b

162.33±3.92

122.14±6.30b

178.62±6.45

162.15±9.05a

Hippocampal CA2

140.65±4.15

123.29±5.21b

137.19±7.12

122.81±5.09b

162.70±5.90

161.57±6.40

Hippocampal CA3

140.09±4.52

123.40±4.42

b

138.11±5.92

123.00±4.63b

162.09±5.35

161.36±5.04

Hippocampal CA4

140.09±4.12

124.76±4.18b

138.81±6.10

125.75±2.43b

158.97±6.12

160.1±5.21

a

P<0.05, b P<0.01 vs control group HE: hepatic encephalopathy.
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Figure 1 mRNA expression of GABAA receptor subunits as detected by in situ
hybridization. A: 1 mRNA of GABAA receptor in basal nuclei of rats with HE
(×400); B: 1 mRNA of GABAA receptor in basal nuclei of control rats (×400); C:
2 mRNA of GABAA receptor in substantia nigra of rats with HE (×400); D:  2

mRNA of GABAA receptor in substantia nigra of control rats (×400); E: 1 mRNA
of GABAA receptor in hippocampi of rats with HE (×100); F: 1 mRNA of GABAA
receptor in hippocampi of control rats (×100).

considered to be associated with the development of hepatic
encephalopathy in the central nervous system[5-7].
Up to now, 3 GABA receptors GABAA, GABAB and
GABAC have been reported, and GABAA receptor has been
extensively studied in recent years. GABAA receptor, a
chloride-permeable channel, can increase permeability for
chlorions when activated and thereafter mediate inhibitory
postsynaptic potentials (IPSPs), thus inducing inhibitory
effects. Benzodiazepine (BDZ) can enhance these intermediary
effects directly or indirectly. Moreover, the function of
GABA receptors can also be mediated by alcohol, evanescent
narcotic and steroid after binding to the sites on these
receptors[8,9]. GABA receptor is an oligomer, which consists
of seven subunits, 1-6, 1-4, 1-4, , 1-3, , and , and each
subunit has a different function. Now it is deemed that 
subunit is the binding site for GABA and GABAA receptors,
and  and  subunits of GABAA can react with BDZ[10,11].
Among these subunits, 1,  2, and 2 account for 43% of
all the subunits, and 2 subunit presents in 60% of GABAA
receptors. The pharmacological analysis proved that BDZ
has a much more enhancing effect on the receptors that
consisted of 1, 3, and 2 subunits than those consisted of
2, 5, 6, and 2 subunits[12]. The presence of 2 subunit
can up-regulate BDZ[13].
In this study, the rat model of hepatic encephalopathy
induced by thioacetamide was chosen to study the mRNA
expression level of 1, 1, and 2 subunits of GABAA receptors
on the different regions of brain by ISH. The results showed
that the mRNA expression level of 1, 1, and 2 subunits
significantly increased in the areas of basal nuclei, substantia
nigra pars compacta and pars reticularis, suggesting that
hepatic encephalopathy is related with the diversity of

mRNA level expression of GABAA receptor subunits. When
the mRNA expression level of  1 significantly increased,
the number of binding sites for GABA and GABA A
receptors increased, the GABA-ergic tension was enhanced,
the number of open chlorion tunnels was increased, and
inhibitory neurotransmitter effects were enhanced. The
mRNA expression level of 1 and 2 subunits significantly
increased, the sensitivity of GABAA receptors for BDZ
was enhanced, and BDZ could induce conformational change
of receptors, the affinity of GABA for its receptors was
increased, leading to enhancement of the GABA-ergic tension.
According to these findings, we could explain the reason
why hepatic encephalopathy can be effectively treated with
the specific antagonist of Benzodiazepine (Flumazenil)[14,15].
GABA is the most important inhibitory transmitter of
substantia nigra-corpus striatum pathway and by-pass[16] .
Most neurons in corpus striatum are multi-dendritic spine
GABA-ergic neurons (75%), and these neurons may be the
unique source of efferent nerve fibers of corpus striatum
(send fibers to pallidum and substantia nigra). GABA can
be found in all globus pallidus, and has a concern with the
efferent nerve fibers of pallidum-substantia nigra pars
reticularis. Substantia nigra is divided into the dorsal pars
compacta and ventral pars reticularis, and most neurons in
pars reticularis are GABA-ergic neurons. The ventral part
of substanti nigra can extend to thalamus. Furthermore, it
is presumed to connect with pallidum and has a similar
structure with it[17]. The GABA-ergic fibers from lateral
globus pallidus reach both pars compacta and pars reticularis,
and most fibers terminate at pars reticularis. The projection
pathways of GABA-ergic neurons of pars reticularis are as
follows: (1) The fibers reach nucleus ventralis anterior
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thalami and mediodorsal nucleus through nigrothalamic
tract, then project to the prefrontal and cingulum cortex
after relay; (2) The fibers reach pontine nucleus and reticular
formation through pathway, then the impulse transmits to
anterior column neurons of spinal cord after relay; (3) The
fibers from substantia nigra-tectum tract project at
homolateral superior colliculus, and reach reticular formation
of medulla oblongata and spinal cord. Nucleus ventralis
anterior thalami regulates the motion, and participates in
ascending activation. Mediodorsal nucleus participates in
superordinary action of cortex, and has a concern with
emotion. In our study, we found that the expression of 1,
1 and 2 subunits significantly increased in basal nuclei of
Meynert, substantia nigra pars compacta and pars reticularis,
that is to say, GABA-ergic tension of substantia nigra-corpus
striatum pathway and by-pass was enhanced, which may be
the molecular mechanism for the multi-psychiatric and
neuropathic symptoms during hepatic encephalopathy.
Hippocampal formation has a concern with emotion,
learning and memory, sleep and wakefulness, etc. In our
study, we also found that the expression of 1 and 1 subunits
significantly increased in all areas of hippocampus during
hepatic encephalopathy, and the expression level of  2
subunit increased in the CA1 region, suggesting that GABAergic tension is enhanced in those regions, and this is
correlated with the symptoms of motion change, and sleep
reverse during hepatic encephalopathy.
In summary, our results show that in rats with hepatic
encephalopathy, mRNA expression levels of GABAA receptor
subunits 1,  1, 2 increase significantly in basal nuclei,
substantia nigra and hippocampi, suggesting that the changes
of GABAA receptor subunits mRNA expression levels may
contribute to the pathogenesis of hepatic encephalopathy.
At present, the pathogenesis of hepatic encephalopathy is
studied at the transcriptional level of GABAA receptor
subunits. The expression abnormality of other subunits of
receptors is also involved during hepatic encephalopathy,
meanwhile, the expression of receptors is regulated by posttranslational subunits, and also influenced by receptor
assembly, transportation, insertion on the membrane. All
these require further research.
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Abstract
AIM: To report a patient with C282Y homozygocity, depleted
body iron and intestinal atrophy caused by celiac disease
(CD) who experienced resolution of the enteropathy with
subsequent normalization of iron metabolism upon glutenfree diet.
METHODS: To obtain information on the tissue distribution
and quantitative expression of proteins involved in
duodenal iron trafficking, we determined the expression
of divalent-metal transporter 1 (DMT1), ferroportin 1 (FP1)
and transferrin receptor (TfR1) by means of immunohistochemistry and real-time PCR in duodenal biopsies of this
patient.
RESULTS: Whereas in hereditary hemochromatosis
patients without CD, DMT1 expression was up-regulated
leading to excessive uptake of iron, we identified a significant
reduction in protein and mRNA expression of DMT1 as a
compensatory mechanism in this patient with HH and CD.
CONCLUSION: Occult CD may compensate for increased
DMT1 expression in a specific subset of individuals with
homozygous C282Y mutations in the hemochromatosis
(HFE) gene, thus contributing to the low penetrance of HH.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hereditary hemochromatosis (HH) is an inherited disorder of
iron metabolism that is characterized by excessive gastrointestinal
iron absorption with subsequent iron deposition in major
organs of the body[1,2]. Autosomal recessive transmission of
the HH gene and genetic linkage to the HLA complex has
been known since the mid-1970s[3,4]. In 1996 a candidate
gene for HH, now known as HFE, was detected by positional
cloning[5]. Two missense mutations were initially identified
in the HFE gene, leading to an exchange of cysteine to
tyrosine at position 282 (C282Y) or a change from histidine
to aspartate at position 63 (H63D)[5]. Although the homozygous
C282Y genotype affects between 1 in 200 and 1 in 400
persons of northern European descent, only a considerably
low percentage of these homozygotes develop clinically
severe hemochromatosis[6]. Thus, genetic or environmental
factors affecting the penetrance of hemochromatosis in
patients with HFE mutations still remain to be elucidated.
Iron deficiency anemia in patients with HH is very rarely
discovered due to proposed algorithms, which suggest
genotyping only in patients with fasting transferrin saturation
higher than 45%[1,2]. However, rare cases are documented
and may be associated with disorders leading to duodenal
atrophy with subsequent iron malabsorption. To date only
three patients with HH and iron deficiency anemia
associated with celiac disease (CD) have been reported in
the world literature[7-9]. In this contribution, we report another
patient with C282Y homozygosity, depleted body iron and
intestinal atrophy caused by CD. Whereas in HH patients
without CD divalent-metal transporter 1 (DMT1)
expression is up-regulated leading to excessive uptake of
iron, we identified a significant reduction in protein and
mRNA expression of DMT1 in duodenal biopsies as a
mechanism which modulates iron stores in a patient with
HH and CD.
CASE REPORT
A 65-year-old Caucasian female patient presented with
chronic diarrhea and weight loss of 10 kg over 4 years.
Diarrheal episodes occurred in association with cereals and
milk products. An initial lactose-free diet failed to improve
symptoms but a recent trial of gluten-free diet brought partial
relief at the time of referral. Her history was unremarkable
except for the fact that she suffered from hemochromatosis
14 years ago and was treated with phlebotomy over nearly
a decade. Two years ago HFE genotyping detected a
homozygous C282Y mutation. Nevertheless an oral iron
substitution therapy had to be started because she developed
an iron deficiency anemia. The initial evaluation revealed
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the persistence of iron deficiency anemia (Table 1). Endomysium
(1:160, reference <1:10), gliadin (IgG 37 kU/L, IgA 740
kU/L, reference <12 kU/L each) and tissue transglutaminase
antibodies (253 U, reference <20 U) were strongly positive.
Histological examination of small bowel biopsies detected
intestinal atrophy with lymphocytic infiltrates suggestive for
CD. Within 3 mo of gluten-free diet, diarrhea completely
resolved and milk products were tolerated well. Iron substitution was stopped when serum iron, ferritin and hemoglobin
reached normal values after 4 mo of gluten-free diet (Table 1).
She gained 15 kg of weight within 1 year. Control small
bowel biopsies showed resolution of the enteropathy, and a
breath test with H2 lactose proved resolution of the secondary
lactose intolerance.

Table 1 Clinical chemistry data
First visit
time of biopsy
Hemoglobin (g/L)
112
Hematocrit
35
Serum iron (µmol/L)
7.0
Transferrin (g/L)
2.5
Transferrin saturation (%) <15
Ferritin (µg/L)
11

End of follow up
control biopsy

Reference
values

153
45
26.0
1.9
54
78

120-160
0.37-0.47
11.1-31.1
2.0-3.6
16-45
30-150

Under iron substitution 100 mg q.d.

Assays
Serum clinical chemistry was performed by standard techniques
with an autoanalyzer.
HFE genotyping
Genomic DNA was extracted from whole blood and light
cycler (Roche, Mannheim, Germany) amplification of the
H63D and C282Y variant fragments with subsequent melting
curve analysis was performed using standard cycle conditions.
The C187G transversion at codon 63 was monitored with
the 3’-fluorescein-labeled anchor 5’-CTTGAAATTCTACTGGAAACCCATGGAGTTCGGGGCTCC-3’ and the
5’-LC-Red640-labeled sensor 5’-CACGGCGACTCTCATCATCATAGAACACGAACA-3’ probe. The G845A
transition at codon 282 was simultaneously analyzed with
the 3’-fluorescein-labeled sensor 5’-AGATATACGTACCAGGTGGAG-3’ and the 5’-LC-Red640-labeled anchor
probe 5’-CCCAGGCCTGGATCAGCCCCTCATTGTGATCTGGG-3’.
TaqMan real-time PCR
TaqMan real-time PCR primers and TaqMan probe for
quantification of DMT1 cDNA and FP1 cDNA were
designed as previously described[10]. For the quantification
of TfR1 cDNA the following intron spanning primers were
used: sense 5’-TCCCAGCAGTTTCTTTCTGTTTT-3’;
antisense 5’-CTCAATCAGTTCCTTATAGGTGTCCA3’. The TaqMan probe 5’-CGAGGACACAGATTATCCTTATTTGGGTACCACC-3’ was labeled with the reporter
fluorescent dye 6-carboxyfluorescein at the 5’ end and with
the quencher 6-carboxytetramethyl-rhodamine at the 3’end.
For quantification of DMT1, FP1, and TfR1 mRNA levels
in duodenal biopsy specimens TaqMan real-time PCR was
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carried out in the ABIPrism 7700 sequence detector (Applied
Biosystems, Vienna, Austria) as previously described[10].
Immunohistochemistry
Routinely formalin-fixed, paraffin-embedded duodenal
biopsies were used for immunohistochemical staining
performed as previously described[10]. Sections were incubated
with 0.1 mL of 300 µg/mL affinity-purified anti-DMT1
(260-275) or anti-FP1 (240-254) antiserum and a biotincoupled goat anti-rabbit immunoglobulin (Ig) G (Dako, Vienna,
Austria) in a 1:500 dilution. Similar immunohistochemical
methods, as described for DMT1 and FP1, were used for
TfR1, using a monoclonal mouse anti-human TfR1 antibody
(Zymed Laboratories, South San Francisco, CA, USA;
code 13-6 800) diluted 1:200. Sections were incubated with
the TfR1 antibody and a biotin-coupled goat anti-mouse
immunoglobulin (Ig)G (Dako) in a 1:800 dilution. Subsequently, the reaction product was developed as previously
described.
Informed consent was obtained for all analyses described
in this section.
Outcomes
In order to get an estimate of duodenal iron absorption in
this patient who was homozygous for the C282Y mutation
(data not shown), we determined DMT-1, FP1 and TfR1
expression by means of immunohistochemistry and TaqMan
real-time PCR. To obtain information on the tissue distribution
and expression of the proteins, we performed immunohistochemical staining of duodenal biopsy specimens. DMT1,
the transmembrane protein, which is centrally involved in
absorption of ferrous iron from the intestinal lumen, was
expressed at decreased levels at the apical site of enterocytes
and recovered significantly during therapy with gluten-free
diet (Figures 1A and C). In contrast, TfR1 expression was
highly increased at the basolateral site before initiation of
treatment, when the patient was iron deficient. During follow
up, TfR1 expression drastically decreased in line with regeneration
of the epithelium as shown in Figures 1B and D. FP1
expression was largely unaltered either in atrophic epithelium
or during regeneration after therapy (immunohistochemistry
not shown).
To quantify these changes in expression during treatment
mRNA levels of DMT1, FP1, and TfR1 were determined
by real-time PCR. DMT1 mRNA expression was minimal
with subtotal atrophy of the duodenal epithelium but was
elevated fourfold after therapy. In contrast, TfR1 expression
was inversly related to body iron stores and fell to one-third
with regeneration of the epithelium and restoration of iron
uptake (Figure 2). Consistent with our immunohistochemistry,
FP1 mRNA was only slightly increased during follow-up.
These findings indicate that the inverse regulation of basolateral
TfR1 expression which is believed to be a sensor for the body’s
need for iron, was functional in our patient with HH, whereas
DMT1 appeared to be differentially regulated in comparison
to other patients with hemochromatosis but no CD.

DISCUSSION
Over 90% of patients with HH are homozygous for the C282Y
mutation of the HFE gene, but the majority of patients,
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Figure 1 Immunohistochemical staining for DMT1 and TfR1 of duodenal biopsy
specimens of the patient taken before (upper panels A and B) and after gluten

18
16
14
12
10
8
6
4
2
0

TfR
FP1
DMT1

Subtotal atrophy

Regeneration

Figure 2 TfR1, FP1 and DMT1 cDNA levels in duodenal biopsy specimens.

who have been identified as being homozygous for the
C282Y mutation, have no evidence of iron overload. The
best current estimate of penetrance for C282Y homozygosity
is that less than 1% of homozygotes develop frank clinical
hemochromatosis[6]. In contrast, another population based
study found a higher prevalence of 50%[11], but these data
are difficult to interpret since clinical findings are not matched
to a control group. Overall population prevalence for clinical
HH and HH-related death appears to be far less than
expected from C282Y allele frequency and heterozygosity
frequency[12].
Normal HFE protein is expressed in cryptal enterocytes
of the small intestine and acts to facilitate the iron-sensing
function of these cells by a physical association with the
transferrin receptor (TfR1) at a strategic site to influence
TfR1-mediated iron transport[13]. This facilitory effect is lost
by C282Y mutant HFE resulting in a ‘relative’ iron deficiency
of enterocytes and an uncoupling of iron uptake regulation[2,14].
This uncoupling leads to increased expression of the divalentmetal transporter 1 (DMT1) and ferroprotein 1 (FP1)[2,14,17].

free diet (lower panels C and D).

Whereas DMT1 represents a transmembrane transporter
in the apical membrane of duodenal enterocytes which
facilitates iron uptake from the intestinal lumen into the
enterocytes. FP1 is involved in basolateral iron export into
the portal circulation[2,14].
Iron transport across the basolateral plasma membrane
of villus enterocytes involves intact epithelia with a sufficient
amount of basolateral and apical transport proteins[2,14] .
Atrophy of the duodenal mucosa in chronic inflammatory
disorders of the small bowel such as CD leads to iron
deficiency[15]. Our immunohistochemistry data implicate that
a marked reduction of basolateral DMT1 in the atrophic
intestinal epithelium causes secondary malabsorption of iron
and prevents clinical iron overload. A control biopsy taken
on gluten-free diet showed resolved duodenal enteropathy
paralleled by ferritin levels within the normal range. Restored
iron uptake was accompanied with increased expression of
DMT1, which was higher than levels usually present in
healthy controls in both immunohistochemical staining and
real-time PCR. This pattern of transporter expression after
therapy meets with previous data from patients with HH,
which show an increased expression of DMT1 [10,16,17] . In
contrast, FP1 expression was not restored during the
observation period but showed a tendency to increase similar
to HH patients without CD[10,16,17]. The data clearly demonstrate
that the impaired expression of iron transporters in enteropathic
mucosa is different from patients with HH and iron overload
and compensates for the uncoupling of iron uptake in
homozygous C282Y HFE mutants. DMT1 down-regulation
in patients with both HH and CD may cause even iron
deficiency and anemia although the transferrin receptor is
still physiologically regulated by the body’s iron store. Increased
duodenal tissue levels of transferrin receptor expression
during epithelial atrophy rather favor a selective regulatory
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process leading to DMT1 down-regulation than an unselective
loss of specialized epithelium. Based on these quantitative
data and the clinical recovery of our patient from iron
deficiency on a gluten-free diet, we hypothesize that CD
masks overt HH due to a reversible reduction in the iron
transporter DMT1 and therefore could prevent the penetrance
of HH.
CD accounts for up to 8.5% of iron deficiency anemia
of unknown etiology, especially when refractory to oral
supplementation[18] , and iron deficiency appears to be the
most frequent and sometimes only extraintestinal symptom
in CD[19]. Recovery from iron deficiency anemia in CD usually
occurs between 6 and 12 mo on gluten-free diet alone as a
consequence of normalization of histological alterations
on the intestinal mucosa[15]. The prevalence of this disease
is difficult to ascertain, because many patients have atypical
symptoms or none at all[20] , but it seems more common
than previously considered and ranges between 0.5% in the
general population[21] and 1.6% among patients undergoing
endoscopy[22]. CD and hemochromatosis are common HLA
defined conditions with surprisingly high frequencies in
populations of Northern Europe commonly attributed to
survival advantages. A genetic association between CD and
the HLA-D locus has emerged and it has been shown that
over 95% of patients express the DQ1*0501 DQ1*0201
heterodimer (HLA DQ2)[20,23]. This locus on chromosome
6p is in close proximity to the HFE locus[24]. Recently, HFE
gene mutations have been found to be common and in
linkage disequilibrium with different HLA alleles in CD
patients compared with controls[25]. A disease specific haplotype
that carries both the C282Y HFE gene mutation and HLA
DQ2 has been suggested but the origins of the genetic
linkage still remain to be investigated in detail[25]. The HFE
gene may have spread due to the protection of heterozygotes
against iron deficiency[26] and the same might be true for
CD which diminishes iron overload. We hypothesize that
the genetic predisposition for either disease ameliorates the
manifestation of the other thereby leading to a marked
extent of unidentified disease. Occult CD may prevent
increased DMT1 expression in a specific subset of individuals
with homozygous C282Y mutations in the HFE gene thus
contributing to the low penetrance of HH.
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TO THE EDITOR
Reviewing the available therapeutic options in the medical
treatment of ulcerative colitis, Xu et al [1], have omitted to
mention an important aspect in the pharmacological
management of the disease, namely the possibility to
promote clinical and endoscopic improvement by manipulating
the enteric flora.
Although no specific bacterium has been singled out as
involved in the pathogenesis of inflammatory bowel disease
(IBD), an imbalance between protective and harmful
bacteria (“dysbiosis”), has been postulated as a proinflammatory mechanism both in ulcerative colitis and in
Crohn’s disease[2]. Indeed the pathogenetic role of bacteria
in IBD is now widely recognized[3-5] , hence the possible
therapeutic use of either antibiotics or probiotics.
Antibiotics such as metronidazole or ciprofloxacin, and,
more recently, the nonabsorbable antibacterial agent rifaximin,
have been successfully employed in IBD patients[5]. Although
most studies are still uncontrolled, preliminary data are

extremely encouraging. The best results are achieved in the
maintenance treatment of Crohn’s disease, in the management
of pouchitis and, in general, of perianal IBD complications,
but a role of antibiotics as a supportive treatment also in
active ulcerative colitis can be postulated[5].
Similarly, probiotic agents such as Saccharomyces boulardii[6]
and a nonpathogenetic strain of E.coli[7] have been found
clinically effective respectively in the short- and long-term
treatment of ulcerative colitis, whereas several clinical trials
employing a probiotic cocktail (VSL # 3) have shown a
substantial benefit in both acute and chronic pouchitis (for
review see Ref. 4).
Studies are in progress to further establish the precise
role of probiotics in IBD therapy and to identify the most
effective products among the available brands.
At any rate manipulation of enteric flora by means of
either antibacterial agents or probiotics represents a recognized
therapeutic measure in ulcerative colitis and should be
mentioned whenever reviewing this important topic.
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TO THE EDITOR
We read with interest the article by Uzunkoy et al[1]. about
diagnosis of abdominal tuberculosis. In this article authors
concluded that PCR for mycobacterium tuberculosis
complex is a noninvasive method which can provide the
diagnosis in most cases. If this tests negative or not feasible,
laparotomy should be performed.
Previously, we analyzed and reported the diagnostic
approach to peritoneal tuberculosis of our clinic[2]. In this
paper, diagnosis of the peritoneal tuberculosis was made

by image-guided percutanous biopsy (IGPB) in 18/19 of
patients. Laparoscopic biopsy was needed only 1/19 patient.
Laparoscopic biopsy allows better inspection as well as
directed biopsies from peritoneum. However, it requires
hospitalization, and has some complications. Therefore,
IGPB seems to be an effective, safe and inexpensive method
to provide diagnosis of peritoneal tuberculosis. In editorial
of this article, Dhiman stated that IGPB is less invasive as
compared to laparoscopy, does not requires general
anesthesia and can be performed even at bedside. An
algorithmic approach was suggested by doing IGPB or
image-guided biopsy from associated lessions first, and if
the results are inconclusive then laparoscopic biopsy may
be the next step[3].
In conclusion, mycobacterial culture requires 8 wk to
make diagnosis this delay can give way to an increased
mortality rate. If PCR for mycobacterium tuberculosis is
not diagnostic or not feasible, IGPB should be performed.
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PPI treatment, diminished edema was seen and was easily
passed through the second part of the duodenum in the
second EGD.
To summarize, in significant part of the patients with
abdominal pain without bleeding, penetration peptic ulcer
into the liver is diagnosed falsely negative. For this reason,
suspicion criteria of penetration of peptic ulcer into the
liver should be reviewed and also be developed reliable,
cheep diagnostic methods.
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TO THE EDITOR
We have read with interest the recent report by E Kayacetin
and S Kayacetin of ‘’Gastric ulcer penetrating to liver
diagnosed by endoscopic biopsy[1] since we diagnosed the
duodenal ulcer which penetrated into liver similarly. This is
a rather unusual case because of the fifth case in the
literature and responding to medical therapy.
Eighty-five-year-old female was admitted with 1-mo
history of periumblical pain, weight loss, 1-wk vomitting
provoked with food and no history of GI bleeding. On
physical examination, there was periumblical tenderness.
Laboratory evaluation showed Hb: 11.5 gr/dL, WBC:
11 000/mm3 MCV: 92 fl, Plt: 415 000/mm3, normal liver
chemistries, and tumor markers. Grade IV esophagitis and
discolerated atypical giant ulcer that stemmed from anterior
wall of bulbus duodeni were detected in gastroduodenoscopy.
However, it could not be passed through the second part
of duodenum due to the presence of edema. Endoscopic
biopsy of the ulcer revealed muscular layer without mucosa
and exudate on the surface of the liver fragments and macromicrovesicular degeneration, pseudoaciner transformation
and perisinusoidal fibrosis in the liver tissue. Furthermore,
CT showed fibrofatty on the level of hepatic flexura adjacent
to bulbus in the liver (Figure 1).
After 10-d decompression of stomach and intravenous

B

Figure 1 A: CT demonstrates fibrofatty in the liver next to liver; B: Endoscopic
biopsy material shows deep ulceration of mucosa of duodenum and attaching
liver tissue (hematoxylin-eosin ×200).
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Number

Nonstandard

Standard

Notice

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

4 days
4 days
day
Four d
2 hours
2 hs
hr, hrs,
10 seconds
10 year
Ten yr
0,1,2 years
0,1,2 year
4 weeks
Four wk
2 months
Two mo
10 minutes
Ten min
50% (V/V)
50% (m/V)
1M
10 M
1N HCl
1N H2SO4
4rd edition
15 year experience
18.5 kDa
25 g.kg-1/d-1
6900
1000 rpm
sec
1 pg·L-1
10 kilograms
13 000 rpm
1000 g
Gene bank
Ten L
Ten mL
umol
30 sec
1 g/dl
OD260
One g/L
A260 nm
b
P<0.05

4d
four days
d
Four days
2h
2h
h
10 s
10 years
Ten years
0,1,2 yr
0,1,2 yr
4 wk
Four weeks
2 mo
Two months
10 min
Ten minutes
500 mL/L
500 g/L
1 mol/L
10 mol/L
1 mol/L HCl
0.5 mol/L H2SO4
4th edition
15- year experience
18.5 ku,18 500u or Mr18 500
25 g/(kg·d) or 25 g/kg per day
6 900
1 000 r/min
s
1 pg/L
10 kg
13 000 g
1 000 r/min
GenBank
Ten liters
Ten milliliters
mol
30 s
10 g/L
A260
One microgram per liter
A260 nm
a
P<0.05

In figures, tables and numerical narration
In text narration
After Arabic numerals
At the beginning of a sentence
After Arabic numerals
After Arabic numerals
After Arabic numerals
After Arabic numerals
In text narration
At the beginning of a sentence
In figures and tables
In figures and tables

45

*F=9.87, §F=25.9,
#
F=67.4
KM
CM
MM
Kg, KG
Gm, gr
nt
l
db
rpm
bq
amp
coul
HZ
w
KPa
p
ev
Jonle
J/mmol
10×10×10cm3
N·km
x±s
Mean±SEM
im
iv
Wang et al
EcoRI
Ecoli
Hp
Iga
igA
-70 kDa

1

46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

F=9.87,2F=25.9,
F=67.4
km
cm
mm
kg
g
N
L
dB
r/min
Bq
A
C
Hz
W
kPa
Pa
EV
J
kJ/mol
10 cm×10 cm×10 cm
KN·m
mean±SD
mean±SE
im
iv
Wang et al.
EcoRI
E.coli
H pylori
Iga
IgA
~70 ku

At the beginning of a sentence
In figures and tables
At the beginning of a sentence
At the beginning of a sentence

After Arabic numerals
High speed; g should be in italic and suitable conversion.
Low speed. g cannot be used.
International classified genetic materials collection bank
At the beginning of a sentence
At the beginning of a sentence
10-fold conversion
“OD” has been abandoned.
At the beginning of a sentence
A should be in italic.
In Table, no note is needed if there is no significance in statistics: aP<0.05, bP<0.01
(no note if P>0.05). If there is a second set of P value in the same table, cP<0.05 and
d
P<0.01 are used for a third set: eP<0.05, fP<0.01.
Notices in or under a table

3

kilometer
centimeter
millimeter
kilogram
gram
newton
liter
decibel
rotation per minute
becquerel, a unit symbol
ampere
coulomb
watt
kilo-pascal
pascal
volt (electronic unit)
joule
kilojoule per mole
moment
In figures, tables or text narration
In figures, tables or text narration
intramuscular injection
intravenous injection
Eco in italic and RI in positive. Restriction endonuclease has its prescript form of writing.
Bacteria and other biologic terms have their specific expression.
writing form of genes
writing form of proteins
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Abstract
AIM: To investigate the effect of adeno-associated virusmediated gene transfer of human endostatin on the growth
of hepatocellular carcinoma (HCC).
METHODS: HCC cell line Hep3B was infected with recombinant
adeno-associated virus containing human endostatin gene
(rAAV2-hEndo). The results of transfection were detected
by RT-PCR and SDS-PAGE assay. MTT assay was used to
observe the effects of supernatant of transfected cells on
ECV304 cell proliferation. An animal model of HCC was
established by injecting Hep3B cells subcutaneously into
the back of nude mice. Intratumoral injection of rAAV2hEndo, empty virus and phosphate-buffered saline were
given sequentially. Serum endostatin was determined by
ELISA, the inhibitory effect of endostatin on the growth of
xenograft was assessed in 3 wk.
RESULTS: The results of RT-PCR and SDS-PAGE assay
confirmed that rAAV2-hEndo successfully transfected
Hep3B cells, and endostatin was secreted from Hep3B
cells to medium. The supernatant of transfected cells
markedly inhibited the proliferation of ECV304 cells
(P<0.01). Intratumoral injection of rAAV2-hEndo (2×1010
v.g.) led to a sustained serum endostatin level of
approximately (86.71±5.19) ng/mL. The tumor volume
and microvessel density were less in rAAV2-hEndo group
than in control groups (P<0.01).
CONCLUSION: Human endostatin can be stably expressed
by adeno-associated virus-mediated gene transfer and
effectively inhibit the growth of HCC.

Hepatocellular carcinoma
Liu H, Peng CH, Liu YB, Wu YL, Zhao ZM, Wang Y, Han BS.
Inhibitory effect of adeno-associated virus-mediated gene
transfer of human endostatin on hepatocellular carcinoma.
World J Gastroenterol 2005; 11(22): 3331-3334
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INTRODUCTION
Endostatin, a Mr 22 000 protein, was originally isolated from
the supernatant of a cultured murine hemangioendothelioma
cell line and represents a COOH-terminal fragment of
collagen XVIII 1-chain[1] . It is a potent angiogenesis
inhibitor that specifically inhibits the proliferation and
migration of endothelial cells but has no effect on tumor
cells or nonendothelial cell types [1-5]. Animal studies
demonstrated that recombinant endostatin strongly inhibits
the growth of a variety of murine and xenotransplanted
human tumors[6-9]. The expression of endostatin is also
associated with progression and prognosis of human
hepatocellular carcinoma (HCC)[10-12]. In addition, elevated
serum endostatin can inhibit tumor liver metastases by
preferential targeting of hepatic sinusoidal endothelium[13,14].
In the present study, the recombinant adeno-associated virus
vector containing human endostatin gene (rAAV2-hEndo)
was constructed and used to transfect liver cancer cells.
The data revealed that transfected cells could stably express
active endostatin. Furthermore, our in vivo experiments
showed that intratumoral injection of rAAV-hEndo could
inhibit angiogenesis and growth of HCC.
MATERIALS AND METHODS
Reagents and cell lines
Recombinant adeno-associated virus (rAAV) was
constructed in the Institute of Virology, Chinese Academy
of Preventive Medicine. Human HCC cell line Hep3B
was purchased from Shanghai Cancer Institute. Human
umbilical vein endothelial cell line ECV304 was purchased
from Institute of Biochemistry and Cell Biology, Chinese
Academy of Sciences. The cells were incubated in DMEM
(Gibco BRL) at 37 ℃ in a humidified 50 mL/L CO 2
atmosphere. All media were supplemented with 10% fetal
calf serum, 100 U/mL penicillin, 100 g/mL streptomycin,
and 2 mmol/L L-glutamine.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Transfection in vitro
Hep3B cells were plated on 24-well plates at a density of
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5×104 cells/well and incubated for 24 h. One of the wells
was chosen to count cells. The cells were washed twice with
PBS and incubated in 200 L of serum-free medium with
rAAV2-hEndo (1×10 5 v.g./cell) or AAV2 for 1 h. The
medium was replaced by DMEM supplemented with 10%
fetal calf serum, and cells were incubated for 72 h.

and tumor volume was calculated as width2×length×/6.
The experiments were terminated in 3 wk. The serum
samples of mice were collected by centrifugation at 10 000 g,
and ELISA was performed to determine the serum level
of endostatin according to the instructions of human
endostatin EIA kit.

RT-PCR analysis
Total RNA was extracted from 107 transfected-Hep3B cells
using the TRIzol reagent (Gibco BRL), and cDNA synthesis
was performed using the reverse transcription system (Gibco
BRL) according to the manufacturer’s instructions. One
microliter of cDNA was used as template and PCR
amplification was carried out in a 50 L reaction system .
The primers were as follows: endostatin: 5’-AGT CGA ATT
CAT GCA CAG CCA CCG CGA CTT CC-3’, 5’-CTG
TCG TCG ACC TA CTT GGA GGC AGT CAT G-3’
(product size, 552 bp); -actin: 5’-TCA CCC ACA CTG
TGC CCA TCT ACG A-3’, 5’-CAG CGG AAC CGC TCA
TTG CCA ATG G-3’ (product size, 295 bp). The following
PCR cycling parameters were employed: at 95 ℃ for 5 min,
followed by 35 cycles at 95 ℃ for 45 s, at 56 ℃ for 1 min,
and at 72 ℃ for 1 min, then at 72 ℃ for 7 min. The PCR
products were resolved on a 1.5% agarose gel.

Detection of microvessel density
Tumor specimens were taken from the mice, embedded in
paraffin and stained with hematoxylin-eosin. Fivemicrometer-thick sections were mounted on silanized slides,
which were processed according to the standard methods
with ABC kit. The primary antibody used was polyclonal
antibody of factor XVIII-related antigen (Dako, Glostrup,
Denmark) at the dilution of 1:100. Diaminobenzine was
used for color development. Negative controls were
generated by substituting the primary antibody with distilled
water. Neovascular hot spots were searched on duplicate
slide set for each sample, which were frequently localized
at or near the margin of tumors. Sections were scanned at
low power (×40). Five areas with the greatest density of
distinct positive microvessels were selected and a ×200 field
in each was counted by two independent observers under
an Olympus BX60 microscope. The mean value of the
five fields was considered as the microvessel density (MVD)
of each sample. Data were expressed as the number of
microvessels per high power field.

SDS-PAGE analysis
AAV2 and rAAV2-hEndo-transfected Hep3B cells, and
untransfected Hep3B cells were incubated in 24-well plates
for 72 h respectively. The supernatant was collected, and
20 L of 50-fold concentrated supernatant was used as
SDS-PAGE samples. SDS-PAGE was performed according
to a standard procedure under reducing conditions. Samples
were loaded on 15% SDS-PAGE gel and run until the
prestain molecular weight standard (Amersham Biosciences)
revealed a good resolution, followed by staining with
Coomassie Blue and destaining with methanol and acetic
acid.
Endothelial cell proliferation assay
ECV304 cells (1×10 4 per well) were incubated in 96-well
plates for 24 h. The cells were washed with PBS and the
medium was replaced by 20 L of 10-fold concentrated
supernatant of transfected cells. Serum-free medium served
as control. After 20 min, 80 L DMEM supplemented
with 10% fetal calf serum was added and cells were
incubated for 24, 48, or 72 h, respectively. The viability of
cells was determined by colorimetric MTT assay. Absorbance
at 570 nm was read using a Model-550 ELISA plate reader
(Bio-Rad).
Treatment of transplanted tumor
Hep3B cells were harvested and rinsed with serum-free
medium. A total of 2×106 cells were inoculated subcutaneously
into the back of 6-wk-old BALB/c nude mice. When the
diameter of tumor reached about 0.5 cm, the mice were
divided into three groups (8 mice/group). Two groups
of mice were injected 100 L rAAV2-hEndo or AAV2
(2×1011 v.g./mL). The control groups received PBS injection.
Tumor size was monitored by measuring the longest
and shortest dimensions thrice a week with a dial caliper,

RESULTS
Expression of endostatin in transfected cells
To evaluate the transcriptional expression of endostatin in
rAAV2-hEndo transfected cells, RT-PCR was carried out
and PCR products were analyzed under ultraviolet light after
1.5% agarose gel electrophoresis. A 552-bp fragment was
visualized in PCR products amplified from transfected cells,
but not from controls (Figure 1), indicating that endostatin
gene was successfully transferred into Hep3B cells. On a
reducing 15% SDS-PAGE gel, a distinct band of Mr 22 000,
corresponding to endostatin, was seen in the supernatant
of rAAV2-hEndo transfected cells only (Figure 2), confirming
that endostatin could be stably expressed and secreted in
Hep3B cells.

M

750
500
250

1

2

Endostatin
-actin

Figure 1 RT-PCR analysis of endostatin in transfected cells. M: DL2000 DNA
marker; lane 1: PCR products amplified from rAAV2-hEndo transfected cells;
lane 2: PCR products amplified from AAV2 transfected cells.
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1

2

The results of HE staining showed that necrosis of tissue
increased, the number of blood vessels decreased and the
distribution of tumor cells was asymmetrical in transplanted
tumor treated with rAAV2-hEndo, compared with control
groups (Figure 4).

3

ku
30
22 ku

Table 1 Effects of gene transfer of human endostatin on HCC
xenograft (mean±SD)

20.1

Group

Figure 2 SDS-PAGE of the supernatant of transfected cells. Lane 1: concentrated
supernatant of AAV2 transfected Hep3B cells; lane 2: rAAV2-hEndo transfected
Hep3B cells; lane 3: molecular weight standard (Amersham Biosciences),
myosin (Mr 220 000), phosphorylase (M r 97 000), albumin (Mr 66 000), ovalbumin
(M r 45 000), carbonic anhydrase (M r 30 000), trypsin inhibitor (M r 20 100),
lysozyme (M r 14 300).

Antiangiogenic activities of endostatin
MTT assay was used to investigate the effects of endostatin
on endothelial cell proliferation. ECV304 cells were
incubated in supernatant of transfected cells for 24, 48
and 72 h. The optical densities in endostatin-transfected
group (0.375±0.044, 0.481±0.025, 0.538±0.047) were
lower than those in AAV2-transfected group (0.429±0.051,
0.740±0.031, 0.871±0.057) (P<0.05). However, the optical
density in AAV2-transfected group had no significant
difference from that of DMEM group (Figure 3), suggesting
that endostatin expressed by rAAV2/Endo-transfected
Hep3B cells could markedly inhibit ECV304 cell proliferation.

A570 nm

3333
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DMEM

1.0

AAV2

0.8

rAAV2-hEndo

n

Volume
(cm3)

MVD
(per HP)

Concentration
(µg/L)

rAAV2-hEndo group

8

0.493±0.119b

18.50±4.38 b

86.71±5.19

AAV2 group
Control group

8
8

0.992±0.194
1.073±0.213

44.88±6.22
46.87±6.60

Not determined
Not determined

b

P<0.01 vs AAV2 and control group.

A

B

C

D

Figure 4 Immunohistochemical and HE staining of HCC xenograft. A: AAV2transfected tissue (HE staining, ×200); B: endostatin-transfected tissue (HE
staining, ×200); C: MVD of AAV2-transfected tissue (stained with factor VIIIrelated antigen, ×200); D: MVD of rAAV2-hEndo transfected tissue (stained with
factor VIII-related antigen, ×200).

0.6
0.4

b

d

a
0.2

24
48
72
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Figure 3 Proliferation inhibition of endothelial cells by supernatant from transfected
and untransfected cells. aP<0.05, bP<0.01 and d P<0.01 vs AAV2-transfected group.

Determination of endostatin in vivo
The results of ELISA showed that intratumoral injection
of rAAV2-hEndo (2×10 10 v.g.) led to a sustained serum
endostatin level of approximately (86.71±5.19) ng/mL. But
in empty virus injection group and PBS-injection group, we
did not detect the expression of endostatin, indicating that
the endostatin could be efficiently expressed in vivo by adenoassociated virus-mediated gene transfer.
Effects of endostatin on HCC growth
After 3 wk, the tumor volume and MVD of rAAV2-hEndo
injection group were significantly less than those in AAV2injection group and PBS-injection group (P<0.01, Table 1).

DISCUSSION
Generally, angiogenesis is essential for tumor growth and
metastasis[15-19]. A variety of approaches demonstrate that
interference with tumor-induced angiogenesis may be an
effective strategy in cancer therapy. However, the most
effective strategies require extended suppression of the
angiogenic process. Gene therapy offers a possible approach
to achieve sustained release of a therapeutically potent
transferred gene product[20]. rAAV is currently considered
as one of the most promising viral vectors for gene therapy,
because of a unique combination of attractive properties[21,22].
Wild-type AAV2 is not associated with any human diseases,
and has a broad range of host cells. rAAV vectors have the
ability to efficiently transduce both mitotic and postmitotic
tissues and the potential of site-specific integration. Previous
studies demonstrated that a single administration of rAAV
results in persistent expression of transgene and long-lasting
phenotypic correction in rat model for more than 6 mo[23].
In addition, Ponnazhagan et al[24] reported that rAAV vectors
accumulate predominantly in liver cells, suggesting that rAAV
may possess hepatotropism.
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Here we have constructed a novel recombinant adenoassociated virus vector with endostatin gene (rAAV2hEndo)[25], which can successfully transfect Hep3B cells.
The data indicate that endostatin expressed by transfected
cells can markedly inhibit the proliferation of endothelial
cells in vitro. In our study, intratumoral injection of rAAV2hEndo (2×10 10 v.g.) led to a sustained serum endostatin
level of approximately (86.71±5.19) ng/mL, the tumor
volume and MVD were significantly lower in endostatintransfected group than in control groups, confirming that
transfection of endostatin gene can effectively inhibit tumor
cell-induced angiogenesis and suppress the growth of human
HCC. Though the antitumor effect of rAAV2-hEndo is
evident in HCC, the transplanted tumor did not resolve
completely. It is possibly because endostatin has no toxicity
to tumor cells and mostly acts on endothelial cells at the
hyperplastic stage [26]. Recent studies have shown that
combination of antiangiogenesis and conventional therapy
improves antitumor effects[27-29] , which may be a novel
strategy for HCC therapy.
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resistance, as well as a useful tool in designing more
effective therapies.

Abstract

INTRODUCTION
The multidrug resistance (MDR), which develops in tumor cells,
is a major obstacle to the success of cancer chemotherapy[1,2].
P-glycoprotein (p-gp) is a transmembrane protein that acts
as an ATP-dependent efflux pump to remove drugs from
cells. It is encoded by the mdr1 gene and has been shown
to increase with the development of MDR [3]. Up to now,
there are at least six members of mdr1, MRP, TopoII,
GSTp1, MGMT and LRP in MDR family[4-8].
MDR models used currently are basically induced ex
vivo and do not necessarily reflect living (in vivo) tumors
accurately[9,10]. In the present study, we aimed to set up a
nude mice mdr1 model of orthotopic transplantation of
liver neoplasm by abdominal chemical therapy at intervals.
Methods including immunohistochemistry, RT-PCR and
flow cytometry have been used in the diagnosis of drug
resistance[11-13]. They have a common characteristic, which
is that a specimen of target cancer tissue is essential. These
methods are not useful in identifying non-resective liver
neoplasms. A method that is convenient, rapid and overcoming
these limitations would be advantageous in clinical assessment.
Sestamibi is a cationic lipophilic agent, widely used for
myocardial perfusion imaging to detect various tumors[14-16].
Recent evidence has shown that sestamibi is a suitable
transport substrate for p-gp and could provide additional
information about the p-gp status of tumor cells[17,18]. So
we detected the level of p-gp protein by Tc-99m sestamibi
on the nude mice models to evaluate the feasibility of this
new way.

AIM: To establish a model of drug-resistant neoplasms
using a nude mice model, orthotopic transplantation of liver
neoplasm and sporadic abdominal chemotherapy.
METHODS: Hepatocellular carcinoma cells HepG2 were
cultured and injected subdermally to form the tumorsupplying mice. The orthotopic drug-resistant tumors were
formed by implanting the tumor bits under the envelope
of the mice liver and induced by abdominal chemotherapy
with Pharmorubicin. Physical examination, ultrasonography,
spiral CT and visual inspection were used to examine tumor
progression. RT-PCR and immunohistochemistry were
used to detect expression of mdr1 mRNA and its encoded
protein p-glycoprotein (p-gp). Tc-99m sestamibi scintigraphy
was performed by obtaining planar abdominal images at
20 min after injection, and the liver/heart ratios were
calculated.
RESULTS: Post-implantation mortality was 0% (0/25),
tumor implantation success was 90% (22/25), and the
rate of implanting successfully for the second time was
100% (3/3). Tumor induction using Pharmorubicin was
80% (16/20). The mdr1 mRNA expression of the induced
group was 23 times higher than that of the control group,
and p-gp protein expression was 13-fold higher compared
to the control group. The liver/heart ratio (as assessed in
vivo, using Tc-99m radiography) was decreased significantly
in the induced group as compared to the control group.
CONCLUSION: We have established an in vivo model of
mdr1 in nude mice by orthotopic transplantation of liver
neoplasm coupled to chemotherapy. We propose that
identification of drug resistance as characterized by
decreased 99mTc-ppm radiography due to enhanced
clearance by p-gp may be useful in detecting in vivo drug

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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MATERIALS AND METHODS
Reagents and drugs
DMEM and TRIzol reagent (Gibco, USA), Pharmorubicin
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(Pharmacia, USA), M-MLV reverse transcriptase and oligo
(dT) 15 primer (Promega, USA), Taq DNA polymerase
(Biostar, USA), 100-bp DNA ladder (SABC, China),
monoclonal antibody JSB-1 (Wuhan Boster Biological
Technology Co., Ltd, China) and HistostainTM-Plus kit
(Beijing Zhongshan Biotechnology Co., Ltd, China) were
obtained. Mdr1 primers and -actin primers were designed
by using GeneFisher1.3 and produced by TaKaRa (Japan).

resolution collimator. The liver/heart ratio was calculated
by ROI (regions of interest) technique.

Establishment of nude mice model
HepG2 cells were injected subcutaneously at the back of
each nude mouse at a concentration of 5×106 cells/0.1 mL
to establish a model of tumor-bearing mice. Then, the
orthotopic mdr1 model was established by implanting tumor
bits under the envelope of the mice liver and inducing with
abdominal chemotherapy using Pharmorubicin.

RESULTS
Establishment of nude mice model
The implantation operation took approximately 12 min to
complete. After 30 min, the mice became conscious and
returned to normal activity by 60 min with a mortality rate
of 0% (0/25). Successful tumor implantation rate was 90%
(22/25), and the success rate of a second time implantation
was 100% (3/3). Tumor induced successful rate was 80%
(16/20).

Inducing tumor
Ten days post-operatively, when the diameter of the tumor
reached to 0.3-0.5 cm, the nude mice were grouped randomly
into an inducing group (n = 20) and a control group (n = 5).
Each mouse was injected with Pharmorubicin (10 µg/g ip,
twice per week, for 6 wk). Mice in the control group were
injected with saline.
Anatomy and pathology
Physical examination, ultrasonography, spiral CT, and visual
inspection were used to examine the progression of the tumor.
Tumor tissues were fixed with 10% neutral formaldehyde,
then paraffin-embedded and sections were made. Following
dissection of the mice, the size, number, form, and metastasis
of the tumor were carefully observed.
RT-PCR analysis of mdr1
Mdr1 primer (174 bp): 5’-CAT TGG TGT GGT GAG TCA
GG-3’ and 5’-CTC TCT CTC CAA CCA GGG TG-3’; actin primer (247 bp): 5’-CCC AGA GCA AGA GAG GCA
TC-3’ and 5’-AGC ACA GCC TGG ATA GCA AC-3’.
Total RNA was isolated using the TRIzol reagent
according to the manufacturer’s instructions and reverse
transcribed. cDNA was amplified in a 50 L reaction
containing 10× buffer (5.0 L), cDNA (2.0 g), primers
(each 1.0 L), 25 mmol/L MgCl2 (3.0 L), 10 mmol/L
dNTPs (1.0 L), and Taq polymerase (2.5 U). Each of total
30 PCR amplification cycles consisted of denaturation at
94 ℃ for 1 min, primer annealing at 57 ℃ for 45 s, extension
at 72 ℃ for 45 s, for a total of 30 cycles. The PCR products
were separated by electrophoresis on 2% agarose gels.
Determination of p-gp protein expression level
Tumor tissues were fixed with 10% neutral formaldehyde,
then paraffin embedded and sections were made. The
sections were stained with the monoclonal antibody JSB-1
followed by Streptavidin-Peroxidase kit (SP kit).
Tc-99m sestamibi SPECT
After administration of 7 MBq Tc-99m sestamibi (prepared
according to the manufacturer’s instructions), images were
obtained at 20-min intervals. Planar abdominal images were
acquired on 256×256 matrices using a low-energy high-

Image and statistical analysis
Image analysis was performed by using ImageTool 2.0 and
statistical analysis by SAS 8.01. The Student’s t test was
performed to evaluate the significant differences between
groups. Significance was determined at P<0.01.

Anatomy and pathology
The tumors were multilobular, hard, limited in one lobe of
liver with an intact envelope. The tumors were clearly
delimited from adjacent liver tissue but also appeared with
abdominal metastasis (Figures 1A and B). Tumors of a
diameter of approximately 0.5 cm could be detected by ultrasound
and CT examination. The tumor manifests as a low-density
echo by ultrasound and color Doppler flow imaging shows
a developed artery spectrum. CT identified the tumors as a
low-density lesion after reinforcement (Figures 1C and D).
The pathological section showed that the tumor cells were
heterogeneous in size and manifest karyomegaly. The
nucleus was deeply dyed and appeared heterogeneous.
Expression of mdr1
RT-PCR assay demonstrated that the mdr1 mRNA expression
was significantly stronger in the induced group than in the
control group. The relative density of each band was scanned
and expressed relative to -actin. Expression of mdr1 in
the induced group was 23-fold higher than that in the control
group (56.11±5.82% induced vs 2.44±0.18% control group,
t = 20.4, P<0.01) (Figure 2).

A

B

C

D

Figure 1 The specimen and images by Doppler and CT. A: Specimen of tumor
model after 15 d of implantation; B: specimen of tumor model after 25 d of
implantation; C: color Doppler image of tumor model after 25 d of implantation; D:
contrast-enhanced abdominal CT image of tumor model after 20 d of implantation.
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Figure 2 Mdr1 mRNA expression. lane A: Control group; lane B: induced
group; lane C: 100-bp marker.

Immuohistochemistry
Immuohistochemical staining indicated that there was a
significant expression of p-gp in the inducing group, with
thick and buffy particles in the cell membrane and cytoplasm
compared to the control group. The positive cells exhibited a
nest distribution. P-gp protein expression in the induced group
is 13-fold higher than that of the control group (t = 24.9,
P<0.01, Figure 3).

Figure 3 Expression of p-gp by using immunohistochemistry (SABC ×200).

Tc-99m sestamibi SPECT
The MIBI SPECT of the induced group showed a radioactivity
deficiency in the tumor which contrasted with a radiographic
dense area in the control group. The liver/heart ratio was
significantly decreased in the induced group as compared
to the control group. The average liver/heart ratio was
0.68±0.10 in the induced group and 1.86±0.32 in the control
group (P<0.01, Figures 4A and B).

DISCUSSION
MDR of tumor cells is a major obstacle to the success of
cancer chemotherapy[1,2]. A recent focus has been the recognition
of the phenomenon of increased expression of p-gp protein
encoded by the mdr1 gene, which is increased in liver
neoplasms[19,20]. P-gp is a 170-ku membrane glycoprotein,
which acts as an energy-dependent efflux pump exporting
a variety of structurally and functionally unrelated compounds,
including cytotoxic drugs, calcium channel blockers,
calmodulin inhibitors, and peptides[21,22]. The importance of
p-gp as a mechanism of drug resistance in cancer cells has
been well characterized. However, many other associated
genes have also been identified, such as MRP, TopoII,
GSTp1, MGMT, LRP among others. The mechanisms of
MDR induced by these other proteins is reportedly different

Figure 4 SPECT images of the nude mice model. A: SPECT of control group showing
dense radioactivity; B: SPECT of control group showing deficiency radioactivity.

from p-gp[4-8]. It has been reported previously that p-gp is
increased significantly in liver neoplasms[23-25].
Methods including immunohistochemistry, molecular
biology (RT-PCR) and flow cytometry have been used in
the diagnosis of drug resistance[11-13]. They have a common
characteristic, which is that a specimen of target cancer
tissue is essential. These methods are not useful in identifying
non-resective liver neoplasms. A method that is convenient,
rapid and overcoming these limitations would be advantageous
in clinical assessment.
Previously, we used SMMC7721 MDR cells to assess
drug resistance. The limitations were the length of time
required for testing, and the trial-and-error methodology,
which is problematic. Most of all, the cells are induced ex
vivo, which is clearly different from the situation in clinical
cancers. Establishment of a nude mice model of orthotopic
liver neoplasm using abdominal chemotherapy would ideally
represent the in vivo development of MDR of liver cancers.
In the present study, we demonstrated that such a model is
possible, with an inducing successful rate of 80% (16/20).
The mdr1 mRNA expression of the induced group was 23
times that of the control group and p-gp protein expression
was 13-fold the control group.
Tc-99m sestamibi is a cationic lipophilic agent developed
for myocardial perfusion imaging. It is also used for diagnostic
imaging of various tumors. Tc-99m sestamibi has been
shown to be a substrate for p-gp, and accumulation of Tc99m sestamibi in MDR cells is decreased or null. The
washout rate of Tc-99m in tumor cells is determined by
the quality of sestamibi in cells[26]. It has been reported that
the MIBI SPECT in breast tumors could be useful in evaluating
the level of p-gp expression [27-31]. Our present study
demonstrates that, in the nude mice model of orthotopic liver
neoplasm, the density of the sestamibi image in the tumors
of the induced group is sparse (liver/heart: 0.68±0.10),
while the sestamibi density in tumors of the control group
was much higher (liver/heart: 1.86±0.32). This observation
indicates the potential use of Tc-99m sestamibi as a p-gp
probe for in vivo determination of p-gp transport function.
In conclusion, we have successfully established the nude
mice mdr1 model of orthotopic liver neoplasm, and
demonstrated the usefulness of SPECT by Tc-99m sestamibi
for diagnosis of expression of p-gp. This model is representative
of the clinical situations and could be of potential importance
in the researches about the diagnosis and reversal of MDR.
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CIK from HCC patients has strong cytotoxicity to MDR HCC
cell. CIK adoptive immunotherapy is safe and has no side
effects. Receivers improved their immunity to tumor
evidently. CIK treatment may be a better choice for HCC
patients after operation to prevent the recurrence,
especially when tumors have developed drug resistance.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Abstract
AIM: To investigate the cytotoxicity of the cytokine-induced
killer (CIK) cells from the post-operation patients with
primary hepatocellular carcinoma (HCC) to multidrugresistant (MDR) cell of HCC both in vitro and in vivo.
METHODS: A drug-resistant cell line was established by
culturing human HCC cell line Bel-7402 in complete RPMI
1640 medium with increasing concentrations of adriamycin
from 10 to 2 000 nmol/L. CIK cells were obtained by inducing
the peripheral blood mononuclear cells with rhIFN-,
monoclonal anti-CD3 antibody, rhIL-1 as well as rhIL-2,
which were added into the culture. To detect the cytotoxicity
of the CIK cells from HCC patients, the Bel-7402/R was
taken as target (T) cells and CIK cells as effect (E) cells.
Cytotoxic test was performed and measured by MTT. As
to in vivo test, CIK cells were transfused into patients
with HCC. The tumor specimens of the patients were
obtained and immunohistochemistry was carried out to
detect CD3, CD45, CD45RO as well as CD68.
RESULTS: A MDR 1 HCC cell line Bel-7402/R was established.
Its MDR1 mRNA overexpressed which was shown by RTPCR; the P-glycoprotein expression increased from 1.32%
of parent cells to 54%. CIK cells expanded vigorously by
more than 70-fold and the CD3+CD56+ increased by more
than 600-fold after 3-wk incubation on average. The
cytotoxicity of CIK from HCC patients to Bel-7402/R was
about 50% and to L-02 below 10% (t = 8.87, P<0.01),
the same as that of CIK from normal individuals. Each
of the 17 patients receiv ed 1 -5×10 10 of CIK cell
transfusion. No side effects were observed. After CIK
treatment, the tumor tissue nodules formed and a large
amount of lymphocytes infiltrated in the liver cancer tissue
and CD3, CD45, CD45RO, and CD68 increased greatly which
was shown by immunohistochemistry.
CONCLUSION: A stable MDR1 HCC cell line has been
established which could recover from liquid nitrogen and

Zhang YS, Yuan FJ, Jia GF, Zhang JF, Hu LY, Huang L, Wang
J, Dai ZQ. CIK cells from patients with HCC possess strong
cytotoxicity to multidrug-resistant cell line Bel-7402/R. World
J Gastroenterol 2005; 11(22): 3339-3345
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
common malignant tumors with a high mortality especially
in China because of wide prevalence of HBV infection.
Surgical operation is still the most effective and widely
performed treatment, but the high frequency of recurrence
after operation dramatically decrease the cure rate of HCC.
To prevent recurrence of HCC, many measures have been
taken such as regular chemotherapy after operation, intrahepatic
arterial infusion of anticancer agents, transcatheter arterial
embolization and recently, biotherapy[1-3] such as DC[4] cells
and cytokine-induced killer (CIK) cells[5]. However, many
patients’ prognosis is poor and the 5-year survival rate
usually is below 15-30%. Besides other reasons, drug
resistance of the tumors induced in the chemotherapy plays
an important role, which in turn protects the tumors against
the chemical agents[6]. Among the many known biological
mechanisms of drug resistance, multidrug resistance
(MDR) is of particular interest[7,8]. MDR is associated with
amplification or overexpression of the MDR1 gene and
the expression of a transmembrane glycoprotein of 170 ku
termed P-glycoprotein (Pgp). As a drug pump, it excludes
the chemical drugs out of tumor cells and causes treatment
failure.
CIK cells are generated according to a novel protocol[9]
and several authors [10-13] have demonstrated that CIK
possesses versatile anti-tumor advantages including easier
generation from T cells, stronger cytotoxicity to tumor as
well as more enhanced in vivo proliferation potency while
compared with other adoptive immunotherapies. Shi et al,
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and Wang et al, demonstrated that CIK treatment for HCC
is effective and also safe. Now we show in this paper that
multi-drug resistant HCC cell line Bel-7402/R, established
by us, is also sensitive to CIK from HCC patients and positive
pathological and immunohistochemical results were
observed in one case whose tumor sample was verified as
positive MDR1 expression by RT-PCR.

MATERIALS AND METHODS
Patients and controls
Seventeen HCC patients post-operation were enrolled in
the study, including 16 cases of male and 1 female, aged
36-58 years with an average of 48.8 years. A written
informed consent was obtained before CIK treatment which
was certified by the Health Bureau of Hubei Province,
China. Six of the patients were chosen randomly to take
part in the in vitro test and six normal people from hospital
staff were selected as normal controls.
Cell lines and culture conditions
All cell lines were grown[14] in complete medium (CM)
namely RPMI 1640 (Gibco) with 100 mL/L calf serum,
25 mmol/L hepes, 2 mmol/L L-glutamine, 100 U/mL
penicillin, 100 mg/mL streptomycin, and 50 mol/L
2-mercaptoethanol (2-ME, all from Sigma). Some other
agents were added according to research needs. Human
HCC cell line Bel-7402 was a generous present from
Professor Guanxin Shen, Department of Immunology,
Tongji Medical School, Huazhong Science and Technology
University. HCC cell line SMMC-7721 and embryo liver
cell line L-02 were provided by the China Center for Type
Culture Collection. Drug-resistance cell lines Bel-7402/R
as well as SMMC-7721/R were induced by serially increasing
adriamycin (ADM, Sigma) from 10 to 2 000 nmol/L in the
culture.
CIK induction
CIK cells were prepared as described according to SchmidtWolf [9] . Briefly, for in vivo treatment peripheral blood
mononuclear cells (PBMCs) were collected by CS-3000
Plus blood cell separator (Baxter, USA) or for in vitro test
prepared by ficoll separation from post-operation patients
with HCC (HCC group) or from volunteers as control
group (normal group). The cells were grown in CM and
1 000 U/mL rhIFN- was added on d 0, after 24 h of
incubation, 50 g/L mouse monoclonal antibody (mAb)
against CD3, 100 U/mL rhIL-1(all from R&D Systems)
and 1 000 U/mL rhIL-2 (Sunshine Pharma. Co., Ltd,
China) were added. Cell density was about 1×106/mL
and fresh CM with IL-2 was replaced every 3 d. Cell
phenotypes were identified by FCM on d 0, 7, 14, 25.
Cytotoxicities to target were determined after d 14. Cells
were transfused back to patients between d 14 and 21 based
on the cell number.
RT-PCR
Primers for MDR1 RT-PCR were designed based on the
sequence in GenBank (NM000927), forward primer 5’CAGGAGATAGGCTGGTTTGATG T-3’ and backward
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primer 5’-TTAGCTTCCAACCACG TGTAAATC-3’. PCR
was performed according to molecular cloning protocol,
briefly as follows: after the collection of cultured cells or
mincing of HCC tissue into small pieces, RNA was extracted
by TRIzol reagent. Extracted RNA was solved in diethyl
pyrocarbonate-treated water (DEPC water). RT-PCR was
performed in 50 L of mixture containing: 1 L of extracted
RNA, 1 L of 10 moL of both forward and backward
primers (synthesized by Sangon, Shanghai, China), 5 L of
10× buffer (100 mmol/L of Tris-HCl, pH 8.0, 500 nmol/L
of KCl, 0.1% gelatin, 1% Triton X-100), 1 L of 10 mmol/L
dNTP, 4 L of 25 mmol/L MgCl2, 2.5 U of ribonuclease
inhibitor, 200 U of M-MLV RT enzyme, 2 U of Taq
polymerase, and DEPC water was added to the final
volume of 50 L. The reaction mixture was kept at 42 ℃
for 30 min to synthesize first cDNA, and at 94 ℃×3 min
to denature DNA followed by 35 cycles of amplification
consisting of 30 s of denaturing DNA at 94 ℃, 30 s of
annealing DNA at 58 ℃ and 30 s of extending DNA at
72 ℃. -actin served as control.
Flow cytometry analysis
All samples were pretreated before analyzed by FCM
analyzer (Coulter: EPICX XL). For cell phenotype
identification, cells were incubated for 30 min with mAb
against CD3, CD4, CD56, coupled to FITC or PE. For the
detection of Pgp, cells were fixed with 4% paraformaldehyde
for 10 min, incubated with mouse anti-human p-170 for
30 min at room temperature, and stained with goat antimouse
IgG coupled to FITC. For Pgp function determination[15],
cells were incubated with Rhodamine 123 (Sigma) for 1 h
before being trypsinized and washed.
Drug-resistance test
One hundred microliters of each parent or drug-resistant
cells were distributed in 96-well culture microplates at
1×10 6/mL density in every well. ADM was added after a
serial dilution from 40 moL to 36.25 nmoL. A triplicate
of same samples was placed to control variation. Cells were
incubated at 37 ℃ with 50 mL/L CO2 for 48 h prior to the
addition of 10 L of MTT [18,20] (5 g/L, Sigma). After
another 4 h of incubation, the plate was centrifuged at
3 000 r/min for 5 min, medium was discarded, 150 L of
DMSO was added to each well. Optical absorbance value
was read at 570 nm by a microreader (BioRad 550, USA). Cell
survival ratio (CSR) was calculated according to the formula:
CSR = A570 experiment/A570 control×100%. The 50% inhibition
concentration (IC50) was determined by concentration-CSR
curve.
Cytotoxicity test
One hundred microliters of target cells were seeded in a
microplate at a 1×10 5/mL density and 0.1 mL of effect
cells at a 1×106/mL density were mixed into each well (to
reduce the influence of effect cell number, we deliberately
made the E:T = 10:1). After 4 h of incubation, 10 L of
MTT was added. And following treatments were the same
as in drug -resistant test. Cytotoxicity rate (CR) was calculated
by the following formula: CR = {1- (A570 experiment-A570 E control)/
A570 T control} ×100%.
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Some “normal” cell islands appeared.

Immunohistochemistry
Specimens were HE stained and observed under a microscope.
Cell markers were demonstrated by immunohistochemistry
according to S-P protocol on slides with mAb against CD3,
CD45, CD45RO, CD68 (Neomarker) as first antibody, goat
anti-mouse antibody as second antibody.

between the two. When MTT test was done to the parent
cell and both drug-resistant cells, they showed different IC50
with ADM. IC50 of the parent Bel-7402 was 42 nmol/L, and
of the induced cells, 2 000 and 8 000 nmol/L respectively
(Figure 2). RT-PCR showed MDR1 overexpressed in
induced cells and the parent cells generally gave negative
results. Intracellular concentration of Rhodamine 123 was
also determined by FCM (Figure 3), since Rhodamine 123
produces fluorescence itself and would be pumped out of
cells if the Pgp existed. Bel-7402/R cells kept only 25.1%,
28.4% of Rhodamine 123 intracellularly each and the parent
Bel-7402, 77.7%. Stained with anti-P-170 mAb (Figure 4),
and determined by FCM, we found that only 1.32% of
parent cells expressed P-170 and Bel-7402/R increased to
47%, 54% respectively.
Different from other reports, although it showed similar
characters to Bel-7402/R in drug-resistance, the SMMC7721/R only endured a smaller range of drug concentration
(below 100 nmol/L of ADM) and it was difficult to recover
from liquid nitrogen keeping.

Statistical analysis
Analysis was performed by using Student’s t test, the data
were expressed as mean±SD and P<0.05 was considered
statistically significant.

RESULTS
Generation of CIK from PBMCs
The proliferation and phenotype of the PBMCs after CIK
induction varied according to individual HCC patients. The
cell number increase was more than 70-fold on average
(n = 17) after 25-d incubation. CD3+CD56+ cells increased
greatly by about 60-fold to more than 1 400-fold with an
average of more than 600-fold (Table 1).
Induction of drug-resistant HCC cells
Bel-7402 HCC cell line under went drug-resistant induction
test beginning with 10 nmol/L of ADM in the medium
increased gradually to 200 or 2 000 nmol/L. Cells showed
a series of changes (Figure 1) such as enlarged, polynuclear,
discontinuous in plasma membrane (Figure 1B). Most of
them died then some “normal” cell islands (Figure 1C) appeared,
the same as the parent cell (Figure 1A). We designated the
induced cells which survived in 200 nmol/L of ADM as
Bel-7402/R-200, and those survived in 2 000 nmol/L of
ADM, as Bel-7402/R-2000. After both grew in 2 mmol/L of
ADM for 1 h, most of the former died and most of the
latter still survived, indicating there might be some difference

Survival rate (%)

Figure 1 Morphological change of Bel-7402 during induction of drug-resistance.
A: Parent cells; B: morphology change during culture; C: most of the cells died.

A: Bel-7402/R2000
B: Bel-7402/R200
C: Bel-7402/S
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Figure 2 Survival-ADM concentration curves of three cells. A: Bel-7402/R2000; B: Bel-7402/R-200; C: Bel-7402/S.

Table 1 Determination of CD3CD56 of CIK cells (n = 6)
CD3+(%)

CD3+CD56+(%)

D1
Normal
59.5±7.8 a
a

P<0.05 vs others.

D 25
HCC
45.1±12.1a

Normal
93.3±6.5

D1
HCC
89.4±5.1

Normal
3.2±1.6

D 25
HCC
2.4±2.1

Normal
20.6±13.4

HCC
19.1±11.7
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Figure 4 Indirect immunofluorescence on Pgp detected by FCM. A: Bel7402/s;

B: Bel7402/r-200; C: Bel7402/r-2000.

Cytotoxicity of CIK to drug- resistant HCC cells
Shi et al, and Wang et al, have proven the CIK cells from
HCC patients have stronger cytotoxicity to HCC cells and
here we found that CIK both from normal persons and
HCC patients had similar cytotoxicity to drug-resistant HCC
cells (Figure 5) at different E:T ratios, so we chose E:T =
10:1 to avoid bias produced by effect cell number in the
test. The experiment wells contained 104 target cells mixed
with 10 5 effect cells. Effect control (E control) included
105 effect cells only and target control (T control), 104 target
cells only. Cytotoxicity of CIK from HCC patients to Bel7402/S was 33-68% with an average of 50.7%. While to
Bel-7402/R it was 37-64% with an average of 52.3%
(P>0.05), the same as normal group. Cytotoxicity CIK from
HCC patients to L-02, an embryo liver cell line, was under
10%, indicating no side effect to normal liver cells (Tables
2 and 3).

Table 3 Average of cytotoxicity and significance of difference (n = 6)
7 402/R

HCC

50.7

52.3

Normal

57.1

54.7

(%)
90
80
70
60
50
40
30
20
10
0

CIK HCC
CIK Normal

5:1

10:1
E:T ratio

20:1

Figure 5 Cytotoxicity of CIK to Bel-7402 at different E:T ratios.

Table 2 Results of cytotoxicity of CIK to target cells
Patient
Number

7 402/s

A value (rate of cytotoxicity)
7402/sb(%)

7402/Rd(%)

L-02bd (%)

E control

1
2

0.802 (33)
0.913 (48)

0.743 (49)
0.895 (47)

1.011 (12)
1.201 (4)

0.485
0.627

3

0.681 (46)

0.599 (57)

0.888 (14)

0.379

4

0.630 (68)

0.602 (60)

0.959 (7)

0.401

5
6

0.711 (58)
0.987 (51)

0.802 (37)
0.903 (64)

1.001 (12)
1.302 (2)

0.479
0.718

T control

0.554

0.508

0.595

t d = 8.70, bP<0.01 t f = 8.87, dP<0.01.

In vivo effect of CIK
Seventeen cases of recurrent HCC patients post-operation
were recruited into our study, most of them with relapsed
bulk tumors and no effective treatment. The results showed
that CIK treatment for HCC was safe, effective, without
side effects(data reported elsewhere). Here we only focus
on one case whose tumor had been demonstrated MDR1
overexpression by RT-PCR and immunohistochemistry assay
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Figure 6 Immunohistochemistry results of the tumor specimen before and after
CIK treatment, demonstrated that a large amount of lymphocytes with CD3,
CD45, CD45RO, CD68 markers infiltrated in tumor after treatment. A:
Immunohistochemistry with anti-CD3 to the specimen before treatment; B: with
anti-CD3 to the specimen after treatment; C: immunohistochemistry with anti-

CD45 to the specimen before treatment; D: with anti-CD45 to the specimen after
treatment; E: immunohistochemistry with anti-CD45RO to the specimen before
treatment ; F: w ith anti-CD 45RO to the specimen after treatment ; G:
immunohistochemistry with anti-CD68 to the specimen before treatment; H: with
anti-CD68 to the specimen after treatment.

before and after operation was carried out. The patient was
a male, 56 years old, relapsed about one year after liver
tumor resection with pneumal metastasis and cancer
embolus in portal vein, and received CIK treatment. After
transfused 1.3×1010 CIK cells, the patient had improvement

of nausea, vomiting and the windy abdomen, as well as his
appetite. His ascites abated too. After another 3 mo a second
operation was performed and the tumor sample underwent
pathological and immunohistochemical assay. Compared
with the specimen before CIK treatment the tumor became
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nodular with a large amount of lymphocytes infiltration
after treatment (Figure 6). CD3, CD45, CD45RO, CD68
positive cells increased vigorously (Table 4 and Figure 6) to
41, 283, 44, 77/HPF each from 0.1, 15, 3, 8/HPF before
CIK treatment indicating the anti-tumor immunity was
enhanced significantly since CD3, CD45 represent T cells,
CD45RO is the marker of T memory subset, while CD68
is the marker of mono/macrophage.

Table 4 Comparison of immune cells in immunohistochemistry

1
2
x-fold

CD45

CD3

CD45RO

CD68

15.4 cells/HPF
283 cells/HPF
18.4

0.15 cells/HPF
41.3 cells/HPF
275

2.9 cells/HPF
44.1 cells/HPF
15.2

8.0 cells/HPF
77.7 cells/HPF
9.7
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It is interesting that while CIK kills the tumor cells
vigorously it has little effect on L-02 cells. Similar results
were reported by Schmidt-Wolf et al [25]. They found that
despite high cytotoxic activity of CIK against lymphoma
cells, they had little toxicity against a subset of normal human
hematopoietic progenitor cells. Some difference between
Bel-7402 and L-02 has been reported recently by Shao
et al[26], that LAPTM4B, a newly found HCC related antigen,
was expressed in Bel-7402 but not in L-02. A polyclonal
antibody against LAPTM4b has been produced. Monoclonal
antibody against it is in process of production. It may be
helpful to solve the problem.
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Abstract
AIM: To clarify differences in antiviral effect of the drug
in patients with different ALT levels, we examined the
changes in HBV markers in patients with high or low ALT
levels with or without lamivudine treatment.
METHODS: Thirty-seven HBeAg-positive patients
were studied. Ten patients with ALT levels higher than
200 IU/L (group 1) and 8 patients with ALT below
200 IU/L (group 2) were treated orally with 100 mg/d
of lamivudine. As untreated control, 9 patients with
ALT above 200 IU/L (group 3) and 10 patients with ALT
below 200 IU/L (group 4) were examined. ALT level,
HBeAg/HBeAb status, and HBV DNA level were examined
monthly for 11.9±0.4 mo.
RESULTS: The ALT level normalized in all 10 patients of
group 1, 7/8 of group 2, 4/9 of group 3, and 1/10 of
group 4 within 6 mo (groups 1 vs 2, P = NS; groups 1 vs
3, P = 0.002; groups 1 vs 4, P<0.0001). HBV DNA fell
below the detection limit in all 10 patients of group 1, 7/8
of group 2, 0/9 of group 3, and 0/10 of group 4 within 6 mo
(groups 1 vs 2, P = NS). HBeAg became seronegative in
7/10 patients of group 1, 1/8 of group 2, 3/9 of group 3,
and 0/10 of group 4 within 12 mo (groups 1 vs 2, P = 0.02;
groups 1 vs 3, P = NS).
CONCLUSION: Our data suggest that HBeAg-positive
patients with higher ALT levels can be considered good
candidates for lamivudine therapy, probably because
lamivudine accelerates the natural seroconversion of
HBeAg, accompanied by HBV DNA loss, in these patients.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatitis B virus (HBV) infection is a worldwide problem
with chronic carriers numbering an estimated 350 million,
and with approximately 1.5 million in Japan[1]. Although the
natural course of chronic HBV infection is variable, carriers
are at risk for developing cirrhosis and hepatocellular
carcinoma, and thus need to be followed up and monitored
so as to be able to make timely decisions regarding intervention
with antiviral therapy[2].
Lamivudine treatment is effective in suppressing HBV
replication and decreasing the level of HBV DNA in patients
with type B hepatitis[3] , thereby improving liver function
tests and leading to histological improvement[4-7]. HBeAg
seroconversion was found in 17% of patients at 1 year of
treatment and in 27% at 2 years[8].
The most troublesome problem of lamivudine treatment
is the emergence of lamivudine-resistant strain during the
treatment[9-13]. The risk of developing lamivudine resistance
increases with the duration of treatment. Reactivation of
hepatitis after the cessation of treatment is another
problem[14-17]. In this context, knowing the effect of lamivudine
on HBV in relation to the clinical status must be of major
importance.
The effect of lamivudine was reported to be better in patients
with ALT levels elevated to more than 5 times the upper
limit of normal (ULN)[18,19]. It is known that such patients
tended to seroconvert during interferon treatment[20,21] .
Therefore, we studied the effect of lamivudine in relation
to the level of ALT, comparing those with and without
lamivudine.
The correlations of ALT, HBeAg, and HBV DNA alongside
the status of precore and core promoter mutation have
not been well demonstrated. We therefore compared the
effect of lamivudine in terms of these parameters in a
controlled trial.
MATERIALS AND METHODS
Patients
Between January 2000 and June 2001, 75 patients with
HBeAg-positive chronic hepatitis B attended Chiba University
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Medical Hospital every 1 to 3 mo. Asymptomatic carriers
were not included. Eighteen of these patients began
treatment with 100 mg/d of oral lamivudine during this
period, while the remaining 57 patients chose not to undergo
this treatment. Among them, 19 patients were selected as
control, and they were not treated with antiviral drug such
as lamivudine or interferon throughout the study. There
were no patients positive for HCV-Ab, anti-human immunodeficiency virus antibody or hepatitis D virus antibody, or
with a history of drinking over 80 g/d of alcohol. This
study was performed in accordance with the Helsinki
Declaration.
Thus, a total of 37 patients were classified into 4 groups
according to lamivudine treatment and ALT level at
enrollment, and they were examined for changes in ALT,
HBV DNA and HBeAg/HBeAb. They consisted of 10
treated patients with ALT more than 200 IU/L (group 1), 8
treated patients with ALT less than 200 IU/L (group 2), 9
untreated patients with ALT more than 200 IU/L (group 3),
and 10 untreated patients with ALT less than 200 IU/L
(group 4) (Table 1). All patients in groups 1 and 2 were
continuing lamivudine medication at the time of final
observation.
Serologic markers
HBeAg and anti-HBe were examined by ELISA (Abbott
Laboratories, Chicago, IL). Anti-HCV was determined
by ELISA (Ortho Diagnostics, Tokyo, Japan). Serum
HBV DNA was quantified by transcription-mediated
amplification (TMA) assay (DNA probe Chugai-HBV,
Chugai Diagnostics, Tokyo)[22]. The detection range of this
assay was from 3.7 to 8.7-log genome equivalents/mL
(LGE/mL).
Detection of precore and core promoter mutations
The G to A mutation at nucleotide (nt) 1 896 in the precore
region (A1896 mutation) and the A to T mutation at nt
1 762 and G to A mutation at nt 1 764 in the core promoter
region (T1762 and A1764 mutations) were determined by
the direct sequence method after PCR amplification,
basically as previously described[23]. The primers for the first
PCR were 5’-TCGCATGGAGACCACCGTGA-3’ (sense,
nt 1 604-1 623) and 5’-ATAGCTTGCCTGAGTGC-3’
(antisense, nt 2 076-2 060), and the primers for the second
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PCR were 5’-CATAAGAGGACTCTTGGACT-3’ (sense, nt
1 653-1 672) and 5’-GGAAAGAAGTCAGAAGGC-3’
(antisense, nt 1 974-1 957).
Determination of HBV genotypes
HBV genotype was determined from patients’ sera using
ELISA (HBV Genotype EIA; Tokushu-Meneki Laboratory,
Tokyo, Japan) based on the method described by Usuda
et al [24]. Cases in which the HBV genotype could not be
determined by this method, we performed PCR of the Sgene region and analyzed the restriction fragment length
polymorphism pattern[25].
Statistical analysis
Proportion of each clinical factor was compared between
the groups using the 2 test and Fisher’s exact probability
test, and the group means were compared using the Student’s
t-test. The rates of HBV DNA loss, HBeAg loss, and ALT
normalization among groups 1 to 4, and those of HBV
DNA breakthrough during lamivudine treatment between
groups 1 and 2 were analyzed by Kaplan-Meier method,
and the difference in incidences was assessed by the logrank test. The association between HBeAg loss during the
follow-up period and clinical factors at baseline including
age, sex, HBV-DNA level, the pattern of core promoter or
precore mutation, and medication of lamivudine was
examined by multivariate Cox regression analysis. P values
less than 0.05 were considered significant.

RESULTS
Characteristics of patients at baseline
The characteristics of the 37 patients at baseline are shown
in Table 1. The mean HBV DNA level was 7.4±1.4 LGE/mL
in group 1, 7.5±0.9 in group 2, 7.2±1.5 in group 3, and
8.2±0.5 in group 4 (Table 1). The mean follow-up period
was 11.9±0.4 mo (10-12 mo). All the patients had genotype
C HBV except one case. Precore mutation was found in 3
patients, one each in groups 1, 2, and 3. Core promoter
mutation was found in 50% of group 1, 71% of group 2,
89% of group 3, and 60% of group 4 patients (Table 1).
Outcome of ALT level in the four groups
The cumulative incidence of ALT normalization is shown

Table 1 Characteristics of patients with positive HBeAg at enrollment
Group 1
(n = 10)

Group 2
(n = 8)

Group 3
(n = 9)

Group 4
(n = 10)

38.8±9.7

40.0±9.1

34.1±12.9

31.2±10.2

10/0

6/2

4/5

7/3

P = 0.01

695±450

89±45

325±195

89±38

P = 0.01

HBV DNA (LGE/mL)

7.4±1.4

7.5±0.9

7.2±1.5

8.2±0.5

P = 0.06

Genotype (A/B/C)

0/0/10

1/0/6

0/0/9

0/0/10

P = NS

Precore (wild/mutant)

9/1

6/1

8/1

10/0

P = NS

Core promoter (wild/mutant)

5/5e

2/5

1/8

4/6

P = 0.14

1/3/1

3/1/2

0/4/1

3/1/0

P = 0.06

Age in years (mean±SD)
Gender (male/female)
ALT (IU/L)

Fibrosis stage (F1/F2/F3)

P = 0.07

Group 1, ALT ≥ 200 and lamivudine-treated; group 2, ALT<200 and lamivudine-treated; group 3, ALT≥200 and lamivudine-untreated; group 4, ALT<200 and
lamivudine-untreated. LGE, logarithm genome equivalent.
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for groups 1 to 4 by Kaplan-Meier method in Figure 1. The
rates were different among the groups, and the differences
between groups 1 and 3, and groups 1 and 4 were statistically
significant (groups 1 and 3, P = 0.002; groups 1 and 4,
P<0.0001). The incidence rates between groups 2 and 4,
and groups 3 and 4 were also statistically different (groups
2 and 4, P = 0.0002; groups 3 and 4, P = 0.031). In patients
given lamivudine, ALT normalized within 6 mo of starting
the treatment in all 10 group 1 patients, 7/8 of group 2 patients,
while in untreated patients, ALT normalized in 4/9 group 3
patients and remained abnormal in all the group 4 patients
except one case within 6 mo.
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Outcome of HBeAg/anti-HBe status in the four groups
The cumulative incidences of HBeAg loss and HBeAg
seroconversion are shown in Figures 3 and 4 respectively.
Groups 1 and 3 patients with higher ALT levels had higher
rates of HBeAg loss and HBeAg seroconversion compared
to groups 2 and 4 patients with lower ALT levels. (Figure 3:
groups 1 and 2, P = 0.020; Figure 4: groups 1 and 2, P = 0.048).
HBeAg became seronegative in 7 of 10 group 1, 1 of 8
group-2, 3 of 9 group-3, and none of 10 group-4 patients
within 12 mo, and became seroconverted in all patients
with HBeAg loss except one patient of group 1.
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Figure 1 Cumulative incidence of ALT normalization of groups 1 to 4 by
Kaplan-Meier method. Group 1 is indicated by thick line, group 2 by dotted line,
group 3 by dashed line, and group 4 by thin line. Groups 1 vs 2, P = NS; groups
1 vs 3, P = 0.002; groups 1 vs 4, P<0.0001; groups 2 vs 3, P = NS; groups 2
vs 4, P = 0.0002; groups 3 vs 4, P = 0.031 (log-rank test).
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Figure 3 Cumulative incidence of HBeAg loss of groups 1 to 4 by Kaplan-Meier
method. Group 1 is indicated by thick line, group 2 by dotted line, group 3 by
dashed line, and group 4 by thin line. Groups 1 vs 2, P = 0.020; groups 1 vs 3,
P = NS; groups 2 vs 3, P = NS (log-rank test).
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Outcome of HBV DNA level in the four groups
The cumulative incidence of HBV DNA loss is shown by
Kaplan-Meier method in Figure 2. Group 1 and 2 patients
with lamivudine treatment had higher rates of HBV DNA
loss compared to untreated group 3 and 4 patients, whose
HBV DNA did not disappear during the follow-up period.
HBV DNA levels declined in all the group 1 and 2 patients,
falling below the detection limit in all 10 group 1 patients
and in 7 of 8 group 2 patients within 6 mo. There was no
statistical difference between groups 1 and 2.
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Figure 4 Cumulative incidence of HBeAg seroconversion of groups 1 to 4 by
Kaplan-Meier method. Group 1 is indicated by thick line, group 2 by dotted line,
group 3 by dashed line, and group 4 by thin line. Groups 1 vs 2, P = 0.048;
groups 1 vs 3, P = NS; groups 2 vs 3, P = NS (log-rank test).

1
2

80
60
40
20
3, 4

0
0

2

4

6

8

10

12

Incidence of breakthrough of HBV DNA
Breakthrough of HBV DNA in spite of continuous
lamivudine medication was found in 1 patient of group 1
and in 3 of group 2 during the follow-up period. The
cumulative rates of breakthrough at 1 year were 23.5% in
the lamivudine-treated patients, 10% in group 1 in contrast
to 42.9% in group 2 (P = NS).

14 (mo)

Figure 2 Cumulative incidence of HBV DNA disappearance of groups 1 to 4
by Kaplan-Meier method. Group 1 is indicated by thick line, group 2 by dotted
line, group 3 by dashed line, and group 4 by thin line. Groups 1 vs 2, P = NS
(log-rank test).

HBeAg loss in relation to precore mutation or core promoter
mutation
HBeAg became negative or seroconverted in 1 of 3 (33%)
patients with precore mutation and in 10 of 33 (30%) without
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precore mutation within 12 mo (P = NS by log-rank test).
This result was not affected by lamivudine treatment: 1 of
2 (50%) patients with precore mutation vs 7 of 15 (47%)
without precore mutation in those with lamivudine treatment
(P = NS by log-rank test), and 0 of 1 (0%) vs 3 of 18 (17%)
in untreated patients (P = NS by 2 test).
HBeAg became negative in 7 of 24 (29%) patients with
core promoter mutation and in 4 of 12 (33%) without core
promoter mutation within 12 mo (P = NS by log-rank test).
HBeAg became negative in 4 of 10 (40%) with core
promoter mutation and in 4 of 7 (57%) without mutation in
those with lamivudine treatment (P = NS by log-rank test),
and in 3 of 14 (21%) with core promoter mutation and in
0 of 5 (0%) without mutation in those untreated (P = NS
by 2 test).
Factors associated with HBeAg loss
Multivariate Cox regression analysis showed that ALT above
200 IU/L was the only predictive factor with a relative risk
of 13.158 associated with HBeAg loss among 7 factors
(Table 2).

Table 2 Multivariate Cox regression analysis of factors associated
with HBeAg loss
Variables

Relative risk

95% CI

P

Age <30 (yr)
≥30 (yr)

1.0
1.995

0.236 – 16.898

0.526

Gender male

1.0
0.294 – 93.594

0.260

1.153 – 142.857
0.479 – 1.178

0.038
0.212

female

5.247

ALT <200 IU/L

1.0

≥200 IU/L
HBV DNA (LGE/mL)

13.158
0.751

Core promoter wild

1.0

mutant

0.944

0.234 – 3.817

0.936

Precore

wild
mutant

1.0
0.749

0.050 – 11.236

0.834

Lamivudine

untreated

1.0

treated

9.826

0.765 – 126.290

0.079

DISCUSSION
Our study has confirmed that the effect of lamivudine on
HBe seroconversion is different in patients with ALT more
than 200 IU/L and in those with less than 200 IU/L.
Although the two groups showed no differences in the rates
of HBV DNA disappearance and ALT normalization, the
response of HBeAg was quite different between the two
groups, with patients with ALT more than 200 IU/L showing
a higher seronegative rate than those with a lower level. A
higher seroconversion rate for HBeAg was obtained in
patients with higher ALT in the treatment with interferon[20,21].
Recently, Chien et al [18] , reported that, in lamivudine
treatment, HBeAg seroconversion rates were also higher in
patients with ALT levels greater than 5 times the ULN
compared with those less than this level (7/11, 64% vs 15/
129, 12%), results compatible with those of the current
study (6/10, 60% vs 1/8, 13%).
The state of HBeAg would be decided by the relative
amounts of HBeAg and HBeAb. The production of
HBeAg is influenced by HBV replication, precore mutation
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and/or basic core promoter mutation of HBV. Using a
duck hepatitis B virus model, we already reported that both
precore wild and mutant viruses reduced their viral DNA
levels during lamivudine treatment[26] . As the presence of
precore or basic core promoter mutant viruses did not affect
the reduction of HBV DNA levels in the sera in the current
study, the anti-HBe antibody production level might be the
key factor for HBeAg loss and seroconversion.
Patients in untreated groups and with ALT more than
200 IU/L also showed higher rates of HBeAg seroconversion
compared to those with ALT less than 200 IU/L in the
present study. Liaw reported previously that patient with
ALT levels less than and greater than 5 times the ULN
have significantly different spontaneou s HBeAg
seroconversion rates[27]. Because hepatic injuries in patients
with chronic hepatitis B are the consequence of cytotoxic
T-cell mediated immune hepatocytolysis, higher ALT levels
reflect stronger immunological attack of the host against
infected HBV. Thus, it seems that patients with high ALT
levels tended to have higher rates of HBeAg seroconversion
without lamivudine treatment, and the seroconversion rate
did not differ between treated (group 1) and untreated
(group 3) patients with high ALT levels (Figure 4). However,
the rates of ALT normalization and HBV DNA disappearance
were quite different between the two groups, with higher
rates of ALT normalization and HBV DNA disappearance
observed in group 1. Therefore, lamivudine treatment plays
a beneficial role in accelerating and maintaining the loss of
HBeAg by inhibiting HBV replication in those patients with
high ALT.
Our analysis revealed that patients with precore mutation
showed no higher rates of HBeAg loss or seroconversion
than those without it. Therefore, precore mutation might
not be associated with HBeAg loss or seroconversion in
lamivudine treatment, although the small number of patients
with precore mutation at baseline, only three, and the total
number of cases analyzed were too few to draw a definite
conclusion. Kuwahara et al[28], reported that eight patients
among 12 who lost HBeAg during lamivudine treatment
still had precore wild strain, and precore mutant strain
reverted to wild in 11 of 17 patients during lamivudine
treatment. Maruyama et al[29], also reported that the emergence
of precore mutant was a separate event from HBeAg
seroconversion.
As for core promoter mutation, Asahina et al[30], reported
it to be an independent predictive factor for HBeAg loss
during lamivudine therapy in 60 patients with genotype
C. However, we could not extract core promoter mutation
as a predictive factor by multivariate regression analysis in
the current study. This result applied not only to the total
patients but also to those treated or untreated with lamivudine,
although clinical features at baseline were slightly different
between lamivudine-treated and untreated groups in the
present study. Further studies will be needed for clarification
on this issue.
The reported reappearance of HBV DNA in sera and
ALT elevation with the emergence of YMDD mutant of
HBV during lamivudine treatment, together with the
reactivation of HBV replication and flare-up of hepatitis
after cessation of the treatment, are important problems
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indeed[9-13]. In the current study, patients with ALT more
than 200 IU/L showed not only a higher rate of HBeAg
seroconversion but also a lower incidence of breakthrough
of HBV DNA compared to those with ALT less than
200 IU/L during lamivudine treatment. This implies that
patients with ALT more than 200 IU/L can be considered
good candidates for the treatment with lamivudine.
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Abstract
AIM: To explore the new target genes transactivated by
hepatitis C virus (HCV) core protein and to elucidate the
pathogenesis of HCV infection.
METHODS: Reverse transcribed cDNA was subjected to
microarray assay. The coding gene transactivated by HCV
core protein was cloned and analyzed with bioinformatics
methods.
RESULTS: The expressive vector of pcDNA3.1(-)-core
was constructed and confirmed by restriction enzyme
digestion and DNA sequencing and approved correct.
mRNA was purified from HepG2 and HepG2 cells transfected
with pcDNA3.1(-)-core, respectively. The cDNA derived
was subjected to microarray assay. A new gene named
HCTP4 was cloned with molecular biological method in
combination with bioinformatics method.
CONCLUSION: HCV core is a potential transactivator.
Microarray is an efficient and convenient method for analysis
of differentially expressed genes.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatitis C virus (HCV) causes chronic liver disease, including

chronic active hepatitis, liver cirrhosis and hepatocellular
carcinoma[1-4]. About 170 million persons are infected with
HCV worldwide and about 3.2% people are positive for
anti-HCV in China. The pathogenesis of HCV infection is
not clear[5,6].
The HCV core gene contains the most conserved
sequence in the coding region of most HCV genotypes,
which implies an important biological function. Since suitable
viral culture systems are usually not available[7-9], analysis
of HCV genome organization and viral-product function is
important to understand the viral life cycle and the
pathogenesis of HCV infection. In order to understand the
pathogenesis of HCV infection, we investigated the
transactivating effect of HCV core protein by microarray
assay. Among 1 152 genes, 95 genes transregulated by
HCV core protein are involved in signal transduction, cell
proliferation, differentiation, apoptosis, immunosuppression.
One new gene, HCTP4 was studied by microarrary assay.

MATERIALS AND METHODS
Construction and identification of expression vectors of HCV
core
Plasmid pBRTM/HCV-1 (provided by Rice CM, USC
Rockfeller University) containing full-length HCV cDNA
(9 401 nt) was used to design polymerase chain reaction
(PCR) primers for core (342-914 nt ) of HCV. PCR product
was cloned into pGEM-T. After its accuracy was verified,
sequences of the genes of HCV core were ligated into
plasmid pcDNA3.1(-)-core containing full-length of HCV
core gene. pcDNA3.1(-) obtained from Invitrogen Co. was
digested by EcoRI and BamHI (Takara). PCR primers were
as follows: sense primer, 5’-GAA TTC AAT GAG CAC
GAA TCC TAA-3’; antisense primer, 5’-GGA TCC AGG
CTG AAG CGG GCA CA-3’ (Shanghai BioAsia
Biotechnology Co., Ltd, China).
Expression of pcDNA3.1(-)-core in HepG2 cells
HepG2 cells were transiently transfected with pcDNA3.1
(-)-core using lipofectamine. At the same time, empty
vectors transfected into cells served as control. HepG2
cells were plated at a density of 1×10 6 in RPMI 1640
containing 100 U/mL of penicillin, 100 µg/mL of
streptomycin, and 100 mL/L heat-inactivated fetal bovine
serum (FBS). Twenty-four hours after the cells growth
reached 40-50% confluence, the cells were transfected
with plasmids by using lipofectamine according to the
manufacturer’s protocol (Gibco Co., USA).
mRNA and cDNA isolation
Total cellular RNA was isolated using TRIzol (Invitrogen
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Co., USA) according to the manufacturer’s instructions.
Then mRNA was reverse transcribed to generate Cy3 and
Cy5 fluorescent-labeled cDNA probes.
Hybridization conditions
Hybridization of the fluorescent probe to the microchip
was performed in 1× UniHyb solution at 37 ℃ for 30 min.
DNA Probe was denatured before hybridization at 95 ℃
for 1 min and chilled on ice. A 2- to 3-µL spot from each
probe was applied to the microarray and covered with a
plastic cover slip (5 mm×5 mm) to prevent drying of the
probe during incubation in the hybridization cassette
(TeleChem International, Inc., USA). After hybridization,
the slides were washed once with 2× SSC+0.2% SDS for
10 min at room temperature, once with 0.1× SSC+0.2%
SDS for 10 min, and once with 0.1× SSC for 10 min and
dried at room temperature.
Scanning and quantitation of microarrays
Fluorescent images of the microarrays were generated
by scanning the slides using a ScanArray 3000 (General
Scanning). The fluorescent signals from each spot were
measured and compared using ImaGene 3.0 software.
Analysis of collected data was performed on the basis of
total fluorescence intensity measured from a fixed circular
area of each oligonucleotide spot. Fluorescent signals with
a statistically significant difference (P<0.01) from the
background level were considered to be positive and the
results were expressed as a ratio.
Cloning and identification of new gene HCTP4
Among 95 different genes, we found a new gene and named
it HCTP4. The HCTP4 gene was amplified by PCR using
HpG2 cell DNA. PCR primers were as follows: sense
primer, 5’-CCA TGG ATG TCA CAA GTT AAA AGC
TC-3’; antisense primer, 5’-GGA TCC TTA GCA GTG
GAA TCG AGT GG-3’ (Shanghai BioAsia Biotechnology
Co., Ltd).
Study of HCTP4 by microarray assay
Briefly, the recombined expression plasmid pcDNA3.1(-)HCTP4 was constructed, and HepG2 cells were transfected.
Total mRNA was isolated from the HepG2 cells transfected
with pcDNA3.1(-) and pcDNA3.1(-)-HCTP4, respectively.
Microarray was conducted for screening of up- and downregulated genes of HepG2 cells. Fluorescent signals with a
statistically significant difference (P<0.01) from the
background level were considered to be positive and the
results were expressed as a ratio.

RESULTS
Identification of expression vector
Restriction enzyme analysis of pcDNA3.1(-)-core plasmid
with EcoRI/BamHI yielded two bands: 4 900 bp pcDNA3.1(-)
and 573 bp HCV core. Analysis of PCR reaction products
by agarose gel electrophoresis got a clear band of the
expected size (573 bp). Sequence of the PCR product was
correct (Figure 1).
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M
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3

Figure 1 Eletrophoresis of pcDNA3.1(-)-core plasmid(A), cDNA(B) and HCTP4
(C) in 1% agarose gel. A: Lane 1: EcoRI/BamHI; lane 2: HindIII; lane 3: plasmid;
M: DNA Marker (15 000+2 000 bp).

Identification of HCV core transient expression
After being reverse-transcribed by three different Oligo dT,
identification of cDNA by PCR yielded a common 573 bp
band (Figure 2).

bp
750→
500→

←573 bp

M

1

2

3

4

5

6

Figure 2 Eletrophoresis of cDNA in 1% agarose gel. Lane 1: negative control;
lanes 2-4: total RNA; lane 5: blank control; lane 6: positive control; M: DNA
Marker (2 000 bp).

Result of HCV core by microarray analysis
Approximately 45 up-regulated and 50 down-regulated genes
were identified by HCV core in HepG2 cells. Some upand down-regulated genes are shown in Tables 1 and 2.
Identification of RT-PCR products from HCTP4
Among 95 different genes, we found a new gene and named
it HCTP4. The nucleotide sequence data of HCTP4 reported
in this paper appear in the GenBank nucleotide sequence
database under the following accession numbers AY734680.
The production of HCTP4 PCR is 2 244 bp. (Figure 3).

←2 244 bp

M

1

Figure 3 Eletrophoresis of HCTP4 in 1% agarose gel. Lane 1: HCTP4; M: DNA
marker (15 000 bp).
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Table 1 Up-regulated genes by HCV core
Accession numbers

Protein

NM_005657
D50683
NM_006595
NM_000612
NM_002530
NM_000760
NM_014350
NM_006290
NM_003151
U07139
NM_000014
NM_012112
NM_002736
NM_014575
U47077
AF352051
NM_003998
NM_004728
NM_005100
NM_005171
BC008959
NM_014863
NM_002291

Tumor protein p53 binding protein 1, TP53BP1
TGF-betaIIR alpha
Apoptosis inhibitor 5, API5
Insulin-like growth factor 2, IGF2
Neurotrophic tyrosine kinase, receptor
Colony stimulating factor 3 receptor, CSF3R
TNF-induced protein, GG2-1
Tumor necrosis factor, alpha-induced protein 3, TNFAIP3
Signal transducer and activator of transcription 4, STAT4
Voltage-gated calcium channel beta subunit
Alpha-2-macroglobulin, A2M
Chromosome 20 open reading frame 1, C20orf1
Protein kinase, cAMP- dependent, regulatory
Schwannomin interacting protein 1, SCHIP1
DNA-dependent protein kinase catalytic subunit, DNA-PKcs
Proliferation potential-related protein
Nuclear factor of kappa light polypeptide gene enhancer in B-cells 1, p105, NF-B1
DEAD/H box polypeptide 21
A kinase anchor protein 12, AKAP12
Activating transcription factor 1, ATF1
Histocompatibility 13
B cell RAG associated protein, BRAG
Laminin, beta 1, LAMB1

Result of HCTP4 by microarray analysis
DNA microarray showed that 56 genes were up-regulated
by HCTP4 in HepG2 cells (Table 3) and 52 genes were
down-regulated by HCTP4 in HepG2 cells (Table 4).

DISCUSSION
Diverse functional activities of the HCV putative core
protein are noted in a number of investigations[10-13]. We
cotransfected HepG2 cells with pcDNA3.1(-)-core and pSVlacZ and demonstrated that the HCV core was successfully
expressed in transfected HepG2 cells. Expression of -gal
was 5.4-fold higher in cotransfected pcDNA3.1(-)-core and
pSV-lacZ than in cotransfected empty pcDNA3.1(-) and
pSV-lacZ. HCV core had a significant transactivating effect
on early promoter of SV40, and increased the expression
of downstream gene lacZ. This result indicates that the
HCV core protein expressed in HepG2 cells retains its
biological activity in terms of transcriptional activation,

Cy5/Cy3
2.004
2.072
2.199
2.232
2.233
2.253
2.358
2.359
2.390
2.423
2.526
2.689
2.710
2.737
2.787
2.827
3.005
3.149
3.897
4.142
4.760
5.769
10.334

which is inconsistent with previous reports[14].
To understand the trans-action mechanism of the core
protein, a microarray assay was used to identify the
relative transactivating target genes of HCV core protein.
Approximately 45 up-regulated and 50 down-regulated genes
were identified by HCV core protein in HepG2 cells. The
up-regulated genes include tumor protein p53 binding
protein 1, apoptosis inhibitor 5, TGF-IIR alpha, insulinlike growth factor 2, tumor necrosis factor -induced protein
3, signal transducer and activator of transcription 4, -2macroglobulin and proliferation potential-related protein.
The down-regulated genes include member 10 of a tumor
necrosis factor receptor superfamily, apoptosis-related
cysteine protease, leukocyte-associated Ig-like receptor 1,
apoptosis-related RNA binding protein, leucine zipper,
interleukin 1, interferon ,  and  receptor 1. The results
show that HCV core protein has multiple regulatory functions
in host-cell transcription, apoptosis, cell transformation and
lipid metabolism and may play a role in suppressing host

Table 2 Down-regulated genes by HCV core
Accession numbers

Protein

Cy5/Cy3

NM_000535
NM_012096

PMS2 postmeiotic segregation increased 2
Adaptor protein containing pH domain, PTB domain and leucine zipper motif, APPL

NM_003844

Tumor necrosis factor receptor superfamily, member 10a

0.388

NM_001226

Caspase 6, apoptosis-related cysteine protease

0.400

NM_001229
NM_002287

Caspase 9, apoptosis-related cysteine protease
Leukocyte-associated Ig-like receptor 1

0.429
0.440

AF090693

Apoptosis-related RNA binding protein

0.462

NM_021020

Leucine zipper, putative tumor suppressor 1 LZTS1

0.464

NM_000062
NM_000575

Serine or cysteine proteinase inhibitor
Interleukin 1, alpha

0.471
0.472

AF016266

TRAIL receptor 2

0.477

NM_003796

RNA polymerase II subunit 5 RPB5-mediating protein, RMP

0.485

NM_000629

Interferon alpha, beta and omega receptor 1,IFNAR1

0.494

0.122
0.386

3354

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

June 14, 2005

Volume 11

Number 22

Table 3 Up-regulated genes by HCTP4 protein
Accession numbers

Protein

NM_002599

Phosphodiesterase 2A, cGMP-stimulated (PDE2A)

2.011

NM_053274

FKBP-associated protein (FAP48), transcript variant 1

2.014

NM_012319
NM_007047

LIV-1 protein, estrogen regulated (LIV-1)
Butyrophilin,subfamily 3, member A2 (BTN3A2)

2.017
2.030

NM_021950

Membrane-spanning 4-domains, subfamily A, member 1 (MS4A1)

2.033

NM_000817

Glutamate decarboxylase 1 (GAD1)

2.048

NM_033625
NM_006526

Ribosomal protein L34 (RPL34)
Zinc finger protein 217 (ZNF217)

2.055
2.058

NM_112219

Esterase D

2.068

NM_000386

Bleomycin hydrolase (BLMH)

2.079

NM_006330
D21262

Lysophospholipase 1 (LYPLA1)
KIAA0035 gene

2.088
2.089

NM_003796

RPB5-mediating protein (RMP)

2.091

NM_004904

cAMP response element-binding protein (CRE-BPa)

2.096

AF012086
NM_005836

Ran binding protein 2 (RanBP2alpha)
Translational inhibitor protein p14.5 (UK114)

2.118
2.126

NM_003998

Heat shock 70 ku protein 8 (HSPA8)

2.138

NM_000816

Gamma-aminobutyric acid (GABA)A receptor, gamma 2 (GABRG2)

2.174

NM_003129
NM_022171

Squalene epoxidase (SQLE)
T-cell leukemia translocation altered gene (TCTA)

2.174
2.211

NM_006644

Heat shock 105 ku (HSP105B)

2.256

AF070674

Inhibitor of apoptosis protein-1 (MIHC)

2.281

NM_001892
NM_001539

Casein kinase 1, alpha 1 (CSNK1A1)
Heat shock protein, DNAJ-like 2 (HSJ2)

2.285
2.303

NM_013943

Chloride intracellular channel 4 (CLIC4)

2.325

NM_006407

Vitamin A responsive; cytoskeleton related (JVVA)

2.370

NM_014637
M11952

T-cell receptor rearranged beta chain gene V-region (V-D-J)V-beta-AT
Nuclear receptor subfamily 3, group C, member 1 (NR3C1)

2.395
2.396

NM_007268

Ig superfamily protein (Z391G)

2.445

NM_021129

Pyrophosphatase (inorganic) (PP), nuclear gene encoding mitochondrial protein

2.498

NM_002731

Protein kinase, cAMP-dependent, catalytic, beta (PRKACB)

2.525

D85606
NM_024824

Gene for cholecystokinin type-A receptor
Hypothetical protein FLJ11806 (FLJ11806)

2.635
2.730

AF072928

Myotubularin related protein 6

2.802

immune response[15-19].
The transregulation of HCV core protein is displayed
extensively, one of the mechanisms of transregulation is
that HCV core protein interacts with the promoters of
genome in infected cells and affects the expression of gene.
Another mechanism is that HCV core protein interacts with
transcription factor in nuclei of infected cells and indirectly
affects the expression of gene. HCV core protein interacts
with various proteins which may be an important reason
for hepatocellular damage and development of hepatocellular
carcinoma. HCTP4 was identified and deposited in
GenBank; the access number is AY734680. In order to
investigate the function of HCTP4, cDNA microarray
technology was employed. Approximately 56 up-regulated
and 52 down-regulated genes were identified in HepG2
cells.
In the up-regulated genes by HCTP4, CLIC4 is differentially
regulated in fibroblasts and its expression contributes to a
collective stationary myofibroblast phenotype[20]. ZNF217
is a candidate oncogene on chromosome 20q13.2. ZNF217transduced cultures give rise to immortalized cells.
Overexpression of ZNF217 may be responsible for the
development of hepatomas [21]. Inhibitor of apoptosis
protein-1(MIHC) has effects on apoptosis[22]. JVVA is vitamin
A-responsive and might be associated with cytoskeleton,

Cy5/Cy3

which may play a role in the regulation of cell differentiation[23].
cAMP is an important signaling molecule for a variety of
cellular functions and exerts its effects by activating the
cAMP-dependent protein kinase (AMPK), which transduces
the signal through phosphorylation of different target
proteins. The inactive holoenzyme of AMPK is a tetramer
composed of two regulatory and two catalytic subunits.
cAMP causes dissociation of the inactive holoenzyme into
a dimer of regulatory subunits bound to four cAMP and
two free monomeric catalytic subunits[24,25].
In the down-regulated genes by HCTP4, TGFB is a
multifunctional peptide that controls proliferation,
differentiation, and other functions in many cell types.
TGFB acts synergistically with TGFA (MIM 190170) in
inducing transformation and as a negative autocrine growth
factor. Dysregulation of TGFB activation and signaling
may result in apoptosis[26]. LIM domains found in over 60
proteins, play key roles in the regulation of developmental
pathways and function as protein-binding interfaces,
mediating specific protein-protein interactions, thus becoming
a candidate tumor suppressor gene[27]. HCTP4 may have
effects on development of hepatomas. Saposins (sphingolipid
activator proteins) A-D are 80-amino acid lysosomal
glycoproteins encoded by a single gene, termed prosaposin.
The proteolytic processing of prosaposin to individual
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Table 4 Down-regulated genes by HCV core
Accession numbers

Protein

NM_001961
NM_002313
NM_014680
NM_003682
NM_001226
NM_004728
NM_013975
NM_014889
NM_005770
NM_005167
NM_000208
NM_003330
NM_005243
NM_016250
NM_001250
NM_003313
NM_004127
NM_002708
NM_001777
NM_002199
NM_002087
NM_000660
NM_054012
NM_002084

Eukaryotic translation elongation factor 2 (EEF2)
Actin binding LIM protein 1 (LIM), transcript variant ABLIM-1
KIAA0100 gene product (KIAA0100)
MAP-kinase activating death domain (MADD)
Prosaposin
DEAD/H box polypeptide 21 (DDX21)
Ligase III, DNA, ATP-dependent (LIG3)
Metalloprotease 1 (MP1)
Small EDRK-rich factor 2 (SERF2)
Ras homolog gene family, member C (ARHC)
Insulin receptor (INSR)
Thioredoxin reductase 1 (TXNRD1)
Ewing sarcoma breakpoint region 1 (EWSR1)
N-myc downstream-regulated gene 2 (NDRG2)
Tumor necrosis factor receptor superfamily, member 5 (TNFRSF5)
Tissue specific transplantation antigen P35B (TSTA3)
G protein pathway suppressor 1 (GPS1)
Protein phosphatase 1, catalytic subunit, alpha isoform (PPP1CA)
CD47 antigen (Rh-related antigen, integrin-associated signal transducer
Interferon regulatory factor 2 (IRF2)
Granulin (GRN)
Transforming growth factor, beta 1 (TGFB1)
Argininosuccinate synthetase (ASS)
Glutathione peroxidase 3 (GPX3)

saposins occurs predominantly in acidified compartments
including lysosome. The physiological importance of this
locus has been demonstrated by the genetic deficiencies of
individual saposins or prosaposin that lead to various
glycosphingolipid storage diseases[28,29]. Insulin is a pleiotropic
hormone with multiple integrated metabolic and mitogenic
signaling pathways upon binding to the cell surface insulin
receptor[30] . HCTP4 interacts with prosaposin and insulin
receptor and influences their biological functions. These
results are associated with the nonregulation of sugar and
lipid metabolism by HCV core[4,31]. Eukaryotes, in contrast
to prokaryotes, contain more than one DNA ligase, and
these enzymes have distinct roles in DNA metabolism. Five
DNA ligase activities have been purified from mammalian
cell extracts. Ligase III is more closely related to DNA ligase
encoded by pox viruses rather than replicative DNA ligases
such as mammalian DNA ligase 1, and may be involved in
DNA repair and recombination [32]. Thioredoxin and
thioredoxin reductase 1 (TXNRD1) are redox proteins that
have been implicated in cellular events such as cell
proliferation, transformation, and apoptosis[33,34]. DEAD box
proteins characterized by the conserved motif Asp-GluAla-Asp (DEAD) are putative RNA helicases. They are
implicated in a number of cellular processes involving
alteration of RNA secondary structure such as translation
initiation, nuclear and mitochondrial splicing, ribosome and
spliceosome assembly. Based on their distribution patterns,
some members of this family are believed to be involved
in embryogenesis, spermatogenesis, cellular growth and
division. This gene encodes a DEAD box protein, which is
an antigen recognized by autoimmune antibodies, unwinds
double-stranded RNA, folds single-stranded RNA, and may
play an important role in ribosomal RNA biogenesis, RNA
editing, RNA transport, and general transcription[35]. MADD
is intimately involved in anti-apoptotic and cell-survival

Cy5/Cy3
0.040
0.214
0.234
0.259
0.266
0.313
0.317
0.347
0.348
0.368
0.369
0.373
0.396
0.404
0.406
0.416
0.416
0.431
0.444
0.454
0.469
0.475
0.478
0.493

processes[36]. N-myc downstream-regulated gene 2(NDRG2)
is a member of the N-myc downregulated gene family, which
belongs to the alpha/beta hydrolase superfamily. The protein
encoded by this gene is a cytoplasmic protein that may play
a role in neurite outgrowth. This gene may be involved in
glioblastoma carcinogenesis[37]. TNFRSF5 is a member of
the TNF-receptor superfamily. This receptor has been found
to be essential in mediating a broad variety of immune and
inflammatory responses including T cell-dependent
immunoglobulin class switching, memory B cell development,
and germ center formation[38,39].
In conclusion, HCV core protein and HCTP4 are related
to chronic liver disease, liver cirrhosis and hepatocellular
carcinoma.
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Abstract
AIM: To determine serum leptin levels and investigate their
correlations with anthropometric and metabolic parameters
and biochemical liver function in patients with chronic
hepatitis C virus (HCV) infection and their potential clinical
implications.
METHODS: Forty-two chronic HCV-infected patients
without anti-viral treatment were enrolled in this study,
30 patients had chronic hepatitis C, 10 had cirrhosis, and
2 had hepatocellular carcinoma (HCC). Thirty age- and
sex-matched healthy individuals served as controls. Serum
leptin levels were determined by ELISA. The biochemical
liver function and serum lipids were determined at the
same time. The height and body weight of patients and
controls were measured, and body mass index (BMI) and
body fat were calculated simultaneously. The correlations
of serum leptin levels with anthropometric and metabolic
parameters and biochemical liver function were assessed
statistically.
RESULTS: The mean of serum leptin levels in patients
with chronic hepatitis C, HCV-associated cirrhosis, HCVassociated HCC and control groups was (6.13±3.94),
(5.25±4.21), (4.17±0.28), and (3.59±3.44) ng/mL,
respectively. The serum leptin level in patients with chronic
hepatitis C was significantly higher than that in controls.
The serum leptin levels between cirrhotic patients and
controls and between male and female cirrhotic patients
had no significant difference. Serum leptin levels were
positively-correlated with body fat, BMI, and apolipoprotein
B (Apo B) in patients with chronic HCV infection. The serum

alanine aminotransferase (ALT) levels were closelycorrelated with BMI in patients with chronic hepatitis C.
CONCLUSION: HCV infection interferes with fat and lipid
metabolism in patients with chronic HCV infection and leptin
may play a role in hepatosteatosis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatitis C virus (HCV) infection is a worldwide public health
problem[1,2]. HCV infection frequently leads to chronic hepatitis,
which may progress to cirrhosis and even to hepatocellular
carcinoma (HCC)[3]. The mechanisms responsible for the
pathogenesis of chronic HCV infection are not well known.
One of the common and prominent histopathologic features
in patients with chronic HCV infection is the presence of
hepatic steatosis, which is believed to be an important cofactor in accelerating the development of liver fibrosis[4-7].
Previous studies demonstrated that chronic HCV infection
has close correlations with fat and lipid metabolism[8,9] and
that there is a significant relationship between hepatic steatosis
and fibrosis in chronic hepatitis C[10-12] . The relationship
between body mass index (BMI), steatosis, and fibrosis in
chronic HCV-infected patients suggests a role of steatosis
in the progression of hepatitis C[13] . Recent attention has
been focused on the liver profibrogenic role of leptin in
animal models[14] and serum leptin levels have been investigated
in European and North American patients with chronic HCV
infection in terms of the important role of leptin in the
regulation of body fat and lipid metabolism. These studies
demonstrated that serum leptin levels correlate with hepatic
steatosis in chronic hepatitis C[15], the levels of leptin increase
according to the progression of the stage of fibrosis in chronic
HCV-infected patients and the severity of liver fibrosis is
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associated with high leptin levels in chronic hepatitis C[16].
Furthermore, clinical observations showed that fatigue, a
common symptom in hepatitis patients, is associated with
high circulating leptin levels in chronic hepatitis C[17] and
interferon-alpha antiviral therapy can decrease and suppress
leptin levels in chronic hepatitis C patients[18,19]. These data
suggest that leptin may play a role in the regulation of hepatic
fibrosis in patients with chronic HCV infection[20] although
it is controversial[21].
There are differences in the relationship between body
fat and BMI among different ethnicities[22] and comparisons
of anthropometric measurements showed that Asians have
lower BMI but higher body fat than whites[23]. Leptin levels
have been shown to be associated with anthropometric
parameters such as BMI, total body fat, and subcutaneous
fat. Moreover, gender, ethnicity, body composition, and fat
distribution have effects on serum leptin concentrations[24,25].
However, no report has documented the role of leptin in
Chinese patients with chronic HCV infection so far.
In this study, serum leptin levels in Chinese patients with
chronic HCV infection without antiviral treatment were
investigated, and their relationships with simultaneously
determined anthropometric measurements, metabolic
parameters, and biochemical liver function were analyzed
to elucidate the role of leptin in Chinese patients with chronic
HCV infection and the potential clinical significance.

MATERIALS AND METHODS
Patients
Forty-two HCV-infected patients were studied. All patients
were anti-HCV positive and had detectable serum HCV RNA
except for two HCC patients. Thirty of them were clinically
diagnosed with chronic hepatitis C, 10 with HCV-associated
cirrhosis, and two with HCV-associated HCC. All patients
had at least two documented occasions of increased serum
alanine aminotransferase (ALT) levels 6 mo prior to enrollment,
which were higher than the upper normal limit measured at
intervals of more than 2 mo. Alcoholics and intravenous
drug users or homosexual persons and patients with usage
of hepatotoxic drugs, herbal medicine or immuno-suppressive
therapy within the past 6 mo were excluded, and none of
these patients had chronic renal failure, clotting abnormalities,
hemophilia, serious neurological disorders, obesity, chronic
viral hepatitis B or delta, HIV infection, autoimmune disease
(anti-nuclear antibody titer >1:40), and/or inheritable
disorders such as hemochromatosis, alpha-1-antitrypsin
deficiency or Wilson’s disease, and other metabolic disorders
such as diabetes and thyroidism. None of the patients had
any antiviral therapies before recruitment and all of them
had stable body weight for at least 4 wk before enrollment.
All the cirrhotic and HCC patients had no ascites. Informed
consent was obtained from all patients. Thirty healthy ageand gender-comparable blood donors served as controls.
Methods
Blood samples were obtained from all subjects after
overnight fasting. Samples were centrifuged and sera were
stored at -25 ℃. Body height (m) and weight (kg), waist and
hip circumference (cm) were taken with standard methods.
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BMI was calculated by weight/height2. Fat distribution in
abdomen (waist-to-hip ratio, WHR) was calculated by waist
circumference/hip circumference. Body fat was calculated
according to the formulae 1.2×BMI+0.23×age-16.2 and
1.2×BMI+0.23×age-5.4 for male and female subjects,
respectively.
Serum anti-HCV was detected by ELISA using commercially
available diagnostic kits for antibody to HCV from SinoAmerican Biotechnology Company (Zhengzhou, China).
Quantification of serum HCV RNA was performed
using commercial HCV fluorescence PCR diagnostic kits
manufactured by Daan Gene Co., Ltd. (Zhongshan
University, Shenzhen, China). The sensitivity of this HCV
RNA assay was 80 copies/mL. Serum-soluble leptin levels were
determined by commercial ELISA kits (R&D Systems Inc.,
Minneapolis, MN, USA). The sensitivity was 0.02 ng/mL.
It had no cross reaction with interleukin (IL)-1, IL-2, IL-4,
IL-6, IL-8, fibroblast growth factor, epidermal growth
factor, platelet-derived growth factor, tumor necrosis factor
(TNF), soluble TNF-receptor II, and interferon. Intra- and
inter-assay variabilities were <10.5%. Serum total cholesterol,
triglyceride, HDL cholesterol, LDL cholesterol, Apo AI,
Apo B, and biochemical liver function were assayed on an
automatic analyzer (HITACHI 7170A, Hitachi Koki Co.,
Ltd., Hitachinaka City, Japan).
Statistical analysis
Data were expressed as mean±SD and analyzed with SPSS
11.0 software. Statistical analysis was performed using twotailed Fisher’s exact test, two-tailed Student’s t-test, 2 test,
and analysis of covariance wherever appropriate. Correlation
tests between parameters were performed by multiple linear
regression and multiple correlation analysis. A P value less
than 0.05 was considered statistically significant.

RESULTS
Comparison of serum leptin levels between patients with
chronic HCV infection and controls
The demographic and anthropometric characteristics in
patients with chronic HCV infection and controls are shown
in Table 1. The age, body height and weight, waist and hip
circumference, BMI, WHR, and body fat were not statistically
different between patients with HCV infection and controls
(Table 1).
Table 1 Demographic characteristics in patients with HCV infection
and controls (mean±SD)
Patients
Number (male/female)
Age (yr)

Controls

t

25/17

18/12

0.002

44.93±14.35

39.43±12.33

1.696

P
1

0.968
0.094

Height (m)

1.67±0.08

1.66±0.07

0.925

0.358

Weight (kg)
WC (cm)

64.86±15.08
81.88±9.59

64.00±9.18
81.45±12.97

0.312
0.137

0.756
0.892

HC (cm)

94.25±8.46

94.00±7.92

0.084

0.933

BMI (kg/m2)

22.94±4.59

23.14±3.09

0.225

0.822

WHR
Body fat (%)

0.87±0.74
26.21±7.63

0.87±0.11
24.96±7.25

0.220
0.714

0.827
0.478

WC: waist circumference, HC: hip circumference, BMI: body mass index, WHR:
waist-to-hip circumference ratio, body fat (%): percent of body fat, 12 test.
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Considering the possible effects of BMI, WHR, and
body fat on the levels of serum leptin, analysis of covariance
was performed using BMI and body fat as covariate as
determined by pre-analysis. The serum leptin level in patients
with chronic HCV infection was significantly higher than
that in controls (F = 5.610, P = 0.021, Table 2). Comparisons
of serum leptin levels were further performed according
to gender in term of the effects of gender on leptin concentrations due to differences in body composition and body
fat distribution between male and female patients[26,27]. The
results showed that serum leptin level in male and female
patients was significantly higher than that in male and female
controls (F = 17.269, P<0.001; F = 4.002, P = 0.056, Table 2).
Serum leptin levels in female individuals were significantly
elevated compared with those in male individuals (F = 9.341,
P = 0.005 for patients and F = 16.080, P<0.001 for controls,
Table 2).

Table 2 Comparison of serum leptin levels between patients with
HCV infection and controls (mean±SD)
Patients2
No. (male/female)

Controls3

F

P
1

25/17

18/12

0.002

Male
Female

3.58±2.06
9.13±3.59

1.44±1.06
6.83±3.23

17.269
4.002

<0.001
0.056

Total

5.83±3.89

3.59±3.44

5.610

0.021

0.968

1 2

 test, 2F = 9.341, P = 0.005, male vs female; 3F = 16.080, P<0.001, male vs female.

3359

Comparisons of serum leptin levels between chronic HCVinfected patients at different clinical stages and controls
The demographic, anthropometric, biochemical, and virological
characteristics in HCV-infected patients at different clinical
stages are shown in Table 3.
The serum leptin levels in patients with chronic hepatitis
C, HCV-associated cirrhosis, HCV-associated HCC and controls
were compared by analysis of covariance. The serum leptin
levels in patients with chronic hepatitis C were significantly higher
than those in controls (P = 0.003). The serum leptin levels in
patients with HCV-associated cirrhosis and HCV-associated
HCC were not significantly increased as compared with controls
(P = 0.752 and P = 0.822, respectively). The serum leptin
levels in patients with chronic hepatitis C were not statistically
different from those in patients with HCV-associated cirrhosis
(P = 0.074) and HCV-associated HCC (P = 0.397). The serum
leptin levels between patients with HCV-associated cirrhosis
and HCV-associated HCC had no significant difference
(P = 0.952). The serum leptin level in male patients with chronic
hepatitis C were obviously different (F = 12.454, P = 0.002)
from that in female patients. However, the serum leptin levels
between male and female patients with HCV-associated cirrhosis
were not statistically different (F = 0.054, P = 0.823, Table 4).
Correlation analysis of factors associated with serum leptin
and ALT levels
Factors possibly-associated with serum leptin levels in patients

Table 3 Demographic, anthropometric, biochemical, and virological characteristics in chronic HCV-infected patients at different clinical
stages (mean±SD)
Chronic hepatitis C
No. (male/female)
Age (yr)
Height (m)
BMI (kg/m2)
WHR
Body fat (%)

HCV-associated cirrhosis

HCV-associated HCC

17/13

6/4

2/0

41.03±14.10

53.70±9.93

59.5±12.02

1.68±0.09

1.66±0.05

1.69±0.04

23.01±3.39

22.71±7.59

22.97±4.53

0.86±0.07

0.87±0.08

0.95±0.02

25.79±6.52

27.72±11.23

25.05±2.67

LDL (mmol/L)

2.05±1.01

1.41±0.82

2.24±0.19

CHO (mmol/L)

4.09±2.05

3.22±1.08

5.55±1.06

TG (mmol/L)

1.51±1.03

0.81±0.45

1.52±0.47

HDL (mmol/L)

1.13±0.43

1.07±0.40

1.34±0.74

Apo AI (mg/L)

1.36±0.40

1.17±0.44

1.45±0.72

Apo B (mg/L)

0.55±0.27

0.39±0.19

0.71±0.13

ALT (U/L)

93.19±83.08

45.4±35.86

20.5±0.71

AST (U/L)

67.96±50.65

77.70±62.11

48.50±20.51

GGT (U/L)

50.27±41.22

49.80±53.79

92.00±18.38

HCV RNA (copies/mL)

(6.4±12)×104

(6.2±8.9)×104

<80

BMI: body mass index, WHR: waist-to-hip circumference ratio, body fat (%): percent of body fat, LDL: low density lipoprotein, CHO: cholesterol, TG: triglycerides, HDL:
high density lipoprotein, Apo AI: apolipoprotein AI, Apo B: apolipoprotein B, ALT: alanine aminotransferase, AST: aspartate aminotransferase, GGT: gammaglutamyltransferase, HCV RNA: hepatitis C virus ribonucleic acid.

Table 4 Comparisons of serum leptin levels between HCV-infected patients at different clinical stages and controls (mean±SD)
Chronic hepatitis C

HCV-associated cirrhosis

HCV-associated HCC

Controls

No. (M/F)
Male

17/13
3.75±2.11

6/4
2.90±2.33

2/0
4.17±0.28

18/12
1.44±1.06

Female

9.25±3.61

8.77±4.07

Total

6.13±3.94 1

5.25±4.212

4.17±0.283

3.59±3.44

6.83±3.23

1
P = 0.003, 2P = 0.752 and 3P = 0.822 compared with controls, respectively. F = 12.454, P = 0.002, F = 0.054, P = 0.823 and F = 6.365, P = 0.018 when comparisons were
performed between male and female patients with chronic hepatitis C, HCV-associated cirrhosis and controls.
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with chronic HCV infection were analyzed. Multiple linear
regression was performed using the leptin levels as a dependent
variable and ALT, AST, CHO, HDL, TG, Apo AI, Apo B,
LDL, HCV RNA, BMI, body fat, and WHR as independent
variables. The results showed that the serum leptin levels
were associated with body fat, BMI, and Apo B but not
with liver function and serum HCV RNA levels (Table 5).

Table 5 Factors possibly associated with serum leptin levels in
patients with chronic HCV infection
Dependent variable

Independent
variables

Leptin

Body fat (%)

Standardized
coefficients
(Beta model)

P

1.630

<0.001

Leptin

BMI

1.050

0.003

Leptin

Apo B

0.342

0.008

Body fat (%): percent of body fat, BMI: body mass index, Apo B: apolipoprotein B.

The possibly-associated factors with serum leptin and
ALT levels in patients with chronic HCV infection were
also analyzed using the ALT levels as a dependent variable
and CHO, HDL, TG, Apo AI, Apo B, LDL, HCV RNA,
BMI, body fat, and WHR as independent variables. The
results showed that serum leptin levels were positivelycorrelated with body fat (r = 0.520, P = 0.003) and ALT levels
were positively-correlated with Apo B (r = 0.400, P = 0.032)
and BMI (r = 0.389, P = 0.034). No correlation between
serum leptin and ALT levels in patients with HCV-associated
cirrhosis was found.

DISCUSSION
Hepatic steatosis is a common histopathologic feature in
patients with chronic HCV infection[4,5]. HCV-core-protein
expression can induce steatosis in transgenic mouse model[28].
The possible role of leptin in the pathogenesis of hepatic
steatosis and fibrosis has been studied[29]. It was found that
leptin has a close relationship with the hepatic steatosis in
alcoholic steatohepatitis[30]. The role of leptin is also a focus
of study due to the high incidence of hepatic steatosis in
chronic hepatitis C patients. Leptin levels in patients with
chronic HCV infection are increased, suggesting that HCV
infection interferes with fat metabolism and leptin levels.
However, it is not clear whether there are also some differences
in leptin levels in chronic hepatitis C patients because of
the difference in body composition and fat distribution
between Chinese and Western people. Therefore, the serum
leptin levels in Chinese patients with chronic HCV infection
and normal healthy controls were determined and analyzed
to address these issues in our study.
The subjects studied were strictly and accurately selected
to rule out or minimize the possible influences of other
factors, such as diabetes mellitus, alcohol, and antiviral
therapy on leptin levels. Our results showed that the leptin
levels in patients with chronic HCV infection were obviously
increased as compared with normal controls. The serum
leptin levels in both male and female patients with chronic
HCV infection are increased as compared with controls
although the leptin levels are generally higher in females
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than in males. Our results are in accordance with previous
reports[31-35]. The precise mechanisms, by which chronic HCV
infection causes elevated serum leptin levels, are not completely
known. Factors such as inflammation, abnormal fat metabolism,
and hepatic steatosis in patients with chronic HCV infection,
might be involved.
Findings in this study may mainly represent the expression
of reduced fat mass in cirrhotic patients[36] and the abnormalities
of sexual hormone metabolism in male cirrhotic patients[37].
Our analyses showed that the serum leptin levels were
correlated with body fat, BMI, and Apo B but not with
liver function and serum HCV RNA levels. These results
suggest that leptin levels in chronic HCV infection are
preferentially affected by fat and lipid metabolisms. Giannini
et al[38], demonstrated that serum leptin levels in nonalcoholic
steatohepatitis (NASH) and chronic hepatitis C increase,
although the differences are not statistically significant.
Therefore, it seems that the extents of leptin elevation are
closely related with the severity of abnormal fat metabolism
and hepatic steatosis in chronic HCV-infected patients.
Our further analyses showed that ALT levels were
positively correlated with BMI (r = 0.410, P = 0.030), body
fat (r = 0.520, P = 0.003), Apo B (r = 0.400, P = 0.032) and
BMI (r = 0.389, P = 0.034). However, the serum leptin and
ALT levels in patients with HCV-associated cirrhosis had
no correlation with any other variable. These results further
demonstrate the close relationships between leptin levels
and fat metabolism and between hepatic necroinflammation
and lipid and fat metabolisms in patients with chronic
hepatitis C. A possible link between leptin and decreased
lipid levels and interaction between HCV and Apo B have
been elucidated[39-41]. Disappearance of these correlations
in patients with HCV-associated cirrhosis may be a reflection
of reduced fat mass in cirrhotic patients[36,42] and the abnormalities of sexual hormone metabolism in male cirrhotic
patients[37]. Taken together, serum leptin levels in patients
with chronic HCV infection appear to be controlled by multiple
factors such as body composition, gender, abnormalities
of fat and lipid metabolism, and hepatic steatosis resulting
from chronic HCV infection. The stages of liver diseases
also affect leptin levels in patients with chronic HCV infection.
Another major focus of recent studies is the role of leptin
in the modulation of immune response and inflammation.
The increase in leptin production that occurs during infection
and inflammation strongly suggests that leptin is a part of
cytokine cascade, which regulates the innate immune response
and host defense mechanisms although both proinflammatory
and anti-inflammatory effects have been documented for
leptin[43]. Leptin plays an important role in T-cell-mediated
immune responses and stimulates proliferation of CD4+ T
cells and promotes Th1 responses[44-46]. Moreover, congenital
leptin deficiency in humans is found to be associated with a
decreased number of circulating CD4+T cells, impaired Tcell proliferation and cytokine release, all of which could
be reversed by administration of recombinant leptin[47].
Observations in alcoholics showed that circulating levels of
leptin are associated with NK activity in humans, suggesting
that abnormal in vivo concentrations of leptin may contribute
to the decline of NK activity in alcoholics[48]. The results of
experiments in animals showed that leptin represents a
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functional link between endocrine and immune systems[49].
On the other hand, considerable evidence suggests that
immune mechanisms are involved in the pathogenesis of
HCV infection. Both humoral and cell-mediated immune
responses are believed to participate in the host defense against
HCV infection. In particular, cell-mediated response plays
a role in the immunopathogenesis of chronic hepatitis C[50].
An enhanced Th2 response is present in HCV infection,
which may be responsible for the chronicity of HCV
infection[51]. Both class I-restricted CD8+T cell and class IIrestricted CD4+T cell responses to viral antigens are an
important pathway responsible for hepatocyte damage in
hepatitis C[52]. Lack of correlation between intrahepatic HCV
RNA level and microinflammation in chronic hepatitis C
also suggests that HCV-associated liver damage is mostly
immunomediated[53]. T cells infiltrate into the liver of patients
with chronic hepatitis C, which is believed to play a crucial
role in the immunopathogenesis of hepatic inflammation[54].
Therefore, whether the immunoregulatory functions of
leptin have relevance to the immunopathogenesis of chronic
HCV infection needs to be further investigated.
Studies and observations showed that in hypoleptinemic
patients with extreme insulin resistance and lipodystrophy,
leptin can ameliorate insulin resistance, hyperglycemia,
hyperinsulinemia, dyslipidemia, and hepatic steatosis. In
leptin-deficient states, leptin therapy can restore gonadotrophin
secretion, luteinizing hormone, and thyroid-stimulating
hormone pulsitility[55]. In addition, leptin has been suggested
as a novel strategy for immune intervention in pathologic
conditions[56]. Most of the above abnormal conditions exist
in patients with chronic hepatitis or cirrhosis. Therefore, whether
enhancing or inhibiting leptin’s activities plays a therapeutic
role in these conditions also needs to be investigated[57].
In conclusion, patients with chronic hepatitis C have
increased serum leptin levels. However, serum leptin levels
in HCV-associated cirrhotic patients have no significant
difference compared with controls. Serum leptin levels in
patients with chronic hepatitis C are positively-correlated
with body fat, BMI, and Apo B. Serum ALT levels are
closely-correlated with BMI. These findings suggest that
HCV infection interferes with fat and lipid metabolism in
patients with chronic HCV infection, and the serum leptin
levels might be a reflection of the abnormalities in fat and
lipid metabolism resulted from viral infection and related
hepatic necroinflammation. Further studies are warranted
to elucidate the possible immunoregulatory role and
potential therapeutic role of leptin in chronic HCV infection.
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Abstract
AIM: To construct and highly express an epitope of
hepatitis C virus (HCV) in a foreign epitope presenting vector
based on an insect virus, and to study the antigenicity of
the epitope.
METHODS: The HCV epitope sequence (amino acid
residues 315 to 328: EGHRMAWDMMMNWS) of the E1
region was constructed at different positions of a foreign
epitope presenting vector based on an insect virus, flock
house virus (FHV) capsid protein encoding gene as a
vector, and expressed in E. coli cells. Western blotting
and ELISA were used to detect the immunoreactivity of
these recombinant proteins.
RESULTS: The gene encoding of the concerned B-cell
epitope of HCV E1 envelope protein was expressed on
FHV capsid carrier protein at positions I1 (aa 106), I2 (aa
153) and I3 (aa 305), respectively, on the surface of FHV
capsid protein. The recombinant proteins in this system
could be highly expressed in more than 40% of total cell
protein of E. coli BL21. All the expressed recombinant
proteins were in inclusion body form, and showed obvious
immunoreactivity by Western blotting. Further purified
recombinant proteins were detected by indirect ELISA as
coating antigen respectively. All recombinant proteins
could still show immunoreactivity.
CONCLUSION: The epitope of HCV E1 envelope protein
can be highly expressed in FHV carrier system as a chimeric
protein with high immunoreactivity. This system has
multiple entry sites conferring many possible conformations
closer to the native one for a given sequence.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatitis C virus is the major etiological agent for non-A,
non-B hepatitis[1-3]. There are 1.7 hundred million infected
patients all over the world [4], and chronic infection is
established in about 50-90% of patients [5]. HCV-infected
patients develop a heterogeneous immune response. The
initial worldwide screening of blood for antibodies against
HCV was carried out with a polyprotein (c100-3) from the
NS3-NS4 region[6], but the specificity and sensitivity of this
region are not sufficient[7,8]. Recent studies have identified
several epitopes in the envelope protein[9-12].
The characterization of the sequences recognized by
antibodies and their reactivity has been performed mainly
with the use of synthetic peptides[13,14] . However, recent
studies have provided evidence that there are severe
limitations in the use of synthetic peptides bound to the solid
phase for the detection of antibodies against conformational
epitopes[15,16]. A new epitope presenting system, based on
the capsid protein of the flock house virus (FHV), has been
successfully used in the presentation of several conformational
epitopes of human immunodeficiency virus type 1 [17].
Therefore, we inserted the FHV capsid protein in three
portions of an epitope of HCV envelope protein, and
studied the immunogenicity of these chimeric proteins.
MATERIALS AND METHODS
Serum samples
HCV patient serum samples were kindly provided by
Kunming Infectious Diseases Hospital. Antisera from HCVEb chimeric protein (spanning hole HCV E1 envelope
protein without FHV capsid carrier protein) immunized
guinea pigs were prepared in our laboratory.
Epitope of HCV envelope E1 and coding gene
The studied epitope was the E1 region of HCV comprised
of 14 amino acids, EGHRMAWDMMMNWS, from the
residues 315-328. These residues had the highest conservation
in E1 region. Two primers coding this epitope were
synthesized by Sangon Company: primers Ps (5’-tgagggtcaccgtatggcttgggacatgatgatgaactggtctcc-3’) and Pas (3’-
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cccagtggcataccgaaccctgtcctactacttgaccagaggagt-5’).
Annealing and kinasing of the epitope primers
The annealing reaction mixture containing 4 L primer Ps
(≈100 ng), 4 L primer Pas (≈100 ng), 5 L buffer (10×)
and 12 L H2O was incubated at 65 ℃ for 5 min, then
cooled down to 37 ℃ for 45 min in 37 ℃ water bath. The
annealed mixture was added with 2 L ATP (25 mol/L),
2 L kinase (10 U/L) and 3 L buffer (10×), and incubated
in a 37 ℃ water bath for 1 h.
Construction of expression plasmids
FHV capsid gene RNA2 was genetically modified, having a
restriction endoenzyme site Bsu36I at different positions of
the molecule. The FHV-RNA2 was constructed onto the
plasmid pET-3, and the product was designated as pET-RNA2.
After digestion with Bsu 36I (purchased from Biolabs),
pET-RNA2 as a vector was ligated with kinased HCV
epitope primers (double stranded), and transformed in
E.coli DH5 competent cells. The positive recombinant
plasmids were identified by digestion with proper restriction
endoenzymes respectively, and finally sequenced by the
dideoxy chain determination method with T7 DNA
polymerase (T7 sequencing TM, Pharmacia Biotech Inc.,
USA). Then correct plasmids was identified, designated as
pET-RNA2-E1, and used for recombinant epitope (chimeric
proteins) expression.
Expression of recombinant proteins in E.coli
Competent BL21 (DE3) was transformed with the
recombinant plasmid pET-RNA2-E1, and incubated in LB
medium. After transformation and incubation, 3 mL fresh
culture was transferred into 250 mL fresh TB-P medium
(phosphate-rich medium, containing 200 g/mL ampicillin),
and incubated overnight. The cells were then gathered by
low-speed centrifugation and resuspended in 50 mL of
sonication buffer. After sonication lysis and centrifugation,
the recombinant epitope/chimeric protein was obtained in
inclusion body form. The expressed proteins were detected
in 120 g/L SDS-PAGE gels.
Western blot analysis of recombinant proteins
Total cell lysates were run on SDS-PAGE gels and transferred
electrophoretically to nitrocellulose membrane for 2 h at
the voltage of 100 V. The membrane was then incubated
in blocking solution (50 g/L nonfat milk in Tris-buffered
saline, TBS) for 1 h at room temperature at 80 r/min followed
by incubation at room temperature for 2 h in the HCV
positive sera prediluted to 1:100 with blocking solution.
The membrane was washed thrice with TBS/T (1 g/L
Tween-20 in TBS) for 10 min, and horseradish peroxidaselabeled goat anti-human IgG antibodies (purchased from
Sigma) diluted in TBS/T (1:2 000) were exposed to the
membrane at room temperature for 1 h. The membrane
was visualized with a substrate solution of DAB (purchased
from Sigma) and NiCl2 after washing thrice for 10 min with
TBS/T.
Enzyme linked immunoadsorbent assay (ELISA)
ELISA for recombinant protein of HCV E1 epitope and peptide

June 14, 2005

Volume 11

Number 22

of the E1 epitope was done in 96-well, flat-bottomed vinyl
assay plates. Microplates were coated with purified recombinant
protein or synthetic HCV E1 peptide in 0.05 mol/L sodium
carbonate buffer (pH 9.6) for 2 h at 37 ℃ and overnight at
4 ℃. The recombinant protein was diluted to 0.5 g/mL
for ELISA, and the peptide was diluted to 5 g/mL. Plates
were washed 4 times with PBS containing 0.5 g/L Tween
20 and blocked with blocking buffer (0.5 g/L Tween
20, 2.5 g/L bovine serum albumin and 0.5 g/L NaN3 in
PBS) for 2 h at 37 ℃. Antisera against HCV-Eb (1:1 000)
were applied for 30 min at 37 ℃. A peroxidase-conjugated
goat anti-guinea pig IgG used as secondary antibody was
incubated for 30 min at 37 ℃. Wells were washed four
times with PBS/T between each step and visualized with
o-phenyl-diamine-2HCL (50 mg/L in PBS, pH 5.0). The
reaction was stopped with 50 L of 2 mol/L H 2SO 4.
Absorption was measured at A495.

RESULTS
Construction and identification of recombinant plasmids
The recombinant plasmids were identified by digestion with
proper restriction endoenzymes, respectively. A 410 bp
(including 45 bp E1 epitope gene) fragment was obtained
when pET-RNA-I1-E1 was digested with SpeI/MluI, a 365
bp fragment was obtained when pET-RNA-I1-wt digested
with the same endoenzymes; A 472 bp (including 45 bp E1
epitope gene) fragment was obtained when pET-RNA-I2E1 digested with SpeI/NcoI, a 427 bp fragment was obtained
when pET-RNA-I2-wt digested with SpeI/NcoI; A 302 bp
(including 45 bp E1 epitope gene) fragment was obtained
when pET-RNA-I3-E1 digested with NsiI/NcoI, a 257 bp
fragment was obtained when pET-RNA-I3-wt digested
with the same endoenzymes; agarose gel electrophoresis
showed that the HCV epitope gene was cloned into three
positions of the pET-RNA2 vector with correct size,
(Figures 1 and 3). The nucleotide sequence of inserted
fragments were identified by sequence analysis (Figure 2).
The recombinant protein expressed by pET vector had a
FHV RNA2 fusion protein.

1 2 3

501
404
331
242
190
147
111

Figure 1 Restriction analysis of recombinant plasmids pET-RNA-I1. Lane 1:
DNA molecular weight markers pUC19 DNA/Msp I (Hpa ll); lane 2: pET-RNAI1-E1 digested with SpeI/MluI ( 410 bp); lane 3: pET-RNA-I1- wt digested with
SpeI/MluI (365 bp).

Expression of recombinant proteins in E.coli
Three recombinant plasmids pETRNA2-I1E1, pETRNA2-
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I2E1, pETRNA2-I3E1, were carrying the HCV E1 epitope
gene, expressed in E. coli BL21 (DE3). The yield of
recombinant proteins was as high as 40% of the total cell
proteins (Figure 4A). The recombinant proteins RNA-I1E1,
RNA-I2E1, RNA-I3E1, were HCV E1 epitopes inserted in
positions I1 (aa106), I2 (aa153), I3 (aa305) of the FHV
capsid protein respectively. Better expression was found in
pETRNA2-I1E1 and pETRNA2-I2E1.
Western blotting analysis
Three recombinant proteins were separated by SDS-PAGE
and transferred electrophoretically to nitrocellulose for
immunoblotting as shown in Figure 4B. The three proteins
showed immunoreactivity. RNA2-I 1E1, RNA2-I 3E1 had
strong reactivity with HCV positive sera, and the reactivity
of pETRNA2-I2E1 was relatively weaker.
ELISA of recombinant proteins of HCV epitope
Three chimeric antigen proteins were further purified. After
purification by Q-FF/HP negative ion-exchange and
superdex 75 gel chromatography, the purity of these three
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chimeric proteins was higher than 90%. These chimeric
antigens were coated respectively to microplates in 50 ng
each well. Other wells were coated with synthetic HCV E1
peptide 5 g/mL (500 ng/100 L/well) in sodium carbonate
buffer (pH 9.6) overnight. Antisera against HCV Eb and
negative sera were used in ELISA. The results showed that
the reactivities of two recombinant proteins (RNA2-I1E1,
RNA2-I 3E1) were greater than those of synthetic peptide
(Figure 5).

DISCUSSION
It is well known that the immunogenicity of a peptide
depends not only on its sequence, but also on the mode of
presentation to the immune system. Attempts to increase
the immunogenicity of these antigens used as vaccines
have led to the development of a number of antigen
presentation systems. Many of these are designed to
present the antigen as a polyvalent particulate structure.
Various types of particles have been used to present foreign
epitopes: core antigen (HbcAg) and surface antigen (HBsAg)
from HBV, capsid proteins from polio virus[18,19]. Using a
human rhinovirus capsid sequence as a guest peptide and
particles formed by HbcAg as a carrier, show that the internal
location of the foreign sequence improves immunogenicity
of that epitope by 10 to 50-fold when compared to the
amino terminus location[20]. Furthermore, both constructs

A
1

Figure 2 Sequence analysis of pET-RNA-I1-E1.
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Figure 4 SDS-PAGE of inclusion body of RNA-E1 (A) and Western blot of
chimeric antigen protein RNA-E1(B). A: SDS-PAGE of inclusion body of RNAE1. Lane 1: Inclusion bodies of RNA-I1-E1; lane 2: Inclusion bodies of RNA-I2E1; lane 3: Inclusion bodies of RNA-I3-E1; lane 4: M: Protein molecular weight
standard (middle range); B: Western blot of chimeric antigen protein RNA-E1
Lane 1: RNA-I1-E1; lane 2: RNA-I2-E1; lane 3: RNA-I3-E1.

Figure 3 Restriction analysis of recombinant plasmid pET-RNA-I2 (A) and
pET-RNA-I3 (B). A: Restriction analysis of recombinant plasmid pET-RNA-I2.
Lane 1: DNA molecular weight markers (1 kb); lane 2: pET-RNA-I2- wt digested
with SpeI/ NcoI (427bp); lane 3: pET-RNA-I2-E1 digested with SpeI/NcoI (472bp);
B: Restriction analysis of recombinant plasmid pET-RNA-I3. Lane 1: DNA
molecular weight markers pUC19 DNA/MspI (Hpall); lane 2: pET-RNA-I3-E1
digested with NsiI/NcoI (302 bp); lane 3: pET-RNA-I3- wt digested with
NsiI/NcoI (257 bp).

Absorbance value at A 492
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RNA2-I1 RNA2-I2
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Figure 5 ELISA of E1 peptide and RNA-E1 chimeric antigen displaying epitope
at three different positions.
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present the epitope more efficiently to the mAbs, than the
free peptide. Since the properties of a given epitope might
be influenced by its conformation, it should have a carrier
system with multiple entry sites conferring many possible
conformations. We developed a new protein carrier (FHV
capsid protein) based on the structure known at atomic
level for the location of foreign eptitopes.
Studies of the HCV antigenic structure have allowed
construction of diagnostic systems with improved assay
specificity and sensitivity[21,22]. HCV infection is generally
detected using recombinant antigens from the conserved
capsid, NS3 and NS4 regions[23], but the specificity and
sensitivity of some regions are not sufficient. Recent studies
have identified several epitopes in the envelope protein.
Research in epitopes of envelope protein will help develop
diagnostic reagents and recombinant vaccines for HCV. Since
the nucleotide mutation rate in envelope E1 (35%) is higher
than in core (8%) of HCV, we studied the expression and
immunogenicity of a highly conserved B-cell epitope of
E1 among different HCV genotypes. Reactivity of this
epitope to synthetic peptide was observed in 10 of 11 sera
from HCV-infected humans and 11 of 15 sera from
chimpanzee[9].
The conserved B-cell epitope gene of HCV E1 was
synthesized and inserted into the three portions of the RNA2
encoding the FHV capsid protein as the vector.
The three chimeric genes were cloned to prokaryotic
expression vector pET-3 and expressed in E. coli BL21
(DE3). To improve the yield, we used the TB-P medium
(the phosphate-rich medium).
All the hybrid proteins reacted with antiserum of HCV
positive patients in Western blot test, but RNA2-I1E1 and
RNA2-I3E1 had a stronger reactivity with HCV positive sera
than pETRNA2-I 2E1, suggesting that the same epitope
inserted into different positions of FHV capsid protein
surface may have different conformations. In this way, the
inserted epitope is placed on the exterior surface of the
protein. Therefore, the epitope is predominantly recognized
by HCV-positive sera. These antigens are extremely useful
in studying the influence of the stereochemistry of the
presenting molecule in the recognition of a short heterologous
amino acid sequence by human immune system.
The reactivity of RNA2-I1E1, RNA2-I3E1 is much higher
than that of synthetic peptide, and the synthetic peptides
are presented in 10-fold molar than recombinant proteins,
suggesting that antigenicity of HCV E1 epitope can be greatly
enhanced by inserting the epitope in positions of FHV capsid
protein surface. The same results are observed using a
human rhinovirus capsid sequence as a guest peptide and
particles formed by HBcAg as a carrier. Both constructs
(the epitopes inserted in two different positions) present
the epitopes more efficiently to the mAbs than the free
peptide[20], indicating that the region is highly immunogenic.
This is probably due to the fact that the peptide in solution,
unlike in the solid phase or the epitope inserted in the carrier
protein, can exist in several metastable conformations[24] ,
some of which are more likely to acquire the native structure.
The results obtained in this study suggest that the FHV
capsomer system has the potential and flexibility for
presentation of conformational epitopes.
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Abstract
AIM: To clarify the effects of epigallocatechin-3-gallate
(EGCG) on the platelet-derived growth factor (PDGF)-BBinduced proliferation and migration of pancreatic stellate
cells (PSCs).
METHODS: PSCs were isolated from rat pancreas tissue
and used in their culture-activated, myofibroblast-like
phenotype. Cell proliferation was assessed by measuring the
incorporation of 5-bromo-2’-deoxyuridine. Cell migration
was assessed using modified Boyden chambers. Cyclin
D1, p21Waf1, and p27Kip1 expression and phosphorylation of PDGF
-receptor, extracellular signal-regulated kinase, and Akt
were examined by Western blotting. Activation of phosphatidylinositol 3-kinase was examined by kinase assay using
phosphatidylinositol as a substrate. Cell cycle was assessed
by flow cytometry after staining with propidium iodide.
RESULTS: EGCG at non-cytotoxic concentrations inhibited
PDGF-induced proliferation and migration. This effect was
associated with the inhibition of cell cycle progression beyond
the G1 phase, decreased cyclin D1 and increased p27Kip1
expression. EGCG inhibited tyrosine phosphorylation of PDGF
-receptor and downstream activation of extracellular
signal-regulated kinase and phosphatidylinositol 3-kinase/
Akt pathways.
CONCLUSION: EGCG inhibited PDGF-BB-induced proliferation
and migration of PSCs through the inhibition of PDGF-mediated
signaling pathways.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
In 1998, star-shaped cells in the pancreas, namely pancreatic
stellate cells (PSCs), were identified and characterized[1,2].
In normal pancreas, stellate cells are quiescent and can be
identified by the presence of vitamin A-containing lipid
droplets in the cytoplasm. In response to pancreatic injury
or inflammation, they are transformed (“activated”) from
their quiescent phenotype into myofibroblast-like cells, which
actively proliferate, express the cytoskeletal protein -smooth
muscle actin, and produce extracellular matrix components.
Many of the morphological and metabolic changes associated
with the activation of PSCs in animal models of fibrosis
also occur when these cells are grown in serum-containing
medium in culture on plastic. There is accumulating evidence
that activated PSCs play a pivotal role in the development
of pancreatic fibrosis[1-4]. In addition, PSCs may participate
in the pathogenesis of acute pancreatitis[3,5]. The activation
of signaling pathways such as p38 mitogen-activated protein
(MAP) kinase[6], Rho-Rho kinase[7], and c-Jun N-terminal
kinase[8] is likely to play a role in PSC activation.
Stellate cell proliferation and expansion of their pool
are the fundamental features of pancreatic fibrosis[3]. Plateletderived growth factor (PDGF)-BB has been shown to be
one of the most potent mitogen of PSCs, and is likely to be
an important mediator of the increased proliferation of
PSCs both in vivo and in vitro [9,10] . Accumulation of PSCs
may also result from PSC migration, and recent studies have
shown that PDGF-BB induced migration of PSCs[11,12] .
Binding of PDGF to the receptors leads to dimerization
of receptor subunits, phosphorylates the receptor on tyrosines
(known as “autophosphorylation”), changes its cytoplasmic
conformation, activates endogenous tyrosine kinases, and
initiates intracellular signaling[13,14]. For downstream of PDGF
receptor, there are at least two major signaling pathways:
phosphatidylinositol 3-kinase (PI3-kinase)/Akt and c-Raf/
MAP kinase kinase/extracellular signal-regulated kinase
(ERK) pathways[13,14]. We and others have shown that ERK
pathway contributes mainly to cell proliferation whereas
PI3-kinase/Akt pathway contributes to cell migration[11,15].
Regulation of PSC proliferation and migration would serve as
a therapeutic target for pancreatic fibrosis and inflammation.
Natural antioxidants, such as polyphenols from green
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tea extracts, have attracted considerable attention for the
prevention of oxidative stress-related diseases including cancer,
cardiovascular diseases, and degenerative diseases[16,17]. Of
the polyphenols purified from green tea, (-)-epigallocatechin3-gallate (EGCG) is a major constituent and the most potent
antioxidant[18]. The antioxidant potential of EGCG is far
greater than that of vitamin E and/or C[19]. Previous studies
have demonstrated that EGCG possesses antioxidant[20] ,
anti-inflammatory[21] , anti-proliferative[22], and anti-cancer
activities[23-26]. EGCG inhibited lipopolysaccharide-induced
nitric oxide production and inducible nitric oxide synthase
gene expression in isolated peritoneal macrophages by
decreasing the activation of nuclear factor B[21] . EGCG
inhibited PDGF-induced proliferation of vascular smooth
muscle cells[22]. EGCG induced apoptosis more readily in
cancer cells than their natural counterparts [23]. EGCG
inhibited tumor growth, metastasis, and angiogenesis in
vivo [24-26]. But no previous studies have addressed the effects
of EGCG on cell functions of PSCs. We here report that
EGCG inhibited PDGF-induced proliferation and migration
of PSCs through the inhibition of PDGF-mediated signaling.

MATERIALS AND METHODS
Materials
EGCG was dissolved in H2O and stocked at 10 mmol/L.
3-(4, 5-dimethylthiazole-2-yl)-2, 5-diphenyltetrazolium
bromide (MTT) was obtained from Dojindo (Kumamoto,
Japan). Rat recombinant PDGF-BB was purchased from
R&D Systems (Minneapolis, MN). Rabbit antibodies against
ERK (phosphorylated and total) and Akt (phosphorylated
and total) were purchased from Cell Technologies, Inc.
(Beverly, MA). Rabbit antibodies against PDGF -receptor,
cyclin D1, p21 Waf1, and p27 Kip1 were from Santa Cruz
Biotechnology (Santa Cruz, CA). Rabbit antibody against
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was
obtained from Trevigen (Gaithersburg, MD). Rabbit
antibody against phosphorylated PDGF -receptor and
mouse anti-phosphotyrosine antibody were obtained from
Upstate Biotechnology Inc. (Lake Placid, NY). All other
reagents were purchased from Sigma-Aldrich (St. Louis, MO)
unless specifically described.
Cell culture
All animal procedures were performed in accordance with
the National Institutes of Health Animal Care and Use
Guidelines. Rat PSCs were prepared from the pancreas tissues
of male Wistar rats (Japan SLC Inc., Hamamatsu, Japan)
weighting 200-250 g using the Nycodenz solution (Nycomed
Pharma, Oslo, Norway) after perfusion with 0.3 g/L collagenase P as previously described[11]. The cells were resuspended
in Ham’s F-12 medium containing 100 mL/L heatinactivated fetal bovine serum (MP Biomedicals, Irvine,
CA), penicillin sodium, and streptomycin sulfate. Cell purity
was always more than 90% as assessed by a typical starlike configuration and by detecting vitamin A autofluorescence. All experiments were performed using cells
between passages two and five. We incubated PSCs in serumfree medium for 24 h before the addition of experimental
reagents. EGCG was added to the culture medium 1 h
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before the addition of PDGF-BB.
Cell viability assay
Cell viability was assessed by the MTT assay as previously
described[27]. After the treatment with EGCG at the indicated
concentrations for 72 h, MTT solution was added to the
cells at a final concentration of 500 mg/L, and the incubation
continued at 37 ℃ for 4 h. After the incubation period, the
medium was aspirated and the formazan product was
solubilized with dimethylsulfoxide. Cell viability was determined
by A570-690.
Cell proliferation assay
Serum-starved PSCs (approximately 80% density) were
treated with PDGF-BB (at 25 g/L) in the presence of
EGCG at the indicated concentrations. Cell proliferation
was assessed using a commercial kit (Cell proliferation
ELISA, BrdU; Roche Diagnostics, Mannheim, Germany)
according to the manufacturer’s instruction. This is a
colorimetric immunoassay based on the measurement of
5-bromo-2’-deoxyuridine (BrdU) incorporation during
DNA synthesis. After 24-h incubation with experimental
reagents, cells were labeled with BrdU for 3 h at 37 ℃.
Cells were fixed, and incubated with peroxidase-conjugated
anti-BrdU antibody. Then the peroxidase substrate 3,3’,5,
5’-tetramethylbenzidine was added, and BrdU incorporation
was quantitated by A370-492 .
Cell migration assay
Cell migration was assessed as previously described[11].
Serum-starved PSCs were trypsinized, and resuspended at
the concentration of 3×10 8 cells/L in serum-free medium
containing EGCG at the indicated concentrations. For the
assay, we used modified Boyden chambers with 8-m-pore
filters (Iwaki glass Co. Ltd., Funabashi, Japan) coated with
rat-tail type I collagen. PDGF-BB (at 25 g/L) was added
to the lower chamber, and 250 L of cell suspension was
added to the upper chamber. The chambers were then
incubated at 37 ℃ for 24 h. At the end of the incubation,
the cell suspension in the upper chamber was aspirated,
and the upper part of the filter was cleaned with cotton
plugs. The cells migrated to the underside of the filter were
stained with Difquick (Sysmex, Kobe, Japan), viewed, and
counted at 200× magnification.
Cell cycle analysis
The cell cycle of PSCs was analyzed by flow cytometry as
previously described [28]. Briefly, serum-deprived PSCs
(approximately 60-70% density) were treated with PDGFBB in the absence or presence of EGCG (at 25 mol/L).
After 24 h, cells were harvested and washed twice with
phosphate-buffered saline. Cells were suspended in phosphatebuffered saline solution containing 40 mg/L propidium iodide,
0.2 mL/L Triton X-100, and 50 mg/L ribonuclease A. Samples
were incubated in the dark at room temperature for 30 min
and stored at 4 ℃ until the analysis. Cell fluorescence was
measured by FACSCaliber flow cytometer (Becton Dickinson
Co. Ltd, Tokyo, Japan), and analyzed using ModFit LT software
(Verity Software House, Topsham, ME) to determine the
distribution of cells in the various phases of the cell cycle.
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Western blotting
The level of activated, phosphorylated ERK was determined
by Western blotting as previously described[29]. Cells were
lysed in sodium dodecyl sulfate buffer. Cellular proteins
(approximately 100 g) were fractionated on a 100 g/L
sodium dodecyl sulfate-polyacrylamide gel. They were
transferred to a nitrocellulose membrane (Bio-Rad, Hercules,
CA), and the membrane was incubated overnight at 4 ℃
with rabbit anti-phosphospecific ERK antibody. After
incubation with peroxidase-conjugated goat anti-rabbit
IgG antibody for 1 h, proteins were visualized using an
ECL kit (Amersham Biosciences UK Ltd). Levels of total
ERK, Akt (phosphorylated at Ser 473 and total), PDGF
-receptor (phosphorylated at Tyr716 and total), cyclin D1,
p21 Waf1, p27Kip1, and GAPDH were determined in a similar
manner.
PI3-kinase assay
Serum-starved PSCs were treated with EGCG at the indicated
concentrations in the absence or presence of PDGF-BB.
After 5-min incubation, the monolayer was lysed in modified
radioimmunoprecipitation assay buffer (50 mmol/L TrisHCl at pH 7.4, 10 mL/L Nonidet P-40, 150 mmol/L NaCl,
1 mmol/L EDTA, 1 mmol/L activated sodium orthovanadate,
1 mol/L phenylmethylsulfonyl fluoride, and 1 mg/L of
each aprotinin, leupeptin, and pepstatin). The samples were
centrifuged at 12 000 g for 5 min to remove insoluble cell
debris. The protein concentration in the supernatant was
determined using the BCA protein assay (Pierce, Rockford,
IL). Cell lysates (approximately 250 g) were incubated with
the anti-phosphotyrosine antibody overnight at 4 ℃. The
immune complex was absorbed to protein A-agarose beads
(Upstate Biotechnology Inc.) for 2 h at 4 ℃. PI3-kinase
activity was determined using PI as a substrate as previously
described [30]. The product, PI3-phosphate, was resolved by
thin layer chromatography in chloroform:methanol:water:
300 g/L ammonium hydroxide (60:47:11.3:2, v/v) as a
solvent. After drying, the plates were autoradiographed.
Unlabeled PI3-phosphate was run in parallel to determine
its position.
Statistical analysis
The results were expressed as mean±SD. Luminograms and
autoradiograms are representative of at least three experiments.
Differences between the groups were evaluated by ANOVA,
followed by Fisher’s test for post hoc analysis. A P-value
less than 0.05 was considered statistically significant.

RESULTS
EGCG was cytotoxic at higher concentrations
We first examined the effect of EGCG on the cell viability
of PSCs. PSCs were incubated with increasing concentrations
of EGCG in serum-free medium for 72 h, and the cell
viability was assessed by MTT assay (Figure 1). EGCG up
to 25 mol/L did not alter the cell viability, but at higher
concentrations, EGCG was cytotoxic to PSCs (Figure 2).
The results were also confirmed by trypan blue dye exclusion
test (data not shown). Based on these results, we used EGCG
up to 25 mol/L in the subsequent experiments.
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Figure 2 EGCG was cytotoxic at higher concentrations. PSCs were treated
with EGCG at the indicated concentrations (mol/L) in serum-free medium for 72 h.
Cell viability was determined by the MTT assay, and the absorbance at
570-690 nm (“A”) of the sample is shown. Data are shown as mean±SD (n = 6).
b
P<0.01 vs EGCG at 0 mol/L. A: optical density.

EGCG inhibited PDGF-induced proliferation and migration of PSCs
In agreement with the previous studies showing that PDGF-BB
is a potent mitogen of PSCs in vitro [9,10], PDGF-BB
significantly increased proliferation of PSCs (Figure 3A).
PDGF-induced proliferation was inhibited by EGCG in a
dose-dependent manner. The inhibitory effect was significant
at as low as 1 mol/L.
Accumulation of PSCs in fibrotic pancreas may also
result from PSC migration, and PDGF-BB has been shown
to be a potent inducer of PSC migration[11,12]. We examined
whether EGCG affected PDGF-induced migration of
PSCs. EGCG inhibited PDGF-BB-induced PSC migration
in a dose-dependent manner (Figure 3B).
EGCG inhibited cell cycle progression beyond G1 phase
We analyzed the cell cycle in PSCs in the presence or absence
of EGCG. Exposure to PDGF was associated with a
marked decrease in the percentage of cells in the G0/G1
phase together with an increase in the number of cells in
the S phase (Figure 4A). The addition of the EGCG before
PDGF reduced the number of cells in the S phase, and the
percentage of cells in the G0/G1 phase was similar to the
percentage observed in untreated cells. Thus, the addition
of EGCG inhibited PDGF-induced progression of the cell
cycle beyond the G1 phase.
We examined the effects of PDGF and EGCG treatment
on cell cycle-related molecules. The level of cyclin D1 expression
in serum-starved cells was low, but PDGF increased the expression
(Figure 4B). EGCG reduced the PDGF-induced cyclin D1
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Figure 3 EGCG inhibited PDGF-induced proliferation and migration. A: Serumstarved PSCs were left untreated (“Cont”) or treated with PDGF-BB (at 25 g/L) in
the presence or absence of EGCG at the indicated concentrations (mol/L). After
24-h incubation, DNA synthesis was assessed by BrdU incorporation enzyme-linked
immunosorbent assay. Data are shown as mean±SD (% of the control, n = 6).
b
P<0.01 vs PDGF only; B: cell migration was assessed using modified Boyden
chambers with 8-m pore filters. Serum-starved PSCs were left untreated (“Cont”)
or were treated with PDGF-BB (at 25 g/L) in the lower chamber in the absence or
presence of EGCG at the indicated concentrations (mol/L). After 24-h incubation with
PDGF, the cells migrated to the underside of the filter were stained, and counted.
Data are shown as mean±SD (% of the control, n = 6). bP<0.01 vs PDGF only.

expression. In contrast, the level of p27Kip1 expression was decreased by PDGF treatment, and EGCG increased the expression.
p21Waf1 could not be detected in our experimental system.
EGCG inhibited PDGF-induced phosphorylation of PDGF
 -receptor, ERK, and Akt
We then attempted to clarify the molecular mechanisms
responsible for EGCG’s inhibitory effects on PSCs. PDGFBB induced tyrosine phosphorylation of the PDGF receptor in a time-dependent manner (Figure 5A). EGCG
inhibited PDGF-induced phosphorylation of PDGF receptor without affecting the protein expression of PDGF
-receptor.
Previous studies have shown that activation of c-Raf/MAP
kinase kinase/ERK and PI3-kinase/Akt pathways plays key
roles for PDGF-induced proliferation and migration, respectively[11,15]. EGCG inhibited PDGF-BB-induced phosphorylation of ERK and Akt in a dose-dependent manner (Figure 5A).
In addition, EGCG inhibited PDGF-induced activation of
PI3-kinase (Figure 5B). Thus, EGCG inhibited PDGF-induced
tyrosine phosphorylation of PDGF -receptor and downstream
activation of ERK and PI3-kinase/Akt pathways.
EGCG did not alter the expression of total PDGF  -receptor
It has been shown in hepatic stellate cells that EGCG inhibited
cell proliferation by blocking the tyrosine phosphorylation
and by reducing the gene expression of PDGF -receptor[31].

GAPDH

Figure 4 EGCG inhibited cell cycle progression beyond G1 phase. A: PSCs
were treated with PDGF-BB (at 25 g/L) in the absence or presence of EGCG
at 25 mol/L. After 24-h incubation, cells were harvested, and cell cycle
analysis was performed by flow cytometry after staining with propidium iodide.
Data show the percentage of cells in each phase of the cell cycle in a representative
experiment; B: PSCs were treated with PDGF-BB (at 25 g/L) in the absence
or presence of EGCG at the indicated concentrations (mol/L). After 24-h incubation,
cells were harvested, and total cell lysates were prepared. The levels of cyclin
D1, p21Waf1, p27Kip1, and GAPDH were determined by Western blotting.

We examined whether EGCG altered the expression of total
PDGF -receptor. EGCG did not alter the expression of
total PDGF -receptor regardless of absence or presence of
PDGF (Figure 6).
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Figure 5 EGCG inhibited phosphorylation of PDGF -receptor, ERK, and Akt.
PSCs were incubated in the absence or presence of EGCG at the indicated
concentrations for 1 h, and then treated with PDGF-BB (at 25 g/L) for 5 min. A:
total cell lysates were prepared, and the total and phosphorylated levels of
PDGF -receptor, Akt, and ERK were determined by Western blotting; B: total
cell lysates were prepared and immunoprecipitated with anti-phosphotyrosine
antibody. PI3-kinase activity was assessed using PI as a substrate. The arrow
denotes the product, PI3-phosphate, resolved by thin layer chromatography.
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Figure 6 EGCG did not alter the expression of total PDGF -receptor. PSCs
were incubated with EGCG at the indicated concentrations in the absence or
presence of PDGF-BB (at 25 g/L). After 24 h, total cell lysates (approximately
100 g) were prepared, and the levels of total PDGF -receptor and GAPDH
were determined by Western blotting.

DISCUSSION
The present study demonstrated that EGCG at non-cytotoxic
concentrations inhibited PDGF-induced proliferation and
migration. These inhibitory effects appeared through inhibiting
tyrosine phosphorylation of PDGF -receptor and downstream
activation of ERK and PI3-kinase/Akt pathways. This is in
agreement with the previous study showing that green tea
catechins containing a galloyl group in the third position of
the catechin structure interfered with PDGF-BB-induced
mitogenic signaling in vascular smooth muscle cells by inhibiting
tyrosine phosphorylation of the PDGF -receptor[22]. The
effects of EGCG were not mediated by its non-specific
cytotoxicity because the levels of PDGF -receptor and
GAPDH were not decreased. In this study, EGCG was
cytotoxic to PSCs above 25 mol/L. This is relatively low
compared to hepatic stellate cells where EGCG was not
cytotoxic up to 100 mol/L[31]. This may reflect differences
in experimental conditions, including differences in cell
types. Indeed, Chen and Zhang[31] treated hepatic stellate
cells with EGCG in the presence of 100 mL/L fetal bovine
serum whereas we treated PSCs with EGCG in serum-free
medium.
We showed here that EGCG inhibited tyrosine phosphorylation of PDGF -receptor. Tyrosine phosphorylation of
PDGF -receptor serves as a critical link between extracellular
PDGF stimulation and intracellular signaling[13,14]. It has been
shown that EGCG inhibited receptor-type protein tyrosine
kinases (epidermal growth factor receptor, PDGF receptor,
and fibroblast growth factor receptor) whereas EGCG
scarcely inhibited serine- and threonine-specific protein kinases
such as protein kinases A and C [32]. Like tyrphostin AG1296 [33],
EGCG may induce conformational changes at the ATPbinding site of the PDGF -receptor, thereby inhibiting its
tyrosine phosphorylation. Other types of polyphenolic
compounds (namely, genistein and quercetin) inhibit receptor
tyrosine kinases via this mechanism[34]. On the other hand,
it has been suggested that decreased tyrosine phosphorylation
of PDGF receptor might be attributed to decreased binding
of PDGF to the receptor. EGCG, as in the case of other
flavanols, can form complexes with biologic macromolecule
such as lipids, carbohydrates, proteins, and nucleic acids[35]. Suzuki
et al[36], demonstrated that PDGF-BB was captured by EGCG
immobilized on agarose gel. Weber et al[37], showed that EGCG
was incorporated into different cellular components including
cell surface membranes, which leads to a trapping of PDGF
to non-receptor binding sites and reduced PDGF-BB binding
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to the respective receptors. Thus, EGCG incorporated into
plasma membrane or soluble EGCG might directly interact
with PDGF-BB, thereby preventing specific receptor
binding.
It should be noted that EGCG here did not affect the
total PDGF -receptor expression. This is in contrast to
hepatic stellate cells where EGCG inhibited cell proliferation
by blocking the tyrosine phosphorylation and by reducing
the gene expression of PDGF -receptor[31]. In hepatic stellate
cells, EGCG blocked the activation of activator protein-1
and nuclear factor B, which, in turn, resulted in a marked
reduction in the promoter activity and gene expression of
the PDGF -receptor[31]. Because EGCG did not alter the
amount of PDGF -receptor, different mechanisms might
be involved. We here showed that EGCG inhibited the
activation of ERK and PI3-kinase/Akt pathways. Because
EGCG inhibited phosphorylation of PDGF -receptor, it
would be logical to assume that the reduction in activity of
kinases downstream of PDGF receptor was solely due to
the reduction in PDGF receptor activity. However, recent
cell-free study showed that EGCG could directly inhibit
ERK and Akt activation in response to epidermal growth
factor[38]. Thus, activation of ERK and Akt might be inhibited
in the cell by dual effects of EGCG: the suppression of incoming
PDGF-associated stimulation and direct inhibition of these
kinases. Further studies are required to elucidate the complexity
of the regulation.
During tissue repair and inflammatory processes in the
pancreas, PDGF is secreted by various cells including platelets,
mononuclear cells, and activated macrophages[39]. Exposure
of PSCs to PDGF in vivo is likely to occur in conditions of
pancreatic inflammation characterized by the presence of
platelets and activated macrophages[2,10] . PDGF-induced
effects on PSCs in vivo may be further aided by the up-regulation
of PDGF receptors on the surface of PSCs. In this regard,
it should be noted that in a rat model of pancreatic fibrosis,
immunostaining for PDGF -receptor was found to be
notably increased in association with areas of fibrosis, and
the expression of the PDGF -receptor, but not of the
PDGF -receptor, was closely associated with desmin staining,
suggesting that PSCs expressed the PDGF -receptor[3].
Codistribution of PDGF with cells expressing its receptor
confirms a functional role of PDGF in the development
of pancreatic fibrosis.
We showed here that PDGF-BB, which is one of the
most potent mitogen for PSCs, induced the expression of
cyclin D1 whereas p27Kip1 expression was down-regulated.
The effects of PDGF-BB on these cell cycle-related molecules
were blocked by EGCG treatment, resulting in the inhibition
of cell cycle progression beyond the G1 phase. The D-group
cyclin proteins play critical roles in the progression of cells
through the G1 phase of the cell cycle[40,41] . It has been
reported that overexpression of cyclin D1 in cultured cells
shortened G1 phase and caused more rapid entry into S
phase[40]. Conversely, microinjection of antisense cyclin D1
oligonucleotide or cyclin D1 antibody arrested the cells at
G1 phase[41]. Although regulation of cell cycle progression
in PSCs remains largely unknown, our results suggested for
the first time that induction of cyclin D1 and decreased
p27Kip1 might be a prerequisite for PSC proliferation. Because
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PSCs were treated with EGCG in the presence of PDGFBB, down-regulation of cyclin D1 and upregulation of p27Kip1
might merely result from decreased tyrosine phosphorylation
of PDGF -receptor. It should be noted that EGCG by
itself inhibited cyclin-dependent kinases 2 and 4 activities
but induced p21Waf1 and p27Kip1 expression during growth
arrest of human breast carcinoma cells[42].
We have recently shown that 4-hydroxy-2,3-nonenal, an
aldehydic end-product of lipid peroxidation, induced type I
collagen production in PSCs, suggesting a role of oxidative
stress in the regulation of cell functions of PSCs. Although
little is known about the effective EGCG concentrations
required to modulate PDGF-mediated signaling pathways
in vivo, it would be of interest to see whether EGCG inhibits
the development of pancreatic fibrosis in vivo. In addition
to its inhibitory effects on PDGF-induced cell functions,
we have found that EGCG inhibited cytokine-induced
production of monocyte chemoattractant protein-1 (Masamune
et al, manuscript in preparation). The pharmacokinetics of
the green tea polyphenols in humans have been examined in
detail[43,44], and the maximum achievable EGCG concentration
in vivo is less than the concentrations used in the current study.
For example, 1 cup (240 mL) of green tea contains 200 mg
of EGCG [43] and a single 200-mg dose of EGCG produces
a plasma EGCG concentration of -0.1 mol/L[44]. However,
the consumption of pharmaceutically prepared formulations
of green tea polyphenols produces plasma EGCG concentrations approaching 2 mol/L[44]. EGCG has been shown to
protect against carbon tetrachloride-induced hepatotoxicity
in mice[45], and endotoxin-induced lethal shock[46]. Its potent
antioxidant capability and long history as beverage without
adverse health effects make it a candidate for the treatment
of pancreatic fibrosis. Experiments designed to test this
hypothesis are under way in our laboratory.
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B. ovatus-induced cytokine mRNA accumulation and
protein secretion.
CONCLUSION: These observations demonstrate the
ability of primary CEC to respond to and discriminate
between different strains of commensal bacteria and
identify a mechanism by which probiotic bacteria (LGG)
may exert anti-inflammatory effects in vivo.
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Abstract
AIM: To determine if primary murine colonic epithelial
cells (CEC) respond to commensal bacteria and discriminate
between different types of bacteria.
METHODS: A novel CEC: bacteria co-culture system was
used to compare the ability of the colonic commensal
bacteria, Bacteroides ovatus, E. coli (SLF) and Lactobacillus
rhamnosus (LGG) to modulate production of different
cytokines (n = 15) by primary CEC. Antibody staining and
flow cytometry were used to investigate Toll-like receptor
(TLR) expression by CEC directly ex vivo and TLR
responsiveness was determined by examining the ability
of TLR ligands to influence CEC cytokine production.
RESULTS: Primary CEC constitutively expressed functional
TLR2 and TLR4. Cultured in complete medium alone, CEC
secreted IL-6, MCP-1 and IP-10 the levels of which were
significantly increased upon addition of the TLR ligands
peptidoglycan (PGN) and lipopolysaccharide (LPS).
Exposure to the commensal bacteria induced or upregulated different patterns of cytokine production and
secretion. E. coli induced production of MIP-1/ and 
defensin3 whereas B. ovatus and L. rhamnosus exclusively
induced MCP-1 and MIP-2 expression, respectively.
TNF, RANTES and MEC were induced or up-regulated
in response to some but not all of the bacteria whereas
ENA78 and IP-10 were up-regulated in response to all
bacteria. Evidence of bacterial interference and suppression
of cytokine production was obtained from mixed bacterial:
CEC co-cultures. Probiotic LGG suppressed E. coli- and

INTRODUCTION
Intestinal mucosal surfaces are in continuous contact with
heterogeneous populations of commensal microorganisms,
which collectively make up the intestinal microbiota.
Historically, the barrier function of intestinal epithelial cells
(IEC) has been considered to be important in preventing
the interaction of non-invasive microbes and protein antigens
from making contact with, and activating the mucosal
immune system and maintaining immune tolerance [1].
Indeed, breach of the epithelial barrier is a feature of chronic
inflammatory disorders such as inflammatory bowel disease
(IBD), and the virulence of enteric pathogens such as
enterohemorrhagic E. coli, is in large part attributable to their
ability to disrupt the epithelial barrier[2]. More recent studies
suggest that IEC play a more active role in preventing or
limiting host responses to harmless self-antigens. Studies
using immortalized lines have shown that IEC selectively
lack expression of pattern recognition receptors (PRRs) such
as Toll-like receptors (TLR), or PRR-associated signal
transduction complexes that mediate recognition of
signature molecules of microorganisms (microbe-associated
molecular patterns; MAMPs) including lipopolysaccharide
(LPS) and peptidoglycan (PGN)[3]. The results of studies
of TLR expression by IEC in vivo are however, ambiguous
with some providing no evidence of TLR 2 or TLR4
expression in the normal intestinal mucosa whereas others
have detected low levels of expression[4-6].
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The host response to commensal bacteria in vivo has
been investigated by profiling ileal tissue mRNA of germfree
mice following conventionalization with commensal
bacteria[7] . Although this study did not include an analysis
of host immune response genes, it demonstrated that
commensal bacteria could modulate expression of genes in
ileal tissue and laser-capture microdissected epithelial cells
that are involved in mucosal barrier integrity, xenobiotic
metabolism, nutrient absorption, angiogenesis and postnatal
intestinal maturation. Evidence that the host can distinguish
between different commensal bacteria has been obtained
by comparing the levels of mRNA encoding proteins
involved in toxin metabolism (mdr1a), barrier function
(sprr2a) and lipid metabolism (colipase), which showed
quantitative differences in levels of ileal tissue mRNA in
mice colonized by three different commensal bacteria. Since
the bulk of these studies were carried out on intact ileal
tissue samples, it was not possible to exclude non-epithelial
cell contributions to the mRNA profile, and any indirect
effects of other mucosal cells on epithelial cell responses to
bacterial challenge in vivo. One way in which the molecular
nature of IEC responses to commensal bacteria has been
addressed is through the use of defined intestinal epithelial
cell lines.
Studies using IEC lines have suggested that commensal
bacteria may “programme” IEC to prevent or downmodulate pro-inflammatory responses to non-pathogenic
bacteria by interfering with TLR expression[8] or NF-B
activation[9] . The involvement or requirement of NF-B
activation in IEC inflammatory responses is however
questioned by in vivo studies, demonstrating that this
transcription factor is primarily involved in IEC homeostasis
and that NF-B activation is associated with suppression
of CEC proliferation[10]. Other studies using IEC lines have
implied that there may be qualitative and/or quantitative
differences in the response of IEC to harmless versus
harmful microbes[9,11]. Thus, it is not clear if or how IEC
normally respond to commensal bacteria. To address this
issue we have used a novel CEC:bacteria co-culture system
and three representative strains of commensal bacteria
including a probiotic bacterium, to determine what effect
non-pathogenic bacteria have on CEC cytokine production.
Our results provide evidence for the ability of primary CEC
to respond to and distinguish between different types of
commensal bacteria.

MATERIALS AND METHODS
Animals
Specific pathogen free (SPF) C57BL/6 mice (Harlan, UK)
were housed under SPF conditions at The University of
Leeds and used between four and six weeks of age.
CEC isolation
CEC isolation, culture and characterization were extensively
described previously[12,13]. CEC viability was routinely >95%
and comprised >98% cytokeratin+ cells as determined by
antibody staining and flow cytometry. CEC preparations
with <90% viability, or >10% cytokeratin – cells were
discarded. Cells were initially cultured for up to 72 h in
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complete medium MEM (Sigma, Poole, Dorset, UK), 20%
heat-inactivated fetal bovine serum (Harlan, UK), 2% Luria
broth and 2 mmol/L L-glutamine to obtain a semi-confluent
monolayer of polarized CEC. The medium was changed
after 24 h to remove dead and non-adherent cells. These
culture conditions were not ideal for hematopoietic cell
growth and the absence of contaminating hematopoietic
(CD45 + ) cells was confirmed by antibody staining, flow
cytometry, and RT-PCR using primers specific for CD45.
Contamination by mesenchymal cells was evaluated by
assaying the presence of vimentin mRNA by RT-PCR.
CEC:bacteria co-culture
CEC were cultured for 1-5 h at 37 ℃ in 50 mL/L CO2 in
complete media alone or in media containing three
representative members of the murine and human colonic
microbiota[14]. A human colonic isolate of Bacteroides ovatus
(V975) was provided by Dr. T Whitehead (Peoria, IL), a
murine intestinal isolate of E. coli (slow lactose fermenting;
SLF) was provided by Dr. J Cebra (Philadelphia, PA), and
Lactobacillus rhamnosus (Lactobacillus GG; LGG) was originally
isolated from human feces (ATCC, catalog number 53103).
CEC and bacteria were cultured at a ratio of 10 bacteria: 1
CEC and the number of bacteria and CEC were determined
at the beginning and end of the culture. In some experiments
viable or non-viable (heat killed) L. rhamnosus was added to
an equal number of E. coli or B. ovatus immediately prior to
culture with CEC such that the total number of bacteria
was the same as that in single bacteria:CEC co-culture. In
additional experiments, CEC were cultured with 10 g/mL
LPS (Sigma, Poole, UK) or 1 g/mL PGN (Sigma) for 8 h
prior to analysis of TLR expression and levels of the active
form of ERK kinase. Conditioned media from CEC:
bacteria co-culture were harvested and stored at -80 ℃
until analyzed by ELISA and CEC were extensively washed
prior to processing for RNA isolation.
RT-PCR analysis
Total cellular RNA was isolated from cultured CEC by lysis
in 4 mol/L guanidinium isothiocyanate and CsCl density
gradient centrifugation followed by acidic phenol extraction
and ethanol precipitation. One to two micrograms of RNA
was reverse transcribed into cDNA and amplified by capillary
PCR (Idaho Technology, Idaho Falls, ID) using specific
oligonucleotide primers (Table 1). Wherever possible primer
pairs spanning an intron were used wherever possible.
Optimal amplification conditions for each primer pair were
determined empirically using cloned cDNAs or mRNA/
cDNAs obtained from primary or established cell lines that
expressed the gene of interest. Quantitative scanning
densitometry of EtBr-stained gels was used to compare
levels of PCR products obtained under different culture
conditions.
Flow cytometric analysis of TLR expression
Highly purified (>98% cytokeratin+) preparations of freshly
isolated CEC were stained with FITC-anti-TLR2 (clone
6C2, Hycult Biotechnology BV, Uden, The Netherlands)
or TLR4 (Biocarta, Oxford, UK) antibodies followed by
goat anti-rat-biotin (Caltag) and finally streptavidin-PE
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Table 1 PCR primer sequences
Gene

Forward 5’→3’

Reverse 5’→3’

IL-1

GAGATTGAGCTGTCTGCTCA

AAGGAGAACCAAGCAACGAC

IL-6

GATGCTACCAAACTGGATATAATC

GGTCCTTAGCCACTCCTTCTGTG

IL-18

ACTGTACAACCGCAGTAATACGG

AGTGAACATTACAGATTTATCCC

TNF

TGGGAGTAGACAAGGTACAACCC

CATCTTCTCAAAATTCGAGTGACAA

ENA78 (CXCL5)

CTTCCTCAGTCATAGCCGCAAC

ATCCGTGGGTGGAGAGAATCAG

IP-10 (CXCL10)

TTTCTGCCTCATCCTGCTGG

GGAGCCCTTTTAGACCTTTTTTGG

MIP-1 (CCL3)

GCCCTTGCTGTTCTTCTCTGT

GGCATTCAGTTCCAGGTCAGT

MIP-1 (CCL4)

ACACCATGAAGCTCTGCGT

CGCTGGAGCTGCTCAGTTC

MIP-2 (CXCL2)

CAAAGGCAAGGCTAACTG

TGTTCTACTCTCCTCGGT

MIP-3 (CCL-20)

GCAGAAGCAGCAAGCAACTACG

GAGGTTCACAGCCCTTTTCACC

MCP-1 (CCL2)

CTCACCTGCTGCTACTCATTC

GCTTGAGGTGGTTGTGGAAAA

MCP-3 (CCL7)

TGTGCCTGAACAGAAACCAACC

AAAAATGGGGAAAGGGGGAG

KC (GRO)

GTCCTTTGAACGTCTCTGTC

GCTGGCTTCTGACAACACTA

RANTES (CCL5)

CAAGGAGTATTTCTACACCAGCAGC

ATGCCGATTTTCCCAGGACC

MEC (CCL-28)

GCTGTGTGTGTGGCTTTTCAAAC

TTCTGTCCTTCCTGCTGGGTTG

MyD88

ACCCCACTCGCAGTTTGTTGGATG

TGGTGATGCCTCCCAGTTCCTTTG

TIRAP

CAATCTACCTGGAATCGGCTGTC

GCATCTTCTTGGGCTTCTTCAAC

IRAK

TGCCGCTTCTACAAAGTGATGGACG

AATGGGTCTGGGAGCCTGGAAAAG

Caspase-1

ATTACTGCTATGGACAAGGCACGG

CCCTCGGAGAAAGATGTTGAAACTC

TRAF-6

AATGGAAGCACAGCAGTGTAACGGG

AAGGCAAGCAGTTCTGGTTTGGCG

IKK

TGGAGCCTGGGAAATGAAAGAACG

TCTAAGAGCCGATGCGATGTCACTC

IKK

AGCCATTCCTCACTTACCAGTCCG

CAGCAGTCTCTTCCACAGAAAACCC

CD45

CTTCAGAGCCTCGTACCAGC

TGTGTCCAGAAGGGCAAATC

-actin

GCTTCTTTGCAGCTCCTTCGTTG

TTCTCCATGTCGTCCCAGTTGG

Vimentin

CTGTGTCCTCGTCCTCCTACC

GCAGTTCTACCTTCTCGTTGG

-defensin3

GCATTTGAGGAAAGGAACTCCACAAC

GTCTCCACCTGCAGCTTTTAGCAA

Angiogenin4

CTCTGGCTCAGAATGTAAGGTACGA

GAAATCTTTAAAGGCTCGGTACCC

SAA-1

GTAATTGGGGTCTTTGCC

TTCTGCTCCCTGCTCCTG

Cytokines

TLR- signaling

Others

(Caltag). Samples were analyzed by flow cytometry. Appropriate
isotype matched control antibodies were also used.
Cytokine ELISAs
Commercial preparations of paired antibodies for measurement
of murine IL-1, IL-6, TNF, MCP-1, KC (Becton
Dickinson Biosciences, Oxford, UK), MIP-1, MIP-1,
and IP-10 (R&D Systems, Abingdon, UK) were used to
develop ELISA according to the manufacturer’s instructions.
Individual samples were tested in triplicate and the concentration
of cytokines was determined using known amounts of
recombinant protein. The amounts of cytokine detected in
CEC:bacteria co-culture were normalized according to the
number of CEC in each culture.
Statistical analysis
Cytokine concentrations were expressed as mean±SD and
evaluated using the Student’s t test. P<0.05 was considered
statistically significant.

RESULTS
Primary CEC expressed functional TLRs
To ascertain whether CEC had the potential to respond to

commensal bacteria, we first examined CEC directly ex vivo
for expression of TLR2 and TLR4 by antibody staining
and flow cytometry. Examination of cellular levels of TLR2
and TLR4 protein showed that freshly isolated CEC
expressed detectable levels of both TLR2 and TLR4
(Figure 1B). TLR2 and TLR4 expression by CEC were
evaluated by determining the influence of TLR2 and four
ligands PGN and LPS on cytokine production by CEC in
vitro. For these experiments cultured CEC comprising crypts,
enterocytes and goblet cells[12,13] were used. Contaminating
hematopoietic (CD45 + ) cells were not detected in any of
these cultures using a RT-PCR assay capable of detecting
less than 2% contaminating CD45 + cells (Figure 1A).
Vimentin antibody staining (data not shown) and RT-PCR
analysis (Figure 1A) showed that vimentin+ cells including
fibroblasts, were also absent from these cultures. CEC were
cultured in vitro in the presence of PGN or LPS for 12 h,
then the conditioned medium was assayed in the presence
of the cytokines IL-6 and MCP-1, which are known to be
produced by CEC both in vivo and in vitro [15] . As seen in
Figure 1C, CEC constitutively secreted high levels of MCP1 (>1 000 pg/mL) and comparatively lower levels of IL-6
(<400 pg/mL). In response to LPS the levels of secretion
of both cytokines were significantly increased (P<0.002 for
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Figure 1 Evaluation of the purity and response of cultured murine CEC. A:
CEC from 4-6 wk old C57BL/6 mice were cultured for 72 h in medium alone (M)
or in medium containing Bacteroides ovatus (Bo), E. coli (Ec) or Lactobacillus
rhamnosus (Lr) after which CEC RNA was extracted, reverse transcribed and
cDNA amplified by RT-PCR using primers specific for CD45 or vimentin. PCR
products were separated by gel electrophoresis and EtBr-stained amplicons
visualized and digitally recorded under UV illumination. The sensitivity of CD45
detection was determined by adding spleen cells to highly purified CECs so that
they comprised 2% or 10% of the total cell population prior to RNA extraction and
RT-PCR analysis. Control samples (Ctrl) were spleen cells (+Ctrl) and no
cDNA (-Ctrl) for CD45 RT-PCR and fibroblasts for vimentin RT-PCR assay.

The results are representative of more than 10 independent experiments; B:
TLR2 and TLR4 expression by CEC. The dashed line on the histogram plots
represents staining with control antibody, the bold line represents staining profile
of anti-TLR4 and the filled in histogram plot represents anti-TLR2 antibody
staining; C: Responsiveness of TLR expressed by CEC. Supernatants from 4 h
cultures of CEC in medium alone (Med) or in medium containing LPS (10 g/mL)
or PGN (1 g/mL) were assayed for the presence of IL-6 and MCP-1 by ELISA.
The results shown were collated from three independent experiments. The error
bars represent SEM. aP<0.05 LPS vs medium values, bP<0.01 PGN vs medium
values, c P<0.002 LPS vs medium values.

MCP-1 and P<0.05 for IL-6). PGN also significantly
increased the level of MCP-1 (P<0.01) and IL-6 (P<0.01)
production when compared to cells cultured in medium
alone. TLR4 expression by CEC was also confirmed by
immunoblot analysis of the active and phosphorylated form
of the MAP kinase, ERK 1/2, which showed that levels of
the phosphorylated form of p42 and p44 isoforms of ERK
were up-regulated in response to LPS and PGN (data not
shown). Collectively, these data demonstrated that primary
CEC could express functional TLR2 and TLR4.

different numbers of bacteria for 4-5 h, then the number
of CEC and bacteria was determined. During a 4 h period
the number of E. coli and L. rhamnosus bacteria increased
approximately 4-fold (Figure 2A) whereas the number of
viable CEC did not significantly change (Figure 2A).
Although regarded as an anaerobe, B. ovatus is aerotolerant
and over a 4 h period the viability and growth rate of
B. ovatus were similar when cultured in CEC media under
aerobic conditions (MEM 10% FCS, 100 mL/L CO2) or
in bacterial culture media (RGM) under anaerobic
conditions (Figure 2A). By seeding CEC cultures with a
slightly higher density of B. ovatus, the total number of
bacteria after 4 h of culture was equivalent to the number
of E. coli and L. rhamnosus recovered from CEC co-culture
after 4 h (Figure 2A). The optimal time for detecting changes
in CEC gene expression was determined by co-culturing
bacteria with CEC and harvesting CEC at hourly intervals
for RT-PCR analysis of expression of representative
cytokine genes. For MIP-1 and TNF as well as the
majority of genes analyzed (Table 1), the highest levels of
mRNA were detected after 4 h (Figure 2B). A ratio of 10
bacteria:1 CEC and a 4 h co-culture period were therefore
used for all subsequent experiments.

Bacteria:CEC co-culture
CEC from 2-3 healthy adult C57BL/6 mice were pooled
and cultured in vitro for up to 72 h to establish a semiconfluent monolayer of polarized epithelial cells prior to
the addition of either B. ovatus, E. coli or LGG that were in
logarithmic growth phase. The number of bacterial strains
used was limited to three in order to facilitate screening of
a large panel of genes (n = 18) encoding cytokines, acute
phase proteins and antimicrobial proteins (Table 1). The
choice of bacteria was based upon their prominence in the
mouse and human colon[16,17], expression of antigens known
to modulate immune (lymphocyte) cell activity[18-21], their
availability and ability to sustain their normal growth activity
under the conditions used to maintain CEC. L. rhamnosus
(LGG) was also chosen as it is a widely used probiotic
bacterium[22]. After co-culture supernatants were harvested
for cytokine and chemokine analysis by ELISA and CEC
were harvested for RNA isolation and RT-PCR analysis.
The duration of CEC:bacteria co-culture was restricted
as short as possible in order to detect a response yet
preventing bacterial overgrowth and any indirect effects on
CEC as a result of changes in the culture media (e.g., pH,
nutrient depletion). A ratio of 10 bacteria:1 CEC was found
to be optimal for detecting changes in CEC gene expression
without adversely affecting the composition of the culture
medium and CEC viability (Lan and Carding, unpublished
data). Approximately 2×10 5 CEC were cultured with

Different regulation of cytokine gene expression by CEC in
response to different bacteria
Activation of signal transduction pathways by TLRs led to
the induction of various genes including inflammatory
cytokines and chemokines that function in host defence.
The ability of primary CEC to respond differently to
different commensal bacteria at the level of cytokine mRNA
expression was therefore assessed using semi-quantitative
RT-PCR. Genes encoding 15 cytokines and three antimicrobial proteins (Tables 1 and 2) were chosen for this
analysis on the basis of their constitutive or inducible
production by cultured human or rodent IEC lines, or by
IEC in healthy or inflamed colon of experimental animals
or IBD patients[15,23-25].
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Figure 2 Bacterial growth (A) and kinetics of CEC cytokine gene expression
(B) in CEC:bacteria co-cultures. A: Determination of bacterial (L. rhamnosus
and E. coli) CFU by harvesting cells from CEC:bacteria co-cultures at hourly
intervals up to 4 h by extensive washing of adherent CEC and plating serial
dilutions onto agar plates and counting bacterial colonies 24 h later (left-hand
panel). B. ovatus were cultured either alone under anaerobic conditions in RGM
media or with CEC in 50 mL/L CO2 and complete MEM (right-hand panel). CEC
numbers (solid circle on both graphs) were determined by counting the number

of cells recovered from co-cultures at the indicated times using a counting
chamber; B: CEC cultured in the presence of E. coli for up to 5 h. CECs were
processed for RNA isolation and RT-PCR analysis using primers specific for
the housekeeping gene -actin, and MIP-1 and TNFas described in Materials
and Methods. Quantitative densitometry was carried out on EtBr-stained gels
and the results from three independent experiments were compiled to produce
the data shown. Error bars indicate 95% confidence limits.

Table 2 Semi-quantitative assessment of bacteria-induced CEC
gene expression

transcripts encoding the cytokines IL-18, IL-1, TNF
(Figure 2B), MIP-1, MIP-1, MIP-3and MEC, the
acute phase protein serum amyloid A (SAA-1), or the antimicrobial proteins angiogenin 4 (Ang4) and -defensin 3
(Figure 3 and Table 2).
The addition of bacteria resulted in different profiles
of cytokine gene expression by CEC (Figure 3 and Table 2).
The levels of expression of some cytokines (IL-18), acute
phase (SAA-1) and anti-microbial proteins (Ang4) remained
the same as that seen in CEC cultured in media alone.
Changes in cytokine mRNA levels were seen in response to
a single strain of bacteria. Induction of MIP-1, MIP-1
and -defensin 3 mRNA expression was only evident in
response to E. coli, whereas induction of MIP-2 was only
seen in response to L. rhamnosus. Some cytokine mRNAs
(IL-6, TNF RANTES and MEC) increased in response
to 2/3 of the bacteria. ENA78, KC, MCP-1, MCP-3 and
IP-10 mRNA levels were up-regulated to some extent in
response to the three strains of bacteria. To substantiate
these findings we determined if the changes seen in cytokine
mRNA reflected changes in the level of secreted proteins.

Gene
IL-1
TNF
IL-6
IL-18
ENA-78 (CXCL5)
IP-10 (CXCL10)
MIP-1 (CCL3)
MIP-1 (CCL4)
MIP-3 (CCL-20)
MCP-1 (CCL2)
MCP-3 (CCL5)
KC (GRO)
MIP-2 (CXCL2)
RANTES (CCL5)
MEC (CCL-28)
-Defensin3
SAA-1
Angiogenin4
1

Medium
-1
+
+
+
+
+
+
+
-

+B. ovatus
2

1
0
4
0
1
1
0
0
1
2
1
1
0
0
0
0
0
0

+E. coli

+L. rhamnosus

1
2
2
0
1
2
3
4
3
4
2
4
0
2
2
4
0
0

3
1
0
0
1
1
0
0
1
4
2
2
2
1
1
0
0
0

Absence (–) or presence (+) of EtBr-stained PCR amplicons in CECs cultured in

media alone. 2Relative intensity of amplicons expressed by CEC cultured in presence
of bacteria compared to cultured in media alone as determined by scanning
densitometry. 0 = No change, 1 = <2-fold higher, 2 = 2- to 3-fold higher, 3 = 3- to 4fold higher, 4 = >4-fold higher.

Cultured CEC constitutively expressed detectable levels
of mRNAs encoding IL-6, ENA78, MCP-1, MCP-3, IP10, KC and MIP-2 (Figure 3 and Table 2). By contrast, it
was not possible to detect constitutive expression of

Changes in cytokine secretion by CEC in response to different
bacteria
A total of eight cytokines were used for this study, the
choice of which was based upon those that were analyzed
by RT-PCR, and necessarily restricted by the availability of
suitable reagents (paired antibodies). Six of the eight cytokines
(TNF, IL-1, IL-6, MCP-1, IP-10 and KC) analyzed were
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in good concordance with the profile of mRNA expression
(Figure 3 and Table 2) and protein secretion (Figures 4 and 5)
in CEC:bacteria co-culture. Consistent with the profile of
constitutive expression of MCP-1, IP-10 and IL-6 mRNA
by cultured CEC, it was also possible to demonstrate the
constitutive secretion of these cytokines by CEC.
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IP-10
MCP-3
-Defensin 3
Figure 3 Changes in expression of cytokine genes in CEC in response to
commensal bacteria. CECs were cultured for 4 h in complete medium alone (M)
or in medium containing Bacteroides ovatus (Bo), E. coli (Ec) or Lactobacillus
rhamnosus (Lr) after which RNA was extracted from CECs and processed for
RT-PCR analysis using primers for -actin and genes encoding cytokines and
the anti-microbial peptide, -defensin3 as described in the Materials and methods
section. The results shown are typical of those obtained from a total of six
independent experiments.

The selectivity of CEC cytokine responses to different
bacteria seen at the level of mRNA expression was also seen
in TNF, IL-1 and IP-10 secretion induced or up-regulated
by one and/or two but not all three strains of bacteria. The
differences in levels of individual cytokines secreted by CEC,
which could be seen by comparing levels of TNF- and
IL-1 with KC and IP-10 secretion, varied by almost two
orders of magnitude. Clearly, CEC produced some cytokines
(e.g., KC and IP-10) at much higher levels than others. In
general however, the amounts of cytokine produced by CEC
in response to commensal bacteria were lower than those
produced by hematopoietic cells. In cases where individual
commensal bacteria induced or up-regulated cytokine
production by CEC, the same bacteria induced higher levels
of production of the same cytokine by splenic macrophages.
For example, splenic macrophages produced 5-10-fold higher
levels of MIP-1 and IL-6 and 50-80-fold higher levels of
MIP-1, TNF- and IL-1. Whereas for other cytokines
such as IP-10 and MCP-1, splenic macrophages produced
only 2-3-fold higher levels of cytokine (data not shown).
Discrepancies in CEC cytokine mRNA and protein
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profiles were evident between MIP-1 and MIP-1. Most
striking was MIP-1 for which a single yet different
bacterium was identified inducing mRNA accumulation
(E. coli) and protein secretion (L. rhamnosus). Interestingly,
MCP-1 protein analysis indicated that the probiotic
bacterium L. rhamnosus significantly (P<0.01) suppressed
constitutive cytokine secretion by CEC for which there was
no compelling case from the mRNA analysis (Table 2 and
Figure 3). Although there was some overlap in MIP-1
mRNA and protein expression by CEC with E. coli upregulating both, this was not the case for L. rhamnosus which
up-regulated protein secretion in the absence of any
influence on mRNA expression.
Probiotic bacterium, L. rhamnosus (LGG), interfered with
E. coli- and B. ovatus-induced cytokine production by CEC
Although probiotic therapy has been associated with antiinflammatory effects in specific groups of IBD patients, the
mechanism of action of probiotic bacteria is not clear [26] .
Since the probiotic bacterium L. rhamnosus (LGG) had a less
potent effect on modulating cytokine production by CEC in
comparison to E. coli and B. ovatus (Figure 4 and Table 2), we
determined if L. rhamnosus could modulate or interfere with
CEC cytokine production induced by other bacteria. CEC
were therefore cultured with individual bacteria alone or
with an equal number of two of the bacteria such that all
co-cultures had the same number of bacteria. Combining
two different bacteria species had no obvious effect on
bacterial viability or growth during the 4 h culture period
with the total number of viable bacteria recovered being
indistinguishable from co-cultures containing the individual
bacteria species alone (Lan and Carding, unpublished
data). KC and IL-6 were the cytokines of choice for these
experiments since they were produced at high levels by CEC
in response to either E. coli (KC) or B. ovatus (IL-6). These
cytokines are also major pro-inflammatory cytokines and
they or their human homologs (murine KC and human
IL-8) have been associated with inflammation[27,28].
The inclusion of LGG in E. coli:CEC cultures effectively
reduced the level of KC secreted by CEC by more than 6fold in response to E. coli to that seen in control cultures
containing media or LGG alone (Figure 6A). This suppressive
effect was dependent upon viable bacteria since non-viable
and heat killed L. rhamnosus had no effect on E. coli-induced
KC production (data not shown) and was mediated at the
level of KC mRNA transcription or accumulation since
the addition of LGG to E. coli:CEC co-cultures reduced
the amount of KC mRNA expression to levels seen in
cultures containing LGG alone (Figure 6A). This suppressive
effect was not seen using B. ovatus which had no (negative)
impact on the amount of KC produced by CEC, in
response to E. coli in mixed bacteria:CEC co-cultures (Figure
6A). Since B. ovatus had little effect on KC production by
CEC it was not possible to determine if the suppressive
effect of LGG extended to B. ovatus. It was however possible
to investigate this by analyzing IL-6 production by CEC
since B. ovatus induced high levels of IL-6 production whereas
E. coli and LGG had little or no effect on IL-6 production
(Figure 4). The addition of LGG to B. ovatus:CEC co-cultures
effectively neutralized the ability of B. ovatus to increase
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Figure 4 Profile of cytokines secreted by CEC in response to commensal
bacteria. CECs were cultured for 4 h in complete medium alone (M) or in
medium containing Bacteroides ovatus (Bo), E. coli (Ec) or Lactobacillus
rhamnosus (Lr) after which conditioned medium was assayed for the presence
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experiments. Error bars designate 95% confidence limits.
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Figure 5 Chemokines secreted by CEC in response to commensal bacteria.
CECs were cultured for 4 h in complete medium alone (M) or in medium
containing Bacteroides ovatus (Bo), E. coli (Ec) or Lactobacillus rhamnosus
(Lr) after which conditioned medium was assayed for the presence of MIP-1,
MIP-1, IP-10 and MCP-1. The amount of chemokine present was determined

by reference to a standard curve generated using known amounts of recombinant
protein. The limit of detection of each assay was ~10 pg/mL. The results shown
were obtained by combining the data sets from at least three independent
experiments. Error bars designate 95% confidence limits.

the level of IL-6 produced by CEC (Figure 6B). As seen
for KC production, the effect of LGG on B. ovatus-induced
IL-6 production appeared to be at the level of gene

transcription and/or mRNA turnover. Whereas B. ovatus
alone dramatically increased the levels of IL-6 mRNA
expressed by CEC, in cultures containing both B. ovatus and
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Figure 6 L. rhamnosus (LGG) interferes with E. coli- and B. ovatus-induced
cytokine production by CEC. CEC were cultured for 4 h with individual bacteria
alone or with a mixture of equal numbers of two different bacteria (B. ovatus+
E. coli or E. coli+L. rhamnosus) such that the total number of bacteria in each

culture was the same. A: KC mRNA and protein expression by RT-PCE and
ELISA; B: IL-6 mRNA and protein expression by RT-PCR and ELISA. ELISA
data was obtained by combining the data sets from three independent experiments.
Error bars designate 95% confidence limits.

LGG it was not possible to detect any IL-6 mRNA, which
was also undetectable in cultures containing LGG alone
(Figure 6B). This suppressive effect on IL-6 production
was not seen with E. coli which was unable to exert a similar
effect on B. ovatus-induced IL-6 mRNA or protein production
(Figure 6B). These findings demonstrated that the probiotic
bacteria LGG could influence and interfere with the
interaction of other unrelated commensal bacteria with CEC.

cannot account for the complexity of bacterial populations
that exist in the colon and as complex biofilms at mucosal
epithelial surfaces, the constituents of which remain to be
identified and may be uncultivable[14,16]. It should be noted
however, that the species of bacteria we have used are
major populations in the colon of laboratory rodents and
collectively number 3-11×10 10 organisms per gram of
tissue[14,16]. Our culture system also cannot account for any
interactions that might occur between different bacteria in
vivo that might have an impact on the activity of individual
bacteria and most likely the host response to them. As we
have demonstrated here however, it is possible to compare
IEC interactions with individual bacteria alone and in
combination with other bacteria. While acknowledging these
limitations, we believe our culture system represents an
advance in the development of more physiologically relevant
in vitro systems for investigating the nature of bacteria-IEC
interactions. As complimenting existing methodologies
can be used its in vitro accessibility is an advantage over
more indirect and more expensive in vivo studies that use
conventionalized gnotobiotic animals[29].
The significance of different cytokine responses by CEC
to different commensal bacteria in vitro is not clear. In
considering the limitations and somewhat artificial nature
of our experimental system, the data should be interpreted
cautiously. Since none of the bacteria used in this study is
invasive, it is unlikely to be due to differences in the ability
of the bacteria to “infect” CEC. It is possible that the
cytokine-inducing activity of different bacteria may be
dependent upon them reaching certain and perhaps different
concentration thresholds. It may also be related to qualitative
or quantitative differences in the MAMPs expressed by the
different bacteria. For example, the E. coli strain used in
this study produced a LPS that has been shown to elicit
potent and persistent mucosal immune responses in
germfree mice[18] . By contrast the MAMPs expressed by
B. ovatus are poorly characterized, although the presence
of antibodies to B. ovatus in the serum of IBD patients[19]
suggests that they may not be entirely inert.
The biological significance of probiotic LGG-mediated
modulation of cytokine production by CEC is not yet clear,

DISCUSSION
This study represents one of the first attempts to investigate
the interaction between isolated primary CEC and individual
members of the commensal microbiota. A similar and
complimentary in vivo study using conventionalized germfree
mice has previously shown that commensal bacteria can
modulate the expression of various (non-immune) genes in
ileal IEC in vivo[7]. Our study although limited in the number
and types of investigated commensal bacteria has focused
on the ability of commensal bacteria to modulate expression
of immune response-related genes and their products in
isolated CEC. By studying CEC in isolation, any indirect
effects of other mucosal cells that might occur in vivo have
effectively been excluded. Our findings demonstrate that
CEC have the potential to respond to commensal bacteria
and that based upon differences in the cytokines they produce
can at least discriminate between the three different bacteria
used in this study. The ability of the probiotic bacterium
LGG to interfere with the ability of other bacteria to
modulate CEC cytokine production was unexpected and
may have some relevance to the action of these probiotic
bacteria in vivo.
Although the CEC:bacteria co-culture system described
here provides a controlled in vitro accessible system for
investigating host-microbe interactions, it is important
to acknowledge its limitations. Similar to studies using
immortalized IEC lines, our system cannot take into account
the possibility that the behavior and response of CEC may
normally be influenced directly or indirectly by other mucosal
cell populations in vivo that are absent or underrepresented
in our culture system. Our culture system by its design also
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although its ability to suppress MCP-1 production by CEC
could have beneficial effects on limiting or preventing the
recruitment to the colonic mucosa of inflammatory cells
including granulocytes and activated T cells capable of
responding to MCP-1. The ability of LGG to indirectly
affect CEC immune responses by interfering with the ability
of other commensal bacteria to induce or upregulate
cytokine production by CEC identifies CEC as a cellular
target for probiotoic bacteria in vivo. The ability of probiotic
bacteria to down-modulate proinflammatory cytokine (TNF-
and IL-6) production has been demonstrated previously in
vivo [30] and ex vivo in tissue explant:bacteria co-cultures[31] .
However, the identity of cells affected by the bacteria and
the cellular source(s) of cytokines were not established in
these studies. Although the mechanisms of action of probiotics
remain unclear[32], their ability to alter the composition of
the colonic or fecal microbiota has been associated with
beneficial effects in certain groups of IBD patients and
infants[26]. In addition, Lactobacillus sp. can also prevent the
development of intestinal inflammation in animal models
of IBD[21,33]. Our findings suggest a mechanism by which
non-pathogenic or probitoic bacteria might suppress or limit
the ability of other “pathogenic” bacteria to promote or
sustain inflammatory responses. How LGG interferes with
the ability of E. coli or B. ovatus to induce cytokine production
by CEC was not established in this study. It may include
the production of antimicrobial peptides (bacteriocins),
expression of MAMPs of higher density, affinity for LGG,
induction of TLR anatagonistic signaling pathways or
molecules such as phosphoinositide 3-kinase[34], suppressor
of cytokine signaling-1[35,36], single immunoglobulin interleukin1 receptor related molecule[37], or NOD2 [38] by LGG in
CECs. The CEC:bacteria co-culture system described here
may be of value in investigating these potential mechanisms
in more detail.
In summary, the results presented in this study provide
evidence for the ability of primary CEC to respond to and
discriminate between three different strains of commensal
bacteria and new insights into the interaction of different
commensal bacteria with the host.
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Abstract
AIM: To clarify the role of Janus kinase-signal transducers
and activators of transcription (JAK-STAT) pathway in
platelet-derived growth factor (PDGF) induced proliferation
in activated pancreatic stellate cells (PSCs).
METHODS: PSCs were isolated from rat pancreas tissue,
and used in their culture-activated, myofibroblast-like
phenotype. STAT-specific binding activity was assessed by
electrophoretic mobility shift assay. Activation of Src, JAK2,
STAT1, STAT3, and ERK was determined by Western blotting
using anti-phosphospecific antibodies. Cell proliferation was
assessed by measuring the incorporation of 5-bromo-2’deoxyuridine.
RESULTS: PDGF-BB induced STAT-specific binding activity,
and activation of Src, JAK2, STAT1, STAT3, and ERK. Ethanol
and acetaldehyde at clinically relevant concentrations
decreased basal activation of JAK2 and STAT3. PDGFinduced activation of STAT1 and STAT3 was inhibited by
a Src inhibitor PP1 and a JAK2 inhibitor AG490, whereas
PDGF-induced activation of ERK was inhibited by PP1, and
not by AG490. PDGF-induced proliferation was inhibited by
PP1 and AG490 as well as by STAT3 antisense oligonucleotide.
CONCLUSION: PDGF-BB activated JAK2-STAT pathway
via Src-dependent mechanism. Activation of JAK2-STAT3
pathway, in addition to ERK, may play a role in PDGF-induced
proliferation of PSCs.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
In 1998, star-shaped cells in the pancreas, namely pancreatic
stellate cells (PSCs), were identified and characterized[1,2].
In normal pancreas, stellate cells are quiescent and can be
identified by the presence of vitamin A-containing lipid
droplets in the cytoplasm. In response to pancreatic injury
or inflammation, they are transformed (“activated”) from
their quiescent phenotype into myofibroblast-like cells which
actively proliferate, express -smooth muscle actin, and
produce type I collagen and other extracellular matrix
components. There is accumulating evidence that activated
PSCs play a pivotal role in the development of pancreatic
fibrosis[1-4]. It has also been suggested that PSCs may participate
in the pathogenesis of acute pancreatitis[3,5]. The molecular
mechanisms responsible for PSC activation remain to be
elucidated, but the activation of signaling pathways such as
p38 mitogen-activated protein (MAP) kinase[6], Rho-Rho
kinase pathway[7], and c-Jun N-terminal kinase[8] is likely to
play a role. However, intracellular signaling pathways in PSCs
remain largely unknown.
Stellate cell proliferation and expansion of their pool
are a fundamental feature of pancreatic fibrosis[3]. Plateletderived growth factor (PDGF) is one of the most potent
mitogen of PSCs, and is likely to be an important mediator
of the increased proliferation of the cells both in vivo and in
vitro[9,10]. PDGF is a polypeptide growth factor that exists as
a disulfide-linked homodimer (PDGF-AA or -BB) or a
heterodimer (PDGF-AB) of two chains, A or B[11,12]. Two
PDGF receptor subtypes bind to the three isoforms of
PDGF differentially; PDGF -receptor can interact only
with B-chain containing isoforms whereas PDGF receptor can bind to all three isoforms. Binding of the ligands
to the receptors leads to dimerization of receptor subunits,
phosphorylates itself on tyrosines (known as “autophosphorylation”), changes its cytoplasmic conformation, activates
endogenous tyrosine phosphorylating activity, and initiates
intracellular signaling[11,12]. It has been shown that activation
of extracellular signal-regulated kinase (ERK) plays a critical
role in PDGF-induced proliferation of PSCs[13,14]. But, the
fact that activation of ERK was required though not sufficient
for PSC proliferation[15] suggests that other signaling pathways
might be involved. Janus-activated kinases (JAKs) are a group
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of non-receptor tyrosine kinases that, via phosphorylation,
modulate the activities of a group of transcription factors, viz.
signal transducers and activators of transcription (STAT)[16,17].
The STAT proteins exist in a latent form in the cytoplasm,
and, upon receptor activation by cytokines and growth
factors, become phosphorylated on tyrosine residues[16,17].
This phosphorylation results in translocation of the STATs
to the nucleus, where they bind to sequence-specific DNA
elements[16]. Recent studies have shown that activation of
JAK2-STAT3 pathway mediates PDGF-induced proliferation
in several types of cells such as NIH3T3 fibroblasts[18],
human airway smooth muscle cells[19], and rat vascular smooth
muscle cells[20]. But, possible regulation of cell functions by
JAK-STAT pathway in PSCs is unknown.
In this study, we examined the role of JAK-STAT pathway
in PSC proliferation in response to PDGF-BB. We report
here that PDGF-BB activated JAK2-STAT3 pathway via
Src-dependent mechanism, and that activation of this
pathway is required for PDGF-induced PSC proliferation.

MATERIALS AND METHODS
Materials
Poly(dI.dC)-poly(dI.dC) and [-32 P]ATP were purchased
from Amersham Biosciences UK, Ltd. (Buckinghamshire, UK).
Rat recombinant PDGF-BB was obtained from R&D Systems
(Minneapolis, MN, USA). Rabbit antibodies against phosphorylated Src, phosphorylated JAK2, STAT1 (phosphorylated
at Tyr701 and total), STAT3 (phosphorylated at Tyr705 and
total), and ERK (phosphorylated and total) were purchased
from Cell Signaling Technology Inc. (Beverly, MA). Rabbit
antibody against glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) was obtained from Trevigen (Gaithersburg, MD).
AG490 and U0126 were purchased from Calbiochem (La
Jolla, CA). PP1 and rabbit antibody against phosphorylated
PDGF -receptor were obtained from Upstate Biotechnology
Inc. (Lake Placid, NY). All other reagents were purchased
from Sigma-Aldrich (St. Louis, MO) unless specifically
described.
Cell culture
All animal procedures were performed in accordance with
the National Institutes of Health Animal Care and Use
Guidelines. Rat PSCs were prepared from the pancreas
tissues of male Wistar rats (Japan SLC Inc., Hamamatsu,
Japan) weighing 200-250 g as previously described using
the Nycodenz solution (Nycomed Pharma, Oslo, Norway)
after perfusion with 0.3 g/L collagenase P[14]. The cells were
resuspended in Ham’s F-12 containing 100 mL/L heatinactivated fetal bovine serum (ICN Biomedicals, Aurora,
OH), penicillin sodium, and streptomycin sulfate. Cell purity
was always more than 90% as assessed by a typical star-like
configuration and by detecting vitamin A autofluorescence.
All experiments were performed using cells between passages
two and five. Unless specifically described, we incubated
PSCs in serum-free medium for 24 h before the addition
of experimental reagents.
Immunostaining
Serum-starved PSCs were grown directly on slides, and
immunostaining for PDGF -receptor was performed as
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previously described using a streptavidin-biotin-peroxidase
complex detection kit (Histofine Kit; Nichirei, Tokyo,
Japan). Briefly, cells were fixed with 1 000 mL/L methanol
for 10 min at -20 ℃, and then endogenous peroxidase activity
was blocked by incubation in methanol with 3 mL/L hydrogen
peroxide for 5 min. After immersion in normal goat serum
for 1 h, the slides were incubated with rabbit anti-PDGF receptor antibody overnight at 4 ℃. The slides were
incubated with biotinylated goat anti-rabbit Ig antibody for
45 min, followed by peroxidase-conjugated streptavidin for
30 min. Finally, color was developed by incubating the slides
for several min with diaminobenzidine (Dojindo, Kumamoto,
Japan). For a negative control, the primary antibody was
replaced with non-immune rabbit IgG.
Western blotting
Western blotting was performed as previously described[21].
Cells were treated with PDGF-BB and lysed in sodium
dodecyl sulfate (SDS) buffer. Cellular proteins (approximately
100 g) were fractionated on a 100 g/L SDS-polyacrylamide
gel, and transferred to a nitrocellulose membrane (Bio-Rad,
Hercules, CA). The level of activated, phosphorylated STAT3
was determined by Western blotting using anti-phosphospecific
STAT3 antibody. The antibody recognizes only phosphorylated form of STAT3, thus allowing the assessment of
activation of the kinase. After incubation with a secondary
antibody (goat anti-rabbit, horseradish peroxidase conjugated),
proteins were visualized by using an ECL kit (Amersham
Biosciences UK, Ltd.). The levels of total STAT3, phosphorylated PDGF -receptor, phosphorylated Src, phosphorylated
JAK2, STAT1 (phosphorylated and total), ERK (phosphorylated
and total), and GAPDH were also determined in a similar
manner.
Nuclear extracts preparation and electrophoretic mobility shift
assay
Nuclear extracts were prepared after 15 min treatment,
and electrophoretic mobility shift assay was performed as
previously described[22]. Double-stranded STAT consensus
oligonucleotide probe m67 (5’-CATTTCCCGTAAATC-3’)
was endlabeled with [-32P]ATP. m67 is a high-affinity mutant
of the sis-inducible element of the human c-fos gene, and
binds to STAT1 and STAT3[23]. Nuclear extracts (approximately
5 g) were incubated with the labeled oligonucleotide probe
for 20 min at 22 ℃, and electrophoresed through a 40 g/L
polyacrylamide gel. Gels were dried, and autoradiographed
at -80 ℃ overnight. A 100-fold excess of unlabeled oligonucleotide was incubated with nuclear extracts for 10 min
prior to the addition of the radiolabeled probe in the
competition experiments. For super shift assays, nuclear
extracts were incubated for 1 h at 4 ℃ with antibodies
against STAT1 or STAT3 before incubation with the
radiolabeled probe.
Cell proliferation assay
Cell proliferation was assessed using a commercial kit (Cell
proliferation ELISA, BrdU; Roche Diagnostics, Mannheim,
Germany) according to the manufacturer’s instruction. This
is a colorimetric immunoassay based on the measurement
of 5-bromo-2’-deoxyuridine (BrdU) incorporation during
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DNA synthesis. After 24-h incubation with experimental
reagents, cells were labeled with BrdU for 3 h at 37 ℃.
Cells were then fixed, and incubated with peroxidaseconjugated anti-BrdU antibody. Then the peroxidase
substrate 3,3’,5,5’-tetramethylbenzidine was added, and
BrdU incorporation was quantitated by A370-492.
Antisense oligonucleotide transfection
The antisense, phosphorothioated 21-mer oligonucleotides
directed against the translation start site (AUG codon) and
surrounding nucleotides of the rat STAT1 gene and STAT3
genes were synthesized by SigmaGenosys, Ishikari, Japan.
The STAT1 antisense oligonucleotide sequence was 5’CCACTGCGACATCCTCTTTAA-3’ and the corresponding
sense oligonucleotide sequence was 5’-TTAAAGAGGATGTCGCAGTGG-3’. The STAT3 antisense oligonucleotide
sequence was 5’-CCACTGAGCCATCCTGCCGCA-3’ and
the corresponding sense oligonucleotide sequence was 5’TGCGGCAGGAYGGCTCAGTGG-3’. Serum-starved PSCs
were treated with sense, antisense, or scramble oligonucleotides
(5’-CAAATGGGCTCCGACGTCGGT-3’) in the presence
of FUGENE6 (Roche Diagnostics). After 24 h, cells were
stimulated with PDGF-BB (at 25 ng/mL) for another 24 h,
and proliferation was assessed by the incorporation of BrdU
as described before.
Statistical analysis
The results were expressed as mean±SD. Luminograms and
photographs are representative of at least three experiments.
Differences between the groups were evaluated by ANOVA,
followed by Fisher’s test for post hoc analysis. A P-value
less than 0.05 was considered statistically significant.

RESULTS
Activated PSCs expressed PDGF-receptor
We first examined the expression of PDGF-receptor in
PSCs by immunostaining. Culture-activated PSCs expressed
PDGF -receptor (Figure 1A). Negative control using nonimmune rabbit IgG in place of the specific antibody gave
little staining (data not shown). The PDGF receptors dimerize,
and become autophosphorylated on tyrosine residues upon
binding to their ligands[12]. Indeed, PDGF-BB induced tyrosine
phosphorylation of the PDGF -receptor in a time-dependent
manner (Figure 1B). In this study, the isoform PDGF-BB
was selected for use because the previous study reported
that PDGF-AA had little effect on PSC proliferation[9].
PDGF-BB activated STAT1 and STAT3
We examined whether PDGF-BB activated STAT pathway.
PDGF-BB increased STAT-specific DNA binding activity
as assessed by electrophoretic mobility shift assay (Figure 2A).
The specificity of the DNA binding activity was demonstrated
by the addition of a 100-fold molar excess of unlabeled STAT
oligonucleotide, and not by unrelated Oct-1 oligonucleotide
in competition assays (Figure 2A, data not shown). Specific
antibodies against STAT1 and STAT3 retarded the DNA–
protein complex, indicating that the complex consisted of
STAT1 and STAT3. We also examined whether PDGFBB activated STAT1 and STAT3 by Western blotting using
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anti-phosphospecific antibodies. PDGF-BB activated STAT1
and STAT3 in a time-dependent manner, with peaking around
5-15 min (Figure 2B).
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Figure 1 Activated PSCs expressed PDGF -receptor. A: Serum-starved,
culture-activated PSCs were grown directly on slides. Immunostaining for PDGF
-receptor was performed using a streptavidin-biotin-peroxidase complex detection
kit. Original magnification: ×20 objective; B: Serum-starved PSCs were treated
with PDGF-BB (at 25 ng/mL) for the indicated time. Total cell lysates were
prepared, and separated by 70 g/L SDS-polyacrylamide gel electrophoresis. The
phosphorylation of PDGF -receptor was examined by Western blotting.
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Figure 2 PDGF activated STAT1 and STAT3. A: PSCs were treated with PDGFBB (at 25 ng/mL, lane 2) in serum-free medium for 15 min. Nuclear extracts
were prepared and subjected to electrophoretic mobility shift assay using STAT
consensus oligonucleotide probe m67. Arrow denotes specific inducible complex
competitive with cold double-stranded oligonucleotide probe (lane 3). For super
shift assays, nuclear extracts were incubated with antibodies against STAT1
(lane 4) or STAT3 (lane 5) before incubation with the radiolabeled probe. *: super
shifts. Lane 1: control (serum-free medium only); B: PSCs were treated with
PDGF-BB (at 25 ng/mL) for the indicated time. Total cell lysates (approximately
100 g) were prepared, and separated by 100 g/L SDS-polyacrylamide gel
electrophoresis. The activation of STAT1 and STAT3 was examined by Western
blotting using anti-phosphospecific antibodies. The levels of total STAT1 and
STAT3 were also determined.

Src and JAK2 mediate activation of STAT1 and STAT3
The mechanism of growth factor-induced activation of STAT
is not fully elucidated; JAK, Src, and receptor tyrosine kinases
might all be involved[24]. PDGF-BB induced phosphorylation
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Figure 3 Src and JAK2 mediate the activation of STAT1 and STAT3. A: PSCs
were treated with PDGF-BB (at 25 ng/mL) for the indicated time. Total cell
lysates (approximately 100 g) were prepared, and separated by 100 g/L SDSpolyacrylamide gel electrophoresis. The activation of Src and JAK2 was examined
by Western blotting using anti-phosphospecific antibodies. The level of GAPDH
was also determined; B-D: PSCs were treated with a Src inhibitor PP1 (at 1 or
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Ethanol and acetaldehyde decreased basal activation of JAK2
and STAT3
We have previously shown that ethanol and acetaldehyde at
clinically relevant concentrations activated ERK, but did
not induce proliferation of PSCs[15]. We examined whether
ethanol and acetaldehyde activated JAK-STAT pathway.
Ethanol and acetaldehyde at clinically relevant concentrations
(50 mmol/L and 200 mmol/L, respectively) decreased basal
activation of JAK2 and STAT3 in a time-dependent manner
(Figure 4). The basal activation of STAT1 could not be
detected even after long exposure.
Activation of Src, JAK2, and STAT3 is required for PDGF-BBinduced proliferation
In agreement with the previous studies showing that PDGFBB is a potent mitogen for PSCs[9,10], PDGF-BB increased PSCs
proliferation as assessed by BrdU incorporation (Figure 5A).
This increase in BrdU incorporation was inhibited by AG490
and PP1, suggesting that JAK2 and Src kinases are required
for proliferation.
To clarify the role of STAT1 and STAT3 in PDGFBB-induced proliferation we employed STAT1 and STAT3
antisense oligonucleotides. STAT1 and STAT3 antisense
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2.5 mol/L) or a JAK2 inhibitor AG490 (at 10 or 25 mol/L) in the absence or
presence of PDGF-BB (at 25 ng/mL) for 5 min. Total cell lysates (approximately
100 g) were prepared, and the levels of phosphorylated JAK2, STAT1, STAT3,
and PDGF -receptor were determined by Western blotting. The levels of total
STAT3 and GAPDH were also determined.

A

of Src and JAK2 in a time-dependent manner (Figure 3A).
To determine which kinase(s) mediates PDGF-induced
activation of STAT1 and STAT3, we employed specific
inhibitors of Src and JAK2. Pretreatment of PSCs with a
specific Src inhibitor PP1[25] inhibited STAT1 and STAT3
activation as well as that of JAK2 (Figure 3B). Pretreatment
of PSCs with AG490, a specific JAK2 kinase inhibitor[26],
also blocked PDGF-BB-induced STAT1 and STAT3 activation
(Figure 3C). These inhibitory effects were not due to the
cytotoxicity, because these reagents did not affect the viability
assessed by trypan blue dye exclusion test (data not shown).
Neither AG490 nor PP1 inhibited autophosphorylation of
the PDGF -receptor (Figure 3D). Thus, the activation of
STAT1 and STAT3 by PDGF-BB required the activation
of both JAK and Src, and Src was located upstream of
JAK for PDGF signaling in PSCs.
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Figure 4 Ethanol and acetaldehyde decreased basal activation of JAK2 and
STAT3. PSCs were treated with ethanol (at 50 mmol/L, panel A) or acetaldehyde
(at 200 mmol/L, panel B) for the indicated time, or with PDGF-BB (at 25 ng/mL)
for 5 min. Total cell lysates (approximately 100 g) were prepared, and separated
by 100 g/L SDS-polyacrylamide gel electrophoresis. The activation of JAK2,
STAT1, and STAT3 was examined by Western blotting using anti-phosphospecific
antibodies. The level of GAPDH was also determined.
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Figure 5 Activation of Src and JAK2 is required for PDGF-induced proliferation
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oligonucleotides directed against their translation initiation
sites prevented the synthesis of STAT1 and STAT3, respectively
(Figure 6A). PDGF-induced proliferation was abolished by
the transfection of STAT3 antisense oligonucleotide, and
not of STAT1 antisense oligonucleotide (Figure 6B).
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Figure 6 Activation of STAT3, and not STAT1, is required for PDGF-induced
proliferation. A: PSCs were treated with antisense (“AS”) or sense (“SE”)
oligonucleotides for STAT1 or STAT3 for 24 h. The expression of total STAT1 and
STAT3 was examined by Western blotting; B: PSCs were treated with sense,
antisense, or scramble (“SC”) oligonucleotides. After 24 h, cells were stimulated
with PDGF-BB (at 25 ng/mL) for another 24 h, and DNA synthesis was assessed
by BrdU incorporation enzyme-linked immunosorbent assay. Data are shown
as mean±SD (% of the control, n = 6). bP<0.01 vs PDGF-BB only. Con: control
(serum-free medium only), A: optical density.

Src, not JAK2, is located upstream of ERK
It has been reported that activation of ERK pathway plays
critical roles in PDGF-induced proliferation of PSCs[13,14].
We examined whether PP1 and AG490 inhibited PSC
proliferation through the inhibition of ERK activation.
AG490 did not affect PDGF-BB-induced activation of ERK
(Figure 7A). PP1, however, did inhibit PDGF-BB-induced
activation of ERK (Figure 7B). On the other hand, U0126,
an inhibitor of MAP kinase kinase and consequent ERK
activation[27], did not affect the activation of STAT1, and
STAT3 (Figure 7C). Thus, ERK and JAK2-STAT3 pathways
exert independent regulatory effects on PDGF-induced
proliferation in PSCs.

DISCUSSION
Stellate cell proliferation and expansion of their pool are a
fundamental feature of pancreatic fibrosis[3]. PDGF-BB has
been shown to be one of the most potent mitogens of PSCs
in vitro [9,10] . It has been reported that activation of ERK
pathway plays a critical role in PDGF-induced proliferation
of PSCs[13,14]. On the other hand, we have previously reported
that ethanol and acetaldehyde at clinically relevant concentrations
activated ERK, but failed to induce proliferation in PSCs[15],

Figure 7 Src, not JAK2, is located upstream of ERK. PSCs were treated with
a JAK2 inhibitor AG490 (A) (at 10 or 25 mol/L), a Src inhibitor PP1 (B) (at 1 or
2.5 ol/L), or a MAP kinase kinase inhibitor U0126 (C) (at 5 or 10 mol/L) in the
absence or presence of PDGF-BB (at 25 ng/mL) for 5 min. Total cell lysates
were prepared, and the levels of phosphorylated ERK, STAT1, and STAT3 were
determined by Western blotting. The level of total ERK was also determined.

suggesting that other signaling pathways might be involved
in this process as well. In this study, we examined the role
of JAK-STAT pathway in PDGF-induced proliferation of
PSCs. We showed here that PDGF induced the activation
of Src, JAK2, STAT1, and STAT3 in PSCs. JAK proteins
phosphorylate STAT proteins at tyrosine residues and activate
them, although other mechanisms might be involved[28,29].
In PSCs, the activation of STAT1 and STAT3 was inhibited
by a Src kinase inhibitor PP1 and a JAK2 kinase inhibitor
AG490, suggesting that the activation of STAT was dependent
on Src and JAK2. PDGF-induced proliferation was inhibited
by PP1, AG490, and STAT3 antisense oligonucleotide, and
not by STAT1 antisense oligonucleotide. Thus, activation
of Src-JAK2-STAT3 pathway plays a role in PDGF-induced
proliferation in PSCs. Although STAT pathway has been
shown to play a role in proliferative responses in some cell
types[18-20], no previous studies have examined whether STAT
pathway is activated and it regulates cell functions in PSCs.
Detailing STAT signaling in PSCs is important because
regulation and functions of STATs differ greatly depending
on the cell type. Our results are in agreement with the previous
studies showing a role of this pathway in the regulation of cell
growth in several cell types including NIH3T3 fibroblasts[18],
human airway smooth muscle cells[19], and rat vascular smooth
muscle cells[20].
We showed here that culture-activated PSCs expressed
PDGF -receptor. During tissue repair and inflammatory
processes in the pancreas, PDGF is secreted by various
cells including platelets, mononuclear cells, and activated
macrophages[30]. Exposure of PSCs to PDGF in vivo is likely
to occur in conditions of pancreatic inflammation characterized
by the presence of platelets and activated macrophages[2,10].
PDGF-induced effects on PSCs in vivo may be further aided
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by the upregulation of PDGF receptors in PSCs. In this
regard, it is of interest to note that in a rat model of pancreatic
fibrosis, immunostaining for PDGF -receptor was found
to be increased in activated PSCs in the area of fibrosis[3].
Codistribution of PDGF with cells expressing its receptor
confirms a functional role of PDGF in the development
of pancreatic fibrosis.
In addition to ERK [13,14] , this study indicates that the
Src-JAK2-STAT3 pathway is also required for proliferation
in PSCs. The STAT pathway has been shown to interact
with MAP kinase pathway in different cellular context. For
example, the STAT transcription factors are a potential
convergence site for the MAP kinase and JAK kinase pathways;
JAKs phosphorylate STATs on tyrosine, leading to dimerization
and nuclear localization, whereas MAP kinase phosphorylates
STAT1 and STAT3 on serine, leading to maximal transcriptional
activation[17,31]. Considering that PDGF activates multiple
signaling pathways, including phosphatidylinositol 3-kinase
and the MAP kinase pathway in PSCs[13,14], it is possible that
Src-JAK2-STAT3 pathway cooperates with these signaling
pathways in mediating the proliferative response in PSCs.
Inhibition of Src by PP1 blocked the activation of ERK as
well as of JAK2-STAT3, suggesting that Src is located upstream
of ERK. This is consistent with the previous report that
Src kinase is upstream of ERK activation and can participate
in Raf activation[32]. Although AG490 was effective in blocking
STAT3 activation and proliferation, it did not have any
apparent effect on PDGF-induced ERK activation. On the
other hand, inhibition of ERK by U0126 abolished PDGFinduced proliferation, but not the activation of JAK2 and
STAT3. Collectively, Src is a potential convergence site for
the MAP kinase and JAK-STAT pathway, and each pathway
may exert independent regulatory effects on PDGF-induced
proliferation in PSCs (Figure 8).
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cell membrane
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PDGF-R
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JAK2

STAT1

Raf
STAT3

MEK
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PD98059
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Figure 8 Signaling pathways for PDGF-induced proliferation in PSCs.
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gene c-myc, the cell cycle regulatory gene cyclin D1, and the
anti-apoptotic genes Bcl-2 and Bcl-x[34]. In vascular smooth
muscle cells, it has been recently shown that induction of
cytosolic phospholipase A2 expression and arachidonic acid
release are involved in PDGF-BB-stimulated cell growth
and that these events are mediated by JAK2-dependent
STAT3 activation[20]. Along this line, PDGF-induced PSC
proliferation was blocked by AACOCF3, an inhibitor of
cytosolic phospholipase A2 (Masamune et al, unpublished
observation).
We have previously shown that ethanol and acetaldehyde
at clinically relevant concentrations activated ERK, but did
not induce proliferation of PSCs[15]. We showed here that,
unlike PDGF, ethanol and acetaldehyde did not induce the
activation of JAK-STAT pathway. Interestingly, ethanol and
acetaldehyde decreased basal activation of JAK2 and
STAT3 in PSCs. This is in agreement with the previous
study showing that ethanol inhibited the activation of STAT3
in rat hepatocytes[35]. It is possible that failure of proliferation
induction by ethanol and acetaldehyde may be attributable
to the failure of JAK-STAT pathway activation. Obviously,
further studies are required to test this hypothesis.
It remains unknown as to the role of STAT1 in the cell
functions of PSCs. In addition to its roles in cell immunity,
proliferation, apoptosis, and transformation, recent studies
have suggested that STAT1 participates in the development
of fibrosis. For example, STAT1 mediates transforming
growth factor- and fibronectin synthesis in response to
high glucose in glomerular mesangial cells[36]. STAT1 as well
as STAT3 mediate thrombin-induced upregulation of tissue
type inhibitor metalloproteinase-1 in human glomerular
mesangial cells[37]. Interestingly, Weiskirchen et al, reported
that LIM-domain protein cysteine- and glycine-rich protein
2 (CRP2) is a potential new factor in the JAK-STAT pathway
in hepatic stellate cells[38]. The protein inhibitor of activated
STAT1 was shown to be selectively associated with the Cterminal LIM domain of CRP2, and the suppression of CRP2
might be a prerequisite for the myofibroblastic transition of
hepatic stellate cells. Further studies are necessary to clarify
the role of altered expression of STAT1 and CRP2 in the
activation process of PSCs.
In summary, we have shown that PDGF activated
STAT1 and STAT3, and that the activation of JAK2-STAT3
pathway plays a role in the PDGF-induced proliferation of
PSCs. A better understanding of the molecular mechanisms
of PSC proliferation may provide more rational targets for the
treatment of patients with pancreatic fibrosis and inflammation.
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Abstract
AIM: To establish and characterize a new cholangiocarcinoma
cell line from a patient living in the Opisthorchis viverrini
(O. viverrini) endemic area of Northeast Thailand.
METHODS: Fresh liver biopsy and bile specimens were obtained
from a 65-year-old Thai woman with cholangiocarcinoma
of the porta hepatis. After digestion, the cells were cultured
in Ham’s F12 media. The established cell line was then
characterized for growth kinetics, cell morphology, immunocytochemistry and cytogenetics. Tumorigenicity of the
cell line was determined by heterotransplanting in nude mice.
RESULTS: The primary tumor was a poorly differentiated
tubular adenocarcinoma. Examination of the bile revealed
malignant cells with O. viverrini eggs. The cholangiocarcinoma cell line KKU-100 was established 4 mo after
the primary culture-population doubling time was 72 h.
KKU-100 possesses compact and polygonal-shaped
epithelial cells. Immunocytochemically, this cell line exhibited
cytokeratin, EMA, CEA, and CA125, but not -fetoprotein
(AFP), CA19-9, desmin, c-met, or p53. Such protein expressions
parallel those of the primary tumor. Cytogenetic analysis
identified aneuploidy karyotypes with a modal chromosome
number of 78 and marked chromosomal structural changes.
Inoculation of KKU-100 cells into nude mice produced a
transplantable, poorly differentiated aden-ocarcinoma,
similar to the original tumor.
CONCLUSION: KKU-100 is the first egg-proven, Opisthorchis-

associated cholangiocarcinoma cell line, which should
prove useful for further investigations of the tumor biology
of this cancer.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Cholangiocarcinoma is rare but its prevalence in Northeast
Thailand makes the region the area of highest incidence in
the world[1]. Coincidentally, Thailand has a high prevalence
of infection of the liver fluke, Opisthorchis viverrini, and an
estimated six million people are infected[2]. Both experimental
and epidemiological evidence implicate opisthorchiasis in
the etiology of cholangiocarcinoma in this endemic area[3,4].
Cumulative data suggest that the pathogenesis of this bile
duct cancer in this region is different from that observed in
Western countries with different etiologies[4]. However, the
detailed mechanisms of the cellular and molecular
pathogenesis of Opisthorchis-associated cholangiocarcinoma
and its biology are unclear.
Human solid tumor cell lines are important sources for
studies of tumor biology including tumor cell growth,
differentiation, metastasis, molecular pathogenesis, and
susceptibility to drugs. A small number of reports, compared
to other cancers, describing cholangiocarcinoma cell lines have
been published, most from extrahepatic cholangiocarcinoma[5-9]
and a few from intrahepatic cholangiocarcinoma[9,10-13]. Only
one cholangiocarcinoma cell line was developed from a Thai[14].
We therefore aimed to establish more cholangiocarcinoma
cell lines from patients living in Northeast Thailand. Our report
describes the establishment and characterization of an eggproven, Opisthorchis-associated cholangiocarcinoma cell line,
developed in our laboratory and designated as KKU-100.
MATERIALS AND METHODS
Patient
A 65-year old Thai woman was admitted to the Faculty of
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Medicine, Srinagarind Hospital, Khon Kaen University,
Thailand. She arrived with nausea, progressive jaundice and
itching. She was previously diagnosed by ultrasonography
at a provincial hospital as having cholangiocarcinoma.
Significant laboratory investigations at admission showed
elevated alkaline phosphatase (ALP) (266 U/mL, normal
42-120 U/mL), total bilirubin (23.1 mg/mL, normal 0.251.5 mg/mL), carcinoembryonic antigens (CEA) (44.6 ng/mL,
normal <2.5 ng/mL), while the serum -fetoprotein (AFP)
(2.8 U/mL, normal <10 U/mL), HBsAg and HBsAg were
negative. The stool examination revealed O. viverrini eggs.
The serum counterpart was positive for the parasite-specific
antibody using ELISA.
The diagnosis of cholangiocarcinoma was confirmed
by ultrasonography, computer tomography, and endoscopic
retrograde cholangiopancreatography (ERCP). Operative
findings revealed skipped tumor lesions at the porta hepatis with
bile duct obstruction and ascites (approximately 1 000 mL).
The cul-de-sac, peritoneum and bowel wall were tumor free.
A bilateral peripheral hepatojejunostomy (Roux-en-Y) with
cystojejunostomy was the palliative treatment performed.
Liver biopsy of the tumor mass was taken, the histopathology
indicated a poorly differentiated tubular adenocarcinoma.
Biliary cytology revealed clusters of tumor cells with O. viverrini
eggs. The patient developed sepsis and died two follow-ups
after surgery. Informed consent was obtained from the patient.
Establishment of tumor cell line
The liver biopsy was transported to the Department of
Pathology immediately after surgery and used for cell
culture. The tumor tissue was aseptically washed in Ham’s
F12 media (Seromed, Berlin, Germany) containing penicillin
(200 U/mL) and streptomycin (200 g/mL), minced, then
digested with 0.25% trypsin-EDTA (Gibco/BRL, Grand
Island, MA) for 1 h at 37 ℃. After dissociation, the tissue
fragments were force-filtered through a 100-m pore mesh
and the cell suspension was washed in the media 2-3 times
to remove any residual blood. The washed cells were then
cultured in Ham’s F12 containing penicillin (100 U/mL)
and streptomycin (100 g/mL) with 20% fetal bovine serum
(Gibco/ BRL) at 37 ℃ with 50 mL/L CO2, the media were
changed twice, weekly. Cultured tumor cells were observed
daily under a phase-contrast microscope (Olympus, Tokyo,
Japan). Contaminating fibroblasts were periodically
removed with a cell scraper (Costar, Cambridge, MA) and
by differential trypsinization.
Growth kinetics
After establishment, growth kinetics of the tumor cells was
obtained by seeding the cells at 2×105 cells/well in duplicate
in a 24-well plate (Nunc, Roskilde, Denmark). After seeding,
the media were changed every two days. The cells were
detached from the wells with trypsin-EDTA and the average
number of viable cells was counted every 24 h in a hemacytochamber in the presence of trypan-blue dye. Cells were
counted for up to 12 d. The doubling time of the cell population
was estimated during the logarithmic growth phase.
Morphology
Tissue culture flasks were routinely monitored for cell
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morphology under a phase-contrast microscope.
Heterotransplantation
Four- to six-week-old athymic nude mice (BALB/cAnNCrjnu/nu) were used for heterotransplantation. The mice were
injected subcutaneously with KKU-100 cells (1×107 cells)
suspended in culture medium and kept under specific
pathogen-free conditions. The tumor was observed every
week and when it reached a diameter of ≥1.5 cm, the mice
were killed. The tumor was minced and transplanted again
to other nude mice for serial transplantation. A portion of
tumor was fixed in 10% buffered formalin, routinely
processed for histopathology and immunocytochemistry.
Immunocytochemistry
To characterize the expression of cytokeratin, tumor markers
and some gene products, the cells were grown as a confluent
monolayer, washed in cold PBS, then scraped. After centrifugation, the cell pellet was fixed in buffered formalin and
routinely processed in a cell block. Paraffin sections were
cut and immunostained for cytokeratin, CEA, AFP, CA125,
CA19-9, c-met and p53 using the standard avidin-biotin
peroxidase method[15]. Details of the antibodies are shown
in Table 1. Mouse monoclonal antibody to pancytokeratins
(Dako, Denmark, clone MNF 116) reacts with cytokeratins
5, 6, 8, 17, and probably 19 as shown in the specification
sheet of the manufacturer. Primary and heterotransplanted
tumors were similarly immunostained.
Cytogenetics
After 20 passages, the established tumor cells at the exponential
phase were subjected to chromosomal analysis by treating them
with 0.1 g/mL colcemid (Gibco/BRL). The cells were treated
with a KCl/HEPES/EDTA hypotonic solution and harvested
according to standard cytogenetic procedures. Slides of fixed
cells were trypsin-Giemsa-banded to identify individual
metaphase chromosomes. Representative chromosome sets
were photographed and karyotyped. The modal chromosome
number was determined from 100 cells.
Mycoplasma detection
Direct agar incubation of spent medium using a mycoplasma
agar plate (Gibco/BRL) was routinely performed to detect
any mycoplasma contamination.

RESULTS
Establishment of KKU-100 cell line
A few days after the primary culture, a few single colonies
of epithelial-like round cells and fibroblasts attached to the
25 mL culture flask. The colonies were inactive and stable
for several weeks while fibroblasts grew faster. Fibroblasts
were periodically removed by scraping. Three months after
the cell culture was initiated, the epithelial-like cells became
active and propagated as monolayer cells. The colonies were
then subcultured with trypsin-EDTA. Contaminating fibroblasts
were removed by scraping and differential trypsinization.
After four successive passages, a pure tumor cell line with
continuous, stabilized multiplication was established and
designated as KKU-100. The cell line KKU-100 was
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maintained in our laboratory in >100 passages over the past
5 years.
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Growth kinetics
KKU-100 cells followed a typical growth curve, including
lag, logarithmic and stationary phases during the 12-d culture.
By the tenth passage, the population doubling time in Ham’s
F12 with 10% fetal bovine serum, was approximately 72 h.
Morphology of KKU-100
Under a phase-contrast microscope, KKU-100 exhibited
compact, monotonous polygonal to spindle cells. The cells
were ‘floating’ or ‘clumping’ in a confluent monolayer that
could be shaken free, mixed into the medium and transferred to another flask (Figure 1). Individual KKU-100 cells
had a large nucleus containing 2-5 nucleoli and a clear
cytoplasm.

B

Figure 2 Histopathology of the primary tumor (A) and KKU-100 heterotransplanted
tumors (B) in nude mice. (hematoxylin and eosin, original magnification ×200).

Immunocytochemistry
Expression and grading of cellular antigens, tumor markers
and cancer gene products of the original tumor and KKU-100
cells are shown in Table 1. KKU-100 cells expressed cytokeratin,
EMA, CEA, and CA125 but not AFP, CA19-9, desmin, cmet and p53. These protein expressions were similar to those
of the primary tumor. However, heterotransplanted tumors
in nude mice retained only EMA protein (Figures 3A-D and
Table 1).

Figure 1 A confluent monolayer of KKU-100 cells shows compact polygonal
to spindle cells. (Phase-contrast, original magnification, ×100).

Heterotransplantation
Tumor nodules were developed in the nude mice three weeks
after inoculation of KKU-100 cells and reached their
greatest dimension of 1.6 cm in 10 wk. Serial transplantations
into other nude mice had a shorter induction time for tumor
nodules and grew larger. The second generation of transplanted
tumors developed one week post inoculation and reached a
maximum size of 4.4 cm in 10 wk. Histologically, the transplanted
tumor was a poorly differentiated adenocarcinoma, similar
to the primary tumor (Figures 2A and B).

Chromosomal analysis
A cytogenetics study revealed a number of chromosomes
ranging between 56 and 92 with a modal chromosome number
of 78. The G-banded analysis demonstrated aneuploidy
karyotype with marked chromosomal structural abnormalities.
Several marker chromosomes were noted. Example of the
karyotype is shown in Figure 4.

Table 1 Details of antibodies used and their expression in primary tumor, KKU-100 cells and heterotransplanted tumors
Primary tumor1

KKU-100 cells1

Dako, Denmark

+++

++

Dako, Denmark

++

++

Heterotrans-planted tumor1

Antibodies

Sources

Cytokeratin (clone MNF116)
EMA (clone E29)
Desmin (clone D33)

Dako, Denmark

-

-

-

CEA (polyclonal)

Dako, Denmark

+++

+

-

AFP (polyclonal)

Dako, Denmark
-

+++

CA19-9 (clone 116-NS-19-9)

Dako, Denmark

-

-

CA125 (clone Ov185:1)

Novocastra, UK

+++

+

-

c-Met (polyclonal)

Santa Cruz, USA

-

-

-

p53 (clone DO-7)

Dako, Denmark

-

-

-

1

Grading: - = negative, + = <25% tumor cell stained, ++ = 25-50% tumor cell stained, +++ = >50% tumor cell stained.
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Figure 3 Immunocytochemistry of the primary tumor and KKU-100 cells. A: the
primary tumor showing strong expression of cytokeratin; B: strong expression of
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Figure 4 Representative G-banded karyotype of KKU-100 at passage 20
showing chromosomal abnormalities and marker chromosome (mar) : 84, +XX,
+1, +2, +3, +4, +5, +8, +9, 10, +11, +12, +13, +14, +der(15)t(15;15), +16, +17,
+18, +19, +20, +21, +22, +mar.

Mycoplasma detection
Mycoplasmas were not detected in the spent medium during
cell culturing.

DISCUSSION
A small number of cholangiocarcinoma cell lines are available
for cancer research and little is known about this bile duct
cancer. To date, approximately eight cell lines have been
developed from intrahepatic bile duct cancer, namely
HChol-Y1[5], SNU-1079[9], HuCC-T1[11], PCI:SG231[12], CCSW-1 and CC-LP-1[13], HuCCA-1[14], KMC-1[16]. There is no
cell line, to our knowledge, developed from porta hepatis,
though tumors at this site are lethal and account for about
two-thirds of all cholangiocarcinomas[17,18]. This is probably

KKU-100 cell line; C: EMA expression in both heterotransplanted tumor cells; D: EMA
expression in KKU-100 cells (immunoperoxidase, original magnification ×200).

due to the difficulty of tumor resection and obtaining
specimens[19] . KKU-100 may probably be the first porta
hepatic-derived and egg-proven Opisthorchis-associated
cholangiocarcinoma cell line. A previous cholangiocarcinoma
cell line associated with opisthorchiasis, detected by ELISA,
was isolated from a Thai patient[14]. Our cell line is the second
cell line developed in the area endemic for opisthorchiasis
and cholangiocarcinoma in Thailand.
KKU-100 was derived from poorly differentiated tubular
adenocarcinoma, the common histologic type of cholangiocarcinoma reported in Thailand[20]. It possesses some
characteristics of carcinoma in nature as evidenced by the
expression of cytokeratin and EMA but not desmin. An
electron microscopic study revealed microvilli and junctional
complexes, the distinguishing ultrastructural features of
adenocarcinoma (data not shown). Heterotransplantation of
the KKU-100 cells into nude mice retained its histological
features of the primary tumor. This is similar to several other
cholangiocarcinoma cell lines that produce a similar histologic
type in heterotransplanted animals[8,10,12,13]. However, some
immunocytochemical characteristics of the cell line were
lost such as cytokeratin, CEA and CA125 upon transplantation.
This may be due to the natural selection and adaptation of
the cells to survive under culture condition or nude mouse
microenvironment[21,22].
Immunocytochemical analysis of tumor markers revealed
that KKU-100 was positive for CEA, CA125 but not AFP
and CA19-9-corresponding to the original tumor. The
expression of CEA but not AFP in the primary tumor tissue
and cells correlated with a marked elevation of serum CEA
(44.6 ng/mL) and negative for AFP in this patient (data not
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shown). This is common in pure cholangiocarcinoma, where
elevated levels of serum CEA occur in ≤80% of cases[23,24],
whereas AFP is almost negative. However, the expression
of CEA and CA 125 in KKU-100 cells was less than the
primary tumor. This is similar to most established cholangiocarcinoma cell lines that show minimal or no CEA
expression [6,8,13]. The lowering or loss of some protein
expression may be from the natural selection and adaptation
of the cells to environment as previously mentioned. Only
one cholangiocarcinoma cell line, HuCCA-1, exhibits CA
125[14], our cell line is the second. In contrast, several cholangiocarcinoma cell lines can express or secrete CA19-9, such
as HChol-Y1 [10], HuCC-T1 [11] , KMBC[8] and KMC-1 [16].
Other tumor markers secreted/expressed by KKU-100 will
be investigated for use in diagnostics and early detection in
endemic areas.
Alterations of oncogenes and tumor suppressor genes
are involved in the malignant transformation and progression
of nearly all tumors. For cholangiocarcinoma, however,
little is known about its molecular carcinogenesis. The p53
tumor suppressor gene, a common genetic alteration in various
cancers, is over-expressed in up to 78.5% of cholangiocarcinomas[25-27], while mutations of exon 5-8 range between
5% and 37.5%[28-30] . Overexpression of c-met oncogene
products has been described in about 60% of human cholangiocarcinomas[31] and in furan-induced cholangiocarcinomas
in rats[32]. However, KKU-100 cells show no expression of
these two gene products. Besides the two genes studied,
several other gene alterations may occur in KKU-100
because there are marked chromosomal abnormalities in
both number and structures. Detailed studies are in progress.
Cholangiocarcinoma is a major concern in Northeast
Thailand because it is a fatal, malignant neoplasm with no
curative treatment, neither chemotherapy nor radiation[18].
At present, only surgical excision of the detectable tumor is
associated with any improved survival[18]. Since most patients
have already advanced stage cancer when they arrive, palliative
treatment is all that can be offered[4]. Further study on the
various aspects of cholangiocarcinoma, such as tumor biology,
cellular and molecular carcinogenesis, biomarkers for early
diagnosis and drug responses to new therapeutic agents, is
needed. KKU-100 cells should prove a valuable aid to such
research and applicable management of cholangiocarcinoma.
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Abstract
AIM: To investigate whether induction of tolerance of mice
to lipopolysaccharide (LPS) was able to inhibit apoptotic
reaction in terms of characteristic DNA fragmentation and
protect mice from lethal effect.
METHODS: Experimental groups of mice were pretreated
with non-lethal amount of LPS (0.05 g). Both control
and experimental groups simultaneously were challenged
with LPS plus D-GalN for 6-7 h. The evaluations of both
DNA fragmentations from the livers and the protection efficacy
against lethality to mice through induction of tolerance to
LPS were conducted.
RESULTS: In the naive mice challenge with LPS plus D-GalN
resulted in complete death in 24 h, whereas a characteristic
apoptotic DNA fragmentation was exclusively seen in the
livers of mice receiving LPS in combination with D-GalN.
The mortality in the affected mice was closely correlated
to the onset of DNA fragmentation. By contrast, in the mice
pre-exposed to LPS, both lethal effect and apoptotic DNA
fragmentation were suppressed when challenged with
LPS/D-GalN. In addition to LPS, the induction of mouse
tolerance to TNF also enabled mice to cross-react against
death and apoptotic DNA fragmentation when challenged
with TNF and/or LPS in the presence of D-GalN. Moreover,
this protection effect by LPS could last up to 24 h. TNFR1
rather than TNFR2 played a dual role in signaling pathway
of either induction of tolerance to LPS for the protection
of mice from mortality or inducing morbidity leading to the
death of mice.
CONCLUSION: The mortality of D-GalN-treated mice in
response to LPS was exceedingly correlated to the onset

of apoptosis in the liver, which can be effectively suppressed
by brief exposure of mice to a minute amount of LPS. The
induced tolerance status was mediated not only by LPS
but also by TNF. The developed tolerance to either LPS or
TNF can be reciprocally cross-reacted between LPS and TNF
challenges, whereas the signaling of induction of tolerance
and promotion of apoptosis was through TNFR1, rather
than TNFR2.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Bacterial lipopolysaccharide (LPS), also known as endotoxin,
is an integral component of outer membrane located in the
cell wall of Gram-negative bacteria, and is one of the main
causative agents of septic shock in the duration of Gramnegative bacterial infection in humans[1]. It has been found
in vivo that the pathogenic role of LPS is not directly through
LPS molecule itself, but rather mediated by a group of
endogenous mediators including TNF[1-3], IL-6[1,3], and IL12[1,2], which, when in excess, leads to serious systemic disorders
with a high mortality rate[1]. Among these, TNF is regarded
as a reputed agent involved in the development of LPS
pathogenesis[1], it binds to corresponding surface receptors
exerting its biological effects. These receptors are termed
as TNFR1 and TNFR2[5-9], respectively.
However, increasing evidence showed that by prior exposure
of animals like mice to a minor amount of LPS (even a
non-lethal dose of LPS was applied), a hypo-responsiveness
or refractoriness to subsequent challenge of LPS was developed[10-15]. This phenomenon has been described as tolerance
of host to LPS[10-15]. LPS tolerance can be observed with a
decreased febrile response and escape from death as well as
a reduced production of inflammatory endogenous cytokines
in response to a secondary stimulation with LPS[10-15]. In this
case, tolerant mice towards LPS actually protect themselves
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from lethality due to pretreatment with LPS. Furthermore,
it has also been found that the tolerant mice to LPS are
cross-reaction towards the pathogenic role of TNF[10,12,13]
in terms of protection of host. In some reports[11,12], tolerance
of mice to TNF was also able to alleviate and counteract
deadly suffering in the affected mice while challenged with
a lethal combination of TNF and D-GalN[13].
Apoptotic reaction has been extensively studied in cell
models and/or in special animal models. Cells undergoing
apoptosis exhibit specific morphological changes[17,19,24] ,
including membrane blebbing, cytoplasmic and chromatin
condensation, nuclear breakdown, DNA fragmentation,
assemble of membrane-enclosed vesicles termed apoptotic
bodies. All these are eventually subjected to phagocytosis.
Among these, DNA fragmentation has been regarded as a
classic mark[16-24]. We have found that a characteristic apoptotic
DNA fragmentation in the liver of the affected mice was
intimately correlated to lethality in mice that were challenged
with a tremendously low amount of LPS (0.05 g) in
combination with D-GalN[27]. In this study, we addressed
that whether the tolerance of mice to LPS would inhibit the
apoptotic DNA fragmentation, and which TNF receptors
were involved in the induction of lethality and tolerant status
formation.

MATERIALS AND METHODS
Chemicals
Recombinant human tumor necrosis factor (rhTNF) was
provided by the BASF Company (Ludwigshafen, Germany),
the activity was 5×10 6 U/mg protein. LPS was prepared
from Salmonella abortus equi as described previously[28]. DGalN hydrochloride was purchased from C. Roth Karlsruhe,
Germany.
Mice
Mouse strains were kept under specific pathogen-free
conditions in the animal facilities. In this study, C57BL10
ScSn (ScSn) and TNFR1-/-, and TNFR2-/- (genotypic
background BL6´129sv) were used, respectively. Ten-weekold mice weighing approximately 22-25 g of both sexes
were housed in stainless steel wire cages with free access to
food and water. There was no difference in either male or
female mice. After about a 1-wk equilibration period, the
animals were randomly divided into different experimental
groups according to the protocol. Mice were handled and
cared for in accordance with the Guide for the Care and
Use of Laboratory Animals in Germany, as legally required.
The experimental protocol was carried out in compliance with
German regulations and local ethical committee guidelines
for animal research.
Experimental design
All reagents used in these experiments included D-GalN,
LPS, and TNF. They were first dissolved in pyrogen-free
phosphate-buffered saline (PBS, pH 7.2). Combination of
LPS and/or TNF with D-GalN (each dose of reagent
used was indicated in the figure legend) in a total volume
of 200 L was injected into the mice. This volume was also
used throughout the study. Injections were usually performed
intravenously (i.v.) in the lateral tail vein of the mice.
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Induction of tolerance and lethal test[29]
For the induction of tolerance, mice were pretreated with
LPS (usually a concentration of 0.05 g) or TNF (usually
a concentration of 2 g) for different time lengths, thereafter
the mice were challenged with the required reagent in
combination with D-GalN for indicated time periods (usually
for 6-7 h). As controls, mice received LPS and/or TNF in
combination with D-GalN for an indicated time length. At
certain time point, the livers were removed under ether
anesthesia and DNA extraction was carried out immediately.
Blood was collected under ether anesthesia by puncturing the
axillary vessels, plasma was prepared and stored at -80 ℃ until
use. For the lethal effect of the mice after challenged with the
indicated reagent, usually the mice were observed for 24 h.
Removal of organs from mice and homogenization[27,30]
Organs of interest (livers either from experimental mice or
from control mice) were removed under ether anesthesia
of the animals, and placed in 1 mL lysis buffer solution
(10 mmoL Tris-HCl, pH 7.5, 100 mmoL EDTA, 0.5%
SDS, proteinase K 100 g/mL, proteinase K was added
shortly before use) and immediately pressed with the flat
end of a sterile syringe piston through a metal mesh placed on
ice. Alternatively, the organs were placed in a glass homogenizer
containing 1 mL of lysis buffer, and homogenized at a highspeed vortexing (3 000 r/min) for 5 min on ice. The resulting
suspensions were kept at -40 ℃ until extraction of DNA.
Extraction and preparation of RNA-free DNA
Usually 0.4 mL of the homogenized tissue suspension as
described above was used for DNA extraction. The
extraction procedure used was basically the same as described
previously[27,30]. DNA from each sample was extracted twice
with phenol, once with phenol-chloroform-isoamyl alcohol
(PCI, 25:24:1; V:V:V) and once with chloroform. The
procedure was detailed as follows. An equal volume of
phenol (0.4 mL) was added to 0.4 mL suspension of
homogenized tissues, and mixed well by vortexing vigorously
for 5 min. After centrifugation at 17 300 g at 4 ℃ for 10 min,
the supernatant (aqueous phase) containing DNA was
pipetted into a clean microcentrifuge tube. To this an equal
volume of phenol was added and extraction was repeated
as described above. The resulting supernatant was extracted
once with PCI and once with chloroform to remove residual
phenol. After centrifugation at 17 300 g at 4 ℃ for 10 min,
the supernatant was transferred to a clean tube and DNA
was precipitated by adding 2.5 volumes of absolute ethanol
and sodium acetate to a final concentration of 0.3 mol/L
and kept at -20 ℃ for 30 min (or overnight). Next it was
spun by centrifugation (17 300 g at 4 ℃ for 10 min) and
pellet was dissolved in TE buffer (Tris-HCL 10 mmol/L,
pH 7.4, ethylene diaminotetraacetic acid 1 mmol/L, pH 8.0)
containing RNase (0.1 mg/L) at 37 ℃ for 1 h. Subsequently,
the suspension was re-extracted with phenol, PCI and
chloroform, and precipitated as described above. Finally, the
concentration of DNA was measured by a spectrophotometer
(PM6, Zeiss, Jena, Germany).
Analysis of DNA ladder by agarose gel electrophoresis[20,23, 27,30]
Before electrophoresis, the DNA concentration of the samples
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was adjusted to approximately equivalent concentration.
About 2-3 g of DNA sample was mixed with loading buffer
(40% sucrose, 0.25% xylene cyanol, 0.25% bromophenol
blue) and placed in the wells of agarose gel. The agarose gel
(15 mL/L) in electrophoresis buffer TBE (0.5×) was run
at 100 V until the purple tracer marker migrated to approximately
2 cm before the end of the gel. The gels were photographed
under UV light using a Mitrubishi video copy processor
(Gibcol BRL, Heidelberg, Germany), graphs were stored in
a magnetic disc. Alternatively photos were printed out directly
for immediate analysis of results.
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Moreover, in mice pre-exposed to TNF (2 g) instead
of LPS for 3 h, the same results as those in the mice preexposed to LPS were shown and that it effectively suppressed
apoptotic DNA fragmentation when mice were challenged
with TNF (1 g) plus D-GlaN (20 mg) for 6 h (Figure 2,
lanes 1 and 2). However, in the control mice receiving TNF
(1 g) and D-GalN (20 mg), DNA fragmentation occurred
(Figure 1, lane 4 and Figure 2, lanes 5-7). As a result, preexposure to either TNF was both able to inhibit the characteristic apoptotic DNA fragmentation when challenged with
TNF in the presence of D-GalN.

TNF bioassay
TNF in plasma was measured in a cytotoxicity test using a
TNF-sensitive L929 cell line in the presence of actinomycin
D as described previously[31]. The detection limit of the
assay was 50 pg TNF/mL plasma.

RESULTS
Pre-exposure to LPS effectively suppressed apoptotic DNA
fragmentation
We found that the mortality in mice when challenged with
LPS at the dose of 0.05 g and in the presence of D-GalN
(20 mg) was paralleled well to the characteristic apoptotic
hallmark, DNA fragmentation in the liver of the affected
mice, which was also shown elsewhere[27]. We further explored
whether pre-exposure of mice (ScSn) to LPS (0.05 g) was
able to inhibit the onset of apoptotic DNA fragmentation
and protect host mice from lethal challenge as well as which
receptor signaling pathway in the mice was pre-exposed to
a minute dose of LPS.
The results showed that when mice were pre-exposed
to LPS for as long as 75 min and then challenged with a
combination of LPS (0.05 g) in the presence of D-GalN
(20 mg) for 6 h, the distinctive apoptotic DNA fragmentation
was suppressed (Figure 1, lanes 2 and 3). In contrast, in the
naïve mice that had no pre-exposure to LPS, the apoptotic
DNA fragmentation from the homogenate liver of mice
was clearly seen in agarose gel electrophoresis (Figure 1,
lane 1 and Figure 2, lanes 8 and 9). Therefore, pre-exposure
of mice to LPS was able to suppress the onset of apoptotic
DNA fragmentation.

Lanes
1
Pre-LPS LPS/GaIN +
TNF/GIaN -

2
+
+
-

3
+
+
-

4
+

5 6
+ +
- + +

Figure 1 Suppression of LPS and/or TNF-induced apoptotic DNA fragmentation
in D-GalN-treated mice by pre-exposure to LPS.
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Figure 2 Inhibition of LPS and/or TNF-induced DNA fragmentation in D-GalNtreated mice by pre-exposure to TNF, M: DNA marker.

Cross-reaction in the suppression of apoptotic DNA
fragmentation
In addition to the suppression of apoptotic DNA fragmentation
by pre-exposure of the corresponding homogenous agents
and then challenge with LPS and/or TNF in the presence
of D-GalN, DNA fragmentation could also be suppressed
by the corresponding heterogeneous agents. In this study,
we found that when pre-exposure to LPS (0.05 g) for 75 min,
apoptotic DNA fragmentation was dramatically suppressed
in mice when challenged with TNF (1 g) in the presence
of D-GalN (20 mg) (Figure 1, lanes 5 and 6). Furthermore,
this also took place in the mice that were pre-exposed to
TNF (2 g) instead of LPS for 3 h and subsequently
challenged with LPS (0.05 g) other than TNF, in the presence
of D-GalN. Therefore, the suppression of characteristic
apoptotic DNA fragmentation seemed to be a cross-reaction
(Figure 2, lanes 3 and 4).
Induction of LPS tolerance and onset of apoptotic DNA
fragmentation
Biological roles of LPS were mediated by endogenous TNF
molecules produced from macrophage cells and other cell
types[1-2,9]. TNF molecules must bind to the cognated TNF
receptors responsible for signals in the biological roles of
TNF molecules[5,8,9 ]. Here, we used the mice that were knocked
out of corresponding TNF receptor genes. These mice were
directly challenged with LPS and D-GlaN under the same
experimental conditions as those performed in ScSn mice
aforementioned. The results showed that administration of
LPS (0.05 g) and D-GalN (20 mg) resulted in apoptotic
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DNA fragmentation only in the livers of TNFR2-/-mice
(Figure 3, lanes 1 and 3), while the DNA fragmentation
was absent in the livers of TNFR1-/-mice (Figure 3, lanes
5 and 7). In addition, in the same experimental situation,
the DNA fragmentation in the spleens from TNFR1-/and TNFR2-/- mice, respectively, was also examined. The
results showed that neither in the spleens of TNFR1-/mice (Figure 3, lanes 6 and 8) nor in those of TNFR2-/mice (Figure 3, lanes 2 and 4), apoptotic DNA fragmentation
was detectable. These results depicted in Figure 3 strongly
suggested that the induction of apoptotic DNA fragmentation
in mice by LPS was mediated by TNFR1 rather than TNFR2.
TNFR2 did not seem to be involved in the induction of
apoptotic DNA fragmentation by LPS, since its absence in
TNFR2-/-mice had no influence on the development of
apoptotic DNA fragmentation. Still in this situation, the host
liver, not the spleen, was a target organ when challenged
with LPS in the presence of D-GalN.

Mice
Lanes

TNFR2-/1 2 3

4 5

TNFR1-/6 7

8
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Lanes
Pre-LPS
LPS/GaIN

Suppression of apoptotic DNA fragmentation activity in the
liver of mice pre-exposed to LPS
We found that the ScSn mice pre-exposed to LPS (0.05
g) for 75 min were able to suppress the apoptotic DNA
fragmentation when challenged with LPS (0.05 g) plus
D-GlaN (20 mg) (Figure 1). In the following experiments,
we studied the time course of development and duration
of tolerance induced by LPS pretreatment and the apoptotic

+ + +++ +

Figure 4 Induction of tolerance to the apoptotic activity by LPS in TNFR2-/mice, M: DNA marker.

effect of LPS on D-GalN-treated mice. When pretreated
with LPS (0.1 g) for different time periods (Figure 5),
the TNFR2-/-mice were challenged with a lethal combination of LPS (0.05 g) and D-GalN (20 mg). Seven
hours after challenge, the livers were removed under ether
anesthesia and DNA was extracted and analyzed for the
presence of fragmentation (Figures 4, 5 and Table 1). The
results showed that the suppressive effect on the onset of
apoptotic DNA fragmentation was detectable after
preexposure of mice to LPS for 75 min (Figures 1 and 4)
and this effect was maintained for up to 24 h (Figure 5 and
Table 1).

Lanes
M 1 2 3
hrs
0 3 18
pre-LPS
- + +
LPS/GaIN
++ +

Figure 3 Requirements of TNFR1 for the induction of DNA fragmentation by
LPS in D-GlaN-treated mice.

In the following experiments, we still investigated the role
of TNFR1 in the induction of tolerance to LPS. The TNFR2/-mice were pretreated with LPS (0.1 g) for 75 min, the
property was retained that is the tolerance to the induction
of apoptotic DNA fragmentation by a challenge with LPS
(0.05 g) in the presence of D-GalN (20 mg) (Figure 4,
lanes 1-3). In contrast, the control mice that had no pretreatment
with LPS (Figure 4, lanes 4-6) and were directly challenged
with LPS (0.05 g) in the presence of D-GalN, exhibited
the expected DNA fragmentation. These data indicated
that the development of tolerance to LPS could lead to
the inhibition of DNA fragmentation in the livers of affected mice when challenged with LPS and involved TNFR1
only.

M 1 2 3 4 5 6
+ + + - - -

4 5
24 0
+ ++

Figure 5 Time course of DNA fragmentation inhibition pretreated by LPS in
TNFR2-/-mice, M: DNA marker.

Table 1 Effect of LPS pretreatment on the lethality and DNA fragmentation induced by LPS/D-GalN in TNFR2-/- mice
LPS pretreatment (0.1 µg)
before challenge (h)

Challenge: LPS (0.05 µg) + D-GalN (20 mg)
Lethality (dead/total)

DNA fragmentation

None

5/5

+

24

0/5

-

18

0/5

-

3

0/5

-

1.25

0/5

-

+, fragmentation present; -, fragmentation absent.
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Lethal effects of LPS on D-GlaN-treated mice correlated with
characteristic apoptotic DNA fragmentation
In the following experiments, we investigated whether a
correlation existed between the apoptotic DNA fragmentation
in the livers of affected mice and lethal outcome. Mouse
strains of TNFR2-/- were pretreated with 0.1 g of LPS
for different time periods, and then challenged with LPS
(0.05 g) in the presence of D-GalN. Mice with no pretreatment served as controls. The results indicated that DNA
fragmentation in the liver of affected mice was highly
correlated with the mortality of mice, which was due to the
onset of apoptosis in the liver of affected mice (Table 1).
Likewise a similar correlation between suppression of DNA
fragmentation and suppression of mouse death was also
seen in mice after pretreatment with TNF and challenged
with TNF in combination with D-GalN (data not shown).

DISCUSSION
LPS, as a very important pathogenic agent released from
Gram-negative bacteria[1] , exerts dual biological roles in
animals and humans. In the experimental animal model, if the
mice were administrated with a high dose of purified LPS,
a commonly lethal effect on mice would ensue and severe injuries
would occur in some vital organs documented as multi-organ
failure. On the contrary, if the animals were pre-exposed
to a minute amount of LPS, or to detoxified LPS[1,32,33] ,
and/or derivatives of LPS, monophosphoryl lipid A[32], a
hypo-reaction would develop, protecting the affected mice
from later challenge with a lethal amount of LPS and even
live bacteria[34]. These distinctively paradoxical effects[7, 35,36]
induced by LPS are attributed to the pre-exposure of mice
to LPS, therefore alternating the potential reactivity of mice
to bacterial component LPS.
In the present study, pre-exposure of animals to a minute
amount of LPS leading to the suppression of both apoptotic
DNA fragmentation and lethality against the later lethal
challenge of LPS in the presence of D-GalN, to some extent,
might reflect the role of hosts in terms of instinctive protection
of themselves[7,10, 12-14]. This phenomenon in mice and other
relevant host animal models has been widely documented,
particularly in the field of study on tolerance of hosts to
lethal toxicity of LPS[10-14]. However, the actual mechanism
underlying the tolerance of hosts to LPS still seems obscure.
The exploration of mechanism responsible for cell apoptosis
and anti-apoptosis (suppression of apoptosis[7,18,25] ) has
become a hot spot. Appropriate pretreatment with LPS
resulting in a prolonged survival when challenged with a
high dose of LPS and others including a lethal combination
of LPS (or TNF) and D-GalN, which is a special case in
studying mechanisms of how a given host responds to LPS,
has been so far reported to be ascribed to the inhibition of
apoptosis[16,19,38]. Hence, the onset of apoptosis challenged
by exposure to LPS and induction of tolerance through
pre-exposure of host and/or cells to LPS leading to suppression
of apoptosis consists of the interaction between the protection
role in host cells and detrimental effect of causative agents
from bacteria. The similarity between the tolerance to the
lethal toxicity of LPS, and the suppression of apoptosis has
greatly intrigued us to further explore the mechanism, which
might be due to the existence of a common signaling
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pathway[7,26,38].
The results of this study showed that, by a brief preexposure to a minute amount of LPS alone, induction of
apoptosis in terms of the characteristic apoptotic hallmark,
DNA fragmentation[17-19,24] and lethal effect of LPS were
effectively suppressed. The pre-exposure to LPS was able
to prevent mice from the predestined death when challenged
with a lethal combination of LPS and D-GalN. Moreover,
this protective effect on lethality and apoptosis by pre-exposure
to a causative agent other than LPS, even by TNF, was also
quite apparent. The results of the present study indicated
that this protection role in suppression of both apoptotic
reaction and lethal effect was seemingly related to the action
of either LPS or TNF. In fact, whether endogenous TNF
production induced by LPS or recombinant human TNF,
they were able to converge signals through TNFR1[4,8], which
functions in signaling to apoptotic reaction, and induction
of tolerance to LPS. In view of this, TNF is still a key
molecule outside of cells.
TNF, as one of the most putative mediators[1-2,10-15] in the
pathogenesis of LPS and Gram-negative bacterial infection,
has been widely proved. However, in the present study,
TNF activity in plasma was not detectable (data not shown).
The possible reason might be the concentration (0.05 g
only) of LPS used was too low to induce a large amount of
free TNF molecules released into blood circulation. However,
in order to study the action of TNF, we used TNFR2-/mice. When challenged with LPS (0.05 g) plus D-GalN,
the lethality and apoptotic DNA fragmentation and suppression
of both in TNFR2-/- mice could be seen as those in ScSn
mice. This clearly indicated that the TNF molecules produced
by such a low amount of LPS were in action. On the other
hand, the free TNF molecules in plasma were not detectable,
this could not exclude the role of membrane-type TNF[8,9,43]
despite that we did not detect the membrane-type TNF in
the present study. However, membrane TNF binds to the
cytoplasmic membrane carrying out its functions like freetype TNF molecules through local cell-cell interaction.
Therefore, in inducing apoptotic reaction in the liver and
lethality in mice, the membrane-type TNF might exert its
biological role.
However, signaling in inducing apoptotic reaction and
lethality is through TNFR1[5,6,8], the signaling in which the
induction of tolerance to LPS in mice leads to suppression of
apoptotic effect and lethality is also through TNFR1[4,6,8,9].
The results in Figures 4 and 5 clearly indicated that induction
of tolerance to apoptotic reaction and lethality involved
only TNFR1. Therefore, TNFR1 plays a dual signaling role
in inducing apoptotic reaction and lethality as well as host
protection in terms of suppression of apoptotic reaction
and lethality. Regarding the duality[7,38-42] of TNFR1 in
signaling of either induction of apoptotic reaction or induction
of suppression of apoptotic reaction due to tolerance, the
latest progress of TNFR1 in signaling of cells still involves
a complicated signaling circuit in post-receptors. The
bifurcation and divergence point [26,38-42] in signaling is
seemingly dependent upon the turn of the activation of
signaling molecules tending to die (e.g., Caspase 8, Caspase
3 and others[17-19,21-24]) and to survive (e.g., activated NFB
and others[25,37-42] could protect cells).
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The role and function of TNFR2 in the induction of
apoptotic reaction and lethality are less clear and not as
evidenced as TNFR1. Some studies reported that TNFR2
possessed the ability to pass TNF ligand[4] to TNFR1 leading
to a relatively local high concentration of TNF in the vicinity
of TNFR1 that accepts TNF ligand from TNFR2 and is
then activated, signaling the TNFR1 apoptotic machinery.
In the present study, the results showed that TNFR2 did
not directly take part in the induction of apoptotic reaction.
Despite that we used recombinant human TNF instead of
mouse TNF, it was reported that in mice only TNFR1 could
bind to human TNF molecules[8]. This also implicated that
induction of apoptotic DNA fragmentation and lethality as
well as suppression of both involved TNFR1 [4-6,8,9] rather
than TNFR2.
The fragmentation of DNA in an ongoing apoptotic
reaction of host cells has been regarded as a gold standard[17,19,23,24]. In necrosis, DNA is degraded showing a smear
in electrophoresis gel. However, in this study, when a combination of LPS and D-GalN was administered, a fragmented
DNA pattern was distinguishable. In the control mice
receiving LPS (0.05 g), TNF (2 g) and D-GalN (20 mg)
respectively, DNA molecules were intact. The characteristic
DNA fragmentation in the mice challenged with LPS plus DGalN might involve a set of endogenous deoxyribonucleases,
which have been described as a killer and/or executor [21] in
ongoing apoptotic reaction in cells. Up to now, some of
them have been characterized, such as DNase[17-19,21-24] ,
Caspases family[21] and Caspase-activated DNase (CAD/
DFF40)[18,19,23], which are activated and executed to degrade
the corresponding substrates, ultimately leading to cell death.
In fact, the degradation of nucleosomal DNA as one of
the parameters in apoptotic reaction is based upon endogenous
DNase that could recognize and cleave the special nucleic
acid sequence between chromosomes[23-24] during apoptosis.
However, it is not yet completely clear whether the inhibition
of lethality and DNA fragmentation in response of DGalN-treated mice to LPS (or TNF) resulted from downregulated endogenous DNase activity by unknown
mechanism in the mice tolerant either to LPS or to TNF.
The data obtained in this study suggested that the
experimental sequence of D-GalN vs LPS or TNF was a
crucial factor, which could determine the death or survival
of the affected mice. For instance, if mice were exposed to
LPS (or TNF) before D-GalN, they subsequently developed
tolerance to lethality and DNA fragmentation. However, if
exposure of mice to D-GalN was before exposure to LPS
(or TNF), it resulted in lethality in mice and apoptotic DNA
fragmentation in the liver.
D-GlaN was originally identified as a hepatotoxic agent[29].
The underlying mechanism of its toxicity was shown to
involve a strong depletion of uridine triphosphate in
hepatocytes[29], which leads to an inhibition of synthesis of
macromolecules, including RNA, membrane glycoproteins
and glycogen. Inhibition of RNA synthesis induced by D-GalN
could lead to a further decrease in protein synthesis[37].
Therefore, the crucial consequence of D-GalN action on
the liver is an arrest of vital protein synthesis[37] at the transcriptional level. Although D-GalN could increase the sensitization
of mice or cultured cells to LPS (or TNF), mice tolerant to
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LPS or TNF could still effectively antagonize the lethality
and apoptotic activity in the liver, suggesting that D-GalN
is not able to alter or reverse this tolerant status to LPS or
TNF in mice. The role of D-GalN was reported to arrest
transcription. However, more detailed experiments are needed
to elucidate its mechanism.
In conclusion, pre-exposure of mice to a minute amount
of LPS and/or TNF can effectively suppress both apoptotic
reaction and lethality. Induction as well as suppression of
apoptotic reaction involves TNFR1. Thereby, mice will
protect themselves from the detrimental effect even the
lethal challenge with a high dose of LPS and bacteria.
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Abstract
AIM: To explore the effect of sulfated cholecystokinin
octapeptide (sCCK-8) on cardiac functions and its receptor
mechanism in endotoxic shock (ES) rats.
METHODS: The changes of the mean arterial pressure
(MAP), heart rate (HR), the left ventricular pressure (LVP)
and the maximal/minimum rate of LVP (±LVdp/dtmax)) were
measured by using physiological record instrument in eight
groups of rats. The expression of cholecystokinin-A receptor
(CCK-AR) and cholecystokinin-B receptor (CCK-BR) mRNA
of myocardium in ES rats was examined by reverse
transcription polymerase chain reaction (RT-PCR).
RESULTS: (1) Low doses of sCCK-8 (0.4 g/kg) caused
tachycardia (441±27, normal control 391±22 s/min) and
slight increase in MAP, LVP and ±LVdp/dtmax (16.96±1.79,
18.21±1.69 and +768.85±31.28/-565.04±27.71 kPa ,
respectively, all P<0.01), while medium doses (4.0 g/kg)
and high doses of sCCK-8 (40 g/kg) elicited bradycardia
and marked increase in MAP, LVP and ±LVd p /d t max
(17.29±1.63, 19.46±2.57 and +831.46±22.57/-606.08
±31.32; 17.46±1.08, 19.83±2.91 and +914.52±35.95/
-639.15±30.23 kPa, respectively, all P<0.01). Proglumide
(1.0 mg/kg), a nonselective antagonist of CCK-receptor
(CCK-R), significantly inhibited the pressor effects of
sCCK-8 (15.96±1.38, 17.36±0.66 and +748.18±19.29/512.12±14.39 kPa, respectively, all P <0.01), whilst
reversing the bradycardiac responses. (2) High doses of
LPS (8 mg/kg) elicited marked decrease in MAP, LVP and
±LVdp/dtmax. (7.16±0.59, 7.6±0.68 and +298.01±25.52/
-166.96±19.25 kPa, respectively, all P<0.01). Pretreatment
with sCCK-8 (40 g/kg) could reverse the decline of cardiac

functions (10.71±0.45, 11.7±1.26 and +446.04±67.18/
-347.90±36.98 kPa, respectively, all P <0.01), while
proglumide could cause further decline of cardiac function
in ES rats (4.71±0.67, 5.58±1.25 and +226.48±15.84/
-142.83±20.23 kPa, respectively, all P<0.01). (3) CCK-A/BR
mRNAs were expressed in myocardium of control rats. Gene
expression of CCK-AR and CCK-BR significantly increased in
myocardium of ES rats. The increase of CCK-AR mRNA
induced by LPS began at 0.5 h, peaked at 2 h, kept a high
level at 6 h and declined at 12 h, respectively. Similar to
CCK-AR mRNA, the expression of CCK-BR mRNA peaked
at 2 h and kept a high level at 6 h, but it did not change at
the first 0.5 h and was stable at a high level at 12 h.
CONCLUSION: The above results indicate that endogenous
and exogenous sCCK-8 may significantly improve cardiac
function and intractable hypotension of ES rats, which
was likely related to high expression of CCK-A/BR in
myocardium induced by LPS.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Lipopolysaccharide (LPS), the main component of bacterial
endotoxin, can induce endotoxic shock (ES), which is very
critical in clinic and leads to high mortality. ES is associated
with cardiac dysfunction and intractable low arterial
pressure[1] . We have shown previously that endogenous
and exogenous cholecystokinin octapeptide (CCK-8) had
anti-ES effect, such as reversing the fall in mean arterial
pressure (MAP), preventing pulmonary artery hypertension
(PAH), attenuating pathomorphological changes of main
organs, and decreasing mortality[2,3]. In contrast, pretreatment
with proglumide, the nonselective CCK-receptor (CCK-R)
antagonist, could delay the recovery of blood pressure and
increase mortality of ES rats[2,3] . However, the effect of
CCK-8 on cardiac function and its mechanism remains
unclear. Recently, our study showed that CCK-8 might
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enhance cardiac function in a dose- dependent manner,
which was likely induced by directly activating CCK-R in
myocardium [4] . CCK-R was classified into two subtypes:
CCK-AR and CCK-BR. CCK-AR was found predominantly
in gastrointestinal tract and restricted areas of the brain,
whereas CCK-BR was known to exist widely in brain and
gastric glands[5]. At present, it is unknown whether sCCK-8
improves the cardiac function in ES rats and whether LPS
induces the change of gene expression of CCK-R in
myocardium. The aim of this study was to explore the effect
of CCK-8 on cardiac function in ES rats and its receptor
mechanism.

MATERIALS AND METHODS
Materials
LPS (E.coli 0111: B4), sulfated CCK-8 (sCCK-8) and
proglumide were obtained from Sigma (St. Louis, MO).
Total RNA isolation system and access RT-PCR system were
purchased from Promega Inc., Beijing. All the other reagents
used were of analytical grade, purchased from Chinese
Chemicals Co., Male, specific pathogen-free Sprague-Dawley
rats (weighing 220-260 g) were obtained from Experimental
Animal Center of Hebei Province.
Animal preparation
Forty-eight rats were randomly assigned to eight groups (n = 6
in each) and different agents were administered: (1) lowdose sCCK-8 group: the rats were given sCCK-8 (0.4 g/kg);
(2) medium-dose sCCK-8 group: the rats were given sCCK8 (4.0 g/kg); (3) high-dose sCCK-8 group: the rats were
given sCCK-8 (40 g/kg); (4) proglumide plus sCCK-8 group:
sCCK-8 (4.0 g/kg) was given 10 min after administration
of proglumide (1 mg/ kg); (5) ES group: the rats were given
LPS (8 mg/kg); (6) ES plus sCCK-8 group: sCCK-8 (40 g/kg)
pretreatment 10 min before LPS (8 mg/kg); (7) proglumide
plus LPS group: proglumide (1 mg/kg) pretreatment 10 min
before LPS (8 mg/kg); (8) negative control animals received
saline.
General operation
The animals were anesthetized with urethane (1.0 g/kg, ip).
The right carotid artery was exposed and a catheter was
inserted into the left ventricle (LV). The arterial cannula
was connected to a pressure transducer (AP-601G) for
measurement of LV systolic pressure (LVP). The signal of
LVP was introduced by a differentiator Amp (ED-601G)
to record the maximal/minimum rate of LVP (±LVdp/dtmax).
HR was measured with an HR counter (AT-600G) triggered
by left ventricular pressure pulse. Another catheter was
inserted into the femoral artery and connected to a pressure
transducer (AP-601G) for measurement of MAP. The
changes in MAP, LVP and ±LVdp/dtmax were recorded on
a polygraph (RM-6000G, Nihon Kohden). The caudal vein
was cannulated for intravenous administration of various
agents. All of the operations were finished in 40 min.
Following a 15 min stabilization period, MAP, LVP and
±LVdp/dtmax were recorded as the control, and the agents
were administered intravenous injection in a bolus dose.
The rats were killed at 2 h.
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Gene expression of CCK-R in cardiac tissue
Fifteen rats were divided into five groups (n = 3), (1) control
group; (2)-(5) LPS groups, the rats were given 8 mg/kg LPS
and were killed at 0.5, 2, 6, and 12 h. The kidney sections
were used as positive control. Total RNA was extracted
from both the myocardial and kidney samples by guanidinium
thiocyanate method. The concentration of RNA was
determined by absorbance at 260 nm. The primers for CCKAR, CCK-BR and -actin were constructed according to
the report of Monstein[6] as follows: CCK-AR (630 bp), 5’CTC GCT CGC CCA GAA CTC TAC CAA GGA ATC
AAA TTT GAT GC-3’ (sense) and 5’-CTG GTT CGG
CCC ATG GAG CAG AGG TGC TCA TGT GGC TGT
AG-3’ (antisense); CCK-BR (320 bp), 5’-CTC GCT CGC
CCA GAA CTC TAC CTA GGA CTC CAC TTT GA-3’
(sense) and 5’-CTG GTT CGG CCC ACG CAC CAC CCG
CTT CTT AGC CAG CA-3’ (antisense); -actin (420 bp),
5’-GAGACCTTCAACACCCAGCC-3; (sense) and 5’GCGGGGCATCGGAACCGCTCA-3’(antisense). All the
primers were synthesized by Sangon Corporation (Shanghai).
RT-PCR was performed in 25 L reaction volume.
Cycling parameters for amplifying RT products were as
follows: at 48 ℃ for 45 min, one cycle; at 94 ℃ for 2 min,
one cycle; at 94 ℃ for 1 min, 55 ℃ for 45 s, 72 ℃ for 45 s,
five cycles; at 94 ℃ for 45 s, 55 ℃ for 45 s, 72 ℃ for 1 min,
35 cycles; at 72 ℃ for 10 min, one cycle. PCR products
were electrophoresed on 1. Five percent agarose gel, stained
with ethidium bromide (0.5 g/mL), and analyzed by GelPro analyzer version 3.1 software (Media Cybernetics). The
ratio of arbitrary unit (AU, Darea·Ddensity) of target genes over
-actin was used for expressing the relative level of mRNA
expression.
Statistical analysis
All data were expressed as mean±SD. Statistical significance
was performed by one-way ANOVA followed by the paired
t test for within group comparisons and the unpaired t test
for between group comparisons. Statistical significance was
accepted when P<0. 05.

RESULTS
Changes in cardiac function after administration of sCCK-8
Low dose of sCCK-8 caused a tachycardia in 30-50 s (P<0. 01).
The change of HR restored to baseline after 10-15 min.
Both medium and high doses of sCCK-8 elicited a bradycardia
in 30-50 s (P<0. 01). The change of HR restored to baseline
after 10-15 min. Either low or high dose of sCCK-8 produced
a dose-dependent marked increase in MAP, LVP and
±LVdp/dtmax in 30-50 s (P<0. 01). Similar to the change of
HR, these changes of MAP, LVP and ±LVdp/dtmax restored
to baseline after 10-15 min. Pretreatment with proglumide
could reverse the bradycardia induced by moderate dose
of sCCK-8 to a tachycardia. The increases in MAP, LVP,
and ±LVdp/dtmax also could be inhibited by administration
of proglumide (P<0. 01, Table 1).
Changes in cardiac function after administration of sCCK-8 in
ES rats
LPS caused a variation in heart rate (HR)-a bradycardia
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Table 1 Comparison of the cardiac functions after administration of sCCK-8 and proglumide (mean±SD; n = 6)
CCK(g)
Pre-administration

0.4 g /kg

391±22

441±27b

HR/bmp
MAP/kPa
LVP/kPa
LVdp/dtmax(kPa.S)
LVdp/dtmin(kPa.S)

–1

14.07±1.68

16.96±1.79

16.48±2.56

18.21±1.69b

634.43±32.88

–1

b

429.82±18.95

4.0 g/ kg

40 g /kg

353±18b

340±21 b

17.29±1.63

b

17.46±1.08

19.46±2.57b

768.85±31.28

b

565.04±27.71

b

Proglumide
+CCK4.0 g /k g
427±36b,d
b

15.96±1.38b,d

19.83±2.91b

831.46±22.57

b

606.08±31.32

b

17.36±0.66b,d

914.52±35.95

b

748.18±19.29b.d

639.15±30.23

b

512.12±14.39b,d

b

P<0.01 vs preadministration; dP<0.01 vs medium dose of sCCK-8 group.

Heart rate (beat/min)

420
400
380
360
340
320
300
280
260
240

d

Control

b

LPS

b
d

d

0

bd
b

20

CCK+LPS

d

40 60 80
Time (min)

b

d

d

d

b

b

Proglumide+LPS

100 120

Figure 1 Changes of mean heart rate (HR) after intravenous injection of
sCCK-8 or proglumide to ES rats. (mean±SD, n = 6). bP<0.01 vs control; dP<0.01
vs LPS group.

Press (ku)

Control

20
18
16
14
12
10
8
6
4
2
0

LPS

b,d

Proglumide+LPS

b,d
b

b

b,d

b,d

MAP

CCK+LPS

LVP

Figure 2 Changes in MAP and LVP after intravenous injection of sCCK-8 or
proglumide to ES rats. (mean±SD, n = 6). bP<0.01 vs control; dP<0.01 vs
LPS group.

+dp/dtmax

±dp/dtmax (kPa/S)

following a tachycardia and rapid decrease of MAP, LVP,
and ±LVdp/dtmax (P<0.01). MAP declined to two bottoms
at 30 and 75 min, while LVP and ±LVdp/dtmax declined to
two bottoms at 30 and 105 min. The rapid variation of HR
and decline of MAP, LVP, and ±LVdp/dt max could be
reversed by pretreatment with sCCK-8 in ES rats. The
decrease of MAP, LVP, and ±LVdp/dtmax were not inhibited
by pretreatment with sCCK-8 at first 20 min, however, they
were restored rapidly after 20 min, then they remained higher
than ES rats at 120 min (P<0.01), but could not return to
normal. Pretreatment with proglumide resulted in a further
decline of MAP, LVP, and ±LVdp/dtmax (P<0.01) in ES
rats (Figures 1-3).

700
600
500
400
300
200
100
0
-100
-200
-300
-400

-dp/dtmax
b,d
b
b,d

Control

LPS

CCK+LPS Proglumde+LPS
b,d

b
b,d

Figure 3 Changes in ±LVdp/dt m ax after intravenous injection of sCCK-8 or
proglumide to ES rats. (mean±SD, n = 6) bP<0.01 vs control, dP<0.01 vs LPS.

Gene expression of CCK-R in myocardium of ES rats
Gene expression of CCK-A/ BR in myocardium of ES rats
was up regulated by RT-PCR. The increase of CCK-AR
mRNA induced by LPS began at 0.5 h, peaked at 2 h, kept
a high level at 6 h and declined at 12 h, and they were 1.35,
2.23, 1.95, and 0.65 times that of control group, respectively.
Similar to CCK-AR mRNA, the expression of CCK-BR
mRNA peaked at 2 h and kept at a high level at 6 h, but it
did not change at the first 0.5 h and was still at a high level
at 12 h, and they were 0.944, 4.78, 2.79, and 2.67 times that
of control group, respectively. The expression of housekeeping
-actin in different groups remained similar (Figure 4).

DISCUSSION
As a brain-gut peptide, cholecystokinin (CCK) exerts
different physiological and pathophysiological actions[7] .
Some previous studies suggested that sCCK-8, the predominant
active form of endogenous CCK, might play an important
role in adjusting the cardiac function and the effects were
mediated by CCK-R. Marker et al[8], reported that CCK-8
added to the perfusion stream of isolated rat hearts
produced an immediate bradycardia, which was abolished
by using a CCK-R antagonist. Furthermore, Janssen et al[9],
reported that CCK-8 elicited a dose-dependent increase in
blood pressure and a variation in heart rate responses, that
is, low doses of CCK-8 (0.5 g/kg) caused tachycardia
accompanied by renal, mesenteric and hindquarters
vasoconstrictions, while high dose of CCK-8 (5 g/kg)
caused bradycardia accompanied by vasodilatation of the
above arteries. To exclude the effect of central nervous
system, a recent report by Gaw revealed that sCCK-8 caused
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b

1.4
1.2

Volume 11

a

a

1.0
0.8

a

0.6
0.4
0.2
0.0
Control LPS 1/2 h LPS 2 h

B
CCK-BR mRNA (%)

1.2

LPS 6 h LPS 12 h

b

1.0

b

0.8

b

0.6
0.4
0.2
0.0

C

Control LPS 1/2 h LPS 2 h

LPS 6 h LPS 12 h

Control LPS 1/2 h LPS 2 h

LPS 6 h LPS 12 h

-actin mRNA (%)

1.2

1

2

3

4

5

6

7

1.0
0.8
0.6
0.4
0.2
0.0

Figure 4 Expression of CCK-A/BR and -actin mRNA of RT-PCR in the
myocardium of ES rats. (mean±SD, n = 3) aP<0.05 vs control, bP<0.01 vs
control. A: Representative pictures of CCK-AR (630 bp); B: representative
pictures of CCK-BR (320 bp); C: representative pictures of -actin (420 bp).

Lane 1: DNA marker, lane 2: products expressed from kidney tissue as a
positive control, lane 3: products expressed from control-saline-treated, lanes
4-7: products expressed from LPS-treated at 0.5, 2, 6, and 12 h, respectively.

a dose-dependent bradycardia and increase in MAP in pithed
rats. Both the pressor response and bradycardia elicited by
CCK-8 were reduced by selective CCK-AR antagonists, while
the selective CCK-BR antagonists did not inhibit the effects
of CCK-8 [10] . Many other evidences for the involvement
of CCK-AR in the effects of sCCK-8 in cardiovascular
regulation[9,10]. In our experiment, administration of sCCK-8
resulted in a dose-dependent increase of cardiac function,
leading to increase of MAP. The bradycardia was induced
by medium and high doses of sCCK-8, while low dose of
sCCK-8 caused a tachycardia. The effects of CCK-8 on
cardiac functions were significantly inhibited by nonselective
CCK-R antagonist - proglumide. Another study on single
cardiomyocyte showed that sCCK-8 could increase [Ca(2+)]
(i) via activating the receptor-operated Ca(2+) channel and
eliciting the influx of Ca(2+) in isolated guinea-pig
cardiomyocyte [11]. The above results provided further
evidence that the effect of CCK-8 on cardiovascular system
might be mediated by the activation of CCK-R in myocardium.
Previous studies indicated the sustained improvement
of the cardiovascular function induced by injection of

sCCK-8 into rats bled to invariably fatal hemorrhagic
shock [12] . Riepl’s report that the level of sCCK-8 in serum
was increased in endotoxemia of rats attracted our great
interest [13]. The study in our department showed that
endogenous and exogenous sCCK-8 had anti-ES effect, and
that sCCK-8 had the ability to reverse the fall in mean arterial
pressure, which was related with decreased clearance of
sCCK-8 by lung in ES[14]. Recently, our study indicated that
administration of sCCK-8 prevented increase of TNF-
gene and protein expression induced by LPS in spleen and
lung, and decreased the levels of TNF-, IL-1, and IL-6
in serum, lung and spleen in ES rats. The study about its
upstream signal mechanisms demonstrated that sCCK-8
inhibited LPS-induced NF-B activity, I-B degradation,
TNF- release and gene expression in PIMs, which was
abrogated by proglumide[16]. Furthermore, CD14 on PIMs
which was induced by LPS and its receptor could be
downregulated by sCCK-8 in vitro[17]. These results suggested
that sCCK-8 had anti-inflammatory effect to some extent,
and sCCK-8 could clearly lessen the inflammatory lesions
in lung, spleen and liver tissues in ES rats[2,14]. Our study

Zhao XY et al. Effect of sCCK-8 in ES

showed that sCCK-8 could remit the variation of HR and
increase of both MAP and contractility of myocardium,
then exert anti-ES effect, which were likely related to
activation of CCK-R on myocardium.
CCK receptors have been pharmacologically classified
into two subtypes: CCK-A receptor (CCK-AR) and CCK-B
receptor (CCK-BR) according to their affinity for the peptide
agonists CCK and gastrin[5]. CCK-AR is highly selective for
sulfated analogs of CCK and the antagonist L-364 718,
whereas CCK-BR has similarly high affinity to both sulfated
and nonsulfated peptide analogs of CCK/gastrin peptides
and the antagonist L-365 260[5]. CCK-AR is found principally
in gastrointestinal tract and selective areas of the CNS, while
CCK-BR is found principally in CNS and selective areas of
the gastrointestinal tract, on pancreatic acinar cells and
parietal cells[17,18]. CCK binds to CCK-AR present in a variety
of gastrointestinal target tissues including pancreatic acini,
islets, gastric mucosa and gallbladder to induce pancreatic
enzyme secretion, insulin secretion, release of pepsinogen
and gallbladder contraction[19]. CCK-BR in CNS regulates
feeding, anxiety and memory, etc. [17]. CCK-AR and CCKBR are also expressed in neoplastic cells such as pancreatic
cancer cells[20,21] , gastric cancer cells[23,24] , colonic cancer
cells[24] and small cell lung cancer cells[25-27] where they may
stimulate cell growth. In addition, CCK-R is also related with
brain injury[28] , cortical infarct[29] and gastric ulceration[30] .
We first detected CCK-AR and CCK-BR mRNA expression
successfully not only in lung tissue, but also in heart tissue
of rats[4] . Our data also demonstrated, for the first time
that the expression of CCK-AR and CCK-BR mRNA were
increased when induced by LPS, while other researchers
found the expression level of CCK-AR was related to
CCK-8 itself[31]. These data suggested that both CCK-AR
and CCK-BR were widely distributed in various kinds of
tissues and their presence provided the structural basis for
CCK to exert a broad array of physiological action, including
improving cardiac function by CCK-8 in ES rats.
In summary, the above results indicate that endogenous
and exogenous sCCK-8 may markedly improve the cardiac
function and hypotension of ES rats, which is likely related
to high expression of CCK-A/BR on myocardium induced
by LPS.
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Abstract
AIM: To construct and evaluate a polyvalent recombinant
vaccine strain Shigella flexneri 2a T32 against enterotoxigenic
E.coli (ETEC).
METHODS: By using a host-plasmid balanced lethal
system based on asd gene, a polyvalent recombinant strain
was constructed to highly express CS3 and regularly
express fusion enterotoxin of LTB subunit and mutant ST
(LTB/STm) in a vaccine strain Shigella flexneri 2a T32
with specific deletion of asd gene. Fimbria CS3 was
observed by immunofluorescence and electron microscopy
assay. The security of LTB/STm was examined by ileal
loop assay and suckling mouse assay. To evaluate this
new candidate vaccine, it was compared with a previous
vaccine strain in plasmid and protein level, growth assay
and immunogenicity in Balb/c mice.
RESULTS: The newly constructed vaccine expressed
CS3 and grew better than the previously constructed
vaccine except for the lower expression of LTB/STm.
Serum IgG and mucosal IgA against CS3, LTB, ST, and
host lipopolysaccharide (LPS) were produced after
immunization of Balb/c mice by oral route with the new
strain. The titers were not significantly different from the
Balb/c mice with the previous strain.
CONCLUSION: This novel candidate diarrheal vaccine can
effectively induce serum and mucosal antibody responses
against ETEC and Shigella.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Enterotoxigenic E.coli (ETEC) and Shigella are responsible
for the high morbidity and mortality caused by diarrheal
diseases suffered by infants and children in developing
countries, as well as the prevalent causes of diarrhea in
travelers from industrialized countries traveling to high risk
areas of the world. Infections of these bacteria sometimes
are concomitant with some serious complications. Every
year more than one million children under the age of five
die of diarrhea caused by the pathogens[1,2]. The death rate
is much higher under unconventional circumstances such
as calamities and wars, which threaten human life and health
greatly. It is imperative to develop a safe and effective
vaccine against ETEC and Shigella. Colonization factor
antigens (CFAs) and enterotoxins are two important factors
for ETEC diarrhea, a vaccine containing both types of these
antigens together would prevent the ETEC diarrhea
effectively. In this research, a main common fimbrial antigen
CS3 and two kinds of enterotoxin LT and ST were
constructed in FWL01, a Shigella flexneri 2a vaccine T32
without the asd gene. Multi-copy plasmid with strong
promoters was used to obtain high expression and significant
immune responses.
MATERIALS AND METHODS
Bacterial strains and plasmids
E.coli strains and plasmids used in this research are listed in
Table 1. Shigella strain FWL01, an engineered asd mutant
of attenuated strain 2a T32 from wild type strain 2457T,
and E. coli X6097 were used as the host strain for Asd+
plasmid[3]. Wild type strain 2457T was used for challenge
experiments.
Enzymes and chemicals
Restriction enzymes, bacterial alkaline phosphatase, T4
DNA polymerase, and T4 DNA ligase were products of
TaKaRa Co., Ltd (Kyoto, Japan) or England Biolabs (Beverly,
MA). Other chemicals were purchased from Sigma (St.
Louis, MO).
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E.coli
E44815
X6097
S. flexneri
2457T
FWL01
Plasmids
pASD21
pXZL01
pHCSIII
pZHY22
pZCS02

Characteristics

Reference or source

CS3, LT, ST
asd-

NICPBP
Dr. Roy CurissIII

(ipa-virg)–, smR, asd–ctxB+

Dr. Wang
Dr. Wang[3]

ampR, asd
ampR, LTB/STm
asd, CS3
asd, LTB/STm,CS3
asd, LTB/STm, CS3

Dr. Wang [4]
This lab[5]
This lab[5]
This lab[6]
This study
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Animals
Japanese white rabbits (2-2.5 g), adult guinea pigs, female
Balb/c mice at the age of six weeks and three days, respectively
were obtained from the Experiment Animal Center of
Military Academy of Medical Sciences (Beijing, China). All
the animals were maintained in pathogen-free conditions.
The mice were randomly divided into two groups of five.
Group A was inoculated with the strain FWL01(pZCS02),
group B was inoculated with the strain FWL01(pZHY22).
The guinea pigs were inoculated with the recombinant strain
FWL01(pZCS02) or wild type Shigella flexneri 2a strain 2457T
into the conjunctival sac of one eye.

Bacterial culture conditions
E.coli strains were routinely incubated in Luria-Bertani (LB)
medium supplemented with appropriate antibiotics. The
strains carrying CS3 were grown on colonization factor
antigen (CFA) agar plates (1% casamino acid, 0.15% yeast
extract, 2% agar, 0.04 mmol/L MnCl2, and 0.4 mmol/L
MgSO4, pH 7.4 ) at 37 ℃ for 16 h to express fimbrieal
CS3. Toxin medium (20 g/L casamino acids, 10 g/L yeast
extract, 5 g/L NaCl, 15 g/L K2HPO4, 2 mg/L MgSO4·7H2O,
2 mg/L FeCl3, 1 mg/L CoCl2·6H2O, 5 g/L glucose, 90 mg/L
lincomycin, pH 7.4) was used to incubate wild strain E44815
or recombinant strains for elaboration of enterotoxins.

Construction of plasmid co-expressing CS3 and LTB/STm
pOMP, the plasmid used for expression of the ETEC
antigens in Shigella, was derived from plasmid pUC18 by
inserting a asd gene and deleting ampr gene, and then adding
a 138bp EcoRI-SacI synthesized promoter PompC containing
multiple cloning sites (XhoI, ApaI, EcoT14I, MluI and SacI I)
(Figure1). The ompC promoter was selectively activated by

Antigens and antisera
LTB and polyclonal rabbit anti-serum of LTB were kindly
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Figure 1 Construction of plasmid pZCS02.
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obtained from Meguro-Ku Institute (Tokyo, Japan).
Monoclonal antibodies against CS3 and ST were kindly
obtained from Ann-Mari Svenneriholm (Sweden).
To prepare recombinant ST fusion protein with glutathione
s-transferase (GST), nontoxic mutant ST precursor gene
(proximate 200 bp) was cloned into plasmid pGEX-4T-2 of
BL21(DE3). Fusion protein was expressed inductively at 37 ℃
for 2 h and purified with glutathione-linked agarose beads
according to the pGEX vector protocol (Phamacia Biotech).

Table 1 Bacteria and plasmids used in this research
Strains and plasmids
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increased osmolarity. To highly express fusion enterotoxin,
the fusion gene LTB/STm with promoter trc was cloned as
a proximate 1 kbp PvuII- PvuII fragment from plasmid
pXZL01 into pOMP downstream of the promoter ompC
digested with PvuII, the operon encoding LTB/STm was
expressed under promoters trc and ompC. Finally, the 5 368 bp
CS3 gene with promoter trc was inserted into this vector
from plasmid pHCSIII by SphI digestion. This plasmid coexpressing CS3 and fusion enterotoxin LTB/STm was
named pZCS02.
Transformation
Competent cells of S.flexneri FWL01 were prepared by
growing the bacteria in LB broth to an optical density at
600 nm (A600) of 0.4-0.6. The cells were centrifuged, washed
twice with cold H2O and once with 10% cold glycerol, and
resuspended in the latter at 1/100 of the original volume. A
mixture of 50 L of cells and plasmid DNA was electroporated
in 0.2-cm-path cuvette in a gene Pulser (Bio-Rad Laboratories,
Hercules, CA) at 2.5 kV, 200 , and 25 uF. Transformants
were selected on LB plates containing streptomycin.
Preparation of CS3 extraction
The bacteria grown on CFA agar plates at 37 ℃ for 16 h
were harvested and resuspended in PBS. The cells were heated
at 60 ℃ for 30 min and violently vortexed for 1 min[7] ,
then the suspension was sequentially centrifuged at 4 ℃,
15 000 g for 20 min and at 4 ℃, 65 000 g for 1.5 h. The
precipitate containing CS3 was washed twice in 1% SDS,
then dissolved in 0.1 mol/L PB and stored at -20 ℃.
Preparation of fusion enterotoxin
The bacteria were grown in CAYE with lincomycin for 1618 h under conditions of vigorous aeration and agitation.
The cells of culture broth were collected and resuspended
in 0.1 mol/L PB at 1/20 of the original volume, then lysed
by sonication. The crude lysate was clarified by centrifugation
and precipitated with sequential ammonium sulfate
precipitation (35% and 55% saturation). The precipitate
containing LTB/STm was then harvested and dialyzed
extensively against 50 mmol/L PB[8], the protein was stored
at -20 ℃.
SDS-PAGE and Western blot analysis
Bacterial broth cultures were diluted to a same A600 of 1.0
and one of 1 mL culture was centrifuged and resuspended
in 100 L sample buffer and boiled for 5 min. Aliquots of
5 L of each sample were electrophoresed on SDS-15%
polyacrylamide gels. Gel was transferred to pyroxylin
membranes. The membranes were blocked by incubation
in PBS-0.05% Tween 20 (PBS-T) containing 5% defatted
milk for 2 h, incubated with primary absorbed polyclonal
rabbit anti-sera or monoclonal anti-sera antibodies specific
for each antigen for 1 h and washed thrice in PBS-T. Then
the membranes were incubated in goat anti-rabbit or antimouse IgG labeled with horseradish peroxidase specific for
primary antibodies at the appropriate concentration for
1 h and washed thrice with PBS-T. The membranes were
developed with 3,3’-diaminobenzidine (DAB) and hydrogen
peroxide[9].
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Immunofluorescence microscopy
CS3 fimbria expressed on Shigella was detected by indirect
immunofluorescence according to the procedure described
previously [10]. The cells were harvested, washed, and
resuspended in PBS in a 0.5 mL tube at 1.0 of A600 from
CFA plates after 16 h growth, then blocked by PBS-T
containing 3% BSA for 30 min, stained with monoclonal
antibody of CS3 fimbria diluted to 1:500 for 1 h and with
fluorescein isothiocyanate (FITC)-labeled goat anti-mouse
immunoglobulins (China) diluted to 1:10 for an additional
hour. At last, a drop of stained bacteria was added on glass
slides and examined under an Olympus BX50 fluorescence
microscope (Olympus Optical Co.) equipped with epiillumination and interference filters for FITC.
Electron microscopy
The cells were harvested from CFA plates, resuspended in
PBS and placed onto 200-mesh copper grids coated with
carbon formvar for 2 min. The grids were then stained for
10 s with 2% phosphotungstic acid (pH 7.2) and examined
under a Philips TECHNAI 10 transmission electron
microscope at 80 kV[11].
Stability assay
Fresh single colony from LB plate of Shigella containing
the recombinant plasmid was inoculated and incubated
for 12 h in LB broth at 37 ℃ and shaken at 200 r/min. A
10 -2 dilution of overnight cultures was added to 5.0 mL fresh
LB broth with or without 50 g/mL diaminopimelic
acid (DAP) and incubated at 37 ℃. After 10 generations
(approximately 12 h), the cultures were diluted and the
procedure was continued for 100 generations in the same
type of media. Then samples of the cultures were diluted
to 1/10 6 into fresh LB broth and spread on LB plates
containing DAP. One hundred colonies selected randomly
were inoculated on fresh LB plates and recorded the number
of new colonies the next day. Ten new colonies were
randomly selected for detecting the maintenance of plasmid
with CS3 slide agglutination test. Each stability test was
performed twice[12].
Growth assay
A single colony of recombinant Shigella was inoculated and
incubated in LB medium for 24 h, the A600 of the bacterial
culture was recorded every 2 h, then growth curves were
drawn.
Security assay
Security of the recombinant strain was measured by ileal
loop assay to detect LT activity. Suckling mouse assay was
used to detect ST activity and Sereny keratoconjunctivitis
test was performed to detect Shigella activity. The method
of ileal loop assay of LT was performed as follows. After
being fasted for 48 h, six ileal loops of approximately 10 cm
in length were made in an adult Japanese white rabbit.
One milliliter of culture filtrates of ETEC-Shigella derivatives
was inoculated into each loop as described previously[13] .
After 18 h, rabbits were killed and the loops were examined
for fluid accumulation. E44815 and FWL01 served as
positive and negative control. The result was expressed as
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milliliters of fluid accumulation per centimeter of loop.
Suckling mouse assay of ST was performed as follows. A
total of 0.1 mL aliquot of each culture supernatant [FWL01
(pZCS02), E44815, and FWL01] was directly delivered to
the stomach of infant mice (three days old) via a flexible
plastic tube. Three hours later, each mouse was weighed.
The intestine was removed from the mice and weighed, the
ratio of gut weight to remaining carcass weight (G/C ratio)
was calculated. A G/C ratio of ≥0.083 corresponded to
unambiguous accumulation of fluid in the gut lumen and
considered as a positive result for ST[14]. To detect the host
strain security, recombinant strain was harvested from CFA
plates and 10 L of it was inoculated into the conjunctival
sac of one eye of guinea pigs. Inflammatory responses
of the inoculated eyes were observed for 5 d. Wild type
S. flexneri 2a 2457T served as positive control[15].
Immunization and sample collection
Overnight cultures of the immunizing strains were harvested
from CFA plates without any antibiotics and suspended in
PBS to a concentration of 1010 CFU/mL. Before immunization,
the mice were deprived of food and water for 4 h. The
mice were incubated with feeding needles for intragastrical
delivery of 100 L of saturated NaHCO3. After 30 min,
the mice were administered 200 L bacterial suspensions
and fasted for an additional 30 min. The mice were
immunized on d 0, 14, and 28. Blood and fecal samples
were collected from mice at pre-immunization and two
weeks following each immunization, and serum was obtained
by puncturing eyes. The blood was allowed to clot for 30 min
at room temperature, centrifuged at 5 000 r/min for 10 min,
and the serum was collected and stored at -20 ℃. Approximately
4 g of feces was added into 1 mL buffer. The fecal pellets
were soaked in ice water for 15 min, and vigorously vortexed
for 1 min, and the supernatants were stored at -20 ℃. To
collect intestinal secretions, after the last collection of serum
and fecal samples, whole small intestine from the duodenum
to the ileocecal junction was excised and broken into pieces,
then 3 mL buffer (PBS, 0.01 mol/L EDTA) was added to
vortex vigorously for 1 min. After centrifugation at 13 000 g
for 30 min at 4 ℃, supernatants were stored at -20 ℃.
ELISA
Antibodies against CS3, LTB, ST and lipopolysaccharide
(LPS) were determined by ELISA[16,17]. Two-fold serially
diluted immune serum was added to antigen-coated wells
followed by goat anti-serum IgG and IgA. The absorbance
was read at 492 nm, Endpoint titers were recorded as the
reciprocal of the highest serial dilution of immune serum
at which the OD was at least twice that of the non-immune
control serum (non-immunized mice) and A492 of the
immune serum was at least 0.2. Fecal and intestinal samples
were diluted at 1:20 and 1:50. The absorbance at 492 nm
represented the antibody response of each sample.
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IgG and mucosal IgA responses to both ETEC and O
antigens of the Shigella vector following intragastric
immunization of Balb/c mice[6,18] . The plasmid pZHY22
expressing CS3 and fusion LTB/STm [6] previously
constructed was of high molecule (12 kb) which means the
low stability and poor growth of strain, although robust
immune responses were induced using this recombinant
plasmid[6]. To improve the expression system of the plasmid,
much lower molecular weight plasmid pZCS02 (9 790 bp)
was constructed without any antibiotic gene. Promoter trc
was engineered into the upstream of CS3 operon and two
promoters, ompC, and trc, were cloned into the upstream of
fusion enterotoxin gene, in order to enhance the expression
of CS3 and fusion enterotoxin. Moreover, the additional
multi-cloning site allowed to clone more genes encoding
ETEC antigens of interest. This new generation kept the
asd gene and colE1 ori for multiple copies in previous plasmid
pZHY22. As the asd gene was deleted in the vector strain
FWL01, this plasmid-host balanced lethal system by asd has
been constructed to minimize plasmid loss from actively
growing bacteria without any antibiotic[4-6].
Expression of CS3 in shigella
Following electrophoresis with FWL01 (pZCS02) extracts,
CS3 fimbria production was detected by Western immunoblotting assay (Figure 2A). The results indicated that the cloned
CS3 operon in pZCS02 of FWL01 encoding a 17.5-ku
protein corresponded to the CS3 fimbrial structural subunit.
To compare the expression of CS3 in pZCS02 and
pZHY22, the whole cell extracts of the two Shigella strains
containing one of these plasmids prepared under the same
condition were electrophoresed in one gel (Figure 2B). The
results showed that the CS3 expression was boosted by
promoter trc in plasmid pZCS02.
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RESULTS
Construction of plasmid encoding ETEC antigens
We previously demonstrated the ability of S. flexneri 2a T32
vaccine derivative strain FWL01 to express the ETEC
antigens CFA/I, CS3, CS6, LTB, and ST, and to elicit serum

Figure 2 Expression of CS3 in S. flexneri FWL01(pZCS02) (A) and FWL01
(pZHY22) (B): Lane 1: Protein marker; lane 2: Extraction of FWL01(pZCS02);
lane 3: Extraction of FWL01(A) and FWL01(pZHY22) (B); lane 4: Extraction of
E 44815 (A) and FWL01(B); lane 5: Purified CS3 extraction of FWL01(pZCS02);
lane 6: purified CS3 extraction of FWL01(pZCS02); lane 7: Purified CS3 fimbriae;
lane 8: Extraction of FWL01.
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CS3

Figure 3 Immunofluorescence microscopy of FWL01(pZCS02) with primary
anti-CS3 serum and followed FITC-labeled goat anti-mouse IgG (A) and with
primary PBS and followed FITC-labeled goat anti-mouse IgG (B), electron

microscopy of fimbrial CS3 on surface of FWL01(pZCS02) (C) and vector strain
S. flexneri FWL01 (D).

Since ETEC strains could colonize the small-bowel
mucosa by means of surface fimbrial antigens and induce
antibody responses against these fimbriae to provide
protection against ETEC disease, the expression of functional
fimbrial CS3 is required for vaccine to inhibit attachment
of the ETEC. CS3 expression and typical fimbrial morphology
on the surface of vector Shigella strain were detected and
confirmed by immunofluorescence and electron microscopy
(Figure 3).

A

Expression of LTB/STm and safety assay of recombinant
Shigella
The fusion gene LTB with mutant precursor form of ST
at downstream of promoters ompC and trc was designed to
expect high expression of this fusion enteroxin by regulation
of osmolarity. This mutant ST had two amino acid substitutions
at positions 12 and 14 of mature toxin which dramatically
diminished the activity (GDP ribosylating) of the toxin and
rendered it virtually nontoxic. Therefore the expression of
this fusion enterotoxin was driven from the osmotically
responsive ompC promoter and trc. Western blot assay indicated
the LTB/STm protein was about 18.4 ku (Figure 4A) and
had lower expression in plasmid pZCS02 than in vector
pZHY22 in Shigella (Figure 4B). The results might be caused
by ompC of osmoregulation. The ileal loop and suckling
mouse assays (Table 2) exhibited the fusion enterotoxin was
safe without LT and ST activities. Sereny keratoconjunctivitis
test suggested that all the eyes attacked with FWL01
(pZCS02) were not infected, while negative-control animals
exhibited full-blown keratoconjunctivitis within three days
following conjunctiva challenged with wild type S. flexneri 2a.
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Figure 4 Expression of fusion protein LTB/STm of FWL01 (pZCS02). A: SDSPAGE and Western blotting of fusion protein LTB/STm of FWL01 (pZCS02). Lane
1: Protein marker; lane 2: Lysate of the whole cell of FWL01 (pZCS02); lane 3:
Lysate of the whole cell of FWL01 (pZCS02); lane 4: Lysate of FWL01; B:
Comparison of the expression of LTB/STm between FWL01 (pZCS02) and
FWL01 (pZHY22) under the same conditions. Lane 1: Protein marker; lane 2:
Lysate of the whole cell of FWL01 (pZCS02); lane 3: Lysate of the whole cell of
FWL01 (pZHY22).

Stability assay of plasmid
To determine whether the module of asd host-plasmid
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Table 2 Suckling mouse assay of ST
Strain

G/C
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Table 3 ELISA detection (A 492) of intestinal sIgA

Positive(+) Negative(–)

Suckling mice

Intestinal sIgA

Anti-CS3

Anti-LTB

Anti-ST

Anti-LPS

ETEC 44815

0.126±0.04

+

5

Negative control

0.109±0.001

0.144±0.004

0.077±0.003

0.121±0.005

FWL01

0.067±0.04

–

5

FWL01(pZHY22)

0.972±0.191

0.570±0.270

0.172±0.023

0.558±0.121

FWL01(pZCS02)

0.065±0.03

–

5

FWL01(pZCS02)

0.741±0.153

0.803±0.371

0.259±0.088

0.384±0.082

G/C is the ratio of gut weight to remaining carcass weight. A G/C ratio of ≥0.083
is positive.

Samples were diluted at 1:50.

was less than two-fold and not statistically significant.

balanced lethal system was efficient, plasmid-containing
colonies were grown in LB medium with or without DAP.
After 100 generations, all colonies tested in cultures without
DAP showed that the plasmid was present in 100% of the
cells, whereas only 60% of the cells cultured with DAP
contained the plasmid. All the randomly selected colonies
were agglutinated with CS3 fimbrial anti-serum. The results
suggested that the asd host-plasmid balanced lethal system
was an efficient module to stabilize plasmid. The 24 h growth
curves showed that the growth of FWL01 (pZCS02) was
faster than that of FWL01 (pZHY22) and nearly identical
to the carrier FWL01. The results indicated that low
molecular pZCS02 and expression of LTB/STm in pZCS02
by osmoregulation reduced the negative influence on FWL01.

DISCUSSION
In human ETEC diarrheal infection, fimbria-mediated
attachment to enterocytes of the proximal small intestine
and enterotoxin production are involved in the pathogenesis
and offer targets for immunoprophylaxis. Approximately
35% of enterotoxins express LT and ST, and about 35%
express only ST and the rest express only LT of the ETEC
strain[19]. Twenty different colonization factor antigens of
CFAs in human ETEC have been described[19]. Epidemiological
studies carried out in many geographical areas have shown
that the occurrence of different CFAs of human ETEC
varies[20]. But the most prevalent antigenic CFA/I and the
complex of CS1-CS6 have been found in 50-80% of clinical
human ETEC isolates[21] . These seven fimbrial types are
considered essential in future ETEC vaccine to elicit broadspectrum protection. CFAs have been shown to cooperate
synergistically with ETEC toxin antigen in providing
protection against ETEC[22]. Effective ETEC vaccine should
be given orally and evoke both anticolonization and antitoxic
immune responses in the intestine.
Shigellae cause diseases by invading the colonic epithelium
through specialized M cells and then spread from cell to
cell with inflammatory responses, leading to cell death and
dysentery[23]. There are four species of Shigellae. S. dysenteriae
(group A), S. flexneri (group B), S. boydii (group C) and S.
sonner (group D). S. flexneri serotypes are the most common
agents of endemic shigellosis in developing countries[24] .
Protective immunity against Shigella is serogroup and largely
serotype-specific, as it is targeted against epitopes residing within
the O polysaccharide of LPS. Live, oral, attenuated vaccine
strains are safe and effective in eliciting protective immunity.
Attenuated Shigella vaccine strain exhibits as a live vector

Immunogenicity of FWL01(pZCS02)
To assess the immunogenicity of the S. flexneri vaccine
derivative strain FWL01 containing pZCS02, we studied
whether the immune responses to each of the represented
antigens from the vaccine were as equivalent as or higher
than those elicited by the previously constructed strain
FWL01(pZHY22). Balb/c mice were immunized with the
strains FWL01(pZCS02) and FWL01(pZHY22), respectively.
The results of the immunogenicity study are summarized
in Figure 5 and Table 3. Both groups responded to ETEC
antigens and Shigella vector itself with both serum IgG and
mucosal antibodies against CS3, LTB, ST, and LPS. Each
response observed following the primary immunization was
boosted to higher levels following the second immunization.
Moreover, the two groups elicited approximately equivalent
antibody responses following each immunization. However,
the mucosal responses to CS3 of group A immunized with
FWL01 (pZCS02) were somewhat lower than those of group
B immunized with FWL01 (pZHY22), though the difference
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Figure 5 Antibody responses to ETEC antigens and Shigella 2a in orally immunized Balb/c mice.
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for ETEC antigens within the gut-associated lymphoid tissue.
In order to create a multivalent vaccine against both Shigella
and ETEC, we used live attenuated strains of S. flexneri 2a
as a vector for expression of CFA/I, CS6, CS3, and fusion
enterotoxin LTB/STm. These live vector constructs are able
to elicit both serum and mucosal immune responses against
O antigens of the Shigella vector and the ETEC antigens
following intragastric immunization in the Balb/c mice
model. We have previously engineered both CS3 and
nontoxic fusion enterotoxin LTB/STm with promoter trc
into derivative plasmid pBR322 to construct pZHY22 in
FWL01. The low level of CS3 expression and poor growth
of the ETEC-Shigella strain were up to our expectation,
though each ETEC antigen had high immunogenicity[6].
In this study we constructed pZCS02, a novel plasmid
carrying the genetic determinants encoding CS3 and fusion
LTB/STm derivate from pUC18. There is evidence that
the expression level of CS3 is higher in pUC18 than in
pBR322 [18]. Based on the previous plasmid pZHY22, we
cloned a trc promoter into the upstream of CS3 and an
ompC promoter into the upstream of trc promoter and fusion
enterotoxin LTB/STm into pZCS02. Thus this plasmid
(9 790 bp) is smaller than pZHY22 (12 000 bp). In theory,
Promoter can enhance expression of the downstream gene.
The results showed that the expression of CS3 in pZCS02
was higher than that in pZHY22. Moreover, the growth of
Shigella containing pZCS02 was much better than that of
Shigella containing pZHY22. These advantages are required
for ETEC vaccine. But the expression of LTB/STm was
unexpectedly lower than that of pZHY22, which may be
caused by the ompC activity of osmoregulation.
It was also demonstrated in our work that immunization
with FWL01 (pZCS02) elicited immune responses not only
to CS3, LTB and ST, but also Shigella O antigen. Specific
serum and mucosal antibody responses were generated
against ETEC antigens. Moreover, these responses were
approximately similar to those elicited by immunization with
live vector FWL01 carrying pZHY22. The immune responses
against CS3 even decreased slightly. One reasonable
explanation is the lower expression of LTB/STm. LTB like
CTB, is a potent adjuvant, which influences the immune
response against CS3.
In theory, surface expression of ETEC fimbrial antigens
and elaboration of ETEC enterotoxins can alter the
immunogenicity and safety of the shigella vector. However,
the two groups of Balb/c mice immunized with this Shigella
live vector expressing both ETEC fimbrial and enterotoxic
antigens had high serum and mucosal responses. Guinea pigs
challenged with this vaccine containing ETEC antigens had no
inflammatory response compared to 100% keratoconjunctivis
after inoculation of wild type shigella.
It should be noted that the asd system not only stably
maintains the asd+ plasmid in asd mutant vector FWL01,
but also eliminates the need of drug resistance markers,
thus avoiding use of antibiotics during fermentation of
vaccine. FWL01 is a derivate of S. flexneri 2a vaccine T32
without asd. Every year, 62.8-77.3% of shigellosis are caused
by S. flexneri in China[25]. We have engineered CFA/I and
CS6 in FWL01 and obtained satisfactory immune responses
to the two antigens in a Balb/c mice model[26]. This novel
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vector vaccine may play an important role in preventing
diarrheal diseases caused by ETEC and S. flexneri 2a.
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Abstract

54.17±7.86, 64.33±6.47, respectively) (P<0.05). The bax
gene transcription and translation were significantly decreased
in group A vs group R, while mRNA and protein contents of
Bcl-2 in group A were obviously higher than those in group
R during 2-12 h period after reperfusion.
CONCLUSION: The changes in histological structure and
the increment of apoptotic rate indicated that the intestinal
barrier was damaged after intestinal I/R injury, whilst
intravenous aFGF could alleviate apoptosis induced by
ischemia and reperfusion in rat intestinal tissues, in which
genes of bax and bcl-2 might play important roles.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Acid fibroblast growth; Ischemia; Reperfusion;
Bcl-2 gene; Bax gene

AIM: To detect the effect of acid fibroblast growth factor
(aFGF) on apoptosis and gene expression of bax and bcl-2
gene in rat intestine after ischemia/reperfusion (I/R) injury,
and to explore the protective mechanisms of aFGF.

Chen W, Fu XB, Ge SL, Sun TZ, Zhou G, Han B, Du YR, Li HH,
Sheng ZY. Intravenous acid fibroblast growth factor protects
intestinal mucosal cells against ischemia-reperfusion injury
via regulating Bcl-2/Bax expression. World J Gastroenterol
2005; 11(22): 3419-3425

METHODS: One hundred and eight Wistar rats were
randomly divided into sham-operated control group (C)
(n = 6), intestinal ischemia group (I) (n = 6), aFGF
treatment group (A) (n = 48) and intestinal ischemiareperfusion group (R) (n = 48). In group I, the animals
were killed after 45 min of superior mesenteric artery
(SMA) occlusion, while in groups R and A, the rats sustained
45 min of SMA occlusion and were then treated with
normal saline and aFGF, respectively, sustained 15 min,
30 min, 1, 2, 6, 12, 24, or 48 h of reperfusion, respectively.
In group C, SMA was separated, but without occlusion.
Apoptosis in intestinal villus was determined with terminal
deoxynucleotidyl transferase mediated dUTP-biotin nickend labeling technique (TUNEL). Intestinal tissue samples
were taken not only for detection of bax and bcl-2 gene
expression by RT-PCR, but also for detection of bax and bcl2 protein expression and distribution by immunohistochemical
analysis.

http://www.wjgnet.com/1007-9327/11/3419.asp

RESULTS: The rat survival rates in aFGF treated group
were higher than group R (P<0.05) and the improvement
of intestinal histological structures was observed at 2, 6,
and 12 h after the reperfusion in group A compared with
group R. The apoptotic rates were (41.17±3.49)%,
(42.83±5.23)% and (53.33±6.92)% at 2, 6 and 12 h after
reperfusion, respectively in group A, apparently less than
those of group R at matched time points (50.67±6.95,

INTRODUCTION
aFGF belongs to a family of at least 20 related growth
factors that bind to varying extents to four different cell
surface receptors and their splicing variants. aFGF and basic
FGF(bFGF) are the prototypic members of the family,
and share a similar broad spectrum of biological activities.
These two growth factors are mitogens in vitro for most of
the ectodermal- and mesodermal-derived cell lines. In
addition, these proteins show a wide range of endocrinelike activities[1-4]. Previous studies have shown that intravenous
administration of exogenous bFGF could improve the
physiological functions of intestine after I/R injury[5,6].
However, the protective mechanisms of aFGF on intestinal
I/R injury remain unknown.
Apoptosis, a form of death characterized by cell shrinkage,
plasma membrane blebbing, chromatin condensation and
genomic DNA fragmentation, is essential for development
and maintenance of tissue homeostasis[6,7]. On the other hand,
apoptosis has been implicated in many diseases such as intestinal
ischemic and reperfusion insult. I/R induced apoptosis in the
jejunum and ileum[8]. However, little investigation has been
conducted to determine whether the protective effect afforded
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by aFGF relates to reduction in apoptosis during ischemia/
reperfusion. The objective of this study was therefore to
determine whether aFGF could protect the rat intestinal mucosa
against ischemia/reperfusion-induced apoptosis. Since bcl-2
family of proteins plays a major role in determining the ultimate
sensitivity or resistance of cells to myriad stimulus and insults
that induce apoptosis[9-11], we also examined the effects of
aFGF on gene expression of bcl-2 family underlying the
protective mechanisms of aFGF on intestinal ischemia injury.

MATERIALS AND METHODS
Animal model and experimental design
One hundred and eight healthy male Wistar rats weighing
220±20 g (Animal Center, Chinese Academy of Military
Medical Science, Beijing) were used in this study. Animals
were housed in wire-bottomed cages placed in a room
illuminated from 08:00 to 20:00 (12:12 h light-dark cycle)
and maintained at (21±1) ℃. Rats were allowed free access
to water and chow ad libitum. After the animals received
anesthesia by 3% sodium pentobarbital (40 mg/kg), a
laparotomy was performed. The superior mesenteric artery
(SMA) was identified and freed by blunt dissection. A microbulldog clamp was placed at the root of SMA to cause
complete cessation of blood flow for 45 min, and thereafter
the clamp was loosened to form reperfusion injury. The
animals were randomly divided into sham-operated control
group (C) (n = 6), intestinal ischemia group (I) (n = 6), aFGF
treatment group (A) (n = 48) and intestinal ischemiareperfusion group (R) (n = 48). According to the different
periods after reperfusion, groups R and A were further
divided into 0.25, 0.5, 1, 2, 6, 12, 24, and 48 h subgroups,
respectively (n = 6, each subgroup). In group I, the animals
were killed after 45 min of SMA occlusion, while in groups
R and A, the rats sustained 45 min of SMA occlusion and
were treated with 0.15 mL normal saline and 0.15 mL saline
plus 20 g/kg aFGF (R&D Systems, Inc.) injected from
tail vein, respectively, then sustained 15, 30 min, 1, 2, 6, 12,
24, or 48 h of reperfusion, respectively. In group C, SMA
was separated, but without occlusion, and samples were taken
after exposure of SMA for 45 min. In groups R and A, rats
were killed at different time points after reperfusion, and
intestinal tissue biopsies were taken. A small piece of tissue
sample was fixed with 10% neutral buffered formalin for
immunohistochemical detection of intestinal epithelial
apoptosis, and protein expression of bax and bcl-2. The
rest of tissue samples were placed in liquid nitrogen for
detection of bax and bcl-2 gene expression by RT-PCR.
Histological staining
Formalin fixed, paraffin embedded intestinal samples were
cut into 5-m-thick sections, deparaffinized in xylene, rehydrated
in graded ethanol, and then stained with hematoxylin-eosine
(HE) for histological observation under light microscope.
In situ detection of cell death
The apoptotic cells in intestinal tissues were detected with
the terminal deoxynucleotidyl transferase (TdT)-mediated
dUDP-biotin nick end labeling (TUNEL) method. Specimens
were dewaxed and immersed in phosphate-buffered saline
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containing 0.3% hydrogen peroxide for 10 min at room
temperature and then incubated with 20 g/mL proteinase
K for 15 min. Seventy-five microliters of equilibration buffer
were applied directly onto the specimens for 10 min at room
temperature, followed by 55 L of TdT enzyme and then
at 37 ℃ for 1 h. The reaction was terminated by transferring
the slides to prewarmed stop/wash buffer for 30 min at 37 ℃.
The specimens were covered with a few drops of rabbit
serum and incubated for 20 min at room temperature and
then covered with 55 L of anti-digoxigenin peroxidase
and incubated for 30 min at room temperature. Specimens
were then soaked in Tris buffer containing 0.02%
diaminobenzidine and 0.02% hydrogen peroxide for 1 min
to achieve color development. Finally, the specimens were
counterstained by immersion in hematoxylin. The cells with
clear nuclear labeling were defined as TUNEL-positive cells.
Immunohistochemistry
Immunostaining for bax and bcl-2 proteins was performed
on paraffin sections with a high-temperature antigenunmasking method in citrate buffer and ABC peroxidase,
using monoclonal mouse antibodies against antigens (Santa
Cruz Co., 1:100 in PBS), a goat anti-mouse secondary
antibody (Santa Cruz Co., 1:100) and DAB substrate kit
(Santa Cruz Co.). Sections of 5 µm thickness were cut and
mounted onto slides coated with 3-triethoxysilylpropylamide.
They were rehydrated and submerged in 3% hydrogen
peroxide for 10 min, washed in PBS for 5 min, then blocked
with 5% normal swine serum in PBS for 30 min at room
temperature, followed by incubation with primary antibodies
at a concentration of 5 µg/mL (diluted in PBS containing
5% swine serum) overnight at 4 ℃. Control slides were
incubated with PBS without primary antibodies. Tissue sections
were then washed in PBS and incubated for 60 min at room
temperature with biotinylated secondary antibody and PBS.
After washing in PBS, the sections were exposed to acidinbiotin complex for 60 min at room temperature and again
washed in PBS. The sections were reacted with 0.5 mL/L DAB
in 50 mmol/L Tris-HCl (pH 7.4), with 1 mL/L hydrogen
peroxide for 5 min and counte-rstained with hematoxylin.
The results of positive staining cells and their distribution
were observed under a microscope of 400 magnification.
Fifty intestinal villi were required for counting, and then the
ratio of positive cells were calculated and analyzed.
RNA extraction and RT-PCR analysis
Total RNA was extracted using TRIzol reagent (Gibco BRL,
USA), and then was serially diluted with water pretreated
with diethylpyrocarbonate containing one unit RNase
inhibitor per µL and 3 mmol/L dithiothreitol. RNA 1 µL,
oligo (dT12-18) 1 µL, avian myeloblastosis virus reverse
transcriptase (AMV-RT) 1 µL, 10 mmol/L deoxynucleoside
triphosphate (dNTP) 2 µL, 0.1 mol/L DTT 2 µL, 5× buffer
4 µL, and sterilized distilled water up to a total volume of 20 µL
were incubated at 37 ℃ for 60 min. After reverse transcription,
samples were heated at 95 ℃ for 5 min to denature the
AMV-RT and stored at -20 ℃ for PCR. Subsequently, 2 µL
of each reaction product was amplified in 50 µL of a PCR
mixture. Then 29 cycles were performed with a PerkinElmer Cetus/DNA thermal cycler (Takara Shuzo Co.,
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Table 1 Oligonucleotide primers for RT-PCR detection of bax, bcl-2 and -actin mRNA transcripts
Genes

Upper primers

Lower primers

bax
bcl-2

5’-AGGTCTTTTTCCGAGTGGCAGC-3’
5’-GACTTCGCCGAGATGTCCAG-3’

5’-CCCGGAGGAAGTCCAATGTCC-3’
5’-GTGCAGGTGCCGGTTCAGG-3’

-actin

5’-AGCCATGTACGTAGCCATCC-3’

5’-GCCATCTCTTGCTCGAAGTC-3’

Tokyo, Japan) at 94 ℃ for 1 min, 50 ℃ for 1 min, 72 ℃
for 1 min, and then at 72 ℃ for 10 min at the end of the
procedure. Table 1 shows the synthesized oligonucleotide
primers used for RT-PCR for genes of bax and bcl-2. In
this study, -actin, which is ubiquitously expressed, was
used as a positive control in a pilot study before formal
experimentation, and PCR reactions for each primer set
were repeated four times to verify reproducibility of results.
After PCR, 5 µL sample aliquots were electrophoresed on a
2% agarose gel for 30 min, stained with ethidium bromide
and photographed. Densitometry was done with a Bechman
densitometer. The level of gene expression was expressed
as the ratio of the gray density of the objective gene over
the gray density of -actin.
Statistical analysis
All values were expressed as mean±SD. Differences in
mean values were compared using SPSS 11.0 by one-way
ANOVA and Student-Newman-Keul (SNK) test. P<0.05
was considered as statistically significant.

RESULTS
Change of morphological appearance
The histological evaluations revealed that damage to the
small intestine in the 45-min ischemia group was small, with
slightly edematous villus tips just after the ischemic period,
while the partial loss of the mucosa could be observed at 2 h
after reperfusion. During 6-12 h after reperfusion, the damage
of intestinal epithelial cells, hemorrhage and necrosis could
be found, accompanied by inflammatory cell infiltration into
the intestinal wall. In the period of 24-48 h after reperfusion,
the mucosal integrity was partially restored. Histological
structure of the intestinal mucosa was markedly improved
after administration of aFGF. The protective function of
aFGF on intestinal mucosa was most effective during 2-12 h
after reperfusion.

Change of cellular apoptotic rates
Apoptosis was measured and quantified by TUNEL assay
in serial sections prepared from the middle quarter of the
small intestine (jejunum). The time at which the animals
were killed after a 45 min SMA occlusion followed by
reperfusion was varied to further define the apoptotic
response. Statistically significant increases in TUNEL-positive
cells were not detectable until 1 h after reperfusion and
were maximal at 12 h. The cellular apoptotic rate in intestinal
mucosa after reperfusion for 12 h was 3.3 times that in
group C. After reperfusion for 24 and 48 h, the mucosal
apoptotic rates were restored to the level in group C.
Administration of aFGF produced statistically significant
decreases in the apoptotic rates compared with group R
during 2-12 h after reperfusion (P<0.05). No significant
decreases in apoptosis were observed at 24 and 48 h after
reperfusion (Table 2).

Table 2 Effect of aFGF on the apoptotic rates in intestinal mucosa
after ischemia-reperfusion insult (n = 6, mean±SD, %)
Groups
Group C
Group I
15 min after reperfusion
30 min after reperfusion
1 h after reperfusion
2 h after reperfusion
6 h after reperfusion
12 h after reperfusion
24h after reperfusion
48 h after reperfusion
a

Group R

Group A

19.67±3.50
27.67±9.63
29.50±5.61
31.00±5.02a
34.67±5.47a
50.67±6.95a
54.17±7.86a
64.33±6.47a
28.50±5.47
26.00±5.76

19.67±3.50
27.67±9.63
25.17±6.43
26.00±4.86
32.83±7.08a
41.17±3.49ac
42.83±5.23ac
53.33±6.92ac
23.33±3.83
22.00±4.60

P<0.05 vs group C; cP<0.05 vs group R at matched time points.

Expression characteristics of bax and bcl-2 proteins
Quantitative immunohistochemical results for bax protein
and bcl-2 protein were evaluated in Table 3. Protein

Table 3 Effect of aFGF on protein contents of bax and bcl-2 in intestinal villus after ischemia-reperfusion (n = 6, mean±SD, %)
Groups

Bax protein

Bcl-2 protein

Group R

Group A

Group R

Group A

Group C
Group I

19.83±3.66
23.83±7.65

19.83±3.66
23.83±7.65

35.33±4.59
28.17±4.12

35.33±4.59
28.17±4.12

15 min after reperfusion

25.00±5.93

19.83±5.27

29.83±6.12

31.17±5.04

30 min after reperfusion

28.00±9.23

20.33±4.76

28.83±5.85

30.17±5.95

1 h after reperfusion
2 h after reperfusion

37.83±4.75a
47.67±7.26a

24.17±4.49c
37.50±7.01a,c

24.50±6.16a
20.67±7.15a

26.00±5.10a
29.67±4.84c

6 h after reperfusion

54.67±5.28a

47.00±3.52a,c

18.83±5.35a

27.83±2.72c

12 h after reperfusion

46.33±4.27a

37.67±3.83a,c

19.50±4.37a

25.67±4.03ac

24 h after reperfusion
48 h after reperfusion

29.00±4.43
26.17±3.49

25.00±4.34
22.83±3.19

28.67±2.94
29.00±3.74

29.33±6.02
30.50±4.89

a

P<0.05 vs group C; cP<0.05 vs group R at matched time points.
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expression of bax was weak in the sham-operated intestinal
tissues and ischemic tissues. However, the positive cellular
rate elevated with the increment of duration after reperfusion
injury. In the period of 2-12 h after reperfusion, bax was
expressed at a dramatically higher level in comparison with
group C (P<0.05) and positive signals of bax were distributed
in the whole structure of villus, including mucosa, submucosa,
lamina propria and myometrium. At 24 h after reperfusion,
the positive cellular rate was not substantially changed
compared with group C. Treatment of aFGF could apparently
inhibit the protein expression of Bax in intestinal mucosa
during 2-12 h after reperfusion in comparison with group
R at different matched times (P<0.05) (Figure 1). There
was a negative correlation between positive expression levels
and the intensities of bax and bcl-2. Bcl-2 was strongly
expressed in the sham-operated intestinal tissues and positive
particles of bcl-2 were mainly localized in the cytoplasm
and nuclei of villus cells and in the nuclei of crypt cells
(Figure 2). bcl-2 expression level in intestinal mucosa
decreased with increasing reperfusion time, and the positive
cellular rate was restored to the level of sham-operated tissues
at 24 and 48 h after reperfusion. Compared with the normal
saline treated group, the positive cellular rates of bcl-2 were
significantly higher during the period from 2 to 12 h after
reperfusion in aFGF treated group (P<0.05).

differentially treated intestinal villus through RT-PCR analysis
(Table 4). Figure 3 shows bax gene amplification product in
villus of differentially treated groups, which was composed
of 168 bp, had a remarkable and rapid increment in intestinal
villus after ischemia and reperfusion, peaked at 1 h after
reperfusion, and then decreased to the levels similar to that
of sham-operated group. After aFGF administration, the
levels of bax in villous cells were apparently lower than that
in normal saline treated group, especially at 15 min, 1, 2
and 6 h after reperfusion (P<0.05). The length of RT-PCR
products of bcl-2 was 228 bp (Figure 4). Bcl-2 gene was
expressed at a remarkably lower level in villus compared
with sham-operated group after reperfusion. After treatment
with aFGF, although bcl-2 gene was weakly expressed during
the period from 15 min to 6 h after reperfusion versus
group C, the level of bcl-2 gene expression returned to the
level of sham-operated group at 12-48 h after reperfusion.
In group A, the amounts of bcl-2 mRNA transcript were
markedly elevated in comparison with group R at matched
times after reperfusion (P<0.05), except for at 15 min after
reperfusion (Tabel 4). The length of RT-PCR products of
-actin was 294 bp (Figure 5). As RT-PCR positive control,
the quantity of -actin mRNA was relatively the same in all
intestinal villi analyzed (Figure 5).

Expression characteristics of bax and bcl-2 mRNA
We investigated gene expression of bax and bcl-2 in

DISCUSSION
It is well known that the intestinal mucosa is highly sensitive

A

B

Figure 1 The expression of Bax protein in sham-operated control group (A), 6
h after ischemia-reperfusion in group R (B) and 6 h after ischemia-reperfusion in
group A (C). Protein expression of Bax was weak in sham-operated control

A

B

Figure 2 The expression of bcl-2 protein in sham-operated control group (A),
6 h after ischemia-reperfusion in group R (B) and 6 h after ischemia-reperfusion
in group A (C) bcl-2 was strongly expressed in the sham-operated intestinal
tissues and positive particles of bcl-2 were mainly localized in the lower half of

C

group. Bax was strongly expressed in villus at 6 h after reperfusion, and was
mainly localized in the whole constitutive cells of villus. The positive stained
cells decreased remarkably at 6 h after reperfusion in group A vs group R.

C

the villus and in the cytoplasm and nuclei of villus cells. bcl-2 expression level
decreased at 6 h after reperfusion in group R. Compared with group R, the positive
cellular rates of bcl-2 were significantly higher at 6 h after reperfusion in group C.
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Table 4 Effect of aFGF on gene expression of bax and bcl-2 in intestinal villus after ischemia-reperfusion (n = 6, mean±SD, %)
Bax gene

Groups

Group R

Group C
Group I
15 min after Reperfusion

bcl-2 gene
Group A

Group R

Group A

80.956±8.141

85.729±7.523

24.614±3.175

27.803±3.347

105.961±8.880a
93.937±3.281a

97.815±9.568a
83.928±6.659c

11.221±2.752a
23.057±4.642

10.744±3.549a
20.457±5.013a

94.138±4.583a

94.288±3.707

12.921±3.059a

17.961±1.653a,c

1 h after Reperfusion

108.367±12.668a

76.063±6.337c

11.789±3.200a

20.529±2.200a,c

2 h after Reperfusion
6 h after Reperfusion

90.176±6.630
85.837±6.037

76.723±6.153c
62.415±3.535 ac

9.083±2.168 a
6.512±2.477 a

20.655±1.544a,c
15.510±1.757a,c

12 h after Reperfusion

86.987±6.331

80.155±6.756

7.882±2.086 a

27.349±3.592 c

24 h after Reperfusion

85.230±9.132

90.479±5.137

15.898±2.393a

30.364±2.298 c

48 h after Reperfusion

86.728±7.278

94.846±14.403

14.755±3.268a

23.937±2.726 c

30 min after Reperfusion

a

P<0.05 vs group C; cP<0.05 vs group R at matched time points.
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Figure 3 Expression of bax gene in normal saline treated (A) and aFGF treated
(B) rat intestinal villus. Bar indicates the size of RT-PCR cDNA products. 1: 48
h after reperfusion, 2: 24 h after reperfusion, 3: 12 h after reperfusion, 4: 6 h after
reperfusion, 5: 2 h after reperfusion, 6: 1 h after reperfusion, 7: 30 min after
reperfusion, 8: 15 min after reperfusion, 9: ischemia group, 10: sham-operated
control group, 11: DL2000 marker.
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Figure 4 Expression of bax gene in normal saline treated (A) and aFGF treated
(B) rat intestinal villus. Bar indicates the size of RT-PCR cDNA products. 1: 48
h after reperfusion, 2: 24 h after reperfusion, 3: 12 h after reperfusion, 4: 6 h after
reperfusion, 5: 2 h after reperfusion, 6: 1 h after reperfusion, 7: 30 min after
reperfusion, 8: 15 min after reperfusion, 9: ischemia group, 10: sham-operated
control group, 11: DL2000 marker.

to I/R, which may cause release of bacteria and toxin from
the gut into the host blood circulation and changes of
inflammatory factors, cytokines and growth factors, resulting
in damage to the intestinal barrier. In the current study, we
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Figure 5 Expression of -actin gene in normal saline treated (A) and aFGF
treated (B) rat intestinal villus. Bar indicates the size of RT-PCR cDNA products.
1: 48 h after reperfusion, 2: 24 h after reperfusion, 3: 12 h after reperfusion, 4: 6
h after reperfusion, 5: 2 h after reperfusion, 6: 1 h after reperfusion, 7: 30min after
reperfusion, 8: 15 min after reperfusion, 9: ischemia group, 10: sham-operated
control group, 11: DL2000 marker.

found that I/R, following occlusion of the SMA, induced
apoptosis in the intestinal villus. Results of TUNEL examination
displayed that the apoptotic rate increased during ischemia
and was maximal at 12 h after reperfusion. The location of
apoptotic bodies was extended from villus tip in sham-operated
rats to the whole structure of villus, including mucosa,
submucosa, lamina propria and myometrium in rat insulted
by I/R. The quantification of apoptosis was corroborated
with histological examination using HE staining. We also
found that administration of exogenous aFGF could reduce
the intestinal injury caused by I/R insult. The antiapoptotic
effect of aFGF was through regulation of expression of
genes related to apoptosis. Previous experimental data showed
that the change of gene expression of apoptosis-related genes
played pivotal roles in alleviating cardiac, myocardial[12],
cerebral[13,14], muscular[15], cutaneous[16] and adrenal cortex[17]
apoptosis induced by I/R, which is in agreement with our
results.
Apoptosis is governed by a number of regulatory genes
mediated by apoptosis signals. Among them, the bcl-2 family
of proteins constitutes a central checkpoint. The bcl-2 family
consists of both cell death promoters and cell death preventers.
Bax is one of proapoptotic proteins, whereas bcl-2 is one of
anti-apoptotic proteins. The ratio of anti- to pro-apoptotic
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molecules such as bcl-2/bax determines the response to a
death signal[18-20]. Bcl-2 seems to prevent apoptosis induced
by many stimuli, for example, irradiation, FasL[21], TRAIL[22]
and deprivation of growth factor, and it has been shown to
suppress cytochrome c (cyt.c) efflux from mitochondria,
inhibit calcium release from the endoplasmic reticulum[23-25].
Bax, which normally resides in the cytosol, translocates to
mitochondria when triggered by certain stimuli, and changes
to its active configuration as a dimerized integral mitochondrial
membrane protein[26]. Translocated bax has been shown to
induce cyt.c release followed by caspase activation. Several
studies have reported that increment of the ratio of
bcl-2/bax protein can prevent the progression of apoptosis in
myocardium after I/R[27,28]. In the present study, it was shown
that apoptosis began to occur in rat intestinal villus subjected
to 45 min of ischemia followed by 30 min of reperfusion.
Although gene transcription and translation of bcl-2 were
both inhibited after reperfusion, the expression of bax was
apparently enhanced. It was suggested that the decreased
ratio of bcl-2/bax by ischemia and reperfusion might play
a pivotal role in induction of apoptosis. Our study also
showed that the number of apoptotic cells in intestinal villus
insulted by I/R was significantly decreased by aFGF
administration. aFGF could inhibit bax gene expression and
enhance bcl-2 gene expression in comparison with normal
saline treatment. So the increment of the ratio of bcl-2/bax
by administration of aFGF might be one of mechanisms
attenuating I/R-induced apoptosis. These results are consistent
with the result by Coopersmith et al [29] that transgenic rat
expressing bcl-2 could suppress apoptosis induced by I/R.
Our study also found that apoptosis occurred at 30 min
postreperfusion followed by a return to baseline levels by
24 h, suggesting that induction of intestinal apoptosis by
I/R and mucosal recovery were rapid processes. The reason
for this interesting kinetics of induction of mucosal cell
death and restoration was unclear. There were two possible
explanations. First, it may be that there is a time-dependent
increase in apoptosis-promoting factors, including Bax, during
ischemia and early phases of reperfusion, which rapidly
decreases with prolonged reperfusion. Second, corresponding
to the decline in apoptosis-promoting factors, there may be
simultaneous induction of inhibitors of apoptosis, e.g., Bcl2, during the later phase of reperfusion. The exact mechanism
needs to be studied in depth.
In conclusion, the present study provides the preliminary
evidence that the protective effects of aFGF against I/R
in rat intestinal villus might be partially due to its ability to
inhibit I/R-induced apoptosis. Furthermore, our data
strongly suggest that aFGF exerts its antiapoptotic effect
via regulating gene expression of bcl-2, bax and the ratio of
bcl-2/bax proteins. The precise mechanism for the inhibition
of intestinal I/R injury and attenuation of apoptosis afforded
by aFGF requires further investigation.
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Abstract
AIM: To establish a model of islet-ductal cell transdifferentiation to identify the transdifferentiated cells.
METHODS: Collagen was extracted from rat tail at first.
Purified rat islets were divided into three groups, embedded
in collagen gel and incubated respectively in DMEM/F12
alone (control group), DMEM/F12 plus epidermal growth
factor (EGF), DMEM/F12 plus EGF and cholera toxin (CT).
Transdifferentiation was proved by microscopy, RT-PCR,
immunohistochemistry and RIA.
RESULTS: Islets embedded in collagen gel plus EGF and
CT were cystically transformed and could express new gene
cytokeratin 19 while still maintaining the expression of insulin
and Pdx-1 genes. Immunohistochemistry demonstrated
that the protein of cytokeratin 19 was only expressed in the
third group. The insulin content secreted by islets in the
third group decreased significantly during the transdifferentiation.
CONCLUSION: CT is a crucial factor for the islet-ductal
cell transdifferentiation.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Transdifferentiation is a process in which differentiated cells

alter their identity to become other distinct cell types. This
process has been proven by researches[1,2]. During pancreas
development, both the exocrine and endocrine systems seem
to originate from the ductal cells which are considered as a
kind of pancreatic stem cells. This hypothesis is supported
by the phenomenon that ductal cells have the ability to
transdifferentiate into acinar cells and islets[3-5] . But this
process is bilateral. On the contrary, acinar cells and islets
can transdifferentiate into duct-like cells[6,7]. It has also been
reported that islets in a long-term culture can transdifferentiate
into exocrine and undifferentiated cells, which may be
considered as pancreatic precursor cells[8]. The process of
mature endocrine cells transdifferentiating into exocrine cells
was also confirmed in our study. Our data show that, rat islets
cultured in rat tail collagen gel plus EGF and CT can
transdifferentiate into duct-like cells.

MATERIALS AND METHODS
Isolation and purification of islets
Male Sprague-Dawley (SD) rats, weighing 230-250 g, were
obtained from Central South University Laboratory Animal
Department. For each isolation, one rat was anesthetized with
pentobarbital sodium (30 mg/kg) intraperitoneally. Isolation
of pancreatic islets was performed as previously described[9].
Briefly, after the output site of the duct from pancreas to
duodenum was clamped, the pancreas was distended maximally
with 20 mL collagenase (type IV, 1.5 mg/mL, Invitrogen)
using a pulsed infusion technique via the portal duct of
pancreas. The whole pancreas was removed from male SD
rats and placed in a stationary water bath at 37 ℃ for 25 min
to allow it to digest enzymatically. Digestate was agitated
gently for 1 min every 5 min during incubation. The digestion
process was stopped by adding 30 mL of cold Hank’s
balanced salt solution (HBSS) supplemented with 5% fetal
bovine serum (FBS). After having vortexed for 1 min to
dissociate the islets from adherent acinar elements, the
mixture was passed through a steel mesh filter with an aperture
of 0.5 mm. The filtrate was subjected to the conventional
method of histopaque density gradient centrifugation to
separate islets from the digestion mixture.
DTZ staining and hand-picking
DTZ stock solution preparation Ten milligrams of DTZ
were dissolved entirely in 5 mL of dimethyl sulfoxide (DMSO),
then filtered through a 0.2-µm nylon filter and stored briefly
at -20 ℃.
In vitro DTZ staining Ten microliters of the stock solution
was added to 1 mL of culture medium. The culture dishes
were incubated at 37 ℃ for 15 min in the DTZ solution.
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After the dishes were rinsed thrice with HBSS, clusters
stained crimson red were identified as islets. These islets were
hand-picked under a stereomicroscope. After hand-picking,
the dishes were refilled with DMEM containing 10% FBS.
The stain completely disappeared from the cells after 2 h.
Three-dimensional (3D) collagen gel matrix preparation and
islet culture
Collagen preparation Collagen was extracted from rat
tail tendons as previously described[10]. Tendons were excised
from rat tails and sheared. Some connective tissues were
removed carefully, washed twice with PBS and then soaked
in 4 mmol/L acetic acid. After having stirred for two d at
4 ℃, collagen was extracted. The extracts were centrifuged
for 30 min at 10 000 g and supernatant was collected into
another distilled vessel for use. Protein concentration in the
collagen was 1.0-1.5 mg/mL measured with an ultraviolet
spectrophotometer.
Preparation of collagen gels Following sterile components
(0.7 mL 10×DMEM/F12, 0.1 mL heat-inactivated lowendotoxin FCS, 0.1 mL 0.1 mol/L NaOH, 0.1 mL islet
suspension) were carefully mixed to avoid bubbles. All
components required to make collagen gels were placed on
ice except for the islet suspension. Thus, the mixture resulted
in a physiologic ionic strength and 1×DMEM/F12 in the
final gel. The mixture was incubated at 37 ℃ in 50 mL/L
CO2 and then gelation was completed after 60 min.
Islet culture Islets embedded in collagen gel were divided
into three groups and incubated under the following conditions.
3D culture alone (control group) DMEM/F12 (penicillin
100 U/mL, streptomycin 100 g/mL, 10 mmol/L HEPES)
+10% FCS+nicotinamide (10 mmol/L).
3D culture+EGF: DMEM/F12 (penicillin 100 U/ml,
streptomycin 100 g/mL, 10 mmol/L HEPES)+10% FCS
+EGF (100 ng/mL)+nicotinamide (10 mmol/L).
3D culture + EGF + CT: DMEM/F12 (penicillin 100
U/mL, streptomycin 100 g/mL, 10 mmol/L HEPES)
+10% FCS+EGF (100 ng/mL)+CT (100 ng/mL)
+nicotinamide (10 mmol/L).
Insulin content assay
Samples were taken at the 1st, 3rd, 5 th, 16 th, 28 th, 40 th, 52 nd ,
76th, 88th ,120th, 168th h. After old culture medium was piped
out thoroughly, islets were rinsed twice and fresh medium
was added. Culture media were sampled after 1 h and frozen
at -20 ℃. Insulin content in samples was detected by
radioimmunoassay (RIA).
Immunohistochemistry
Islets were hand-picked from slides pretreated with poly-Llysine and fixed in 4% paraformaldehyde (PFA). Then the
fixed islets were processed for routine histology and immunostained for insulin (mouse anti-insulin, Boster, Wuhan) and
cytokeratin 19 (mouse anti-cytokeratin 19, Boster, Wuhan)
using the streptavidin-biotin complex (SABC) method
following the instructions of kit (Boster, Wuhan). For
cytokeratin 19, islet cells were pretreated with 0.1% trypsin.
The sections were incubated overnight at 4 ℃ with appropriate
primary antibodies. Negative controls involved omission of
the primary antibodies.
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RNA extraction and RT-PCR analysis
The collagen matrix was dissolved in 0.25 mg/mL collagenase
and islets were washed thrice. Total RNA was extracted
from cultured rat islets using TRIzol (GIBCO BRL) and
reverse-transcribed into cDNA with TaKaRa RNA PCR
kit (AMV) Ver. 2.1 (TaKaRa, Japan) according to the standard
procedure. cDNA samples were subjected to PCR amplification
with specific primers. The cycling parameters were predenaturation at 94 ℃ for 2 min, denaturation at 94 ℃ for
30 s, annealing at 55 ℃ for 30 s, and elongation at 72 ℃
for 1 min (34 cycles). Table 1 summarizes the sequences of
the PCR primers used in this study.

Table 1 Primers used in study
Targeted mRNA
Rat Pdx-1

Primer
F: gaggacccgtacagcctaca

Length
201 bp

R: cgttgtcccgctactacgtt
Rat Insulin
Rat Cytokeratin 19

F: ccgtcgtgaagtggagga
R: cagttggtagagggagcagat

154 bp

F: atccccaaagacacgagatg

200 bp

R: gtgagctacaaccgcagctt
Rat -actin

F: taaagagaagctgtgctatgttgc
R: atgatcttgatcttcatggtgcta

354 bp

Statistical analysis
All data were expressed as mean±SD with n = 3 at each time
point. The difference between time points with respect to
insulin content was evaluated by one-way ANOVA. P<0.05
was considered statistically significant.

RESULTS
Microscopy
We used DTZ to identify islets which were stained crimson
while acinar and ductal tissue failed to incorporate the stain.
Islets were stained with DTZ and hand-picked after density
gradient centrifugation. The stain completely disappeared
from the cells after 2 h (Figure 1).
Islets embedded in collagen gel could retain their natural
shape, while those in monolayer cultures could not (Figure 2).
The islets in groups 1 and 2 were not different in shape
on d 1, 3 and 5. But some islets in group 3 continually
enlarged in these days (Figure 3). The percentage of islets
undergoing cystic transformation was increased over the
time-course of the culture period in group 3.
Secreted insulin content
During the culture time, the abilities of islets to secrete insulin
in three groups were all decreased. Five hours later, islets
lost their secreting ability faster in group 3 than in groups 1
and 2 (P<0.05 or 0.01) (Figure 4).
Immunohistochemistry
Islets cultured for 1, 3, 5 d were insulin positive and
cytokeratin 19 negative in groups 1 and 2.
In group 3, islets were insulin positive and cytokeratin
19 negative on d 1. There was a decrease in expression of
insulin mainly in the center of islets and some islet cells around
the cystic spaces began to express protein cytokeratin 19
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Figure 1 Islets stained crimson with DTZ (A), purified by density gradient

A

A

B

Figure 3 Islets of group 3 cystic transformed gradually in the process of culture.
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separation and hand-picking (B), and loss of color 2 h after islet staining (C) (×100).

B

Figure 2 Shape of islets culture in collagen gel (A ×100) and in monolayer
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1 h 3 h 5 h 16 h 28 h 52 h 76 h 88 h 5 d 7 d
Ti me

Figure 4 Insulin contents in culture media of three groups at different time
points were detected using RIA. ( aP<0.05: group 1 vs group 3; bP<0.01: group
1 vs group 3; cP<0.05: group 2 vs group 3; dP<0.01: group 2 vs group 3).

(B ×200 ).

C

A: d 1 in culture; B: d 3 in culture; C: d 5 in culture (inverted microscope ×100).

on d 3. Only a few cells in the islets expressed insulin
continually on d 5, but most cells expressed cytokeratin 19
(Figures 5 and 6).
Reverse transcription and polymerase chain reaction
Freshly isolated islets expressed islet characteristic genes
(pdx-1 and insulin) but did not express duct characteristic
gene (cytokeratin 19) (Figure 7). After incubation for 7 d,
islets in the three groups could express genes (insulin and
pdx-1), but cytokeratin 19 was only expressed in group 3
(Figure 8).

DISCUSSION
Cells of both the exocrine (acinar cells) and endocrine systems
(islet cells) seem to originate from the ductal cells. From
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A
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B

C

Figure 5 Islets of group 3 stained for insulin by immunocytochemistry. A: d 1
(strongly stain); B: d 3 (decreased stain); C: d 5 (lightly stain). (DAB stain and

A

counterstained with hematine crystal ×100).

B

C

Figure 6 Islets of group 3 stain for cytokeratin 19. A: d 1 (did not stain); B: d 3

M
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Figure 7 Pdx-1, insulin genes were expressed in freshly isolated islets, but
cytokeratin 19 was not expressed (lane 1: Pdx-1; lane 2: Insulin; lane 3: actin; lane 4: cytokeratin 19).

experiments in vitro it is evident that during development,
endocrine cells emerge from the pancreatic ducts and form
aggregates that eventually form islets of Langerhans.
Teitelman et al[11], removed pancreatic rudiments from E11
mouse embryos and maintained in culture, and found that

A

bp
600
500
400
300
200
100

B

Marker group 1 group 2 group 3

(lightly stain); C: d 5 (strongly stain).

pancreas (including exocrine and endocrine tissues) regenerates
in vitro from E11 pancreatic ducts. Rosenberg et al [12],
reported that partial obstruction of the pancreatic duct in
adult hamsters leads to islet cell differentiation from cells in
the interlobular ducts, followed by formation of new islets.
More recently, Susan Bonner-Weir et al[5], cultivated human
adult pancreatic duct cells in vitro and differentiated the duct
cells into “cultivated human islet buds” (CHIBs) which have
the ability to secrete glucose-response insulin.
On the other hand, islets can transdifferentiate into ductlike cells. Human and dog islets embedded in collagen gel
and cultured in media plus EGF and CT for several days
can transform and express duct cell marker CK-19[7,13]. In
this study, we isolated rat islets and incubated them in the
same conditions as above, and proved that rat islets could
transdifferentiate into duct-like cells.
Extracellular matrix (ECM) is one of the most important
components in creating cellular microenvironment. Among
the ECM components, collagen can provide cells with a bioC

Marker group 1 group 2 group 3

Marker group 1 group 2 group 3
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Figure 8 Gene’s expression of islets of three groups cultured for 7 d; A: all of
three groups expressed insulin; B: all of three groups expressed pdx-1; C: only

-actin
pdx-1

100

group 3 expressed CK19 which group 1 and group 2 did not express.
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mimic environment favorable for their reorganization, or
maintenance of the three-dimensional structure. The use
of collagen gel as an extracellular matrix material is an important
part of the culture system in our study. Collagen gel matrix can
help promote or maintain the differentiated state of cells in
culture, such as liver cells[14] and mammary epithelial cells[15]. ECM
may also promote the process of cell transdifferentiation[6,16].
Collagen plays an important role in the process. Islets cannot
transdifferentiate in agarose gel[13] . ECM is the necessary
condition for transdifferentiation. In our study, islets embedded
in collagen gel without EGF and CT did not express CK19, consistent with the report by Wang et al[13].
EGF can activate protein tyrosine kinase (PTK), protein
kinase C and increase intracellular Ca2+ concentration after
binding to EGF receptor[17]. CT can activate adenylate cyclase,
and result in the increase of intracellular cAMP concentration[18].
It was reported that the process of cystic transformation requires
both an elevation of intracellular cAMP and the presence
of ECM proteins[13]. Both cAMP and Ca2+ are classic second
messengers. Perhaps EGF and CT affect the signal transduction
of islet cells in two ways by increasing the concentration of
these messengers. In our study, we found that EGF alone
had no ability to initiate islet cell transdifferentiation, but it
could preserve islet’s function. It is supported by the fact that
both EGF and betacellulin are members of EGF-family of
cytokines, and betacellulin is a kind of beta-cell growth factor,
suggesting that EGF also can stimulate beta-cell growth.
In conclusion, the process of transdifferentiation is
promoted by cooperation of collagen matrix, EGF and CT.
But the exact mechanisms of interaction of these factors
remain to be fully elucidated.
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Abstract
AIM: Recent reports have shown the capacity of
mesenchymal stem cells (MSCs) to differentiate into
hepatocytes in vitro and in vivo. MSCs administration could
repair injured liver, lung, or heart through reducing
inflammation, collagen deposition, and remodeling. These
results provide a clue to treatment of liver fibrosis. The
aim of this study was to investigate the effect of infusion
of bone marrow (BM)-derived MSCs on the experimental
liver fibrosis in rats.
METHODS: MSCs isolated from BM in male Fischer 344
rats were infused to female Wistar rats induced with
carbon tetrachloride (CCl4) or dimethylnitrosamine (DMN).
There were two random groups on the 42 nd d of CCl4 :
CCl4 /MSCs, to infuse a dose of MSCs alone; CCl4/saline,
to infuse the same volume of saline as control. There
were another three random groups after exposure to
DMN: DMN10/MSCs, to infuse the same dose of MSCs on
d 10; DMN10/saline, to infuse the same volume of saline
on d 10; DMN20/MSCs, to infuse the same dose of MSCs
on d 20. The morphological and behavioral changes of
rats were monitored everyday. After 4-6 wk of MSCs
administration, all rats were killed and fibrosis index were
assessed by histopathology and radioimmunoassay.
Smooth muscle alpha-actin (alpha-SMA) of liver were
tested by immunohistochemistry and quantified by IBAS

2.5 software. Male rats sex determination region on the
Y chromosome (sry) gene were explored by PCR.
RESULTS: Compared to controls, infusion of MSCs
reduced the mortality rates of incidence in CCl4-induced
model (10% vs 20%) and in DMN-induced model (2040% vs 90%).The amount of collagen deposition and
alpha-SMA staining was about 40-50% lower in liver of
rats with MSCs than that of rats without MSCs. The similar
results were observed in fibrosis index. And the effect of
the inhibition of fibrogenesis was greater in DMN10/MSCs
than in DMN20/MSCs. The sry gene was positive in the
liver of rats with MSCs treatment by PCR.
CONCLUSION: MSCs treatment can protect against
experimental liver fibrosis in CCl4-induced or DMN-induced
rats and the mechanisms of the anti-fibrosis by MSCs will
be studied further.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Mesenchymal stem cells; Liver fibrosis; Rat;
Therapy
Zhao DC, Lei JX, Chen R, Yu WH, Zhang XM, Li SN, Xiang P.
Bone marrow-derived mesenchymal stem cells protect
against experimental liver fibrosis in rats. World J Gastroenterol
2005; 11(22): 3431-3440

http://www.wjgnet.com/1007-9327/11/3431.asp

INTRODUCTION
Liver fibrosis is the wound-healing response of the liver to
chronic injury [1]. Following repeated injury, the liver
undergoes a tissue remodeling and forms fibrosis. It is
characterized by excessive accumulation of extracellular
matrix, with the formation of scar tissue encapsulating the
area of injury. This results in many clinical manifestations,
including ascites, variceal hemorrhage, and encephalopathy.
The prognosis of patients with the disease is poor, although
liver transplantation is a good alternative treatment. Moreover,
there are limited available donor livers for hundreds of
millions of patients worldwide[2,3]. So, it is very important to
investigate appropriate therapies for the disease by different
treatments.
We[4] and others[5-9] have established that BM-derived
MSCs could engraft injured tissue, such as, bone marrow,
lung, liver, heart or brain, and recover its function. These
results indicate that MSCs is an attractive cell source for
regenerative medicine. Recent reports have shown the
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capacity of MSCs to differentiate into hepatocytes in vitro[10,11,]
and in vivo[6,12,13]. Further, MSCs administration could repair
injured lung, liver, or heart by reducing inflammation,
collagen deposition and remodeling[5-7]. These imply that
MSCs could not only have a possibility to repair acute
damaged tissue but also have potentiality of reducing chronic
fibrogenesis. Although Sakaida et al [14] , and Fang et al [6] ,
reported that BM or MSCs could reduce CCl4-induced liver
fibrosis in mice, the mechanism by which MSCs repair the
fibrosis is unclear and their results seem controvertible.
Fang et al[6], suggested that delaying MSCs administration
by 1 wk after CCL4 challenge did not prevent the disease
progression, while Sakaida et al[14], found that BM treatment
to 4 wk CCl4-induced rats could get significantly reduced
liver fibrosis. From the point of view of clinical practice, it
is very important to select the model of liver fibrosis close
to human disease for evaluating the effect of MSCs on the
fibrosis. In the present study, we employed two models of
fibrosis induced with CCL4 or DMN to evaluate the effect
of MSCs on the fibrosis. Our results showed that MSCs
treatment could reduce mortality rates of rats and improve
their fibrosis index, and earlier the MSCs were administrated,
greater was the anti-fibrosis effect. We provide evidence
here indicating that infusion of BM-derived MSCs should
be therapeutic in liver fibrosis by blocking the fibrosis
formation and progression.

MATERIALS AND METHODS
Preparing for BM-derived MSCs in rats
MSCs were prepared from rat bone marrow as described
previously in our laboratory[15]. In brief, whole BM was
flushed from the tibia and femur of Fischer 344 rats
(6 wk old, male). MSCs preferentially attached to the
polystyrene surface and were further purified by passages.
MSCs were identified to express CD29 but not MHC class
II antigens, costimulatory molecules CD80 and CD86 by
flow cytometry[15]. The multiple differentiation potential of
MSCs into neural cells, adipocyte and osteoblasts was also
confirmed in vitro.
The multiple differentiation potential of MSCs into
neural cells, adipocyte, and osteoblasts was also confirmed
in vitro. In brief, to induce osteogenic differentiation, 8 th10th-passage cells were treated with osteogenic medium for
3 wk with medium changes twice weekly. Osteogenic medium
consists of L-DMEM supplemented with 0.1 mol/L
dexamethasone (Sigma-Aldrich, St. Louis, MO, USA),
10 mmol/L -glycerol phosphate (Sigma-Aldrich), and
0.2 mmol/L ascorbic acid (Sigma-Aldrich). Osteogenesis
was assessed by Chinalizarin staining. To induce adipogenic
differentiation, 8 th-10 th-passage cells were treated with
adipogenic medium for 3 wk. Medium changes were
performed twice weekly. Adipogenic medium consists of
H-DMEM supplemented with 0.5 mmol/L 3-isobutyl-1methylxanthine (Sigma-Aldrich), 1 mol/L hydrocortisone
(Sigma-Aldrich), 0.1 mmol/L indomethacin (Sigma-Aldrich),
and 10% rabbit serum (Sigma-Aldrich). Adipogenesis was
assessed by Oil Red O staining. To induce neurogenic
differentiation, 8 th-10 th-passage cells were pretreated for
24 h with neurogenic medium, which consists of H-DMEM
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supplemented with 1 mmol/L -mercaptoethanol (-ME,
Sigma-Aldrich). Then cells were treated with 5 mmol/L ME for 1 h. Neurogenesis was identified by antibody
against neuron-specific enolase (NSE, SouthernBiotech,
Birmingham, USA) staining.
Fischer 344 rats BM-MSCs in the 8-10 th passage were
suspended in sterile saline and used for further experiments
as described below.
CCl4- or DMN-induced liver fibrosis and MSCs administration
Female Wistar rats were 6-wk old, weighing between 140
and 160 g. Rats were bred and maintained in an airconditioned animal house with specific pathogen-free
conditions, and were subjected to a 12:12-h daylight/darkness
and allowed unlimited access to chow and water. The
morphological and behavioral changes of rats were monitored
everyday. Liver fibrosis was induced by CCl4 or DMN
administration as described[16]. The protocol was approved
by Animal Care Committee of Sun Yat-Sen University.
CCl4-induced model
On d 0, rats were injected by subcutaneous at a dose of
0.2 mL/100 g body weight of 40 mL/L CCl4 (Guangzhou
Chemical Factory, China) dissolved in paraffin oil (Guangzhou
Chemical Factory, China). The injection was given twice a
week for 6 wk. The same volume of paraffin oil alone was
used as control. Liver fibrosis was determined by killing
three to six rats with histopathology weekly. Twenty rats
were randomly divided into two groups on d 42: CCl4/
MSCs, n = 10, to infuse a dose of MSCs 3×10 6 cells per
rat by intravenous; CCl4/saline, n = 10, to infuse the same
volume of saline as a control. Blank control were designed,
paraffin/saline, n = 10, to infuse the same volume of saline
on d 42 after paraffin administration. On d 70, all rats
were killed and venous blood was collected and liver tissue
harvested for analysis.
DMN-induced model
On d 0, rats were injected intraperitoneally at a dose of
100 L DMN (Sigma, USA) (diluted 1:100 with 0.15 mol/L
sterile saline) per 100 g body weight. The injection was given
on three consecutive days of each week for 6 wk. Control
animals received the same volume of 0.15 mol/L sterile
saline. Three or six treated animals were killed weekly with
determination of establishment fibrosis by histopathology.
Sixty rats were randomly divided into three groups in
different time points of DMN-induced: DMN10/MSCs,
n = 10, to infuse a dose of MSCs 3×10 6 cells per rat by
intravenous on d 10; DMN20/MSCs, n = 10, to infuse the
same dose MSCs on d 20; DMN10/saline, n = 40, to
infuse the same volume of saline on d 10. We also designed
saline, n = 10, to infuse the same volume of saline for
blank control. On d 49, venous blood was collected and all
rats were killed, and liver tissue harvested for analysis.
Analysis of liver histopathology and immunohistochemistry
Liver samples were collected into PBS and fixed overnight
in 40 g/L paraformaldehyde in PBS at 4 ℃. Serial 5-m
sections of the right lobes of the livers were stained with
hematoxylin and eosin (HE) and Masson Trichrome (MT)
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as rules in our laboratory. Additional sections were tested with
the antibody against -SMA (1:200 dilutions, NeoMarkers)
and immunoreactive materials were visualized by use of a
streptavidin-biotin staining kit (UltraSensitiveTM SP kit,
Maixin-Bio, Fujian, China) and diaminobenzidine, as
previously described [16]. MT and -SMA staining was
quantified using IBAS 2.5 software (Germany) and the data
expressed as percentage of positive staining. The average
of the score taken from five random fields was used to
generate a single per slide.
Hydroxyproline (Hyp) content assay
A colorimetric assay was performed as described[16]. Briefly,
lyopholized liver sections (0.5 g) were hydrolyzed for
20 h in 6 mol/L HCl at 100 ℃, redissolved in water, and
centrifuged to remove any impurities. Samples were
incubated for 10 min in 0.05 mol/L chloramine-T (Fisher,
Fair Lawn, NJ, USA) at room temperature, followed by
15-min incubation in Ehrlich’s-perchloric acid solution at
65 ℃. Sample absorbencies were assessed at 561 nm and
resulting values compared to a Hyp standard curve. Each
sample was assayed in duplicate. The Hyp content was
expressed as micrograms per gram of wet liver.
Examination of the level of laminin (LN), hyaluronic acid (HA),
alanine aminotransferase aspartate (ALT) and total bilirubin in
serum (TBIL)
ALT and TBIL were assessed using our routine laboratory
methods. Serum HA and LN were also measured with
the kit (Navy Medical Institute, Shanghai, China) by
radioimmunoassay.
PCR detection of male-derived MSCs
Genomic DNA was prepared from liver tissue of the rats
in each group using genomic DNA purification kit (G&T
Biotech, MD, USA). The presence or absence of sex
determination region on the Y chromosome (sry) gene of
liver in recipient female rats was assessed by PCR. The
presence of DNA in all tissues was assessed by analysis of
the “house-keeping” gene -actin. Primer sequences for sry
gene (forward 5’-catcgaagggttaaagtgcca-3’, reverse 5’atagtgtgtaggttgttgtcc-3’) were obtained from published
sequences[17,18] and amplify a product of 104 bp.  -actin

A

B

Figure 1 MSCs are induced to differentiate into osteoblasts and stained red
color by Chinalizarin (A). Under adipogenic conditions, MSCs accumulate lipid
vacuoles, which are positively stained by Oil Red O assay (B). Under neurogenic
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primers (forward 5’-tgttgtccctgtatgcctct-3’, reverse 5’taatgtcacgcacgatttcc-3’) were designed from GenBank
(accession no. J00691) and amplify a product of 206 bp.
The PCR conditions were as follows: incubation at 94 ℃
for 4 min; 35 cycles of incubation at 94 ℃ for 50 s, 60 ℃
for 30 s, and 72 ℃ for 1 min; with a final incubation at
72 ℃ for 10 min. PCR products were separated using 2%
agarose gel electrophoresis, stained with ethidium bromide
and imaged by Image Station 200R (Kodak, USA). Positive
(male Fischer 344 rat genomic DNA) and negative (female
Wistar rat genomic DNA) controls were included in each
assay.
Statistical analysis
Data are expressed as mean±SD. Significant differences
were determined by using ANOVA in SPSS 9.0. Results
were considered significant when P<0.05.

RESULTS
Multiple differentiation potential of MSCs into neural-like cells,
adipocyte, and osteoblasts
Figure 1 shows that BM-derived MSCs had differentiated
into neural-like cells, adipocyte, and osteoblasts in different
conditions (Figures 1A-C).
CCl4 or DMN administration induced fibrogenesis in rats
Rats given CCl4 showed slower weight gain than rats with
paraffin oil alone (Figure 2A). The average weight of rats
with CCl4 for 6 wk was 50-70 g lower than rats with paraffin
oil alone. The mortality rates of incidence were about 10%
in rats with CCl4 after 6 wk, while the paraffin oil-treated
rats were all alive. Up to d 21 of exposure to CCl4, the
substantial fibrosis was not observed by histological
examination. We found massive rearrangement of the
hepatic architecture, including septal fibrosis, extensive
bridging, inflammation and extensive fatty changes after
6 wk, while rats with only paraffin oil had normal liver
architecture (Figures 4A1 and B1). These results were
corresponding with previous findings[19].
We also established the other fibrosis model induced
with DMN, because there were differences of hepatotoxicity
between CCl4 and DMN[20]. The body weight was obviously
lower in rats with DMN for 3 wk than that in rats with

C

conditions, MSCs differentiate into neuronal-like cells and stained positively for
NSE by immunocytochemical analysis (C). (Original magnification, ×200.)
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only saline (Figure 2B). If the body weight fell to less than
100 g, the rat was likely to die soon. The first rat died on
d 10 after DMN administration. By d 21, 20% of rats
died. Histopathology showed centrilobular congestion and
hemorrhagic necrosis liver of rats after 1 wk. Centrilobular
necrosis and intense neutrophilic infiltration were observed
on d 14. By d 21, collagen fiber deposition could be observed,
together with severe centrilobular necrosis and bridging
necrosis, with bile duct proliferation and fibrosis surrounding
the central veins. These results were corresponding with
previous findings[16,21].
To further verify fibrosis, we performed immunohistochemical staining of liver sections for -SMA, and examined
levels of LN, HA, ALT, and TBIL in serum and liver Hyp
contents (Figure 4E and Table 1).

A

300

Paraffin/saline

Weight (g)
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died before the completion of the protocol, while rats with
MSCs were all alive. There was a slight lift of weight in
CCl4/MSCs compared with CCl4/saline (Figure 2A). We
also observed that some rats in CCl4/saline had a large
amount of ascites while being killed, which could be a reason
for gain of weight while living.
There were dramatic changes of rats with MSCs after
7th d in DMN-induced model (Figure 2B). Rats exhibited
grooming, but piloerection, their food and water intake were
much increased and their weights increased faster. Rats
without MSCs had bad good morphological and behavioral
changes. Their weights gain stopped. Their eyes were pale
and urines were yellow, and some animals had labored
respiration. Thirty-six of forty rats in DMN/saline died of
progressive liver fibrosis within 49 th d after DMN
administration. Life time of rats survived in DMN10/MSCs
and DMN20/MSCs was significantly longer than that of rats
in DMN/saline (Figure 3). Further, amounts of survival rats
in DM10/MSCs were more than those in DMN20/MSCs.
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Figure 2 Average weekly weight of rats induced with CCl 4 (A) or DMN (B). A:
Paraffin/saline, n = 10; CCl 4/saline, n = 10-8; CCl 4/MSCs, n = 10-9; B: saline,
n = 10; DMN/saline, n = 40-4; DMN10/MSCs, n = 10-8; DMN20/MSCs, n = 10-6.

MSCs treatment improved the morphological and behavioral
changes
On d 42 after CCl4 treatment, rats were infused with MSCs
or saline. We found that rats with MSCs had got good
morphological and behavioral changes after 7th d, while rats
with saline appeared extremely lethargic. Two rats with saline

14

21

28 35

42 49 (d)

Figure 3 Survival of rats in control group and DMN-induced group with or
without MSCs administration. Analysis of survival was conducted by a logrank test based on the Kaplan–Meier method.

MSCs treatment decreased collagen deposition
We analyzed liver histology in rats with MSCs in two models
by HE staining and MT staining. HE staining showed that
architecture of liver got better in CCl4/MSCs (Figure 4C1).
Inflammation reduced and pseudolobules were resolved.
Collagen accumulation and fatty degeneration were significantly
lower in CCl4/MSCs compared with CCl4/saline (Figures
4C1, C2, D1, and D2). Quantification of MT staining
demonstrated more than 40% decrease of collagen in liver
of rats in CCl4/MSCs compared to that of rats in CCl4/
saline (Figure 4E). Meanwhile, the liver histology also got
improved in rats with MSCs treatment whether in DMN10/
MSCs or in DMN20/MSCs (Figures 5C1 and D1). The

Table 1 Effect of MSCs on levels of fibrosis index of rats induced with CCl4
Group

n

HA (g/L)

LN (g/L)

Hyp (g/g)

Paraffin/saline

10

167.5±25.8b

46.8±7.9b

650±130 b

10

883.5±109.6

224.2±56.2

22.8±5.9

132.7±42.9

2 500±330

CCl4/saline
CCl4/MSCs

8
9

783.5±89.6
454.1±98.8b

215.8±61.9
85.2±43.9b

21.6±5.5
9.8±6.3b

110.1±58.3
51.3±11.9b

2 100±430
1 150±510b

P<0.01 vs CCl4/saline. Not significantly different between values of CCl4/saline and CCl4×6 wk.

8.8±3.5b

ALT (U/L)

CCl4×6 wk

b

54.2±13.2b

TBIL (mg/L)
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Figure 4 Analysis of liver histopathology and immunohistochemistry in rats
induced with CCl 4. A: Paraffin/saline; B: CCl 4×6 wk; C: CCl 4/MSCs; D: CCl 4/
saline; 1: HE staining, original magnification ×100; 2: MT staining, original
magnification ×40; 3: immunohistochemistry for -SMA, DAB staining, original

magnification ×400; E: MT and -SMA staining was quantified using IBAS 2.5
software. Data represent the fold-increase in positive staining vs paraffin/saline.
Values are presented as mean±SD. bP<0.01 vs CCl 4/saline. Not significantly
different between values of CCl 4/saline and CCl 4×6 wk.

3436

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

A1

B1

C1

D1

E1

A2

B2

C2

D2

E2

June 14, 2005

Volume 11

Number 22

Zhao DC et al. Mesenchymal stem cells against liver fibrosis in rats

A3

B3

C3

D3

F
MT or SMA staining
(fold increase)

E3

3437

22
20
18
16
14
12
10
8
6
4
2
0

MT
SMA
a

a
aa

a

a

a
b
a
b

a

a

e
Cs
Cs
20 ine
10
li n
Sa DMN DMN /Sal 0/ MS 0/ MS
0
2
1
1
N
N
N
DM
DM DM

Figure 5 Analysis of liver histopathology and immunohistochemistry in rats
induced with DMN. A: DMN10; B: DMN20; C: DMN10/MSCs; D: DMN20/
MSCs; E: DMN10/saline; 1: HE staining, original magnification ×100; 2: MT
staining, original magnification ×100; 3: immunohistochemistry for -SMA, DAB

staining, original magnification ×400; F: MT and -SMA staining was quantified
using IBAS 2.5 software. Data represent the fold-increase in positive staining vs
saline. Values are presented as mean±SD. aP<0.05 vs DMN20/MSCs, bP<0.01
vs DMN10/saline respectively.

necrosis of hepatocyte was replaced by the regenerate. The
thickened septal fibrosis became thinner or disappeared.
Moreover, the degree of fibrosis was decreased in DMN10/
MSCs than that in DMN20/MSCs by quantification of
MT staining (Figure 5F). It implied that earlier the MSCs
were treated, greater was the effect of MSCs on the inhibition
of fibrosis.

We examined levels of HA and LN in serum and liver
Hyp contents, which are biochemical markers of liver
fibrosis. The result showed that the levels of markers
significantly decreased in rats with MSCs than that in rats
without MSCs in two models (Tables 1 and 2). And reduction
of levels of Hyp and HA and LN was more obvious in
DMN10/MSCs than that in DMN20/MSCs. These results

Table 2 Effect of MSCs on levels of fibrosis index of rats induced with DMN
Group
Saline
DMN10
DMN20
DMN10/saline
DMN10/MSCs
DMN20/MSCs
a

n
10
10
10
4
8
6

HA (g/L)
a

142.3±18.9
338.7±60.3a
583.5±59.6a
981.4±110.5
395.2±43.1a,b
517.8±82.6a

P<0.05 vs DMN20/MSCs, bP<0.01 vs DMN10/saline respectively.

LN (g/L)
a

44.5±16.4
82.3±23.5a
114.9±44.2a
214.2±56.5
83.1±43.1a,b
98.2±57.2a

TBIL (mg/L)
a

5.1±1.5
8.7±1.8a
10.8±3.5a
21.6±5.5
9.1±4.7a,b
11.1±6.2a

ALT (U/L)
a

32.7±6.8
85.3±12.5a
162.7±22.7a
212.1±51.4
67.7±32.9a,b
89.7±38.6a

Hyp (g/g)
450±110 a
760±210 a
1 250±450a
2 250±650
1 010±580 a,b
1 150±750a
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Figure 6 PCR signals of sry gene and -actin gene in liver of rats. sry, 104 bp;
-actin, 206 bp; M: 100-bp DNA maker; lane 1: CCl4/MSCs; lane 2: CCl4×6 wk;
lane 3: DMN10/saline; lane 4: DMN10/MSCs; lane 5: DMN20/MSCs; lane 6: a
male Fischer rat 344 as positive control; lane 7: a female Wistar rat as negative
control.

were consistent with the histology of liver.
We tested the level of ALT and TBIL in serum, which
are primary indexes of liver function. Levels of these two
indexes were closed to normal in CCl4/MSCs, but stayed
higher in CCl4/saline. We also found that levels were lower
in DMN10/MSCs and DMN20/MSCs than that in DMN/
saline, although there were few high levels of ALT and
TBIL in DMN20/MSCs.
MSCs administration resulted in decreased -SMA expression
Immunohistochemistry of liver sections for -SMA
expression showed intense staining patterns in CCl4/saline
and DMN/saline (Figures 4B3, 4D3, 5A3, 5B3, and 5E3).
However, the levels of -SMA staining in CCl4/MSCs,
DMN10/MSCs, and DMN20/MSCs were significantly
less (Figures 4C3, 5C3, and 5D3) compared to CCl4/saline
and DMN/saline. Quantification of levels of -SMA
staining of liver demonstrated more than 40-50% decrease
in rats after MSCs administration in two experimental
fibrosis models (Figure 5E). And there were higher levels
of -SMA staining in DMN20/MSCs than that in
DMN10/MSCs. This result was consistent with liver
histopathology in two models.
Expression of sry gene in livers of rats induced with CCl4 or
DMN
After 4 wk of MSCs treatment, the sry gene was positive

A

B

Figure 8 Morphology of hepatic stellate cells co-culture with or without
mesenchymal stem cells by transwell in vitro for 72 h. A: Hepatic stellate cells
co-culture with mesenchymal stem cells; B: hepatic stellate cells co-culture

Figure 7 Signals of SRY by FISH with Rat 12/Y whole chromosome probes.
Red color represent chromosome Y, green color represent chromosome 12,
blue color represent nuclear. Original magnification ×40.

by using PCR analysis in the liver of female recipient induced
with CCl4. And the similar result was seen in DMN10/
MSCs and DMN20/MSCs after 29-39 d of MSCs treatment
(Figure 6). These results suggested that BM-derived MSCs
were capable of liver engraftment of rats induced with
CCl4 or DMN (Figures 7-9).

DISCUSSION
In the current study, BM-derived MSCs were isolated and
expanded in adult rats and their multiple differentiation
potential was also confirmed in vitro. We evaluated the antifibrosis effects of infusion of BM-derived MSCs to rats
with CCl4- or DMN-induced. The results showed that MSCs
treatment could reduce mortality rates of rats and improve
the fibrosis index.
CCl4-induced liver fibrosis is a classical experimental
fibrosis model. Although this model could undergo
spontaneous resolution of fibrosis after stopping CCl4
challenging in some reports[22], we here did not find recovery
of liver fibrosis in CCl4/saline within 4 wk of withdrawal
of CCl 4. In contrast, collagen accumulation and fatty
degeneration were significantly lower in CCl 4/MSCs
compared with CCl4/saline. Further, we also confirmed
the anti-fibrosis effects of MSCs by DMN-induced liver
fibrosis model. DMN is a hepatotoxin, carcinogen and
mutagen, and can cause liver fibrosis. It provides a suitable

C

with hepatoceyte cells line; C: hepatic stellate cells only culture. Original
magnification ×10.
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Figure 9 Analysis of hepatic stellate cells by FACS. A: Hepatic stellate cells
co-culture with mesenchymal stem cells; B: hepatic stellate cells only culture.

rapid experimental fibrosis model as like in human liver
fibrosis[21,23]. We investigated two groups with MSCs infusion
in the different time of fibrosis development in this model.
One group DMN10/MSCs was treated with MSCs on the
10 th d after DMN administration, in which time it was in
early stage of liver fibrogenesis. The other group DMN20/
MSCs was infused to MSCs on the 20 th d after DMN
administration, in which time the fibrosis was forming. Our
work demonstrated that infusion of MSCs administration
can prolong the life time of rats and improve the liver
function and reduce hemorrhagic necrosis collagen
accumulation of liver in both groups. Moreover, fibrosis
index got more improvement in DMN10/MSCs than that
in DMN20/MSCs. These results suggest that infusion of
MSCs could not only inhibit the fibrosis formation but also
halt the progression of fibrosis in CCl4- or DMN-treated
rats.
We[15,24] and others[25] have showed that BM-derived
MSCs did not express MHC class II antigens, costimulatory
molecules CD80 and CD86. This phenotype is regarded as
nonimmunogenic and suggests that MSCs might be effective
in inducing tolerance. It was identified that allogeneic or
xenogeneic MSCs could persist into hosts after infusion[26].
We here employ BM-derived MSCs from Fischer 344 rats
to infuse Wistar rats with liver fibrosis and get a good result.
It implies that infusion of allogeneic MSCs is a great value
for liver fibrosis in clinical practice.
In the current study the male donor cells was confirmed
in the injured liver of female recipients by PCR for the sry
gene. However, the mechanism by which MSCs repair the
fibrosis is unclear. Fang et al[6], found that although albuminpositive donor-derived cells were present at lower frequency
in sections of CCl4-induced liver tissues, infusion of Flk1+
murine MSCs might ameliorate liver fibrosis. Ortiz et al[5],
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observed that MSCs administration reduced the degree of
bleomycin-induced inflammation and collagen deposition
within lung tissue, but male donor DNA accounted for
2.21×10 -5 % of total lung DNA in female recipient mice
with MSCs treatment. Kinnaird et al [27] , and Silva et al [28] ,
thought that MSCs could secrete a wide array of arteriogenic
cytokines and contribute to reducing fibrosis through paracrine
mechanisms. These results suggested that MSCs themselves
could not functionally rescue the recipients by substituting
the damaged cells directly[29] . Although one limitation of
the current study is that the quality or quantity of MSCs
engraftment in liver was not clear, the fact that MSCs have
anti-fibrosis effects in injured liver was clearly proved. We
suggest that MSCs may protect against CCl4- or DMNinduced injury by altering the microenvironment of liver at
sites of engraftment. In the present study, levels of SMA positive staining of liver sections have more than
50% decrease after MSCs administration in two models
(Figures 4E and 5F). This is an exciting event because the
expression of -SMA in liver is an indicator of hepatic
stellate cells (HSCs) activation, which is recognized as the
key players in liver fibrogenesis[1]. For example, MSCs could
secrete many cytokine and growth factors, such as hepatic
growth factor [30] , which shows anti-apoptotic activity in
hepatocytes and plays an essential part in the regeneration
of the liver[21] and nerve growth factor[9], which can induce
apoptosis of cultured HSCs [31]. And recently, we have
provided some evidences that in vitro coculture MSCs and
HSCs can increase the number of HSCs in G0 phase and
reduce the number of HSCs in S phase (unpublished). Thus,
MSCs may play a inhibition role in process of HSCs
transition from the quiescent state to activated state.
In summary, this data reveals that infusion of BM-derived
MSCs can protect against liver fibrosis and the mechanisms
of the anti-fibrosis by MSCs will be studied further.
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Abstract
AIM: This study was designed to examine the hypothesis
that gender differences in I/R injury are associated with
endothelial cell nitric oxide synthase (eNOS)-derived nitric
oxide (NO).
METHODS: Wistar rats were randomized into seven
experimental groups (12 animals per group). Except for
the sham operated groups, all rats were subjected to total
liver ischemia for 40 min followed by reperfusion. All
experimental groups received different treatments 45 min
before the laparotomy. For each group, half of the animals
(six) were used to investigate the survival; blood samples
and liver tissues were obtained in the remaining six animals
after 3 h of reperfusion to assess serum NO, alanine
aminotransferase (ALT) and TNF- levels, liver tissue
malondialdehyde (MDA) content, and severity of hepatic
I/R injury.
RESULTS: Basal serum NO levels in female sham
operated (FS) group were nearly 1.5-fold of male sham
operated (MS) group (66.7±11.0 mol/L vs 45.3±10.1
mol/L, P<0.01). Although serum NO levels decreased
significantly after hepatic I/R (P<0.01, vs sham operated
groups), they were still significantly higher in female rat
(F) group than in male rat (M) group (47.8±8.6 mol/L vs
23.8±4.7 mol/L, P<0.01). Serum ALT and TNF- levels,
and liver tissue MDA content were significantly lower in F
group than in M group (370.5±46.4 U/L, 0.99±0.11 g/L
and 0.57±0.10 mol/g vs 668.7±78.7 U/L, 1.71±0.18 g/L

and 0.86±0.11 mol/g, respectively, P<0.01). I/R induced
significant injury to the liver both in M and F groups (P<0.01
vs sham operated groups). But the degree of hepatocyte
injury was significantly milder in F group than in M group
(P<0.05 and P<0.01). The median survival time was six
days in F group and one day in M group. The overall survival
rate was significantly higher in F group than in M group
(P<0.05). When compared with male rats pretreated with
saline (M group), pretreatment of male rats with 17-estradiol (E2) (M+E2 group) significantly increased serum
NO levels and significantly decreased serum ALT and TNF-
levels, and liver tissue MDA content after I/R (P<0.01).
The degree of hepatocyte injury was significantly decreased
and the overall survival rate was significantly improved in
M+E2 group than in M group (P<0.01 and P<0.05). The
NOS inhibitor Nw-nitro-L-arginine methyl ester (L-NAME)
treatment could completely abolish the protective effects
of estrogen in both male and female rats.
CONCLUSION: The protective effects afforded to female
rats subjected to hepatic I/R are associated with eNOSderived NO.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatic ischemic reperfusion (I/R) injury is commonly seen
in the field of hepatic surgery, such as in the course of
hepatectomy, liver transplantation and resuscitation after
shock. The injurious effect of I/R presents with a spectrum
of clinical manifestations ranging from asymptomatic elevation
of liver enzymes to acute liver failure and death. Although liver
transplantation has become an accepted therapy for endstage liver disease because of improved techniques, I/R
injury resulting in primary liver graft dysfunction and failure
continues to pose significant clinical problems[1].
An increasing body of evidence indicates that gender
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differences exist in cardiovascular and immunologic
responses to various adverse circulatory conditions, including
vascular occlusive disease, hypertension, stroke, shock, and
atherosclerosis[2-4]. In addition, clinical studies have shown
that female patients survived better than males after liver
transplantation or hepatocellular carcinoma resection[5,6]. The
underlying mechanism of these gender differences remains
to be elucidated.
It has been suggested that the response of the hepatic
endothelium to I/R plays a key role in the development of
injury[7,8]. Estrogen has been postulated as a “survival factor”
for endothelial cells[9,10]. Both women and men have functional
 and  estrogen receptors expressed in endothelial cells[11,12].
Estrogen not only can rapidly induce the release of endothelial
cell nitric oxide synthase (eNOS)-derived nitric oxide (NO)
via a nongenomic manner[13-15], but also can transcriptionally
activate the expression of eNOS in endothelial cells via the
more classical genomic mechanisms[16,17]. Because we have
previously demonstrated that constitutive isoform of NO
synthase (cNOS, also known as eNOS)-derived NO plays
an important role in limiting hepatic I/R injury in a model
of full-size liver I/R[18,19], we hypothesized that the protective
mechanism observed in females subjected to hepatic I/R
may also depend on eNOS-derived NO.

MATERIALS AND METHODS
Animals
Normal male and female Wistar rats weighing 290-350 g
were purchased from the Center of Experimental Animal
in Tongji Medical College, Huazhong University of Science
and Technology. This project was approved by the Tongji
Medical College, and the procedures were carried out according
to the routine animal-care guidelines.
Reagents
Nw-nitro-L-arginine methyl ester (L-NAME) and 17--estradiol
(E2) were purchased from Sigma Chemical Co., St. Louis,
MO, USA.
Model of total hepatic I/R
A model of total hepatic I/R was used as described
previously[18,19]. Briefly, rats were anesthetized with ether
inhalation, and the midline laparotomy was performed to
expose the liver. The total hepatic ischemia was achieved
by occluding the hepatic arterial and portal venous blood
by using a microaneurysm clip. Rats were then given an ip
dose of heparin (200 U/kg) to prevent blood coagulation.
After 40 min of ischemia, reperfusion was initiated by
removal of the clip. Sham operated control rats were treated
in an identical fashion but without vascular clamping. The
abdominal cavity was closed, and the rats were allowed to
recover with free access to food and water. Rats were then
observed daily until d 7 postsurgery to assess survival or
were killed after 3 h of reperfusion, and blood samples and
liver tissues were obtained for analysis.
Blood and tissue analyses
Serum alanine aminotransferase (ALT) was measured by
using standard techniques with a serum analyzer (HITACHI
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7170A autoanalyzer, Japan). TNF- concentration was
determined with a commercial radioimmunoassay kit (East
Asia Immunotechnology Institute, Beijing, China). Serum
NO products nitrite/nitrate (NO2-/NO3-) were detected
using a colorimetric NO detection kit (Nanjing Jiancheng
Bioengineering Institute, Nanjing, China). The liver tissue
malondialdehyde (MDA) concentration was determined
using thiobarbituric acid test (assay kit was purchased from
Nanjing Jiancheng Bioengineering Institute, Nanjing, China).
Morphometric assessment of I/R injury
Excised liver specimens were fixed in 40 g/L formaldehyde
and embedded in paraffin. Hematoxylin-eosin-stained
sections (5 m) were evaluated at 200× magnification by a
point-counting method for severity of hepatic injury by using
an ordinal scale as follows[20]: grade 0, minimal or no evidence
of injury; grade 1, mild injury consisting of cytoplasmic
vacuolation and focal nuclear pyknosis; grade 2, moderate
to severe injury with extensive nuclear pyknosis, cytoplasmic
hypereosinophilia, loss of intercellular borders, and mild to
moderate neutrophil infiltration; and grade 3, severe injury
with disintegration of hepatic cords, hemorrhage, and severe
polymorphonuclear cell infiltration. An average of 100
adjacent points on a 1-mm2 grid was graded for each
specimen (n = 4).
Experimental design
Rats were randomized into seven experimental groups (12
per group). Apart from the sham operated groups, all rats
were subjected to I/R injury. Each group received different
treatments 45 min before the laparotomy. The seven groups
consisted of group 1, male sham operated rats, 2 mL saline
given intravenously (MS group); group 2, female sham operated
rats, 2 mL saline given intravenously (FS group); group 3,
male rats, 2 mL saline given intravenously (M group); group
4, female rats, 2 mL saline given intravenously (F group);
group 5, female rats, L-NAME (10 mg/kg) dissolved in
2 mL saline, given intravenously (F + L-NAME group);
group 6, male rats, E2 (4 000 g/kg) dissolved in 2 mL
saline, given intravenously (M+E2 group); and group 7, male
rats, E2 (4 000 g/kg)+L-NAME (10 mg/kg), dissolved in
saline, given intravenously (M+E2+L-NAME group). For
each group, half of the rats (six) were used to investigate the
survival, and blood samples and liver tissues were obtained
in the remaining six rats for analysis after 3 h of reperfusion.
Statistic analysis
All values are expressed as mean±SD. Statistical significance
between two groups of parametric data was evaluated by
using an unpaired Student’s t test. Survival was analyzed by
using the Kaplan-Meier method, and the difference in overall
survival rate was evaluated using the log rank test. Statistical
significance was accepted at P<0.05.

RESULTS
Differences in serum NO, ALT and TNF- levels, and liver tissue
MDA content
There were no significant differences between MS and FS
groups with respect to serum ALT (Figure 1) and TNF-

j
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MS

FS
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F

h
F+L-NAME M+E2 M+E2+L-NAME

Figure 1 Serum ALT levels (n = 6, mean±SD). There were no significant
differences between MS and FS groups with respect to serum ALT levels.
Serum ALT levels increased significantly after hepatic I/R in M or F group vs MS
or FS group (bP<0.01 or dP<0.01, respectively), but they were significantly
lower in F group vs M group rats ( f P<0.01). When compared with male rats
pretreated with saline (M group), pretreatment of male rats with E2 (M+E2 group)
significantly decreased serum ALT levels after hepatic I/R (hP<0.01). Pretreatment
with L-NAME in female rats or co-pretreatment with E2 and L-NAME in male rats
significantly increased serum ALT levels vs those in F or M+E2 group rats,
respectively, after hepatic I/R (jP<0.01 or lP<0.01).
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Figure 3 Liver tissue MDA content (n = 6, mean±SD). The differences of liver
tissue MDA content between MS and FS groups were not significant. Liver
tissue MDA content increased significantly after hepatic I/R in M or F group vs
MS or FS group (bP<0.01 or dP<0.01, respectively), but they were significantly
lower in F group vs M group rats ( f P<0.01). When compared with male rats
pretreated with saline (M group), pretreatment of male rats with E2 (M+E2 group)
significantly decreased liver tissue MDA content after hepatic I/R (hP<0.01).
Pretreatment with L-NAME in female rats or co-pretreatment with E2 and LNAME in male rats significantly increased liver tissue MDA content vs that in F
or M+E 2 group animals, respectively, after hepatic I/R ( jP<0.01 or lP<0.01).
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Figure 2 Serum TNF- levels (n = 6, mean±SD). No significant differences
existed between MS and FS groups with respect to serum TNF- levels.
Serum TNF- levels increased significantly after hepatic I/R in M or F group vs
MS or FS group (bP<0.01 or dP<0.01, respectively), but they were significantly
lower in F group vs M group rats ( f P<0.01). When compared with male rats
pretreated with saline (M group), pretreatment of male rats with E2 (M+E2 group)
significantly decreased serum TNF- levels after hepatic I/R ( hP<0.01).
Pretreatment with L-NAME in female rats or co-pretreatment with E2 and LNAME in male rats significantly increased serum TNF- levels vs those in F or
M+E2 group animals, respectively, after hepatic I/R (jP<0.01 or lP<0.01).

Figure 4 Serum NO2-/NO 3- levels (n = 6, mean±SD). Basal serum NO levels
were significantly higher in FS group than those in MS group (bP<0.01). Although
serum NO levels decreased significantly after hepatic I/R in M or F group vs MS
or FS group ( dP<0.01 or fP<0.01, respectively), they were still significantly
higher in F group than those in M group rats (hP<0.01). When compared with
male rats pretreated with saline (M group), pretreatment of male rats with E2
(M+E2 group) significantly increased serum NO levels after hepatic I/R (jP<0.01).
Pretreatment with L-NAME in female rats or co-pretreatment with E2 and LNAME in male rats significantly decreased serum NO levels vs those in F or
M+E2 group rats, respectively, after hepatic I/R (lP<0.01 or nP<0.01).

levels (Figure 2), and liver tissue MDA (Figure 3) content. But
serum NO levels were significantly higher in FS group than
those in MS group (66.7±11.0 mol/L vs 45.3±10.1 mol/L,
P<0.01, Figure 4). Serum ALT and TNF- levels, and liver
tissue MDA content increased significantly, whereas serum
NO levels decreased significantly after hepatic I/R both
in M and F groups (P<0.01 vs sham operated groups). As
compared with M group, serum NO levels were significantly
higher (47.8±8.6 mol/L vs 23.8±4.7 mol/L, P<0.01),
but serum ALT and TNF- levels, and liver tissue MDA
content were significantly lower in F group (370.5±46.4 U/L,
0.99±0.11 g/L and 0.57±0.10 mol/g vs. 668.7±78.7 U/L,
1.71±0.18 g/L and 0.86±0.11 mol/g, respectively, P<0.01).

group determined by a point-counting method with an ordinal
scale (P<0.05 and P<0.01).

Differences in degree of hepatocyte injury
No significant differences in degree of hepatocyte injury
between the MS and FS groups were noted (Table 1). Liver
architecture was well conserved and liver cells were morphologically normal with a typical plate appearance. I/R
induced significant injury to the liver both in M and F groups
(P<0.01 vs sham operated groups). But the degree of
hepatocyte injury was significantly milder in F group vs M

Differences in survival
A survival advantage was seen in F group vs M group. The
median survival time was six days in F group vs one day in
M group. The overall survival rate was significantly higher
in F group vs M group (P<0.05).
Worsening of hepatic I/R injury of female rats by NOS inhibitor
L-NAME
Significantly lower serum NO levels and significantly higher
serum ALT and TNF- levels, and liver tissue MDA content
were documented after I/R in female rats pretreated with
L-NAME (F+L-NAME group) compared with female rats
pretreated with saline (F group) (P<0.01, Figures 1-4). The
degree of hepatocyte injury was exacerbated (Table 1) and
the overall survival rate was significantly decreased after
hepatic I/R in F+L-NAME group rats compared with F
group rats (P<0.01 and P<0.05). The median survival time
decreased from six days in F group to one day in F+LNAME group.
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Table 1 Degree of hepatocyte injury (determined by a point-counting method with an ordinal scale) (n = 4, mean±SD)
Grade 0 (%)
MS
FS

99.4±0.1
99.4±0.2

Grade 1 (%)

Grade 2 (%)

0.6±0.1
0.6±0.2

Grade 3 (%)

0
0

0
0
14.4±7.2b

M

0.2±0.1b

8.6±1.7b

76.9±2.4b

F

2.7±1.0d,f

37.2±3.7d,f

52.2±3.2d,f

7.9±1.4d,a

F+L-NAME
M+E2

1.0±0.3c
4.0±1.2f

16.0±4.6h
57.7±3.9f

75.1±4.1h
32.9±5.3f

8.0±1.0
5.5±0.5f

M+E2+L-NAME

1.6±0.6e

28.5±1.9j

62.3±3.1j
b

7.6±1.3e
d

a

There were no significant differences between MS and FS groups with respect to degree of hepatocyte injury. P<0.01 vs MS group. P<0.01 vs FS group. P<0.05 vs M group,
f
P<0.01 vs M group. cP<0.05 vs F group, hP<0.01 vs F group. eP<0.05 vs M+E2 group, jP<0.01 vs M+E2 group.

Suppression of the protective effects of 17- -estradiol (E2)
on hepatic I/R injury by L-NAME in male rats
When compared with male rats pretreated with saline (M
group), pretreatment of male rats with E2 (M+E2 group)
significantly increased serum NO levels and significantly
decreased serum ALT and TNF- levels, and liver tissue
MDA content after I/R (P<0.01, Figures 1-4). The degree
of hepatocyte injury was significantly decreased (Table 1)
and the overall survival rate was significantly improved in
M+E2 group vs M group (P<0.01 and P<0.05). The median
survival time increased from one day in M group to less
than seven days in M+E2 group. Significantly lower serum
NO levels and significantly higher serum ALT and TNF-
levels, and liver tissue MDA content were shown after
hepatic I/R in male rats pretreated with E2 and L-NAME
(M+E2+L-NAME group) compared with male rats given
E2 alone (M+E2 group) (P<0.01, Figures 1-4). The protection
of E2 on I/R injury of the liver was completely reverted by
the co-administration of L-NAME in male rats. The degree
of hepatocyte injury was exacerbated (Table 1) and the
overall survival rate was significantly decreased after hepatic
I/R in M+E2+L-NAME group vs M+E2 group rats (P<0.01
and P<0.05). The median survival time decreased from
less than seven days in M+E2 group to 1.5 d in M+E2 + LNAME group.

DISCUSSION
In the present study we found that female rats were
protected to a much greater extent from the injurious effects
of hepatic I/R than were male rats, and E2 pretreatment
could induce protection to male rats on hepatic I/R injury.
We also found that the NOS inhibitor L-NAME could
abolish these gender differences and revert protection
induced by estrogen pretreatment on male rats. As we have
previously proved that hepatic I/R does not induce the
expression of inducible NOS (iNOS) in our model[19], the
results of the current study clearly demonstrated that the
protective effect afforded by estrogen was associated with
eNOS-derived NO.
Estrogen may increase NO production from eNOS by
genomic and/or nongenomic responses[13-17]. It was confirmed
that estrogen might up-regulate eNOS gene expression to
increase NO production in vascular endothelial cells as well
as sinusoidal endothelial cells from liver[16,21]. Additionally,
engagement of estrogen receptor- for estrogen can mediate
Ca2+ uptake and “activate” existing eNOS. It was demonstrated
that this rapid nongenomic production of eNOS-derived

NO involved a rapid, PI3-kinase-dependent activation of
Akt and consequent serine phosphorylation of eNOS[14,22].
Consistent with these observations, we found that basal
serum NO levels in female sham operated rats were nearly
1.5-fold of those in males. Although serum NO levels
decreased significantly after hepatic I/R (P<0.01, vs sham
operated groups), which was due to endothelial cell injury
or dysfunction in our full size hepatic I/R model, they were
still significantly higher in F group than those in M group
rats (P<0.01). The precise mechanisms by which eNOSderived NO protects female rats from the injurious effects
of I/R remain to be identified. One possible mechanism
may involve the antioxidant properties of eNOS-derived
NO[23] . NO is known to inhibit reactive oxygen species
(ROS)-mediated reactions and it has been suggested that
the protective effects in a variety of conditions are due to
the ability of NO to detoxify ROS such as O2-, OH·, and/or
ferryl hemoprotein[24]. This might be one of the main causes
why liver tissue MDA content was significantly lower in F
group than that in M group. Another mechanism by which
eNOS-derived NO may exert protection in our model of
I/R is vasodilation and enhanced perfusion of the
postischemic tissue[14,25]. We have previously demonstrated
that eNOS-derived NO may counteract the physiological
effect of endothelin-1 (ET-1), a potent and long-lasting
vasoconstrictive peptide[18,19]. Other mechanisms by which
eNOS-derived NO may protect the liver from hepatic I/
R-induced injury may be related to its inhibition of platelet
aggregation and adhesion as well as attenuation of endotheliumleukocyte interactions, all of which may be beneficial to
reduce hepatic I/R injury[26] . TNF- has been shown to
play a critical role in inflammatory responses during hepatic
I/R [27] . We found in this study that serum TNF- levels
were significantly lower in F group than those in M group.
It was postulated that the anti-inflammatory properties of
estrogen might be due to its blockade of translocation of
the transcription factor nuclear factor B[28] and this might
be via endogenous signal molecule NO or other signal
molecules. It was also found that eNOS-derived NO may
protect animals after hepatic I/R by protecting the liver
from the injurious effects of TNF-[29] .
We also studied the protective effect of estrogen on I/R
injury of the liver in male rats. In previous studies,
administration of 4 000 g/kg E2 was found to increase
plasma E2 in mice comparable to levels seen in female mice
in the proestrus state[30]. We found that male rats pretreated
with 4 000 g/kg E2 were protected from the injurious
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effects of hepatic I/R to an extent not less than that of
female rats. The role of eNOS-derived NO as a crucial
component for the protective effects afforded by estrogen
was confirmed in studies using L-NAME-treated female
and male rats. Since some of the protective effects of estrogen
are NO-independent[31], it was puzzling that L-NAME
treatment could completely abolish the protective effects
of estrogen in both male and female rats in this study. We
postulated that L-NAME treatment would aggravate
endothelial cell injury or dysfunction in our full size hepatic
I/R model, which might conceal the NO-independent
protective effects of estrogen.
In conclusion, the results of this study demonstrate that
the protective effects afforded to female rats subjected to
hepatic I/R are associated with eNOS-derived NO. These
results may have important implications for the design of novel
strategies against ischemic reperfusion injury in the future.
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Abstract
AIM: To evaluate the possible value of FasL in gastric
cancer gene therapy by investigating the effects of FasL
expression on human gastric cancer cell line.
METHODS: An adenoviral vector encoding the full-length
human FasL cDNA was constructed and used to infect a
human gastric cancer (SGC-7901) cell line. FasL expression
was confirmed by X-gal staining, flow cytometric analysis
and RT-PCR. The effect of FasL on cell proliferation was
determined by clonogenic assay, cytotoxicity was detected
by MTT assay, and cell viability was measured by trypan
blue exclusion. The therapeutic efficiency of Ad-FasL in
vivo was investigated with a xenograft tumor model in
nude mice.
RESULTS: SGC-7901 cells infected with Ad-FasL showed
increased expression of FasL, resulting in significantly
decreased cell growth and colony-forming activity when
compared with control adenovirus-infected cells. The
cytotoxicity of anti-Fas antibody (CH-11) in gastric cancer
cells was stronger than that of ActD (91±8 vs 60±5, P<0.01),
and the cytotoxicity of Ad-FasL was stronger than that of
CH-11 (60±5 vs 50±2, P<0.05). In addition, G 1-phase
arrest (67.75±0.39 vs 58.03±2.16, P<0.05) and apoptosis
were observed in Ad-FasL-infected SGC-7901 cells, and
the growth of SGC-7901 xenografts in nude mice was
retarded after intra-tumoral injection with Ad-FasL (54%
vs 0%, P<0.0001).
CONCLUSION: Infection of human gastric carcinoma cells
with Ad-FasL induces apoptosis, indicating that this target
gene might be of potential value in gene therapy for gastric
cancer.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Gastric cancer is one of the most common digestive tract
cancers in China. Although an increasing number of gastric
cancer patients have benefited from the development of
modern tumor therapies, the prognosis of this disease is
still relatively poor. Gastric cancer often resists various
treatments, including immunotherapy, wherein deficient
tumor-specific T-cell responses result in poor immune
response.
In this context, apoptosis mediated by the Fas/FasL
system is of great interest to researchers, as cytotoxic Tlymphocytes (CTLs) utilize the perforin/granzyme and Fas/
FasL systems to kill cancer cells. Fas is a member of the
tumor necrosis factor/nerve growth factor receptor family,
whereas the Fas ligand (FasL) is a member of the tumor
necrosis factor/nerve growth factor family[1-7]. The FasL is
primarily expressed in active CTLs, and induces apoptosis
of Fas-expressing tumor cells [2,6]. Since the Fas/FasL
apoptosis pathway is a key mechanism for clearing tumor
cells, researchers are currently seeking methods for triggering
FasL expression in tumor cells via gene therapy, thus
‘marking’ them for Fas/FasL-mediated apoptosis [5,8].
Accordingly, we used adenoviral gene transfer to trigger
high-level FasL expression in SGC-7901 (human gastric
cancer) cells to investigate the possible use of FasL in gastric
cancer gene therapy.
MATERIALS AND METHODS
Cell line
The human gastric cancer cell line SGC-7901 was obtained
from the Shanghai Institute of Cell Biology at the Chinese
Academy of Sciences (Shanghai, China). Cells were cultured
in Medium 199 (Gibco) supplemented with 10% fetal bovine
serum.
Recombinant retroviral vector construction
The recombinant FasL retroviral vector was constructed in
our laboratory. The FasL gene expression cassette includes
the CMV promoter, a full-length FasL cDNA (Jingmei
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Company, Shenzheng, China) and the SV40 polyA signal
sequences. This cassette was inserted into the E1 region of
an adenoviral genome lacking the viral E1 and E3 sequences.
Briefly, the FasL cDNA was inserted into the pAdCMV
shuttle plasmid (kindly provided by Dr. Daru Lu) and cotransfected with pJM17 (Microbix Biosystems Inc., Canada)
into human embryonic 293 cells (provided by Dr. Lu) using
the Lipofectin reagent (Gibco). The FasL expression cassette
was then transferred into the adenovirus genome by
homologous recombination. The control virus Ad-LacZ was
constructed in the same manner. Virus proliferation,
purification and titering were performed as described by
He et al [9].
Adenovirus transduction efficiency
Gastric carcinoma cells were infected with Ad-LacZ at
various multiplicities of infection (MOIs). After 48 h, cells
were fixed in 40 g/L formaldehyde for 6-8 h and then
treated with X-gal solution (1 mg/mL X-gal in a solution of
0.1 mol/L PBS, 1.3 mmol/L MgCl2, 3 mmol/L K3Fe(CN)6)
for 2 h or overnight in a 37 ℃ incubator. The percentage
of blue cells was then determined.
FasL gene transfection
Cells were passaged at a density of 10 5/well. For viral
infection, cells were incubated with virus suspensions (at
various MOI s) and 8 g/mL polybrene (Sigma) for 2-3 h
at 37 ℃, washed twice with fresh medium, and further
incubated for 48 h. Then cells were passaged and incubated
in medium containing 1 mg/mL G418 (Gibco) for selection
of transfectants. The medium was changed every 3-4 d
until anti-G418 cells appeared.
Detection of exogenous FasL expression
Cells were harvested, washed with PBS, and treated with
FITC-conjugated FasL antibody (Jackson ImmunoResearch
Lab) or control serum for 0.5-1 h at 4 ℃. Cells were once
again washed with PBS, and FasL protein expression was
confirmed by FCM analysis (Becton Dickinson, San Jose,
CA). For FasL gene expression, RT-PCR was performed
with the kit according to the manufacturer’s instructions
(Shanghai Shanggong Company, Shanghai, China). The
primers were: forward 5’-CTGAATTCTGACTCACCAGCTGCCATGC-3’, reverse 5’-TACTCGAGCTATTAGAGCTTATATAAGCCG-3’.
Clonogenic assay
SGC-7901 cells were infected with Ad-FasL or Ad-LacZ
(100 MOI). After 24 h, the cells were seeded in 6-well plates
at 500 cells/well. After being incubated for 2-3 wk, cells
were stained with 0.1% crystal violet and counted under a
microscope. Colonies of more than 50 cells were counted
for all clonogenic assays.
Cell cycle and apoptosis assays
Cells infected with Ad-FasL or Ad-LacZ (more than 10 6
cells) in either suspension or adhesion were harvested
and fixed in 70% ethanol for 3 h. Cells were then treated
with 50 g/mL RNase for 1 h at 37 ℃, and stained with
100 g/mL PI for 20-30 min prior to FCM analysis.
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MTT assay
SGC-7901 cells were treated with 100 ng/mL anti-Fas
antibody (CH-11; PharMingen), 50 ng/mL actinomycin D
(ActD; Sigma), and infected with Ad-FasL (100 MOI) or
treated with anti-Fas antibody combined with Ad-FasL
infection. Cytotoxicity was determined by MTT assay. About
103-4 cells/well were plated in 96-well plates and incubated
overnight in 100 L of culture medium. After 2-3 d, 20 L
of MTT solution (5 mg/mL) was added to each culture
well. After incubating for 4 h at 37 ℃, the MTT was
removed and 200 L of dimethyl sulfoxide (Sigma) was
added and mixtures were shaken, the crystals were fully
dissolved (about 10 min). The A value of each well was
detected using a microculture plate reader (Huandong
Cesium Electron Tube Company) with a test wavelength
of 490 nm. Cell survival rate (SR) was expressed as the
following equation: SR=(A in experimental group/A in
control group)×100%. Results were expressed as mean±SD;
the Student’s t-test was used for statistical analysis.
Cell proliferation assay
SGC-7901 cells (2.5-3.0×103 cells/well) were plated in 24well plates (3 wells for each test) and infected with various
MOIs of Ad-LacZ or Ad-FasL for 24 h. Cells were harvested
every 2 d, and the living cell rate (LR) was measured by
trypan blue exclusion assay. LR was expressed as the
following equation:
LR=number of living cells/(number of living cells+
number of dead cells)×100%. Results were expressed as
mean±SD; ANOVA was used for statistical analysis with
SPSS 10.0 software. P<0.05 was considered statistically
significant.
Animal model
BALB/c nude mice (The Shanghai Institute of Cancer
Research) were subcutaneously injected with SGC-7901 cells
at 1-5×10 7 cells/mouse. When tumors grew to 0.5 cm in
diameter, the mice were randomly divided into treated and
control groups (n = 5). Tumor volumes were calculated by
[(1/2)×(longest diameter)×(shortest diameter)] as described
previously. Tumors were measured every 5 d for 6 wk. Growth
curves were drawn and the percentage of tumor inhibition
was calculated (treated group/control group×100%).

RESULTS
FasL gene transfection
Anti-G418 colonies were obtained after screening for 2 wk.
The selected clone containing the FasL gene was named as
SGC-7901-FasL, and the control clone containing the blank
vector was designated as SGC-7901-vect. There was no
morphologic difference between cultures of these two cells.
Determination of FasL protein expression
FCM analysis revealed that SGC-7901-FasL cells expressed
FasL on their surface, whereas SGC-7901-vect did not
(Figure 1).
Determination of FasL mRNA expression
Total RNA was extracted from the test and control cells,
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and FasL-specific primers were used for amplification by
RT-PCR. The expected 231-bp fragment was amplified
from SGC-7901-FasL cells, but not from SCG-7901-vect
cells (Figure 2).
A
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decreased colony formation.
Cell cycle and apoptosis in Ad-FasL-infected gastric cancer
cells
As shown in Table 1, Ad-FasL-infected cultures showed
fewer cells in S or G2M phase, and more cells in G1 phase,
indicating that FasL could inhibit amplification of gastric
tumor cells. A sub-G 1 peak (apoptosis peak; Table 1)
appeared 4 d after infection of Ad-FasL, indicating that the
FasL gene not only induced G1 phase arrest, but also induced
apoptosis of SGC-7901 cells.

Table 1 Influence of FasL expression on cell cycle (FCM analysis)
(mean±SD)
0.1

1

B

10
Fluorescence intensity

102

Cell lines

1

10
Fluorescence intensity

102

Figure 1 FasL expression on the surface of adenovirus infected SGC-7901
cells. A: Ad-LacZ (titer 4.0×105 CFU/mL); B: Ad-FasL (titer 2.8×105 CFU/mL).

S (%)

G2M (%)

SGC-7901

58.03±2.16

29.72±1.36

9.16±0.92

SGC-7901-vect

61.12±2.24

30.95±1.22

11.02±0.18

SGC-7901-FasL

67.75±0.39 a

26.56±0.59c

5.69±1.12e

a

0.1

G1/G0 (%)

P<0.05, cP<0.05, eP<0.05, SGC-7901-FasL vs SGC-7901 or SGC-7901-vect.

Cytotoxicity of FasL to SGC-7901 cells
To further evaluate the possibility of gastric cancer gene
therapy with Ad-FasL, SGC-7901 cells were infected with
Ad-FasL or treated with anti-Fas antibody, and the resulting
cytotoxicity was compared with that of ActD, a RNA
synthesis inhibitor known as cytotoxin. The cytotoxicity of
the anti-Fas antibody (CH-11) to gastric cancer cells was
stronger than that of ActD, and the cytotoxicity of AdFasL was stronger than that of CH-11 (Table 2).

Table 2 Relative in vitro cytotoxicities of various treatments
(mean±SD)
Cell line
SGC-7901

Treatment group
ActD

Ad-LacZ

CH-11

Ad-FasL

91±8

68±2

60±5a

50±2b

a

A

B

C

Figure 2 FasL expression as examined by RT-PCR. A: SGC-7901-Fas-L (the
FasL amplicon has a size of 231 bp); B: SGC-7901-vect (negative control); C:
DNA marker.

Inhibition of SGC-7901 cell growth by exogenous FasL
Two days after infection, SGC-7901-FasL cells were smaller
and became more round in shape. Over the next 4 d, the
plasma membranes of these cells blebbed, the cytoplasm
and nuclei condensed, and the cells ultimately lysed into
membrane-bound apoptotic bodies. Cytotoxicity was
determined by MTT 4 d after infection. Ad-FasL cultures
showed 84% fewer viable cells than Ad-LacZ infected
cultures, suggesting that Ad-FasL was cytotoxic to gastric
cancer cells. Clonogenic assay showed that SGC-7901 cells
infected with Ad-FasL (100 MOI) did not form colonies,
whereas Ad-LacZ cultures formed numerous colonies,
demonstrating that expression of FasL significantly

P<0.05 vs CH-11 or (compared with CH-11 or anti-Fas antibody+ActD), bP<0.01
vs ActD (compared with ActD).

Inhibition of Ad-FasL on tumor growth in animal model
Nude mice were subcutaneously injected with SGC-7901
cells, then intratumoral injections of Ad-FasL were
administered. The growth of tumor infected with Ad-FasL
was inhibited by 54%, suggesting that Ad-FasL was a viable
gene therapy candidate (Figure 3).

DISCUSSION
Although a growing number of tumor patients have benefited
from modern oncotherapeutic methods, there is still a need
to improve therapies for malignant tumors. Gene therapy
is expected to join surgical, radiological and chemotherapeutic
strategies in future methods of integrated oncotherapy. Preclinical studies have confirmed that adenovirus-mediated
high level expression of carcinoma-inhibiting genes (such as
p53) can inhibit tumor growth, induce apoptosis and increase
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Figure 3 Treatment of SGC-7901 tumor-bearing mice with SGC-7901+FasL
cells. A: Mice were injected with SGC-7901 cells (5×105), followed by treatment
with FasL (n = 8); B: mice were injected with SGC-7901 cells (5×105); C: mice

were injected with SGC-7901 cells (5×10 5), followed by treatment with PBS
(n = 8). Tumor incidence is presented at each time point in Figure. P<0.0001.

tumor tissue sensitivity to radio- and chemotherapy[10-14].
Recent clinical studies in China and abroad have indicated
that adenoviral gene therapy is safe and applicable[12-15]. Here,
we used this vector to express FasL in cultured human
gastric cancer cells. The FasL gene expression cassette
includes the CMV promoter, a full-length FasL cDNA, and
SV40 polyA signal sequences. A transduction efficiency test
using a similarly constructed Ad-LacZ vector illustrated that
the adenoviral construct possessed high transduction
efficiency. FCM and RT-PCR were used to detect highlevel FasL expression in target cells, confirming that the
adenovirus vector effectively transfers the FasL gene into
tumor cells.
Previous studies[16,17] indicated that binding between FasL
and Fas induces receptor trimerization, and apoptosis of
Fas-expressing cells. Current theory holds that the signaling
responsible for this apoptosis occurs in one of the following
three ways: between T cells and target cells, among target
cells; or between T cells[18-23]. Fas expression is markedly
higher in gastric cancer cells than in normal gastric mucosal
cells, implying that Fas participates in the genesis of gastric
carcinoma. Fas activation can induce gastric carcinoma cell
apoptosis, indicating that the Fas/FasL system might be a
good target for gene therapy. In this study, we attempted to
induce direct apoptosis of target cells (cis-type apoptosis)
by transfecting a highly efficient Ad-FasL expression vector
into gastric carcinoma cells (SGC-7901). Expression of FasL
inhibited the apoptosis of SGC-7901 cells up to 84%, and
significantly inhibited the ability of SGC-7901 cells to form
colonies. These results have not been reported in China.
FasL is thought to engage with Fas by inducing receptor
trimerization, which then transfers signals to the Fas
intracellular death domains (DD). Then, the Fas-associated
death domain dimerizes with the DD to transfer an
apoptotic signal to Caspase-8, instigating a caspase cascade
leading to cell apoptosis[24-26]. In our study, FCM analysis
showed that SGC-7901 cells infected with Ad-FasL quickly
arrested in the G1 phase, which was subsequently followed
by tumor cell apoptosis. Taken together, these in vitro results
suggest that FasL gene transfer is capable of inducing
gastric tumor cell apoptosis and that it may be a viable
candidate for tumor gene therapy.
In our study, an in vitro cytotoxicity assay showed that
Ad-FasL could significantly inhibit the growth of gastric

cancer cells. The inhibition was much stronger than the
cytotoxicity conferred by CH-11 treatment, indicating that
the Fas/FasL system plays an important role in gastric cancer
cell apoptosis[27-29]. In contrast, a SGC-7901 tumor model
in nude mice showed only 54% inhibition of tumor growth
in response to Ad-FasL infection. This difference between
the in vivo and in vitro response rates might be caused by
poor distribution of the recombinant adenovirus in the solid
tumor, resulting in lack of target gene transfer to all the
tumor cells. Thus, future Fas/FasL gene therapy experiments
in vivo should focus on stabilizing vectors, increasing
transfection efficiency, repeating administration and
combining interventional therapy and gene therapy, thereby
improving the therapeutic efficacy.
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48 h revealed a “ladder” pattern, indicating preferential
DNA degradation at the internucleosomal, linker DNA
sections. TUNEL also demonstrated strand breaks in DNA
of MKN45 cells treated with As2O3 , while control cells
showed negative labeling.
CONCLUSION: As2 O3 can induce apoptosis of human
gastric carcinoma cells MKN45, which is the basis of its
effectiveness. It shows great potential in the treatment
of gastric carcinoma.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Abstract
AIM: To investigate the effect of arsenic trioxide on human
gastric cancer cell line MKN45 with respect to both
cytotoxicity and induction of apoptosis in vitro.
METHODS: MKN45 cells were treated with arsenic trioxide
(As2 O3 ) at the concentration of 1, 5, and 10 µmol/L,
respectively, for three successive days. Cell growth and
proliferation were observed by cell counting and trypan
blue exclusion. Cytotoxicity of As2O3 was determined by
MTT assay. Morphologic changes were studied with light
microscopy. Flow cytometry was used to assay cell DNA
distribution and apoptotic cells were confirmed with
terminal deoxynucleotidyl transferase-mediated dUTP nickend labeling (TUNEL) and DNA electrophoresis.
RESULTS: The growth of MKN45 cells was significantly
inhibited by As2O3 which was confirmed by colony-forming
assay. After 7 d of culture with various concentrations of
As2O3, colony-forming capacity of MKN45 cells decreased
with As2 O3 increment in comparison with that of control
group. The inhibitory rate of colony-formation was 38.5%,
99.1%, and 99.5% when the concentration of As2O3 was
1, 5, and 10 mol/L in culture medium, respectively. The
cell number of a single colony in drug treatment groups
was less than that of control group. The cell-killing rate
of As 2 O3 to MKN45 cells was both dose- and timedependent with an IC50 of (11.05±0.25) µmol/L. After
incubation in 10 mol/L As2 O3 for 24 h, the cell-killing
rate was 27.1%, and it was close to 50% after 48 h. The
results showed that As 2 O 3 induced time- and dosedependent apoptosis in MKN45 cells, blocked at G 2 /M
phase. The apoptotic peak (sub-G1 phase) appeared and
cell apoptotic rate in MKN45 cells was 18.3-32.5% after
treatment by 10 mol/L As2O3 for 48 h. The percentage
of G2/M cell of the experimental groups was 2.0-5.0 times
than that of the control group. Gel electrophoresis of DNA
from cells treated with each concentration of As2O3 for

Key words: Arsenic trioxide; Gastric carcinoma; Cell cycle;
Apoptosis
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INTRODUCTION
Arsenic trioxide (As2O3) is a major ingredient of traditional
Chinese medicine (TCM). It is derived from Pi’shi by
sublimation. In the practice of TCM, it is used externally to
cure hemorrhoids, acute ulcerative gingivitis, and asthma,
etc. Its anti-tumor activity was discovered by a group of
Chinese doctors in 1970s[1-6]. Since then, the effect of As2O3
in treating cancers has been extensively studied. The first
use of As2O3 in cancer therapy was to treat acute promyelocytic
leukemia (APL). Both the results of in vitro and clinical trials
showed that As2O3 was effective in inhibiting the growth of
APL. Because of the significant anti-cancer effect of As2O3,
studies were carried out on its potential use in cancer
treatment of non-APL such as myeloid leukemia, hepatocellular
carcinoma, neuroblastoma, esophageal carcinoma as well
as head and neck cancers. Reports showed that As2O3 was
also effective in inhibiting the growth of these cancers[7-11,13].
Gastric cancer is one of the most common malignant
tumors in China. Evidences have demonstrated that gastric
cancer is a disease caused not only by excessive cellular
proliferation and poor differentiation, but also by decrease
in apoptosis of gastric cells[12,14-19]. Though the disease in its
early stage can be treated by surgical resection, in advanced
stage its response to conventional chemotherapy or
radiotherapy is usually not satisfactory. Moreover, surgical
resection and radiotherapy are carried out provided that

3452

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

the cancer is restricted to a particular region. However,
cancer may metastasize to other regions at the later stage
of cancer development. For chemotherapy, side effects like
toxic hepatitis and heart damage may result. Moreover,
prolonged treatment with anticancer drugs may give rise to
multidrug-resistant cancer cells, which in turn, poses great
obstacle in cancer therapy. Therefore, discovery of new
drugs for the treatment of gastric cancer is urgent. Apoptosis
is an important mode of cell death that occurs in response
to a variety of agents including ionizing radiation or
anticancer chemotherapeutic drugs[20-24].
In the present study, the effects of As2O3 on human
gastric cancer cell line, MKN45, was investigated by in vitro
study.

MATERIALS AND METHODS
Cell culture and drug treatment
Poorly differentiated human gastric adenocarcinoma cell
line, MKN45, was grown in RPMI 1640 (Gibco BRL, Life
Technologies, Inc., Rockville, MD, USA) supplemented with
2 mol/L L-glutamine, 10% heat-inactivated fetal bovine
serum (FBS, Gibco BRL, Life Technologies, Inc.) and 5%
mixture of 100 U/mL penicillin, 100 µg/mL streptomycin,
0.25 µg/mL amphotericin B (Antibiotic-Antimycotic, Gibco
BRL, Life Technologies, Inc.). After being subcultured for
24 h, exponentially growing cell suspensions were distributed
into 25-cm2 cell culture flasks at a density of 5×10 000
cells/mL (5 mL medium). Cells were passaged twice weekly,
routinely examined for mycoplasma contamination,
maintained in 37 ℃ incubator in a humidified atmosphere
consisting of 50 mL/L CO2 in air.
As 2O 3 (Sigma Chemical, St. Louis, MO, USA) was
dissolved in PBS at 1 mol/L as a stock solution, stored at
4 ℃. For in vitro use, the stock solution was diluted to the
appropriate concentration in growth medium without FBS.
Exponentially growing cells were treated with As2O3 at a
final concentration of 1, 5,10 mol/L respectively. Control
cultures were treated with distilled PBS at a final concentration
of 0.1% in culture medium. All experiments were performed
in triplicate.
Cell growth and proliferation assay
The proliferation of MKN45 cells during the period of
experiments was monitored by counting cell number, IC50
and mitotic indices. Cell suspension was mixed with equal
volume of 0.08% trypan blue solution (Sigma Chemical
Co., Ltd, St. Louis, MO, USA). The mixture was then
transferred to the hemacytometer. Only viable cells (unstained
cells) were counted.
Inhibition rate of cell growth (%) = [viable control cellsviable treated cells]/viable control cells×100%.
To avoid possible influence of cell density on cell growth
and survival, cells were maintained at less than 1×105/mL
with daily adjustment by addition of fresh culture medium
containing the corresponding concentration of As2O3.
Colony-forming assays
To assess effects of As2O3 on MKN45 cell lines, exponentially
growing cells at a density of 5×10 000 cells/mL (5 mL
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medium) were mixed with RPMI 1640 supplemented with
2 mol/L L-glutamine, 20% heat-inactivated fetal bovine
serum and 5% mixture of 100 U/mL penicillin, 100 µg/mL
streptomycin, 0.25 µg/mL amphotericin B. One microliter
of liquid culture was plated in a 35-mm plastic culture plate
in the presence of various concentrations of As2O3, and
maintained in 37 ℃ incubator in a humidified atmosphere
containing 50 mL/L CO2 in air. After 7 d, more than 40
colony formation in methylcellulose was assessed by inverted
phase-contrast microscopy. All experiments were performed
in triplicate.
MTT cytotoxicity assay
In vitro growth inhibition effect of As2O3 on MKN45 cells
was determined by measuring MTT (3-[4,5-dimethylthiazol2-yl]-2,5-diphenyltetrazolium bromide) dye absorbance of
living cells. Briefly, cells (1×105 cells per well) were seeded
in 96-well microtiter plates (Nunc, Roskilde, Denmark).
After exposure to various As2O3 for 48 and 72 h respectively,
100 L (1 g/L) MTT (Sigma) solution was added to each
well and the plates were incubated for an additional 4 h at
37 ℃. MTT solution in medium was aspirated. To achieve
solubilization of the formazan crystal formed in viable cells,
100 L DMSO was added to each well before absorbance
at 570 nm was measured. Each concentration treatment
was done in triplicate wells. The cytotoxicity rates were
measured by the formula:
the cytotoxicity rate=[1-A570 test/A570 control]×100%.
Morphologic assessment of apoptosis by light microscopy
and DAPI staining
Following exposure to As2O3, cells were obtained, washed
with PBS, cytospun onto slides, and stained with WrightGiemsa for morphologic assessment of apoptosis by light
microscopy. Evidence of apoptosis was indicated by the
presence of cell shrinkage, membrane blebbing, fragmentation
of nuclei, and formation of apoptotic bodies. Apoptosis
was also detected by DAPI (Sigma) as previously described,
and the percentages of cells in interphase, mitosis, and
apoptosis were quantified.
Cell cycle analysis
Cell cycle and apoptotic cells were detected by flow
cytometry which was performed as described previously.
After drug treatment, about 1×106 cells at each time point
were collected by trypsin digestion and centrifugation, then
fixed in 70% ethanol/PBS for at least 12 h at 4 ℃. After
100 L (1 g/L) RNase treatment, cells were stained with
50 mg/L propidium iodide. Cells were examined by flow
cytometry using an FACScan (FACS-420, USA). Also, in
cell cycle analysis, cells were considered to be in apoptosis
if they exhibited sub-G1 DNA fluorescence and a forward
angle light scatter, the same as or slightly lower than that of
cells in G1. The results were analyzed with Lysis II software
(FACS-420, USA).
DNA gel electrophoresis
A total of 106 cells with or without As2O3 treatment were
gently scraped from the dishes and washed twice in cold
PBS. The pellets were collected by centrifugation and
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resuspended in 1 mL of buffer containing 150 mol/L NaCl,
10 mol/L Tris-HCl pH 8.0, 20 mol/L EDTA pH 8.0, and
0.5% SDS. After thorough mixing, 20 L of proteinase K
(10 mg/mL) was added and incubated at 50 ℃ for 2 h and
cooled to 0 ℃, 2 mL of ethanol (at -20 ℃) was added to
precipitate DNA, which was collected by centrifugation
(1 200 r/min, 20 min), dried in air and dissolved in 50 L
of 10 mol/L Tris, 1 mol/L EDTA at pH 8.0 (TE buffer).
Each DNA preparation was mixed with 2 mL RNase (10
mg/mL) and 6 L of loading buffer (30% glycerol, 0.1%
bromophenol blue) and electrophoresed for approximately
3.5 h (2 V/cm gradient). A marker was obtained from
Boehringer Mannhiem, Penzberg, Germany. The gels were
stained with ethidium bromide, and the DNA bands were
visualized under ultraviolet light and photographed.
Terminal deoxynucleotidyl transferase-mediated dUTP nickend labeling (TUNEL) assay
TUNEL assay was used to monitor the extent of DNA
fragmentation due to apoptosis. The assay was performed
according to the recommendations of the manufacturer
(Boehringer, Mannheim, Germany). In brief, following
exposure to As2O3, cells were obtained, washed with PBS,
cytospun onto slides, and dried in air. The cells were fixed
with a freshly prepared paraformaldehyde solution (4% in
PBS, pH 7.4) for 30 min at room temperature. The slides
were rinsed with PBS and incubated in permeabilization
solution (0.1% Triton X-100, 0.1%[s1] sodium citrate) for
2 min on ice. They were then rinsed twice with PBS and the
area around the samples was dried. Fifty microliters of
TUNEL reaction mixture were placed on the sample, and
the slides incubated in a humidified chamber for 60 min at
37 ℃ in the dark. After rinsing of the slides thrice with
PBS, samples were analyzed under a fluorescence
microscope (Zeiss, Jena, Germany). The percentage of
fluorescence-positive apoptotic cells was calculated out of
more than 500 cells on each slide.
Statistical analysis
Most experiments were performed in triplicate, and the
results from separate experiments are expressed as
mean±standard deviation (mean±SD). The P<0.05 was
taken as a significant difference between groups as determined
by 2-test.

RESULTS
Inhibitory effect of As2O3 on growth of MKN45 cell line
After exposure of exponentially growing MKN45 cells to
As2O3 for 72 h, the inhibitory effect of As2O3 on cell growth
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was significant as revealed by cell counting, and was both
dose- and time-dependent (Table 1). There were significant
differences between each concentration and control group
(P<0.01) respectively. The IC50 of As2O3 on MKN45 was
11.05±0.25 µmol/L.
Effect of As2O3 on colony formation of MKN45 cells
The growth of MKN45 cells was significantly inhibited by
As2O3 which was confirmed by colony-forming assay. After
7 d of culture with various concentrations of As2O3, colonyforming capacity of MKN45 cells decreased with As2O3
increment in comparison with that of control group. The
inhibitory rate of colony forming was 38.5%, 99.1%, and
99.5% when the concentration of As 2O 3 was 1, 5, and
10 mol/L in culture medium, respectively. The cell number
of a single colony in drug treatment groups was less than
that of control group.
Effect of As2O3 on MKN45 cells
The cell-killing rate of As2O3 on MKN45 cells was significant
as revealed by MTT, and was both dose- and time-dependent.
After incubation in 1 mol/L As2O3 for 24 h, the cell-killing
rate was 11.5%, and after treatment with 10 mol/L As2O3
for 48 h, the cell-killing rate was close to 50% (Table 2).
These results indicated that the cytotoxic effect of As2O3
was strong.
Morphologic changes of MKN45 cells
By inverted phase-contrast microscopy, we found that the
attaching ability of MKN45 cells to the flask treated with
1, 5, and 10 mol/L As2O3 was weaker as compared with
that of controls, and cell growth markedly inhibited.
MKN45 cells treated with As2O3 underwent significant
changes as seen under microscope, the nucleocytoplasmic
ratio enlarged, with indentation of nuclei. The nucleocytoplasmic ratio in MKN45 cells treated with 1 mol/L As2O3
was much smaller than that in controls, and the nuclei
appeared round, with loss of nuclear indentation, but with
well-differentiated organelles in the cytoplasm. When treated
with As2O3 at 5 and 10 mol/L for three successive days,
one could find intact cell membrane, nuclear condensation
and apoptotic body formation, but much less than in
1 mol/L As2O3 group.
Effect of As2O3 on cell cycle of MKN45 cells
The effect of As2O3 on MKN45 cells showed remarkable
cell cycle specificity. There was no significant change in cell
cycle after 1-10 mol/L treatment for 24 h, being similar
to control group. The fraction of G0/G1 was decreased
from 55.6%, 57.1%, 55.2% to 37.2%, 19.9%, 13.1% after
1, 5, 10 µmol/L treatment for 48 h, respectively, while the

Table 1 The eff ects of As 2O 3 on the growth of MKN45 cells at
different times and concentrations
Table 2 Cytotoxic effect of As 2O 3 on MKN45 cells (%)

Cell number (1×105/mL)
Groups
24 h
PBS control

7.15±1.08

As2O3 (µmol/L) 1

48 h
9.18±0.99

Treatment time (t/h)

72 h
24 h

48 h

72 h

1

11.5±5.2

18.9±5.6

34.8±6.8

5

19.1±3.8

34.3±3.7

46.9±7.6

10.0

23.9±7.3

48.8±8.2

69.5±10.6

13.34±0.54

2.47±0.99

3.34±1.02

2.73±1.38

5

2.51±0.63

2.84±1.12

1.75±1.12

10.0

2.09±0.67

1.34±0.51

0.25±0.24

As2O3 (µmol/L)
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fraction of G2/M phase was increased from 16.3%, 16.7%,
17.5% to 22.6%, 41.5%, 69.0%, respectively.
The results showed that As2O3 induced time- and dosedependent apoptosis in MKN45 cells, blocked at G2/M
phase. The apoptotic peak (sub-G1 phase) appeared and
cell apoptotic rate was 18.3-32.5% after being treated by
10 mol/L As2O3 for 48 h (Tables 3 and 4). The percentage
of G2/M cells of the experimental groups was 2.0-5.0 times
that of the control group. It demonstrated that As2O 3
arrested cell cycle at G2/M phase, inhibited cell proliferation
and induced apoptosis at G1 phase.

Table 3 Effect of As 2O 3 on apoptosis of MKN45 cells
Apoptosis (%)
Groups
24 h
Control
As2O3 (µmol/L)

72 h

1

0.5±0.1
2.7±2.1a

0.4±0.3
7.2±2.5a

0.5±0.2
12.3±3.6a

5

7.3±5.7a

17.3±5.7a

21.1±5.6a

a

a

35.8±8.1a

10.0
a

48 h

11.6±3.4

25.4±7.1

P<0.05 vs control.

Gel electrophoresis
Gel electrophoresis of DNA from cells treated with each
concentration of As2O3 for 48 h revealed a “ladder” pattern,
indicating preferential DNA degradation at the internucleosomal, linker DNA sections.
TUNEL assay
TUNEL assay also demonstrated strand breaks in DNA
of MKN45 cells treated with As2O3, while control cells
showed negative labeling.

DISCUSSION
The medicinal effect of As2O3 is of great significance, though
it is also well known for its toxicity. As2O3 has been used as
medicine for thousands of years in both the Chinese and
Western societies. However, its use in cancer treatment was
not discovered until 1970s[1-5,8]. Since then, As2O3 has been
found to be an effective anticancer drug in APL as well as
non-APL leukemia[9-11,16-18]. Recently, studies were carried
out to expand the use of As2O3 in the treatment of solid
tumors. The present study explored its effect on human
gastric cancer cell line.
As2O3 has been used in clinical trials of APL for years
and 10 mg/d of As2O3 was shown to be effective in inducing
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complete remission of both the newly diagnosed and
relapsed APL patients. The action mechanism of As2O3 is
complicated. In APL, it has been reported that As2O3 exerted
its effect by degradation of the fusion protein, PML/RAR,
in turn, inducing differentiation and triggering apoptosis.
This was supported by clinical trials. However, some studies
showed that As2O3 mediated its effect in a PML/RAR
independent manner. This suggested that the effect of PML/
RAR is not restricted to cancers which express PML/
RAR[24-27,33]. In fact, apoptosis is one of the key pathways
of As2O3, regardless of cell types. Studies showed that
caspase-3 is activated upon As2O3 treatment. Caspases can
be considered as the central trigger of apoptosis because
they bring about most of the visible changes that characterize
apoptotic cell death. Among various caspases, caspase-3 is
one of the most crucial caspases[28-32,34].
Mitochondria play an important role in apoptosis. As2O3
causes the collapse of mitochondrial membrane potential,
indicating that mitochondria participate in As2O3-induced
apoptosis. Disruption of the mitochondrial membrane
potential and release of cytochrome c to the cytosol can be
considered as the major event through which mitochondria
participate in the induction of apoptosis. The change in the
mitochondrial membrane potential upon As2O3 treatment
was examined by flow cytometry, while the release of
cytochrome c to the cytosol was detected by Western analysis.
As2O3 recruits a number of pathways but the whole picture
of its action mechanism is not fully understood[35-39].
The present study showed that As2O3 exhibited strong
anticancer activity on MKN45 cells via inhibition of
proliferation and induction of apoptosis, which was both
dose- and time-dependent in a certain range of dose with
an IC 50 of (11.05±0.25) µmol/L. The apoptosis rate was
increased 3.5 times when the concentration of As 2O 3
increased from 1 to 10 µmol/L. Gel electrophoresis of DNA
and TUNEL demonstrated existence of apoptotic cells.
Flow cytometry analysis showed that the apoptotic peak
(sub-G1 phase) changed considerably with the increase of
concentration of As2O3 and, cell were blocked at G2/M
phase. The effect of As2O3 on cell cycle was obvious, while
no distinct changes occurred in cell cycle treatment by
different concentrations of As2O3 for 24 h being similar to
control group. However, the cell cycle changed markedly
after drug treatment for 48 h, G0/G1 phase decreased from
55.6%, 57.1%, 55.2% to 37.2%, 19.9%, 13.1% and the
G2/M phase increased from 16.3%, 16.7%, 17.5% to 22.6%,
41.5%, 69.0% in 1, 5, 10 mol/L As2O3 treatment groups,
respectively. The arrest of G 2/M phase become more

Table 4 Effect of As 2O 3 on cell cycle of MKN45 cells
Cell cycle (%)
Group

24 h
G1/G0

Control

48 h
G2/M

G1/G0

S

72 h
G2/M

G1/G0

S

G2/M

54.5

25.8

19.7

56.7

30.1

13.2

55.5

28.1

16.4

1

55.6

28.1

16.3

37.2

40.2

22.6 a

35.1

36.8

28.1 a

5
10.0

57.1
55.2

26.2
27.3

16.7
17.5

19.9
13.1

38.6
17.9

41.5 a
69.0 a

18.4
10.9

35.2
15.2

46.4 a
73.9 a

As2O3 (µmol/L)

a

S

P<0.05 vs control.

Shao QS et al. Arsenic trioxide on gastric carcinoma cells

apparent after treatment with As2O3 for 72 h, its proportion
increased with the increase of concentration of As2O3 in a
dose- and time-dependent manner. The proportion of cells
in G2/M phase was 2.0-5.0 times that of untreated cells
after treatment with As2O3 for 48 h, demonstrating that the
anticancer effect of As2O3 on MKN45 cells was attributed
to the inhibition of cell proliferation, arrest of cell cycle
and induction of apoptosis.
In conclusion, our study demonstrates the proliferation
inhibition and apoptosis induction effects of As2O3 at the
concentrations of 1, 5, and 10 µmol/L on human gastric
cancer cell line MKN45. These results shed light on the use
of As2O3 in treating human gastric cancer. To fully utilize
As2O3 in cancer treatment, however, much more efforts
should be made on the study of its action mechanism,
pharmacokinetic characteristics, dosing schedules as well
as potential adverse effects.

REFERENCES
1

2

3

4

5

6

7

8

9

10

11

12

Evens AM, Tallman MS, Gartenhaus RB. The potential of
arsenic trioxide in the treatment of malignant disease: past,
present, and future. Leuk Res 2004; 28: 891-900
Candoni A, Silvestri F, Buonamici S, Li D, Reddy P, Galili N,
Nucifora G, Raza A. Targeted therapies in myelodysplastic
syndromes: ASH 2003 review. Semin Hematol 2004; 41: 13-20
Sun Y, Kim SH, Zhou DC, Ding W, Paietta E, Guidez F,
Zelent A, Ramesh KH, Cannizzaro L, Warrell RP, Gallagher
RE. Acute promyelocytic leukemia cell line AP-1060 established as a cytokine-dependent culture from a patient clinically resistant to all-trans retinoic acid and arsenic trioxide.
Leukemia 2004; 18: 1258-1269
Hayakawa F, Privalsky ML. Phosphorylation of PML by mitogen-activated protein kinases plays a key role in arsenic
trioxide-mediated apoptosis. Cancer Cell 2004; 5: 389-401
Gao F, Yi J, Yuan JQ, Shi GY, Tang XM. The cell cycle related
apoptotic susceptibility to arsenic trioxide is associated with
the level of reactive oxygen species. Cell Res 2004; 14: 81-85
Rousselot P, Larghero J, Labaume S, Poupon J, Chopin M,
Dosquet C, Marolleau JP, Janin A, Brouet JC, Fermand JP.
Arsenic trioxide is effective in the treatment of multiple myeloma in SCID mice. Eur J Haematol 2004; 72: 166-171
Park WH, Seol JG, Kim ES, Hyun JM, Jung CW, Lee CC, Kim
BK, Lee YY. Arsenic trioxide-mediated growth inhibition in
MC/CAR myeloma cells via cell cycle arrest in association
with induction of cyclin-dependent kinase inhibitor, p21, and
apoptosis. Cancer Res 2000; 60: 3065–3071
Miller WH, Schipper HM, Lee JS, Singer J, Waxman S. Mechanisms of action of arsenic trioxide. Cancer Res 2002; 62: 3893–
39 03
Kogan SC, Brown DE, Shultz DB, Truong BT, LallemandBreitenbach V, Guillemin MC, Lagasse E, Weissman IL, Bishop
JM. BCL-2 cooperates with promyelocytic leukemia retinoic
acid receptor alpha chimeric protein (PMLRARalpha) to block
neutrophil differentiation and initiate acute leukemia. J Exp
Med 2001; 193: 531-543
Iwama K, Nakajo S, Aiuchi T, Nakaya K. Apoptosis induced
by arsenic trioxide in leukemia U937 cells is dependent on
activation of p38, inactivation of ERK and the Ca 2+-dependent production of superoxide. Int J Cancer 2001; 92: 518–526
Maeda H, Hori S, Nishitoh H, Ichijo H, Ogawa O, Kakehi Y,
Kakizuka A. Tumor growth inhibition by arsenic trioxide
(As2O3) in the orthotopic metastasis model of androgenindependent prostate cancer. Cancer Res 2001; 61: 5432–5440
Hyun Park W, Hee Cho Y, Won Jung C, Oh Park J, Kim K,
Hyuck Im Y, Lee MH, Ki Kang W, Park K. Arsenic trioxide
inhibits the growth of A498 renal cell carcinoma cells via cell
cycle arrest or apoptosis. Biochem Biophys Res Commun 2003;
300: 230-235

3455
13

14

15

16
17

18
19

20

21

22

23

24

25

26

27

28

29

30

31

Seol JG, Park WH, Kim ES, Jung CW, Hyun JM, Lee YY, Kim
BK. Potential role of caspase-3 and -9 in arsenic trioxidemediated apoptosis in PCI-1 head and neck cancer cells. Int J
Oncol 2001; 18: 249–255
Davison K, Mann KK, Waxman S, Miller WH. JNK activation
is a mediator of arsenic trioxide-induced apoptosis in acute
promyelocytic leukemia cells. Blood 2004; 103: 3496-3502
Liang XQ, Cao EH, Zhang Y, Qin JF. P53-induced gene 11
(PIG11) involved in arsenic trioxide-induced apoptosis in
human gastric cancer MGC-803 cells. Oncol Rep 2003; 10:
1265-1269
Kang YJ. New understanding in cardiotoxicity. Curr Opin
Drug Discov Devel 2003; 6: 110-116
Zhou Y, Hileman EO, Plunkett W, Keating MJ, Huang P. Free
radical stress in chronic lymphocytic leukemia cells and its
role in cellular sensitivity to ROS-generating anticancer agents.
Blood 2003; 101: 4098-4104
Feng CQ, Ma WL, Zheng WL. Research advances on effect of
arsenic trioxide on tumor. Aizheng 2002; 21: 1386-1389
Huang SG, Kong BH, Ma YY, Jiang S. Impact of arsenic
trioxide on proliferation and metastasis of drug-resistant
human ovarian carcinoma cell line. Aizheng 2002; 21: 863 –867
Miller WH Jr, Schipper HM, Lee JS, Singer J, Waxman S.
Mechanisms of action of arsenic trioxide. Cancer Res 2002; 62:
3893-3903
Tsimberidou AM, Estey E, Whitman GJ, Dryden MJ, Ratnam
S, Pierce S, Faderl S, Giles F, Kantarjian HM, Garcia-Manero
G. Extramedullary relapse in a patient with acute promyelocytic
leukemia: successful treatment with arsenic trioxide, all-trans
retinoic acid and gemtuzumab ozogamicin therapies. Leuk
Res 2004; 28: 991-994
Shen ZX, Shi ZZ, Fang J, Gu BW, Li JM, Zhu YM, Shi JY,
Zheng PZ, Yan H, Liu YF, Chen Y, Shen Y, Wu W, Tang W,
Waxman S, De The H, Wang ZY, Chen SJ, Chen Z. All-trans
retinoic acid/As2O3 combination yields a high quality remission and survival in newly diagnosed acute promyelocytic
leukemia. Proc Natl Acad Sci USA 2004; 101: 5328-5335
Lu D, Bai XC, Gui L, Su YC, Deng F, Liu B, Li XM, Zeng WS,
Cheng BL, Luo SQ. Hydrogen peroxide in the Burkitt’s lymphoma cell line Raji provides protection against arsenic trioxide-induced apoptosis via the phosphoinositide-3 kinase signalling pathway. Br J Haematol 2004; 125: 512-520
Karlsson J, ORa I, Porn-Ares I, Pahlman S. Arsenic trioxide-induced death of neuroblastoma cells involves activation of Bax and does not require p53. Clin Cancer Res 2004;
10: 3179-3188
Chelbi-alix MK, Bobe P, Benoit G, Canova A, Pine R. Arsenic enhances the activation of Stat1 by interferon gamma
leading to synergistic expression of IRF-1. Oncogene 2003; 22:
9121-9130
Li X, Ding X, Adrian TE. Arsenic trioxide induces apoptosis in
pancreatic cancer cells via changes in cell cycle, caspase
activation, and GADD expression. Pancreas 2003; 27: 174-179
Kang SH, Song JH, Kang HK, Kang JH, Kim SJ, Kang HW,
Lee YK, Park DB. Arsenic trioxide-induced apoptosis is independent of stress-responsive signaling pathways but sensitive to inhibition of inducible nitric oxide synthase in HepG2
cells. Exp Mol Med 2003; 35: 83-90
Hu XM, Hirano T, Oka K. Arsenic trioxide induces apoptosis
in cells of MOLT-4 and its daunorubicin-resistant cell line via
depletion of intracellular glutathione, disruption of mitochondrial membrane potential and activation of caspase-3. Cancer
Chemother Pharmacol 2003; 52: 47-58
Jia P, Chen G, Huang X, Cai X, Yang J, Wang L, Zhou Y, Shen
Y, Zhou L, Yu Y, Chen S, Zhang X, Wang Z. Arsenic trioxide
induces multiple myeloma cell apoptosis via disruption of
mitochondrial transmembrane potentials and activation of
caspase-3. Chin Med J (Engl) 2001; 114: 19-24
Akay C, Thomas C, Gazitt Y. Arsenic trioxide and paclitaxel
induce apoptosis by different mechanisms. Cell Cycle 2004; 3:
324-334
Zheng Y, Shi Y, Tian C, Jiang C, Jin H, Chen J, Almasan A,

3456

32

33

34

35

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

Tang H, Chen Q. Essential role of the voltage-dependent anion channel (VDAC) in mitochondrial permeability transition
pore opening and cytochrome c release induced by arsenic
trioxide. Oncogene 2004; 23: 1239-1247
McCafferty-Grad J, Bahlis NJ, Krett N, Aguilar TM, Reis I,
Lee KP, Boise LH. Arsenic trioxide uses caspase-dependent
and caspase-independent death pathways in myeloma cells.
Mol Cancer Ther 2003; 2: 1155-1164
Akay C, Gazitt Y. Arsenic trioxide selectively induces early
and extensive apoptosis via the APO2/caspase-8 pathway
engaging the mitochondrial pathway in myeloma cells with
mutant p53. Cell Cycle 2003; 2: 358-368
Lecureur V, Le Thiec A, Le Meur A, Amiot L, Drenou B,
Bernard M, Lamy T, Fauchet R, Fardel O. Potassium antimonyl tartrate induces caspase- and reactive oxygen speciesdependent apoptosis in lymphoid tumoral cells. Br J Haematol
2002; 119: 608-615
Gupta S, Yel L, Kim D, Kim C, Chiplunkar S, Gollapudi S.
Arsenic trioxide induces apoptosis in peripheral blood T lymphocyte subsets by inducing oxidative stress: a role of Bcl-2.

36

37

38

39

June 14, 2005

Volume 11

Number 22

Mol Cancer Ther 2003; 2: 711-719
Dvorakova K, Payne CM, Tome ME, Briehl MM, Vasquez
MA, Waltmire CN, Coon A, Dorr RT. Molecular and cellular
characterization of imexon-resistant RPMI8226/I myeloma
cells. Mol Cancer Ther 2002; 1: 185-195
Michel L, Dupuy A, Jean-Louis F, Sors A, Poupon J, Viguier
M, Musette P, Dubertret L, Degos L, Dombret H, Bachelez H.
Arsenic trioxide induces apoptosis of cutaneous T cell lymphoma cells: evidence for a partially caspase-independent
pathway and potentiation by ascorbic acid (vitamin C). J
Invest Dermatol 2003; 121: 881-893
Choi YJ, Park JW, Suh SI, Mun KC, Bae JH, Song DK, Kim SP,
Kwon TK. Arsenic trioxide-induced apoptosis in U937 cells
involve generation of reactive oxygen species and inhibition of
Akt. Int J Oncol 2002; 21: 603-610
Sordet O, Rebe C, Leroy I, Bruey JM, Garrido C, Miguet C,
Lizard G, Plenchette S, Corcos L, Solary E. Mitochondriatargeting drugs arsenic trioxide and lonidamine bypass the
resistance of TPA-differentiated leukemic cells to apoptosis.
Blood 2001; 97: 3931-3940

Science Editor Zhu LH and Guo SY Language Editor Elsevier HK

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

World J Gastroenterol 2005;11(22):3457-3460
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

EL SEVIER

• BRIEF REPORTS •

Applications of gray relational analysis in gastroenterology
Xue-Rui Tan, Yu-Guang Li, Ming-Zhe Chen
Xue-Rui Tan, Yu-Guang Li, First Affiliated Hospital of Shantou
University Medical College, Shantou 510041, Guangdong Province, China
Ming-Zhe Chen, Medical School of Tsinghua University, Beijing
100083, China
Supported by the National Natural Science Foundation of China,
No. 30271158
Correspondence to: Xue-Rui Tan, MD, PhD, First Affiliated
Hospital of Shantou University Medical College, Shantou 510041,
Guangdong Province, China. tanxuerui@vip.sina.com
Telephone: +86-754-8552841 Fax: +86-754-8611690
Received: 2004-02-02 Accepted: 2004-02-21

Abstract
AIM: To introduce the basic methods of gray relational analysis
(GRA) and to illustrate its applications in gastroenterology.
METHODS: With the essential formulae of GRA and
several typically practical examples, the procedure of
GRA was introduced. Examples were drawn from the
gastroenterological studies. Thus the trait of GRA could
be demonstrated.
RESULTS: The superiority of GRA in gastroenterological
study was proved by the examples.
CONCLUSION: GRA can be applied mechanically or flexibly
in gastroenterology.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Gray relational analysis (GRA) was initiated by Professor
Ju-Long Deng, the famous scientist and founder of gray system
theory, Huazhong University of Science and Technology[1].
Previous applications of GRA in medical researches were
mostly in cardiology[2-7]. In our viewpoint, it is very useful
to introduce GRA to gastroenterologists.
MATERIALS AND METHODS
Essential formulae of GRA
Let X be the gray relational factor set, x 0∈X be the

consulting sequence, xi∈X (i = 1, 2,…, m; m≥2, as the
comparative factors) be the comparative sequence, x0 and
xi are named factor sequences. The x0(k) and xi(k) are the
values of x0 and xi at k point (k = 1, 2,…, n; n≥3). Thus,
the formulae of gray relational coefficient (x0(k), xi(k))
and gray relational grade (x0,xi) are the following:
  x0 k , xi k  

min min x 0 (k )  xi (k )   max max x0 (k )  x i (k )
i

k

i

k

x0 (k )  xi (k )   max max x0 (k )  x i (k )
i

and  x 0 , xi  

k

1 n
 x0 (k), xi (k)
n k 1

The gray relational order, based on the gray relational
grade (x0,xi) which represents the strength of relationship
between x0 and xi, can be constructed. In the formula,
min min x ( k )  x ( k ) and max max x 0 ( k )  x i ( k ) are the absolute
i
k
values of the minimum and maximum from the differences
between xi(k) and x0(k). xi(k) and x0(k) are the values at
point k in the x0 and xi, the sequences without dimension.
Here,  = 0.5.
Dis-dimension method Let x=(x(1), x(2),…, x(n)) be
the sequence with dimension. Thus, f:x→,
i

i

0

k

f ( x (k )) 

x(k )
1 n


  (k ), k  1, 2, k , n;  (k )  s(1) where x    x(1), max x (k ), min x (k ),  x (k );
k
k
x
n k 1



Consider parameter sequence xi=(xi(1),xi(2), …,x(n)), where
i=1, 2,…,N;
y(1)  ( x1 (1), x2 (1),  , x N (1));
y( 2 )  ( x1 (2 ), x2 (2 ),  , x N (2 ));

y( n )  ( x1 (n ), x2 (n ),  , xN (n ));

Thus, f:xi→i,

f ( x i (k )) 

x i (k )  min y (k )
  i ( k ),  i (k )  s(1).
max y (k )  min y(k )

xi ( k ), min y ( k )  min xi ( k ), k  K , K  1,2 , k  , n.
Here, max y (k )  max
i
i

Evaluation matrix of GRA Suppose x0j∈x0 be a group
of the consulting factors, j = 1, 2,…, e. Thus, there is the
gray relational matrix R about x0 and xi as the following:
  ( x0 e , x1 )   ( x0 j , x1 )
  ( x0 e , x2 )   ( x0 j , x2 )


 

  ( x0 e , xm )  ( x0 j , xm )

  ( x0 1 , x1 )  ( x0 2 , x1 )
 ( x0 , x )  ( x0 , x )
1
2
2
2
R( x0 , xi )  




 ( x01 , xm )  ( x0 2 , xm )

GRA model of clinical trial Let xi∈X, xi=(xi(1), xi(2),
…, xi(n)) be the observing parameter sequences of group i
or case i; i=1, 2,…, m, m ≥2, as the number of trial group or
trial case.
Let x0∈X, x0 = (x 0(1), x 0(2),…, x0(n)) be the ideal
parameter sequence of trial, the ideal values used to construct
x0 are chosen from xi. Here, k=1, 2,…, n, n ≥3, as the
number of parameters in the sequences. Hence, the gray
relational grade g(x0,xi) acts as the reflection of approaching
the ideal effects. Then, the formulae:
  x k , x k  
0

i

min min x 0 ( k )  xi ( k )   max max x 0( k )  xi ( k )
i

k

i

k

x 0( k )  xi ( k )   max max x 0 ( k )  xi ( k )
i

and   x0 , xi  

k

are called GRA model of clinical trial.

1 n
  x0 (k ), xi (k )
n k 1
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Table 1 Baseline values in four patients before treatment
No.
(k)

Age (yr)
(x1)

1
2
3
4

Course of jaundice
(mo) (x2)

55
43
27
48

Toughness degree
of liver (x3)

5.0
2.0
0.7
1.0

Liver below costal
arch (cm) (x4)

3
2
2
3

Liver below
xiphoid (cm) (x5)

Splenomegaly
(cm) (x6)

6
7
4
0

0
1
4
2

3
3
6
2

Table 2 Hepatic functions in four patients before and after albendazole treatment
No. (k)
1
2
3
4

Bilirubin
(mol/L) (x7)

One minute bilirubin
(mol/L) (x8)

Before

After

Before

89.2
60.2
62.0
212.9

14.2
8.9
8.9
17.0

11.3
8.0
23.4
129.2

ALP (IU)
(x9)



Before

After

Before

After

Before

After

2.1
0.5
0.9
1.9

176.6
58.0
481.0
463.0

28.4
51.0
10.6
247.0

30.0
76.0
72.0
135.0

30.0
30.0
63.0
30.0

45.5/37.5
41.0/56.0
28.0/54.0
33.0/45.0

44.2/27.5
45.1/33.9
48.0/36.0
45.0/27.0

a

Here, r = improved ratio, a = parameter value before
treatment, b = parameter value after treatment.
The calculated values of the improved ratio are listed
in Table 3.
Step 2: Correlation analysis Let x7-x11 be the dependent
variables, let x1-x6 be the independent variables, correlation
analysis was performed using the statistical analysis system
(version 6.12). The results of correlation analysis are shown
in Table 4, indicating that the correlation between dependent
variables and independent variables was not significant.
Step 3: GRA Let x0j∈x0 be a group of the consulting
factors, j = 7, 8, 9, 10, 11 as the consulting factors, let x1-x6
∈xi, i = 1, 2, 3, 4, 5, 6 be the comparative factors. GRA
was operated by using GRA program that we edited in the
statistical analysis system (version 6.12). Dis-dimension
process was the averaging method. Thus, the gray relational
matrix R about x0 and xi is as follows:

(x7,xi)
(x0 j ,x1) 0.83086
(x0 j ,x2) 0.65564
(x0 j ,x3) 0.82607
R(x0 j,xi)= (x0 j,x4) 0.75198
(x0 j ,x5) 0.66376
(x0 j ,x6) 0.65423
0.73042

x8

x9

x10

x11

1

0.84081

0.81416

0.83902

0.00000

0.32468

2

0.85216

0.93750

0.12069

0.60526

0.81711

3

0.98074

0.96154

0.97796

0.12500

1.57141

4

0.92015

0.98529

0.46652

0.77778

1.27274

0.72768
0.60327
0.73039
0.71112
0.61823
0.65824

GRA for four therapeutic strategies of duodenal ulcer related
to Helicobacter pylori
Background The purpose of this project was to evaluate
the effects of four therapeutic strategies on duodenal ulcer
(DU) related to Helicobacter pylori (H pylori). Forty-nine male
and nine female patients with DU were complicated by
H pylori-positivities proved by endoscopic examination and
H pylori test, and had no gastric or complex ulcer. Their
ages were 24-62 years (average 37.1±6.5 years). All the
subjects had no obvious complications or other systemic
disorders. They did not take antibiotics, bismuth agents or
restrain acids/antacids for 2 wk preceding the study.

Table 4 Results of correlation analysis
x7

x8

x9

–0.81774

–0.59309

0.1823

0.4069

x2

–0.78666

–0.98054

0.2133

0.0195

x3

–0.31909

–0.37737

0.6809

0.6226

0.8454

0.66573

0.12652

0.63044

0.3343

0.8735

0.3696

0.4079

0.5962

–0.56410

–0.60064

–0.11905

–0.52589

–0.57561

0.4359

0.3994

0.8810

0.4741

0.4244

0.97814

0.72219

0.38317

0.03476

0.90090

0.0219

0.2778

0.6168

0.9652

0.0991

x1

Table 3 Improved ratio of hepatic functions after treatment
x7

(x8,xi) (x9,xi) (x10,xi) (x11,xi)
0.84450 0.68009 0.59362 0.68935
0.63919 0.58232 0.57313 0.56608
0.82195 0.68418 0.56399 0.75575
0.78167 0.75162 0.49046 0.77538
0.67106 0.64311 0.58631 0.52690
0.65564 0.62717 0.59336 0.76081
0.73567 0.66217 0.56681 0.67905

The GRA results revealed in the gray relational factor
set that the superior consulting factors were x7 and x8, the
superior comparative factors were x1, x3 and x4.

x4
k

A/G (g/L)
(x11)

After

Examples
GRA on small sample data background The objective
of this study was to evaluate the relationship between the
baseline condition of patients with alveococcosis and the
therapeutic effects by using albendazole regularly. Four
patients with complete data who were diagnosed clinically
and complicated by obstructive jaundice were enrolled in
this study. Albendazole was orally given twice daily for over
1 year with a dosage of 20 mg/kg each day in all cases.
Baseline values of the observation parameters are shown
in Table 1. The effects of albendazole on hepatic functions
are shown in Table 2.
Analysis Step 1: To calculate the improved ratio of hepatic
functions. The improved ratio was calculated by using the
formula:
a  b
r

GOT
(x10)

x5
x6

x10

x11

–0.27907

0.10911

–0.77759

0.7209

0.8909

0.2224

–0.56181

–0.98954

0.15755
0.8425

0.4382

0.0105

0.15463

0.06341

–0.45498

0.9366

0.5450

–0.59213

0.40379

Note: The upper numbers are the correlation coefficients between corresponding
variables and the lower numbers are the P values.
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Table 5 Raw data in four groups
Disappearance of symptoms
Group
(i)
k

n

A (x1)
B (x2)
C (x3)
D (x4)
Ideal (x0)

14
15
14
15

a

n

Rate (%)
(1)

14
15
10
15

100
100
71.4a
100
100

Eradication of H pylori

Time (d)
(2)

n

3.8
3.6
6.8
3.7
3.6

11
10
11
2

Rate (%)
(3)
78.6
66.7
78.6
13.3b
78.6

Active mucitis fading
n

Ulcer cure

Rate (%)
(4)

n

Rate (%)
(5)

69.2
69.2
75
25
75

12
11
9
9

85.7
73.3
64.3
60
85.7

9/13
9/13
9/12
3/12

P<0.05, bP<0.01 vs other groups; i=A, B, C, D=1, 2, 3, 4; k=1, 2, 3, 4, 5.

Table 6 Gray relational coefficients between ideals (x 0) and other groups (x i )
Disappearance of symptoms

Group (i)
k
A (1)
B (2)
C (3)
D (4)

Eradication of H pylori

Active mucitis fading

Ulcer cure

Rate (%)
(1)

Time (d)
(2)

Rate (%)
(3)

Rate (%)
(4)

Rate (%)
(5)

1
1
0.6302
1

0.9175
1
0.4099
0.9569

1
0.7328
1
0.3333

0.8481
0.8481
1
0.3932

1
0.7547
0.6407
0.6013

Materials
Step 1: Data collection Grouping and therapeutic
strategies: All the subjects were randomly divided into four
groups. Group A had 14 cases that were treated with a
triple therapeutic strategy of tinidazole (Livzon), Lizhu
Dele/colloidal bismuth subcitrate (Livzon Pharmaceutical
Factory, Zhuhai) and omeprazole (Sanye Pharm). Group B
had 14 cases that were treated with a triple therapeutic
strategy of metronidazole (Tongji Meiji), amoxicillin
(Baiyunshan, Guangzhou) and omeprazole (Sanye Pharm).
Group C had 14 cases that were treated with a triple
therapeutic strategy of metronidazole (Tongji Meiji),
amoxicillin (Baiyunshan, Guangzhou) and De-Nol/colloidal
bismuth subcitrate (Yamanouchi Europe). Group D had
15 cases that were treated with a single therapeutic strategy
of omeprazole (Sanye Pharm). There were no significant
differences between groups in age or sex distribution. The
dose of tinidazole was 1.0 mg b.i.d, Lizhu Dele/colloidal
bismuth subcitrate 110 mg q.i.d, omeprazole 20 mg q.d,
amoxicillin 0.5 mg q.i.d, metronidazole 0.2 mg t.i.d,
De-Nol/colloidal bismuth subcitrate 120 mg q.i.d. Lizhu
Dele/colloidal bismuth subcitrate and De-Nol/colloidal
bismuth subcitrate were taken orally 30 min ante cibum or
before sleep. The others were taken orally 30 min post cibum.
Lizhu Dele/colloidal bismuth subcitrate, De-Nol/colloidal
bismuth subcitrate and omeprazole were given for 2 wk
and the others for 1 wk.
Endoscopic examination and H pylori test All the
subjects underwent endoscopic examination and H pylori
test. After pharynx local anesthesia, gastroduodenal
endoscopy was performed in all subjects taking a left lateral
position by Q30 electronic endoscope system. Images were
screened and rinsed, washing-cell specimen muter
representatives were taken from the site of ulcer lesion
during endoscopy. At normal temperature, the specimen
muter representatives were put in the H pylori fast test box
containing reagents (the PLA Higher Medical School,
Lanzhou, China). After 24 h, the reagents that appeared in
rose were defined as positive, and those that remained

unchanged in color were defined as negative.
Estimation criteria All patients were asked to return for
a check-up in a month after treatment. They were evaluated
under four aspects: (1) Disappearance of symptoms (all
baseline symptoms including pyrosis, epigastric pain,
abdominal distension, acid suffusion and belching of gas,
etc. disappeared). (2) Eradication of H pylori (the specimen
muter representatives in H pylori test double boxes became
negative, and one of them being positive was thought that
eradication of H pylori infection was not achieved). (3) Active
mucitis fading (the original hyperemia, erosion, edema in
the duodenal mucosa were not seen endoscopically). (4)
Ulcer cure (the duodenal ulcer vanished or pitted, and
abated, dilated or unchanged ulcers in the ulcer area were
defined as uncured).
Step 2: Raw data of four groups are listed in Table 5.
Step 3: GRA Let the ideal sequence x0, x0(k)∈x0, k = 1, 2,
3, 4, 5, be the consulting factor sequences. Let xi, xi(k)∈xi,
i = 1, 2, 3, 4, 5, 6, be the comparative factor sequences. GRA
was operated using GRA program that we edited in the statistical
analysis system (version 6.12). Thus, the gray relational
coefficients between x0 and xi are as follows (Table 6).
The gray relational grades to ideals of four groups were:
0A, i.e., 01 = 0.95312; 0B, i.e., 02 = 0.86712; 0C , i.e.,
03 = 0.73616; 0D, i.e., 04 = 0.65694.
Thus the gray relational order was x1>x2>x3>x4; i.e.,
strategy A  strategy B  strategy C  strategy D..
GRA on serum markers of liver fibrosis
Background Serum procollagen type III (PC III), prolidase
(PLD), and hyaluronic acid (HA), are of diagnostic
significance in liver fibrosis. To find out the markers with
early diagnostic value of liver fibrosis via GRA, 100 patients
with chronic liver diseases including 28 patients with chronic
persistent hepatitis (CPH), 21 patients with chronic active
hepatitis (CAH), and 51 patients with liver cirrhosis (LC),
were studied. Thirty HBVM-negative subjects with normal
liver biochemical test served as controls. The clinical materials
of the subjects are listed in Table 7.
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Table 7 Clinical materials of the subjects (mean±SD)
Groups

Number of subjects

Controls
CPH
CAH
LC

30
28
21
51

Age (yr)
31.7±7.2
35.2±9.1
34.9±6.9
45.1±11.4

Number of males
19
20
16
41

Clinical materials Examination of PC III, PLD and HA
PC III was assayed by using a commercially available
radioimmunoassay (Chongqing Institute of Phymatosis,
Chongqing). The activity of PLD was assayed by using a
commercially available ultraviolet spectrophotometry (Third
Military Medical University, Chongqing). Serum HA was
assayed by using a commercially available radioimmunoassay
(Shanghai Institute of Navy Medicine, Shanghai). PC III,
PLD and HA in controls were regarded as the normal upper
limits, and the sensitivity of each marker was calculated.
The results are shown in Table 8.
Table 8 Sensitivity of serum PC III, PLD and HA
Marker

CPH

CAH

LC

PC III
PLD
HA

28.6
0.0
7.1

100.0
57.1
76.2

88.2
90.2
94.2

GRA Step 1: To construct the ideal sequence The
ideal sequence was constructed according to the pathological
changes of liver diseases. There was no liver fibrosis in
CPH, and so the sensitivity of an ideal marker value for
the diagnosis of CPH should be zero. Whereas there was
early liver fibrosis in CAH, and so the sensitivity of an ideal
marker value for CAH should be 100%. The average
value of the sensitivity of PC III, PLD and HA in LC
was 90.9%, which can be chosen as the sensitivity of an
ideal marker value for LC. So, the ideal sequence was x0 =
(0, 100, 90.9).
Step 2: To identify the comparative sequences The
observed parameter sequences of i (i = 1, 2, 3 = sensitivity
of PC III, sensitivity of PLD and sensitivity of HA) were
xi, x1, x2, x3∈xi. Thus, the parameter sequences were x1 =
(28.6, 100, 88.2), x2 = (0, 57.1, 90.2), x3 = (7.1, 76.2, 94.2),
which served as the comparative sequences. x0, xi∈X, was
the GAR factor set.
Step 3: GRA operation GRA was performed using the
GRA program that we edited in the statistical analysis system
(version 6.12). The results were: (x0,x1) = 0.7733, (x0,x2)
= 0.7667, (x0,x3) = 0.7. So the gray relational order was:
(x0,x1)>(x0,x2)>(x0,x3); i.e., x1  x2  x3.
In conclusion, The GRA showing superiority to statistical
methods in some cases can be applied mechanically or
flexibly in gastroenterology.

DISCUSSION
Through GRA, serum PC III was identified as the marker
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with early diagnostic value of liver fibrosis. This example
provides a new insight into the study of liver diseases and
illustrates a practical application of GRA.
Since the discovery of H pylori in 1983, a wealth of
data about DU related to H pylori has been accumulated,
and the therapeutic strategies of duodenal ulcer have been
changed. There is evidence that ulcer cure and reduction
of recurrence could be achieved by effective antibiotic
therapy. Such colloidal bismuth subcitrates as Lizhu Dele
or De-Nol can form a protective bismuth-protein membrane
which can promote healing of the ulcer and prevent
recurrence of ulcer. The results of GRA showed that the
gray relational order of the comprehensive effects in terms
of the symptom disappearance, eradication of H pylori,
active mucitis fading and ulcer cure is strategy A  strategyy
B  strategy C  strategy D, and strategy A is the best of
four strategies which showed no differences from the
previous reports.
Alveococcosis is as harmful as a malignant tumor.
Untreated cases had a 5-year mortality rate of 70% and
10-year of 93%. The severity is related to jaundice. Patients
with alveococcosis had a low diagnostic and hospitalization
rate. There is a shortage of clinical samples, and not suitable
for statistical analysis. The first time report on alveococcosis
had no statistical analysis. The GRA results indicated that
jaundice parameter bilirubin and 1-min bilirubin were the
superior consulting factors, which suggest the main effect
of albendazole on alveococcosis. The relevant factors with
severity of the disease such as age, degree of liver toughness
and liver below costal arch were the superior comparative
factors, which suggest that the effects of albendazole on
alveococcosis were partially restricted by the baseline
conditions of patients. This example provides objective
evidence and demonstrates that GRA is superior to statistical
analysis for small sample data.
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Abstract
AIM: To evaluate the quality of gastric ulcer healing after
different antiulcer treatment by endoscopic ultrasonography
(EUS).
METHODS: The patients were divided into three groups,
and received lansoprazole, amoxicillin and clarithromycin
for 1 wk. Then group A took lansoprazole combined with
tepreton for 5 wk, group B took lansoprazole and group C
took tepreton for 5 wk. Endoscopy and EUS were performed
before and 6 wk after medication.
RESULTS: There was no significant difference in cumulative
healing rate to S stage between the groups (89%, 82%
vs 83%, P>0.05). The rate of white scar formation was
significantly higher in group A than in groups B and C
(67%, 36%, 50%, P<0.05). The average contraction rates
of the width of ulcer crater, length of disrupted muscularis
propria layer and hypoechoic area were higher in group
A than in groups B and C (0.792±0.090, 0.660±0.105 vs
0.668±0.143, P<0.05). The hypoechoic area disappeared
in four cases of group A, one of group B and two of group
C. The percentage of hypoechoic area disappearance was
higher in group A than in the other two groups (44%, 9%
vs 17%, P<0.05). Gastric ulcer healing was better in
group A.
CONCLUSION: The combined administration of protonpump inhibitors and mucosal protective agent can improve
gastric ulcer healing.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
With the introduction of antiulcer agents, the peptic ulcer
healing rate has increased considerably, but the high
recurrence rate after treatment is a major concern for
primary care physicians. Infection with Helicobacter pylori
(H pylori) is the main reason; however, ulcer recurrence
may be attributed to other factors such as gastric acid
rebound and the persistent presence of mucosal aggravating
factors. In 1991, Tarnawski et al [1] , put forward a new
concept of quality of ulcer healing (QOUH). A growing
number of reports indicate that low recurrence rate occurs
after high QOUH is achieved. Therefore, attentions have
been focused on making a good choice of antiulcer agents
to promote the QOUH. Although healing of gastric ulcer
has been studied radiologically, endoscopically, and by other
techniques, these studies were not able to obtain an objective
estimate of the transmural histological changes accompanying
the healing process within the ulcer[2]. Such changes could
only be estimated from superficial changes during ulcer
healing. The techniques of endoscopic ultrasonography (EUS)
make it possible to observe the ulcer vertically as the crosssectional image. The present study was designed to evaluate
the quality of gastric ulcer healing in 32 patients by EUS
and endoscopy. Quality of gastric ulcer healing could be
improved after 6-wk treatment, whether high quality of
gastric ulcer healing could be achieved by administration
of proton-pump inhibitors (PPIs) in combination with
mucosal protective agent, difference in quality of gastric
ulcer healing between using PPIs or mucosal protective agent
alone as a maintenance therapy.
MATERIALS AND METHODS
Patients
Thirty-two patients were enrolled from June 2001 to May
2002. All patients aged 18-70 years had an endoscopic and
ultrasonographic diagnosis of deep gastric ulcer (ulcer that
completely disrupts the muscularis propria layer[3]) in active
stage 1 or 2 (A1 or A2), regardless of gender and status of
H pylori infection. Subjects did not take antiulcer agents and
all gastrointestine related medications were stopped 3 d prior
to study. The patients with major organ diseases (heart, liver,
lung, kidney, etc.), malignant ulcer, NSAID-induced ulcer,
Zollinger-Ellison syndrome, and pregnancy were excluded
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in the study. The background factors of patients are shown
in Table 1.
Administration of medications
Subjects were randomly divided into three groups using the
envelope method. All the patients received lansoprazole
(takeprone, 30 mg b.i.d.), amoxicillin (1 000 mg b.i.d.) and
clarithromycin (klacid, 500 mg b.i.d.) for 1 wk as a routine
H pylori eradication triple therapy[4] . Then group A took
lansoprazole (takeprone, 30 mg q.i.d.) combined with
tepreton (selbex, 50 mg t.i.d.) for 5 wk. Group B took
lansoprazole (takeprone, 30 mg q.d.) for 5 wk. Group C
took tepreton (selbex, 50 mg t.i.d.) for 5 wk.
Endoscopy and EUS observation
Endoscopy and EUS were performed immediately before
medication and 6 wk after medication. The same physician
performed all EUS procedures with no knowledge of the
patients’ treatment regimen. The endoscopic equipment used
was an Olympus GIF-240 and EUS equipment was a
FUJINON SP-701 radial scanning ultrasound endoscopic
diagnostic device with a frequency of 12 MHz, air was
removed and water was injected to produce the image.
The stages of ulcer were classified according to the
method of Sakita and Miwa[5], white scars were classified
as S2 while red scars as S1. Layers of the gastric wall were
determined by EUS according to the report of Aibe et al[6].
Examination of the depth of open ulcer and ulcer scars by
EUS was in accordance with Murakami’s classification[7,8].
Open ulcers consisted of three components: an ulcer crater,
a hyperechoic layer at the floor of the crater, and an internal
hypoechoic area.
Assessment of Helicobacter pylori infection
During endoscopic examination before and after treatment,
two biopsy specimens were taken with a sterilized biopsy
forceps from an area of intact mucosa 1 cm from an ulcer
crater or a healed ulcer. One specimen was stained with
Giemsa to show H pylori, the other was for rapid urease test
to show H pylori infection. Patients were regarded as having
H pylori infection if either one of the tests was positive but
both tests needed to be negative to rule out H pylori infection.
Observation parameters[9]
Endoscopic observation parameters included ulcer location
(body/angulus/antrum), cumulative healing rates at S stage
(including S1 and S2 stages) and S2 stage. EUS observation
parameters include width (W) of ulcer crater before (W1)
and 6 wk after medication (W2), length (L) of disrupted
muscularis propria layer before (L 1 ) and 6 wk after
administration (L2), hypoechoic area (A) of the ulcer base
before (A1) and 6 wk after administration (A 2), condition
of the hypoechoic area disappearance 6 wk after drug
administration. The quality of gastric ulcer healing was
estimated by the contraction rates of W, L, A and the
disappearance rate of hypoechoic area.
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RESULTS
Background factors
The background factors of the 32 patients are shown in
Table 1. There were no significant differences in the three
groups.
Table 1 Background factors of 32 patients (mean±SD)

Number of cases
Gender (M/F)
Age (yr)
Ulcer location
(antrum/angulus/body)
H pylori (pretreatment)
H pylori (after treatment)
W1 (mm)
L1 (mm)
A1 (mm)

Group A

Group B

Group C

9
2:7
43.3±22.4
3:4:2

11
3:8
47.1±19.8
5:3:3

12
4:8
53.3±20.2
4:5:3

9
0
9.08±2.51
14.38±3.29
394.85±74.82

9
1
9.52±2.34
16.19±3.49
424.56±65.61

8
0
8.43±2.40
16.30±3.41
402.76±94.89

Endoscopic findings
Figure 1 shows the gastric ulcer healing rates at S2 and S
stage. The cumulative healing rate at S2 and S stage was
67% and 89% respectively in group A, 36% and 82%
respectively in group B, 50% and 83% respectively in group
C. There was no significant difference in the healing rate
at S stage among the three groups (P>0.05). However, the
rate of white scar formation was significantly higher in group
A than in groups B and C (P<0.05). The results indicated
that the healing time was not shortened by administration
of PPIs in combination with mucosal protective agents. In
other words, they could improve the quality of healing by
promoting white scar formation rather than by shortening
the time of healing.
A
100%

P<0.05

P<0.05

80%
60%
40%
20%
0%
Group B Group A Group C

P>0.05

B
100%
80%
60%
40%
20%

Statistical analysis
Results were expressed as mean±SD. Data were analyzed
using Student’s t test and 2 test. P<0.05 was considered
statistically significant.

0%
Group B Group A Group C
Figure 1 Cumulative healing rate at S2 stage (A) and at S stage (B).
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EUS findings
We observed the width (W) of ulcer craters, length (L) of
disrupted muscularis propria layer, and hypoechoic area (A)
before and 6 wk after therapy. We calculated the contraction
rates of W, L, and A. The average rates were higher in
group A than in groups B and C (P<0.05). There was no
significant difference between groups B and C (Table 2).
We also observed the conditions of hypoechoic area
disappearance 6 wk after drug administration. The hypoechoic
area disappeared in four cases of group A, one of group B
and two of group C. The percentage of hypoechoic area
disappearance was higher in group A than in the other two
groups (P<0.05). There was no significant difference
between groups B and C (P>0.05) (Figure 2).
In terms of the contraction rates of W, L, and A as well
as the condition of hypoechoic area disappearance, the
quality of gastric ulcer healing tended to be better in group
A, suggesting that administration of PPIs in combination
with mucosal protective agents could improve the quality
of gastric ulcer healing.

Table 2 Average contraction rates of W, L, and A in three groups
(mean±SD)
Group A

Group B

Group C

Contraction rates of W

0.623±0.067

0.537±0.098

0.585±0.123

Contraction rates of L

0.496±0.052

0.391±0.073

0.407±0.083

Contraction rates of A

0.792±0.090

0.660±0.105

0.668±0.143

P<0.05

P<0.05

100%
80%
60%

44%

40%
20%
0%

17%

9%
Group B

Group A

Group C

Figure 2 Percentage of hypoechoic area disappearance.

DISCUSSION
Since the advent of antiulcer agents in clinical practice, the
healing rate of peptic ulcer has reached more than 95%.
But the high recurrence rate is greatly concerned.
Ulcer recurrence may be attributable to other factors,
such as gastric acid rebound, persistent presence of mucosal
aggravating factors, and impairment of local protective
mechanisms. It has been reported that recurrence is common
when gastric ulcers form a red scar with red regenerative
epithelium, whereas ulcers that form a white scar with an
epithelium similar to the normal surrounding mucosa show
a low rate of recurrence[10] .
Based on a visual examination, the ulceration process
includes three stages, namely stage A (active stage), stage H

(healing stage) and stage S (scar stage), the ulcer scars are
classified by color as S1 (red) or S2 (white). Histologically,
the healing of ulcer is accomplished by filling mucosal defect
with epithelial cells and connective tissue to reconstruct
mucosa. Epithelial cells at the ulcer margin dedifferentiate
and proliferate, supplying cells for re-epithelialization of
the mucosal scar surface and reconstruction of glandular
structures. Granulation tissue at the ulcer base supplies
connective tissue cells to restore the lamina propria and
endothelial cells and microvessels for mucosal microvasculature
reconstruction. The final outcome of healing reflects a
dynamic interaction between “epithelial” component from
the ulcer margin and connective tissue component containing
microvessels originating from granulation tissue. The ulcer
healing process is influenced by gastric acid, pepsin and
growth factors such as epidermal growth factor, transforming
growth factor (TGF alpha) and fibroblast growth factor,
etc. It has long been postulated that mucosa in areas of
grossly ‘healed’ gastric or duodenal ulcers returns to normal,
either spontaneously or after treatment[11]. This assumption
is based almost entirely upon visual examination by
endoscopy. Histological and ultrastructural studies can
examine the deeper mucosa in areas of grossly healed ulcers,
the gastric mucosa of grossly ‘healed’ ulcers show reepithelialization of the mucosal surface, but showed
prominent abnormalities present in the subepithelial mucosa
including reduced height, marked dilation of gastric glands,
poor differentiation and/or degenerative changes in
glandular cells, increased connective tissue, and disorganized
microvascular network. These abnormalities could interfere
with oxygenation, nutrient supply, and mucosal resistance
and defense, thus becoming the factors for ulcer recurrence.
These observations indicate that the quality of mucosal
structural restoration rather than the speed of ulcer healing
is the most important factor in determining risk of ulcer
recurrence[1,11] . In 1991, Tarnawski et al [1], put forward a
new concept of QOUH. Since then, EUS has been used to
estimate the ulcer healing process and attentions have been
focused on the correlation between QOUH and effective
ulcer treatment.
Kimura et al[12], reported that the QOUH can be classified
into high, fair and poor quality. High quality healing
recognized on EUS is complete disappearance of a low
echo mass and subsidence of the wall thickness. They
studied 79 patients with gastric ulcer by EUS for a year,
found that the incidence of high quality healing was 21.2%
(11 of 52 ulcer scars) in the S1 stage group, which remarkably
increased up to 70.4% (19 of 27) in the S2 group (P<0.01).
The cumulative relapse rate at 12 mo during maintenance
therapy with H2 blocker was found to be 4.5% in the group
with high quality healing on EUS, 40.9% in the group with
fair quality healing, and 75% in the group with poor quality
healing. Hence the aim of antiulcer treatment is to promote
the QOUH and reduce the recurrence rate. The primary
care physicians are looking for a good choice of antiulcer
agents to achieve high quality of healing. Caution should be
taken for indiscriminate and long-term administration of
antiulcer medications.
Most studies based on visual examination (by endoscopy
in patients, or the evaluation of ulcer size in experimental

3464

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

studies) have shown the efficacy of new antiulcer drugs on
healing of gastric ulcers, but few were based on EUS[13]. We
designed the present study to objectively establish a
relationship between the efficacy of antiulcer drugs and
quality of gastric ulcer healing by EUS and endoscopy.
Taking group A for example, although the cumulative
healing rate at S2 stage was 67%, the high quality of gastric
ulcer healing was 44%. The grossly ‘healed’ ulcer did not
represent true healing completely. EUS may provide a
reliable and objective assessment of the quality of gastric
ulcer healing.
The routine course of gastric ulcer treatment is 6 wk,
but after evaluating the quality of gastric ulcer healing by
EUS in 32 patients, we found that administration of drugs
for 6 wk was not enough to achieve high quality of gastric
ulcer healing (the highest rate was only 44%). An insufficient
time period of treatment may be another reason for ulcer
recurrence. We need further studies to establish an effective
course of gastric ulcer treatment.
After evaluating the quality of gastric ulcer healing by
EUS in 32 patients, we also conclude that combined
treatment of PPIs with mucosal protective agents gave a
desirable result in terms of promoting the quality of gastric
ulcer healing. Using PPIs or mucosal protective agent alone
as a maintenance therapy for gastric ulcer showed no
significant difference after 5 wk. PPIs can inhibit the
secretion of gastric acid, defense factors and impair tissue
regeneration. The mucosal protective agents such as
teprenone can increase phospholipid and glycoprotein
macromolecules in gastric mucosa and stimulate gastric
mucosal blood circulation and increase prostaglandins in
mucosa. They also stimulate secretion of growth factors.
Tarnawski et al[14], also found that inhibition of acid secretion
significantly accelerates ulcer healing, but acid reducers
used alone cannot improve the quality of healing. Both
sucralfate and omeprazole treatment can improve the
quality of gastric ulcer healing. Stimulating actions of
sucralfate on growth factors may be the basis for improving
the QOUH. PPIs and mucosal protective agents may be
used in maintenance therapy.
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Abstract
AIM: To determine the validity of the non-invasive method
of CT perfusion (CTP) in rat model of hepatic diffuse disease.
METHODS: Twenty-eight Wistar rats were divided into
two groups. Liver diffuse lesions were induced by diethylnitrosamine in 14 rats of test group. Rats in control group
were bred with pure water. From the 1st to 12th wk after
the test group was intervened, both groups were studied
every week with CTP. CTP parameters of liver parenchyma
in different periods and pathologic changes in two groups
were compared and analyzed.
RESULTS: The process of hepatic diffuse lesions in test
groups was classified into three stages or periods according
to the pathologic alterations, namely hepatitis, hepatic fibrosis,
and cirrhosis. During this period, hepatic artery flow (HAF)
of control group declined slightly, mean transit time (MTT),
blood flow (BF) and volume (BV) increased, but there were
no significant differences between different periods. In
test group, HAF tended to increase gradually, MTT prolonged
obviously, BV and BF decreased at the same time. The results
of statistical analysis revealed that the difference in the
HAF ratio of test group to control group was significant.
The ratio of BV and BF in test group to control group in stage
of hepatitis and hepatic cirrhosis, hepatic fibrosis and early
stage of hepatic cirrhosis was significantly different, but
there was no significant difference between hepatitis and
hepatic fibrosis. The main pathological changes in stage of
hepatitis were swelling of hepatic cells, while sinusoid
capillarization and deposition of collagen aggravated
gradually in the extravascular Disse’s spaces in stage of
fibrosis and early stage of cirrhosis.
CONCLUSION: The technique could reflect some early
changes of hepatic blood perfusion in rat with liver diffuse
disease and is valuable for their early diagnosis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The imaging diagnosis of hepatitis, hepatic fibrosis and earlystage hepatic cirrhosis is still very difficult because they lack
morphological changes. However, some hemodynamic changes
of these diseases have been found[1] . Invasive and noninvasive methods[2-4] are employed to detect these alterations.
At present, blood perfusion data of liver tissues and lesions
can be obtained by non-invasive method of CT perfusion
(CTP) scan using rapid scan technique and analytic software.
Clinical observations have shown its feasibility[5-7]. But there
are few studies on the blood changes in hepatitis, hepatic
fibrosis and cirrhosis at early stage[8]. This study was to
investigate the validity of CTP in rat model of hepatic
diffuse disease.
MATERIALS AND METHODS
Animals
Twenty-eight male Wistar rats, 6 wk old, were divided into
test and control groups (14 each group). Three days were
given to get themselves adapted to the environment in
independent ventilating cabinets. Test group was continually
intervened every day by adding diethylnitrosamine (DEN,
0.01%, Sigma, 0.99 mg/mL) into their drinking water.
Control group drank pure water at the same time. The rats
in both groups were scanned by spiral CT once a week for
12 wk after the intervention in test group. Rats of both
groups were killed 24 h after CT scan and liver parenchyma
tissue of corresponding part was collected and stained with
hematoxylin and eosin for pathological examination.
CT imaging
All examinations were completed on a spiral CT scanner.
Plain scan was performed to select a slice in which the liver,
aorta and portal vein were clearly visualized. Then single
section sequential dynamic contrast enhancement CT scan
was done according to the protocol of 0.6 s scan time, 0.4 s
cycle time, 50 s total scan time; 120 kV, 80 mA; 5-mm slice,
512×512 matrix, 12 cm FOV. An ionic contrast agent (60%
angiografin, 1 mL/kg) with diluted concentration of 33%
was injected into the tail vein after 5-10 slices were scanned.
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Tissue analysis
Within 24 h after CT imaging, the rats were killed and livers
were removed at autopsy. DEN-induced liver injury was
assessed by standard hematoxylin-eosin staining and electron
microscopy, and compared to the normal livers.
Data analysis
All images were transmitted to a workstation (SPARC;
Volume Viewer) for data analysis using GE AW4.2. Four
of the six parameters were calculated by this software,
including blood flow (BF), blood volume (BV), mean transit
time (MTT), hepatic arterial flow (HAF). The other two
parameters devised for tumor lesion were not included in
this test. Three regions of interest (ROI) were drawn in the
abdominal aorta, portal vein and right lobe of the liver
respectively to obtain satisfactory time-density curves. Hepatic
artery was substituted by abdominal aorta because of its
small caliber. The ROI of liver parenchyma was as large as
possible and avoided large blood vessels.
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at different stages were significant (P<0.05). The BV and
BF ratios at stage of hepatitis and hepatic cirrhosis, hepatic
fibrosis and early stage of hepatic cirrhosis were significantly
different (P<0.05), but no significant difference was found
between hepatitis and hepatic fibrosis.
379 HU (relative)
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Figure 1 Time-density curves for abdominal aorta (curve 1), portal vein (curve
2) and liver parenchyma (curve 3).

A

RESULTS
Pathology
Hepatic lesions in test group were proved to be the main
pathologic changes manifested as swelling of hepatocytes
1-4 wk after intervention. Fibrotic changes were found at
5-8 wk. Hepatic lesions developed into cirrhosis at 9-14 wk
and were characterized by many cirrhosis nodules. Diffuse
lesions in different lobes were at different levels. Left lobe
and/or left segment of right lobe developed into cirrhosis
earlier and more serious than others.

B

40
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20
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10
5
0

BF value

Value

Statistical analysis
Data were expressed as mean±SD. The Student-NewmanKeuls was used for comparison between two groups in different
periods. Considering the changes of perfusion parameters
in normal group, ratios of the relative data between test group
and normal group were compared. P<0.05 was considered
statistically significant.

CT results
No obvious morphologic changes were seen in both groups
during the experiment.
Time-density curves (Figure 1) of CTP were satisfactory
and all hepatic blood perfusion data (Table 1) could be
obtained. From the 1st to 12th wk after the test group was
treated with DEN, HAF increased gradually, MTT prolonged
obviously, BV and BF decreased at the same time. While
HAF of control group declined slightly, MTT, BF and BV
increased. Statistical analysis (Figure 2) showed that the
differences in the HAF ratios of test group to control group
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Figure 2 Histogram of BV, MTT, HAF (A) and BF (B) at different stages in two
groups.

DISCUSSION
At present, the diagnosis of hepatitis, hepatic fibrosis and
early hepatic cirrhosis in clinic mainly depends on blood
examination and the history of patients. Hepatic biopsy has
to be considered in order to determine the degree of lesion
but is not always exact. Hemodynamic change is important
in determining the function of liver. The blood volume of
liver accounting for 1/4 of cardiac output is important in
maintaining hepatic function. Decrease of blood perfusion

Table 1 CTP data at different stages of test group and control group (mean±SD)
Hepatitis (1-4 wk)
Test
HAF (%)
BV (mL/100 g/min)
BF (mL/100 g)
MTT (s)

0.33±0.23
18.05±3.27
152.84±59.12
6.6±2.39

Normal
0.25±0.17
20.54±2.35
143.43±26.65
6.57±3.28

Fibrosis (5-8 wk)
Test

Normal

0.55±0.13
19.35±3.96
161.77±56.64
11.41±3.92

0.22±0.16
26.65±6.67
192.44±79.98
8.3±2.75

Cirrhosis (9-12 wk)
Test
0.7±0.24
9.51±3.61
117.59±78.66
15.02±5.21

Normal
0.19±0.17
33.06±4.45
251.67±73.50
7.88±2.06

Guan S et al. CT perfusion of hepatic diffuse disease

in liver will impair its function by reducing the exchange of
blood and hepatocytes. Therefore, the investigation of
perfusion parameters of liver is of great value in clinical
diagnosis and treatment of liver disease.
Non-invasive techniques used in clinic to estimate hepatic
perfusion include hepatic clearance of sorbitol, SPECT,
PET, Doppler, etc. However, there are some shortcomings
of these methods. For example, the method of hepatic
clearance of sorbitol is affected severely by some enzymes
and transit mechanism when applied in patients with severe
liver diffuse disease. Nuclear medicine techniques are
hampered by their limited spatial and temporal resolution
in differentiating the overlapping parts of hepatic artery
and portal vein perfusion in liver, and can barely reflect a
large area of liver and can be affected easily by abdominal
aorta, inferior vena cava and right kidney when hepatic
artery perfusion is measured quantitatively[3]. Doppler and
color Doppler can only measure the velocity of large blood
vessels and could not directly evaluate the blood amount
of hepatic parenchyma[9]. The applications of invasive
methods including angiography, CTA, CTAP, etc., do not
play an important role in routine clinical practice.
Studies of Miles et al [10] , reported that it is possible to
analyze hepatic perfusion using single slice dynamic CE CT
scan. According to its achievements in brain diseases[11], this
technique may be a promising way to detect hepatic blood
perfusion. To date, there are few reports about its application
in liver diseases[12,13].
Our results showed that HAF in control group declined
slightly and MTT, BF and BV increased gradually from the
1st to 12 th wk after the test group was treated, but there
were no significant differences. The explanation may be
because the experimental rats were growing and hepatic
perfusion data would change with the growth. In test group,
HAF tended to increase, MTT prolonged obviously, BV
and BF decreased at the same time. Considering the changes
of perfusion parameters in control group, the ratios of the
counterpart data in test group and control group were
compared. The results of statistical analysis demonstrated
that the differences in HAF and MTT at different stages
of test group were significant (P<0.05), and the differences
in BV and BF between hepatitis and hepatic cirrhosis, hepatic
fibrosis and early stage of hepatic cirrhosis were significant
(P<0.05), suggesting that single slice dynamic CE CT scan
can estimate the changes of hepatic blood perfusion related
with liver diffuse disease. There was no significant difference
in BV and BF between hepatitis and hepatic fibrosis. The
explanation may be that liver at this stage can still compensate
for its blood perfusion by increasing hepatic arterial volume
or the pressure of portal vein. The perfusion data of early
stage of hepatic cirrhosis changed a lot compared to those
at stage of hepatitis. Pathologic analysis showed that transformation of the fenestrated sinusoids into continuous capillaries
and deposition of collagen in the extravascular spaces were
the key factors. This kind of alterations may increase the
interstitial pressure and obstruct hepatic blood perfusion.
Shunts between hepatic artery and portal vein disturb hepatic

3467

perfusion in hepatic cirrhosis, but this phenomenon was not
obvious in our animal models.
MR perfusion in liver has been studied recently. However,
there is no good analytic software because of its complexity
compared to CT. Furthermore, the theory and manipulation
of MR perfusion are not as simple as CTP in liver examination.
Therefore, CTP is more feasible than MR at present.
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Abstract
AIM: To assess the expression of -catenin in gastric
carcinoma and to determine the role of -catenin expression
in gastric carcinogenesis.
METHODS: -catenin expression was assessed by semiquantitative reverse transcriptase-polymerase chain reaction
and immunohistochemical staining in 49 gastric carcinomas,
26 adjacent non-cancerous mucosae, and gastric biopsy
specimens from 11 healthy controls.
RESULTS: mRNA levels of -catenin were reduced or
absent in 34 of 49 (69%) gastric carcinoma tissues and
in 5 of 26 (19%) tumor-free gastric mucosae of carcinoma
patients, respectively. Of the carcinoma samples with altered
-catenin mRNA levels, -catenin expression was negative
in 20 and decreased in 14 cases. Up to 69% of tumors
were stained abnormally for -catenin. Of the 34 cases
whose mRNA expression of -catenin was reduced, 32
(94%) showed abnormal immunostaining patterns, while
only 2 showed a normal -catenin expression. The frequency
of reduced expression of -catenin mRNA was 14% in
well-differentiated carcinomas, higher than that in poorly
differentiated carcinomas (86%). A significant correlation
was not shown between -catenin expression and both
depth of invasion and lymph node metastasis. Moreover,
there was no statistical difference between loss or
down-regulation of -catenin mRNA and Helicobacter
pylori (H pylori) infection.
CONCLUSION: Downregulation of -catenin expression
is common in gastric carcinoma, and -catenin expression
may be used as a differentiation marker. Downregulation of
-catenin expression may be an early event in tumorigenesis.

Reduced -catenin expression is not correlated with H pylori
infection.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Gastric carcinoma is the second most common malignancy
worldwide, and one of the leading causes of death in countries
such as Japan, China, and Chile. Even in the developed Western
countries, the 5-year survival rate of gastric carcinoma patients
is only 10-19%[1]. In China, gastric carcinoma is the most
common malignancy annually diagnosed, with a cancer-related
mortality of 23%[2]. Lanzhou, a city of northwest China, is one
of the highly prevalent geographic areas of gastric carcinoma
with a cancer-related mortality of 48%[2]. It is currently unknown
what factors contribute to the develo-pment, progression,
and metastasis of gastric cancers. Many investigations
attribute this high incidence to dietary and genetic factors,
as well as Helicobacter pylori (H pylori) infection[3].
Development of malignant tumors is in part characterized
by the ability of tumor cells to break away from cell-cell adhesion
and to invade surrounding tissues. E-cadherin is the main
adhesion molecule of epithelia, and has been implicated in
carcinogenesis because it is frequently lost in human epithelial
carcinomas[4]. Formation of strong intercellular adhesion
requires a linkage between transmembranous E-cadherin
and actin filaments in the cytoskeleton. The extracellular
domain of E-cadherin regulates homophilic interaction. The
amino acid sequences of cytoplasmic domain, on the other
hand, are highly conserved among the family members and
indispensable to bind to actin filaments. At least two cytoplasmic proteins, called -catenin and -catenin, are closely
associated with this domain[5,6]. When the carboxyl-terminal
region of the cytoplasmic domain of E-cadherin is deleted, the
truncated E-cadherin cannot act as adhesion molecules[5,7,8].
Thus, catenins play an important role in E-cadherin function.
-catenin is believed to be important in linking E-cadherin
to the actin cytoskeleton. Biochemical evidence suggests
that -catenin does not bind to E-cadherin directly but rather
mediates the interaction of E-cadherin--catenin complex
with the actin cytoskeleton, whereas -catenin binds directly
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to the cytoplasmic domain of E-cadherin. However, cells
lacking -catenin are unable to form stable adhesions junction,
despite normal E-cadherin and -catenin expression[6,9].
The important role of E-cadherin-catenin complex in
mediating epithelial cell-cell adhesion is reflected by many
studies showing that its abnormal expression and dysfunction
are correlated to cancer cell dedifferentiation, invasion, and
metastasis[10-13]. We have previously shown that abnormal
expression of E-cadherin and -catenin occurs in a
considerable proportion of gastric carcinomas. In this study,
we examined -catenin expression in gastric carcinoma by
reverse transcriptase-polymerase chain reaction (RT-PCR)
and immunohistochemical analysis to assess the possible role
of -catenin in the process of gastric carcinogenesis. The
possible relationship between -catenin expression and tumor
clinicopathology was also discussed.

MATERIALS AND METHODS
Materials
Specimens of gastric cancers were obtained from 49 consecutive
patients who underwent gastrectomy at the Department of
Surgery (First Teaching Hospital, Lanzhou Medical College,
Lanzhou, China), from January to August 2002. There were
39 males and 10 females, with a median age of 54 years (range,
38-72 years). None of the patients received chemotherapy or
radiotherapy before surgery. Clinicopathological information
was obtained from hospital records. Samples were taken
from the representative cancerous lesions as well as adjacent
non-cancerous mucosae. Immediately after removal, all
specimens were placed in liquid nitrogen and stored at -80 ℃
until use. In addition, mucosal biopsy specimens from nine
healthy controls were examined. Sections were stained with
Warthin-Starry staining for detection of H pylori.
Tumor staging and classification
Tumors were staged at the time of surgery by the standard
criteria for TNM staging using the unified international
gastric cancer staging classification[14] and the following
morphological details were recorded: depth of invasion (pT
category), lymph node involvement (pN category). According
to the criteria of the Japanese Research Society for Gastric
Cancer[15], tumors were classified into well or poorly differentiated (including undifferentiated or signet ring) carcinomas.
Pathological data are summarized in Table 1.

Table 1 Relationship between expression of -catenin mRNA and
histopathological features in gastric carcinoma
No
All case
pT category
T1/T2
T3/T4
pN category
N-negative
N-positive
Tumor grade
Differentiated
Undifferentiated

-catenin mRNA expression

P

+ (%)

-or ± (%)

49

15 (30.6)

34 (69.4)

17
32

7 (41.2)
8 (25.0)

10 (58.8)
24 (75.0)

1.36
NS

26
23

10 (38.5)
5 (21.7)

16 (61.5)
18 (78.3)

1.60
NS

20
29

11 (55.0)
4 (13.8)

9 (45.0)
25 (86.2)

9.46
<0.01

+, positive; ±, faint band; -, negative.
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RT-PCR assay
Total RNA was extracted by Tripure method (TakaRa, Japan).
One microgram of total RNA was reverse transcripted in
20 L volume of reaction mixture using the SuperScript
Preamplification system (TakaRa) according to its instruction.
A pair of primers was designed to amplify the coding region
of -catenin mRNA. A sense primer, Pr-1 (5’-TCGCCCAGCTAGCCGCAGAAATG-3’), and an antisense primer,
Pr-2 (5’-TCAGCAACCGGGTAAACAGCAGAGA-3’), were
used and the expected PCR product was 437 bp. PCR was
carried out in 25 L total reaction mixture. Reaction mixture
was incubated for 5 min at 94 ℃. Samples were denatured
at 94 ℃ for 30 s, annealed at 62 ℃ for 30 s, and extended
at 72 ℃ for 30 s. After 35 cycles there was a final elongation
for 5 min at 72 ℃, 10 L of the PCR product was then
electrophoresed on 1.5% agarose gel together with size markers.
Semiquantitative analysis
Levels of -catenin mRNA were quantified using semiquantitative RT-PCR as previously described. GAPDH was used
as an internal standard to confirm the equal loading in each
experiment and amplified from the same cDNAs. The level
of PCR-amplified products was analyzed densitometrically
from the agarose gel and standardized to the respective
GAPDH mRNA level. The -catenin/GAPDH ratio was
calculated and analyzed using the t test.
Immunohistochemical staining
The following items were purchased from Maxim Biotech
Inc. (South San Francisco, CA, USA): mouse mAbs against
human -catenin, UltraSensitive S-P Kit, and peroxidaseconjugated streptavidin. Diaminobenzidine tetrahydrochloride
(DAB) and other routine chemicals were obtained from
Sigma-Aldrich Corp. (St. Louis, MO, USA).
To detect the presence and patterns of -catenin, we utilized
the peroxidase-conjugated streptavidin immunostaining
technique, as previously described by others[13] . Briefly,
4-µm-thick tissue sections were dewaxed and rehydrated
through changes of xylene and graded alcohol. Endogenous
peroxidase activity was blocked by incubating the sections
with 0.6% hydrogen peroxide for 10 min. Heat-mediated
antigen retrieval was performed by heating the sections
(immersed in 0.01 mol/L citrate buffer, pH 6.0) in a microwave
oven (750 W) for 20 min. The slides were then washed
with PBS before they were exposed to 10% normal goat
serum for 10 min to block the non-specific background
reaction. The slides were then incubated with respective
primary antibody overnight at 4 ℃. Following the wash
with PBS, the slides were incubated for 15 min with the
secondary antibody and biotinylated goat anti-mouse IgG.
The slides were further washed for 3 min×10 min in PBS,
followed by incubation with peroxidase-conjugated streptavidin
for 10 min. The peroxidase reaction was developed in PBS
using hydrogen peroxide as a substrate and DAB as a
chromogen. Sections were counter-stained with hematoxylin,
dehydrated, and evaluated under a light microscope.
Interpretation of immunostaining
Slides were independently examined by two experienced
pathologists who were blinded to the stage of the tumor and
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to the initial score of the other observer, and a high level of
concordance (90%) was achieved. In case of disagreement,
the slides were reviewed and a consensus view was achieved.
Staining intensity was graded semiquantitatively from 0 to 3,
as previously described[16,17]: 0: negative staining; 1: cytoplasmic
staining; 2: heterogeneous staining (tumors composing of
both normal and abnormal staining areas); and 3: a normal
membranous staining. Because the staining pattern sometimes
varied within the same tumor particularly when the differentiation status varied, the final score was based on the dominant
pattern. For the ease of data analysis, all tumors with loss
of membranous expression were classified as abnormal which
included those with absent, heterogeneous or cytoplasmic staining
patterns.

The relationship between -catenin expression and
clinicopathological features is shown in Table 1. The frequency
of decreased -catenin expression was higher in poorly
differentiated carcinomas (25 [86%] of 29 cases) than in
well-differentiated carcinomas (9 [45%] of 20 cases). Thus,
the expression of -catenin was significantly correlated with
differentiation (P<0.01). A significant correlation was not
shown between -catenin expression and depth of invasion
(pT category), with loss or absent expression in 10 of 17
(59%) tumors with T1/T2 and 24 of 32 (75%) tumors with
T3/T4 (P>0.05). In comparing the lymph node metastasis
(pN category) with loss or absent expression of -catenin,
-catenin was reduced in 62% (16/26) of tumors with N0
and 78% (18/23) of tumors with N1 (P>0.05).

Statistical analysis
The 2 test was used for correlation between -catenin
expression and clinicopathologic indices. The correlation
between -catenin mRNA expression and -catenin
immunostaining was analyzed by Spearman’s rank correlation
coefficient. P<0.05 was considered statistically significant.

-catenin immunostaining in gastric carcinoma
Without exception, all normal mucosal specimens showed
distinct, evenly distributed immunostaining for -catenin
along the intercellular borders. Of the 49 gastric tumor cases,
35 (71%) showed an abnormal -catenin expression, and
14 (29%) showed a normal expression. Furthermore, of
the 34 cases whose mRNA expression of -catenin was
reduced, 32 (94%) showed an abnormal immunostaining
pattern, while only 2 showed a normal -catenin expression
(Figure 2). Using Spearman’s rank correlation coefficient,
there was an apparent association between reduced expression
of -catenin mRNA and abnormal -catenin immunostaining
(rs = 0.867, P = 0.001). Comparison of -catenin immunostaining
with clinicopathological features revealed that abnormal
-catenin expression correlated with differentiation (P<0.01),
but not with pT category or pN category.

RESULTS
Expression of -catenin mRNA in gastric carcinoma
All gastric biopsies obtained from healthy control subjects
exhibited -catenin mRNA. In contrast, in 34 of 49 tumor
samples, -catenin mRNA levels altered. Thus, of the 49
gastric tumor tissues, expression of -catenin was completely
lost in 12 (41%) and decreased in 8 (28%) compared with
normal issue (Figure 1). In total, 34 (69%) tumor specimens
exhibited low or absent -catenin expression, whereas in
the tumor-free locations (26 cases) absent -catenin expression
was observed in only 5 cases.

1 2

3

4

M

2 3

5 M 6

7

8

9 10 M

6 7

8

9 10 M

-catenin
GAPDH
1

4 5

Figure 1 RT-PCR analysis of -catenin mRNA in gastric tissues. Amplification
of GAPDH mRNA was performed to ensure equal loading. Lanes 1 and 10:
healthy controls; lane 6: tumor free; lanes 2-5, 7-9: tumor; M: marker.

A

B

Figure 2 Immunoreactivity of -catenin in gastric carcinoma. A: Normal
membranous staining pattern (SP ×400). B: Poorly differentiated tumors with
complete loss of membranous staining in the majority of cells. Membranous

Correlation of -catenin expression with H pylori infection
A total of 49 gastric carcinomas were examined for H pylori
infection using Warthin-Starry staining. H pylori infection
and mRNA expression of -catenin were studied. Twentytwo of 31 tissue specimens with H pylori infection exhibited
a reduced -catenin expression, whereas in 18 tissue
specimens with no H pylori infection 12 exhibited a low or
no -catenin expression. A statistically significant correlation
was not observed between reduced expression of -catenin
mRNA and H pylori infection (P>0.05).

DISCUSSION
Functional cell-cell contacts play a critical role in the organization

C

staining can be seen in a few cells retaining gastric gland (SP ×200). C: Moderately
differentiated tumors showing membranous staining pattern (SP ×200).
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of differentiated epithelial tissues. It is predominantly regulated
by E-cadherin, a calcium-dependent cell adhesion molecule
that binds to other E-cadherin molecules on adjacent cells
and is located at the adheren junction of epithelial cells[5,18].
It has become now apparent that loss of E-cadherin-mediated
cell-cell adhesion is associated with the progression of many
carcinomas, known to act as an “invasion suppressor
system” in cancer cells[4,19,20]. In cultured cell lines, loss of
E-cadherin function caused a reduction in cell-cell adhesiveness
and acquisition of an invasive capacity[21,22]. Also, the reduced
expression of E-cadherin has been correlated with differentiation,
tumor invasion, and metastasis in various cancerous tissues[4,10].
Loss of E-cadherin/catenin-dependent cell-cell adhesion was
often caused by mutations of the E-cadherin or the -catenin
gene[9,23-26]. Approximately 50% of sporadic diffuse gastric
carcinomas demonstrated somatic mutations that could
inactivate E-cadherin[27,28]. A germline mutation in E-cadherin
associated with familial gastric carcinoma was recently
reported in a New Zealand kindred[24,29]. Another mechanism
of altered cell-cell adhesion is the downregulation of Ecadherin gene expression, for instance by modified methylation
patterns of a 5’CpG island in the E-cadherin promoter[30-32].
Moreover, catenins (-, -) play an important role in E-cadherin
function. Mutant E-cadherin molecules lacking the cateninbinding sites failed to interact with the actin filaments[7,8],
indicating that interactions between E-cadherin and cytoskeletal
proteins through catenins could confer stability on the cell–
cell adheren junctions. Recently, several studies[16,33-35] have
shown that expression of E-cadherin and catenins is frequently
downregulated in gastric carcinoma. We have previously
demonstrated that abnormal expression of E-cadherin and
-catenin occurs in a considerable proportion of gastric
carcinomas, and there is a significant relationship between
abnormal E-cadherin or -catenin expression and tumor
clinicopathology.
-catenin, a protein associated with E-cadherin, could bind
to the cytoplasmic domain of E-cadherin, form a linkage
to actin filaments, and regulate E-cadherin function[5,6]. PC9
lung carcinoma cells, which do not have the -catenin protein,
could not bind tightly to each other despite the fact that
they possess E-cadherin. Transfection of the -catenin gene
could restore their intercellular adhesion[26]. As no methylation
around the promoter region CpG island has been documented
in the -catenin gene[4,36], gene deletions might be involved in
reduced expression of -catenin. In addition, post-transcriptional
mechanisms may be important in the regulation of -catenin
function. E-cadherin might stabilize -catenin protein
through their specific binding to -catenin[37,38], or might
increase the translation level of this molecule by decreasing
the concentration of free -catenin protein[39]. In our study,
we found loss of membranous -catenin immunostaining
in a subgroup of gastric carcinomas, and these results were
in agreement with those of previous reports[16,17,34,40]. However,
these studies were based on immunohistochemical analyses
and alteration of -catenin expression was defined as abnormal
non-membranous immunostaining in gastric carcinoma cells.
In the present study, using a different approach, we found
that mRNA expression of -catenin was lost or downregulated,
compared with the adjacent normal gastric mucosa or normal
gastric tissues from healthy subjects. Of the 49 cases studied,
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-catenin expression was found to be downregulated or
lost in 69% of gastric carcinomas. These results suggest
that alteration of -catenin occurs at the transcription level.
We found that reduced -catenin expression did not correlate
with pT category or pN category, but correlated strongly
with poor differentiation grade. Thus, our results suggest
that -catenin expression may be used as a differentiation
marker. Moreover, our findings of reduced -catenin
mRNA expression in 5 of 26 tumor-free gastric mucosae
suggest that changes in -catenin expression may be an
early event in gastric carcinoma.
It has been accepted that patients infected with H pylori
undergo up to ninefold greater risk of developing gastric
carcinoma and several groups have reported that H pylori
infection leads to enhanced cell proliferation and diminished
apoptosis of the gastric mucosa and both these features
are common in the process of malignant transformation.
Terres et al[41], reported that H pylori-infected individuals
exhibited downregulation of E-cadherin expression.
Furthermore, Yu et al[42], have previously shown that loss or
downregulation of -catenin mRNA in the gastric mucosa
is associated with H pylori infection. However, in this study,
there was no statistically significant correlation between
-catenin expression and H pylori infection. Since the
number of carcinoma cases in this study was small, further
investigations are required.
In conclusion, loss or absence of -catenin expression
is common in gastric carcinoma, and may be an early event
in gastric carcinoma. -catenin expression may be used as
a differentiation marker. Reduced -catenin expression does
not correlate with H pylori infection.
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Abstract
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AIM: To identify the pre-X region in hepatitis B virus (HBV)
genome and to study the relationship between the genotype
and the pre-X region. To investigate the biological function
of whole-X (pre-X plus X) protein, we performed yeast
two-hybrid to screen proteins in liver interacting with
whole-X protein.
METHODS: The pre-X region of HBV was amplified by
polymerase chain reaction (PCR) method, and was cloned
to pGEM Teasy vector. After the target region was sequenced,
Vector 8.0 software was used to analyze the sequences.
The whole-X bait plasmid was constructed by using yeast
two-hybrid system 3. Yeast strain AH109 was transformed.
After expression of the whole-X protein in AH109 yeast strains
was proved, yeast two-hybrid screening was performed
by mating AH109 with Y187 containing liver cDNA library
plasmid. The mated yeast was plated on quadruple dropout
medium and assayed for -gal activity. The interaction
between whole-X protein and the protein obtained from
positive colonies was further confirmed by repeating yeast
two-hybrid. After extracting and sequencing of plasmid
from blue colonies, we carried out analysis by bioinformatics.
RESULTS: After sequencing, 27 of 45 clones (60%) were
found encoding the pre-X peptide. Eighteen of twenty-seven
clones (66.7%) of pre-X coding sequences were found
from genotype C. Five positive colonies that interacted with
whole-X protein were obtained and sequenced; namely,
fetuin B, UDP glycosyltransferase 1 family-polypeptide A9,
mannose-P-dolichol utilization defect 1, fibrinogen-B beta

CONCLUSION: The pre-X gene exists in HBV genome.
Genes of proteins interacting with whole-X protein in
hepatocytes were successfully cloned. These results brought
some new clues for studying the biological functions of
whole-X protein.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatitis B virus (HBV) predominantly infects host hepatocytes
and causes a spectrum of pathological processes, ranging
from occult infection to the later development of primary
liver cancer [1,2] . HBV genomes have a compact genetic
organization with four open reading frames (ORFs) as P,
X, S, and C corresponding to the polymerase, the X protein,
the S including pre-S, and the nucleocapsid/HBeAg proteins,
respectively. The P gene covers more than 70% of the complete
genome and overlaps the entire pre-S and S-genes and the
X and core genes partially[3,4]. pX is likely to be an important
regulatory protein since its sequence is conserved among
the mammalian hepadnaviridae members. pX increases HBV
transcription by trans-activating the viral enhancer-I via the
sequence named the E-element. HBx deregulates cell cycle
checkpoints and stimulates DNA synthesis, leading to the
proliferation of quiescent fibroblasts. Importantly, HBx is
a moderate but broad-acting transcriptional transactivator
and activates a variety of cellular and viral genes, including
proto-oncogenes, such as c-myc, c-fos, and c-jun. However, little
is known about the exact role of HBx in tumorigenesis[5-7].
Some of the reported HBV sequences have an additional
in-frame initiation codon, ATG, 56 nucleotide triplets upstream
of X gene’s ATG. In our study on molecular epidemiological
features of HBV genome, the ORF named pre-X region was
found[8,9]. The pre-X gene can be translated with X gene in

3474

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

frame. The pre-X plus X gene, named whole-X gene, is 630
bp long and the whole-X polypeptide encoded by this gene
comprises 210 amino acids. In order to further reveal the
biological roles of whole-X protein, we therefore tried to identify
its associated proteins in the present study by the GAL4-based
yeast two-hybrid system using the full-length whole-X cDNA
as a bait to screen the human fetal liver cDNA library.

MATERIALS AND METHODS
Yeast strains
Matchmaker GAL4 two-hybrid system 3 and vector pACT2
containing the human liver cDNA library were obtained
from Clontech Co., USA. Yeast strain AH109 (MATa, trp
1-901, leu2-3, 112, ura 3-52, his3-200, gal4, gal80, LYS2::
GAL1UAS-GAL1TATA-HIS3, GAL2UAS-GAL2TATAADE2 URA3::MEL1TATA-lacZ MEL1) contains pGBKT753, coding for DNA-BD/mouse p53 fusing protein. Yeast
strain Y187Y187 (MATa ura3-52, his3-200, Ade2-101, trp1901, leu2-3, 112, gal4, gal80, met-, URA3::GAL1UASGAL1TATA-lacZ MEL1) contains pTD1-1, in which pACT2
coding for AD/SV40 large T antigen fusing protein. AH109
was used for cloning of bait plasmids and Y187 was used
for cloning of library plasmids. Yeast-Escherichia coli shuttle
plasmids, pGBKT7 DNA-BD cloning plasmid, pGADT7
AD cloning plasmid, pGBKT7-53 control plasmid, pGADT7,
pGBKT7-Lam control plasmid, pCL1 plasmid were obtained
from Clontech Ltd Co. (K1612-1).
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Chemical agents and cultural media
Taq DNA polymerase was purchased from Promega Co.
T4 DNA ligase, EcoRI and BamHI restriction endonuclease
were purchased from Takara Co. c-Myc mAb secreted by
1-9E10.2 hybridoma (ATCC), goat anti-mouse IgG conjugated
with horseradish peroxidase were from Zhongshan
Company, China. Tryptone and yeast extracts from OXOID.
X-a-Gal and cultural media: YPDA, SD/-Trp SD/-Leu,
SD/-Trp/-Leu, SD/-Trp/-Leu/-His, SD/-Trp/-Leu/-His/Ade from Clontech Ltd Co.
Amplification and sequences of the pre-X region of HBV
DNA was extracted from serum of 17 patients with chronic
hepatitis B. The extracted DNA was mixed with polymerase
chain reaction (PCR) mixture containing the primers: sense
5’- CCA AGT GTT TGC TGA CGC AAC C’, antisense 5’GGA TCC AGT TGG CAG CAC ACC-3’. The PCR
product was cloned with pGEM-T vector (Promega Co.).
The primary structure of insert was confirmed by direct
sequencing[10,11].
Plasmid constructs
The full-length whole-X gene of HBV was cloned into the
yeast two-hybrid BD vector using a BamHI and EcoRI, which
could facilitate expression of DNA binding domain, c-myc
and whole-X fusion protein. The construction was verified
by restriction digestion and sequencing (Figure 1).

31

130

F296-1 C

ATGGGGCTTGGCCATTGGCCATCAGCGCATGCGTGGAACCTTTGTGGCTCCTCTGCCGATCCATACTGCGGAACTCC
TTGCAGCTTGTTTTGCTCGCAGC

F296-4
F296-5
F298-1
F298-2
F298-3
F298-5

C
C
C
C
C
C

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------C------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

F299-1
F299-2
F300-1
F300-2
F300-4
F325-2

C
C
B/C
B/C
B/C
B

C--------------------------------------------------------------------------------------------------C--------------------------------------------------------------------------------------------------C--------------------------------------------------------------------------------------------------C--------------------------------------------------------------------------------------------------C--------------------------------------------------------------------------------------------------T---------------------------------------------------------------------------------------------------

F325-3 B
F325-4 B
F325-6 B
F326-1 C
F326-2 C
F326-4 C
F326-6 C
F327-1 C
F327-2 C
Y931-2 B
Y931-3 B
Y933-1 B
Y933-2 B
Y940-4 C
Y942-3 C

T--------------------------------------------------------------------------------------------------T--------------------------------------------------------------------------------------------------T--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------T--------------------------------------------------------------------------------------------------T--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------T--------------------------------------------------------------------------------------------------T---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Yang Q et al. Pre-X region of hepatitis B virus

3475

Y943-1 A

T---------------------------------------------------------------------------------------------------

Y947-2 C

----------------------------------------------------------------------------------------------------

Y947-3 C

----------------------------------------------------------------------------------------------------

Y949-2 C

----------------------------------------------------------------------------------------------------

Y949-3 C

----------------------------------------------------------------------------------------------------

Y949-4 C

----------------------------------------------------------------------------------------------------

Y949-5 C

----------------------------------------------------------------------------------------------------

Y982-1 B/C

----------------------------------------------------------------------------------------------------

Y982-3 B/C

----------------------------------------------------------------------------------------------------

Y982-4 B/C

----------------------------------------------------------------------------------------------------

Y982-5 B/C

----------------------------------------------------------------------------------------------------

Y982-6 B/C

----------------------------------------------------------------------------------------------------

Y983-2 B/C

----------------------------------------------------------------------------------------------------

Y983-3 B/C

----------------------------------------------------------------------------------------------------

Y985-2 C

----------------------------------------------------------------------------------------------------

Y985-3 C

---------------------------------------------------------------------------------------------------

Y985-6 C

---------------------------------------------------------------------------------------------------

Consensus

ATGGGGCTTGGCCATAGGCCATCGGCGCATGCGTGGAACCTTTGTGGCTCCTCTGCCGATCCATACTGCGGAACTCC
TAGCAGCTTGTTTTGCTCGCAGC
131

198

F296-1 C

CGGTCTGGGGCAAACCTTATCGGAACTGACAACTCTGTTGTCCTCTCTCGGAAATACACCTCCTTTCC

F296-4 C

---------------------------------------T----------------------------

F296-5 C

---------------------------------------T----------------------------

F298-1 C

---------------------------------------CGA--------------------------

F298-2 C

--------------------------------------------------------------------

F298-3 C

--------------------------------------------------------------------

F298-5 C

--------------------------------------------------------------------

F299-1 C

--------------------------------------------------------------------

F299-2 C

--------------------------------------------------------------------

F300-1 B/C

-------------------------T-----------------------------------------

F300-2 B/C

-------------------------T-----------------------------------------

F300-4 B/C

-------------------------T-----------------------------------------

F325-2 B

--------------------------T-----------------------------------------

F325-3 B

--------------------------T-----------------------------------------

F325-4 B

--------------------------T-----------------------------------------

F325-6 B

--------------------------T-----------------------------------------

F326-1 C

--------------------------------------------------------------------

F326-2 C

--------------------------------------------------------------------

F326-4 C

--------------------------------------------------------------------

F326-6 C

--------------------------------------------------------------------

F327-1 C

--------------------------------------------------------------------

F327-2 C

--------------------------------------------------------------------

Y931-2 B

--------------------------------------------------------------------

Y931-3 B

--------------------------------------------------------------------

Y933-1 B

---------------------------T----------------------------------------

Y933-2 B

---------------------------T----------------------------------------

Y940-4 C

--------------------------------------------------------------------

Y942-3 C

--------------------------------------------------------------------

Y943-1 A

---------------------------T----------------------------------------

Y947-2 C

--------------------------------------------------------------------

Y947-3 C

--------------------------------------------------------------------

Y949-2 C

--------------------------------------------------------------------

Y949-3 C

--------------------------------------------------------------------

Y949-4 C

--------------------------------------------------------------------

Y949-5 C

--------------------------------------------------------------------

Y982-1 B/C

--------------------------------------------------------------------

Y982-3 B/C

--------------------------------------------------------------------

Y982-4 B/C

--------------------------------------------------------------------

3476

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

Y982-5 B/C

--------------------------------------------------------------------

Y982-6 B/C

--------------------------------------------------------------------

Y983-2 B/C

--------------------------------------------------------------------

Y983-3 B/C

--------------------------------------------------------------------

Y985-2 C

--------------------------------------------------------------------

Y985-3 C

--------------------------------------------------------------------

Y985-6 C

--------------------------------------------------------------------

June 14, 2005

Volume 11

Number 22

Consensus CGGTCTGGAGCAAAACTTATCGG ACCGACAACTCTGTTGTCCTCTCTCGGAAATACACCTCCTTTCC

Figure 1 Nucleotide sequence of the pre-X gene.

Western blot analysis
Denatured cell extracts were subjected to electrophoresis
using 4-12% SDS-polyacrylamide gels and transferred to
nitrocellulose membranes[14]. The membranes were blocked
with 5% non-fat dry milk for 1 h and then incubated with
monoclonal anti-c-myc antibody (Santa Cruz Biotechnology
Inc., Santa Cruz, CA) for 2 h and with HRP-conjugated
secondary antibody for another 1 h prior to detection of
antibody reactive proteins with chemiluminescence reagent
(ECL, Amersham Pharmacia Biotech).
Yeast two-hybrid screen
The screening protocol was detailed previously[12]. Yeast
transformants were plated and selected on media lacking
leucine, tryptophan, histidine, and adenine. After 6-18 d, the
yeast colonies were transferred onto the plates containing Xa-Gal to check for expression of the MEL1 reporter gene
(blue colonies).
Isolating plasmid DNA from putatively positive yeast clones
and confirming the true interaction in yeast
Yeast plasmid was isolated with the lyticase method (provided
by Clontech Co.) and transformed into E. coli strain DH5
and amplified in bacteria. Plasmids isolated from bacteria were
reintroduced into yeast strain Y187, then mating experiments
were carried out by mating with yeast strain AH109 containing
pGBKT7-whole-X or pGBKT7-Lam. The diploid yeast was
plated on media lacking leucine, tryptophan, histidine, and
adenine with X--Gal.
Bioinformatic analysis
After the positive colonies were sequenced, the sequences were
blasted with GenBank to analyze the function of the genes.

RESULTS
The pre-X gene sequencing
After sequencing, 27 of 45 clones (60%) were found encoding
the pre-X peptide. Eighteen of twenty-seven clones (66.7%)
of pre-X coding sequences were found from genotype C.
Three types of replacement mutation led to pre-mature coding
of pre-X gene. The mutation in pre-X peptide had the feature
of individual mutation (Figure 1).
Expression of whole-X protein
Yeast strain AH109 transformed with pGBKT7-whole-X

could stably express the fusion protein at higher level and
could only grow on SD/-Trp medium (Figure 2).

1

2

Figure 2 Expression of whole-X protein in yeast demonstrated by Western
blotting. Lane 1: whole-X protein, lane 2: negative control.

Yeast two-hybrid cloning of proteins interacting with wholeX protein
The whole-X protein was used as the bait for screening a
human liver yeast two-hybrid library. One hundred and
twenty-six clones grew in the absence of tryptophan, leucine,
histidine, adenine. The clones were processed for -galactosidase
assay, and blue colonies were picked. pACT2/cDNA plasmids
were isolated and eliminated by EcoRI digestion (Figure 3).
After elimination, 14 positive clones were further tested
for specificity of -galactosidase expression (Figure 4). After
confirmation of the true interaction with whole-X protein
in yeast, five independent positive clones were identified
and sequenced (Figure 4).

bp

←2 000
← 500

Figure 3 Colonies cut by EcoRI on 0.9% agarose/EtBr gel.

Analysis of coding sequence of positive clones
The nucleotide sequences of five clones from this cDNA
library were analyzed[24] , the full length sequences were
obtained with Vector NTI 6 and by searching BLAST database
(http://www.ncbi.nlm.nih.gov/). Some genes coding proteins
were involved in cell cycle regulation, and apoptosis, signal
transduction pathway and tumor development (Table 1).
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Figure 4 Positive clones interactive with the whole-X protein growing on media
containing X--Gal and lacking leucine, tryptophan, histidine and adenine.

Table 1 Sequence analysis of five clones interacted with whole-X
protein
Known genes

Number
of clones

Homologous
(%)

Fetuin B

4

100

UDP glycosyltransferase 1 family, polypeptide A9

2

99

Mannose-P-dolichol utilization defect 1 (MPDU1)
Fibrinogen, B beta polypeptide (FGB)

3
2

100
100

Transmembrane 4 superfamily member 4 (TM4SF4)

2

100

DISCUSSION
HBV belongs to the family of hepadnaviruses. It has a 3
200 bp partially double-stranded DNA genome from which
four major classes of transcripts are synthesized. The 3.5 kb
pregenomic RNA not only serves as template for reverse
transcription, but also contains coding regions for nucleocapsid
protein and reverse transcriptase. A subclass of this transcript
with a slightly longer 59 end codes for the precore protein,
which, after processing, is secreted as HBV e antigen (HBeAg).
The 2.4 kb RNA encompasses the preS1 ORF that encodes
the large surface (L) protein. The 2.1 kb RNA contains the
preS2 and S ORFs that encode the middle (M) and small
(s) surface proteins, respectively. The smallest transcript
(approximately 0.9 kb) codes for the X protein. Mutations
and deletions in the HBV genome have frequently been
detected during persistent viral infection[13,14].
Takahashi et al[15], in an infected serum, have identified a
protein that is coded for by the X gene of HBV, and found
a polypeptide that was weakly bound with an anti-X-mAb.
This result is hard to re-confirm with different sera. They
sequenced the upstream region of the gene of HBV DNA
from the initial sample and found that there is a pre-X
ORF of 56 codons, the pre-X variant is frequently detected
in chronic liver disease, but seldom in asymptomatic carriers.
Another characteristic of the pre-X variant is the cancellation
of in-frame stop codon, suggesting that pre-X and X are
linearly translated in this variant. Loncarevic et al[17], reported
an HBV genome that possesses an intact pre-X ORF.
In our study, 17 samples were collected. One was genotype
A, 3 were genotype B, 10 were genotype C and 3 were B/C
genotype mixture. After sequencing, 27 of 45 clones (60%)
were found encoding the pre-X peptide. Eighteen of twentyseven clones (66.7%) pre-X coding sequences were found

from genotype C. Three types of replacement mutation
lead to pre-mature coding of pre-X gene. The mutation in
pre-X peptide had the feature of individual mutation,
suggesting that coding of the pre-X gene is popular in HBV
genome.
The pre-X mutations may have some effect on expression
of the X gene. Loncarevic et al[17], reported that all the five
HBV DNA clones derived from hepatocellular carcinoma
had intact pre-X ORF. Protein–protein interactions play an
important role in almost all events that takes place in cells.
The two-hybrid screen is a promising experimental approach
to identify whole-X protein interacting proteins.
The yeast two-hybrid system is a better choice of detecting
protein-protein interactions. Yeast two-hybrid system 3 based
on the system is commercially available from Clontech Co.[18-20].
In this system, the promoters controlling HIS3, ADE2, and
MEL1 expression in AH109 have significantly fewer false
positives and the simple mating protocol significantly reduces
the labor and time involved in performing a two-hybrid
library screening and improves the chances of finding rare
protein-protein interactions and leads to more reproducible
results[21,22]. On screening a human liver cDNA library, five
putative clones are identified as associated proteins, namely
fetuin B, UDP glycosyltransferase 1 family-polypeptide
A9, MPDU1, FGB, transmembrane 4 superfamily member
4-CD81 (TM4SF4). Mammalian transmembrane 4 superfamily
(TM4SF) proteins (also known as tetraspans or tetraspanins)
include at least 16 core members and a number of additional
proteins with sequence similarities. Almost all mammalian
cells contain one or more TM4SF proteins[23]. TM4SF
protein CD81 may function in cell migration, proliferation
and tumor cell metastasis. Most TM4SF proteins can be
found on plasma membrane, and several are located in cell
lamellipodia and lopodia, consistent with their role in cell
motility. TM4SF proteins including CD81 are also found
in various intracellular granules and vesicles. A specific subset
of TM4SF proteins may recruit PI 4-kinase to specific
membrane locations, and thereby influence phosphoinositidedependent signaling[24]. Fetuin B is a liver-produced negative
acute phase protein. Multiple physiological roles of the
protein have been suggested, including ability to bind to
hydroxyapatite crystals and to specifically inhibit the tyrosine
kinase activity of the insulin receptor. It is mainly a fetal
protein, in the sense that the highest concentrations are
found in serum and body fluids of embryos and fetuses[25].
Fetuin might be involved in cell differentiation and tissue
transformation during the initial histogenesis[26]. The result
of this study shows that the whole-X protein may modulate
signal transduction pathway by protein-protein binding and
carcinoma formation.
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osteocytes and adipocytes. When MSCs were cultured with
FGF-4 and HGF, approximately 56.6% of cells became small
round and epithelioid on d 24 by morphology. Compared with
the control, levels of AFP increased significantly from d 12
to 15.5±1.4 µg/L (t = 2.31, P<0.05) in MSCs cultured
with FGF-4 and HGF, and were higher (46.2±1.5 µg/L) on
d 21 (t = 41.926, P<0.01), then decreased to 24.8±2.2
µg/L on d 24 (t = 10.345, P<0.01). Albumin increased
significantly on d 21 (t = 3.325, P<0.01) to 1.4±0.2 µg/mL,
and to 2.1±0.7 µg/mL on d 24 (t = 3.646, P<0.01). Urea
(2.3±0.4 mmol/L) was first detected on d 21 (t = 6.739,
P<0.01), and continued to increase to 2.6±0.9 mmol/L
on d 24 (t = 4.753, P<0.01). Glycogen storage was first
seen on d 21.
CONCLUSION: The method combining gradient density
centrifugation with plastic adherence can isolate MSCs. Rat
MSCs may be differentiated into hepatocytes by FGF-4
and HGF. Cytokines may play a more important role in
differentiation from rat MSCs into hepatocytes.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Abstract
AIM: To investigate the mechanism and regulation of
differentiation from bone marrow mesenchymal stem cells
(MSCs) into hepatocytes and to find a new source of cell
types for therapies of hepatic diseases.
METHODS: MSCs were isolated by combining gradient
density centrifugation with plastic adherence. The cells
were cultured in osteogenic or adipogenic differentiation
medium and determined by histochemical staining. MSCs
were plated in plastic culture flasks that were not coated
with components of extracellular matrix (ECM). When
MSCs reached 70% confluence, they were cultured in
low glucose Dulbecco’s modified Eagle’s medium
supplemented with 10 mL/L fetal bovine serum, 20 ng/mL
hepatocyte growth factor (HGF) and 10 ng/mL fibroblast
growth factor-4 (FGF-4). The medium was changed every
3 d and stored for albumin, alpha-fetoprotein (AFP) and
urea assay. Glycogen store of hepatocytes was determined
by periodic acid-Schiff staining.
RESULTS: By combining gradient density centrifugation with
plastic adherence, we isolated a homogeneous population
of cells from rat bone marrow and differentiated them into
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INTRODUCTION
Liver transplant may be the only way to treat patients with
a heavily damaged liver. However, enough livers are not
available. Moreover, rejection is another problem to be
solved. The characteristics and potentials of mesenchymal
stem cells (MSCs) suggest that MSCs may be a better way
to solve the problems. Bone marrow is a complex tissue
containing two kinds of stems cells: hematopoietic stem
cells (HSCs) and MSCs. MSCs are nonhematopoietic cells
and serve as hematopoietic tissues. It was reported that
MSCs could differentiate into mesoderm cells lineage such
as osteoblasts[1-3], adipocytes[4-6], neuron and brain cells[7-10],
and cardiomyocytes[11-13] in vivo and in vitro. Recent work has
convincingly demonstrated that adult bone marrow contains
cells capable of differentiating into liver epithelial cells in
vivo[14-17]. As far as differentiation from MSCs into hepatocytes
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in vitro is concerned, Schwartz et al [18] , have reported that
multipotent adult progenitor cells cultured on matrigel or
fibronectin could differentiate into functional hepatocytelike cells. Fiegel et al [19], cultured HSC on collagen matrix
and differentiated them into hepatocytic cells in vitro.
Matrigel, fibronectin, and collagen matrix are components
of extracellular matrix (ECM).
Up to now, the mechanism of stem cell differentiation
is unclear. Most researchers believe that microenvironment
play an important role in differentiation of stem cells[20,21].
The differentiation of stem cells is regulated by microenvironment, stem cells have reciprocity with neighboring cells,
ECM and cytokines. They have effects on the progress of
differentiation of stem cells. It is unknown whether MSCs
cultured in plastic culture flasks not coated by ECM can
differentiate into hepatocytes in vitro.
Although there are many methods to isolate MSCs from
the bone marrow, no optimal method is available. In our
experiment, we used a relatively simple method, combining
gradient density centrifugation with adherence, to isolate
rat MSCs and cultured them in plastic culture flasks not
treated by ECM. By induction of acid fibroblast growth
factor-4 (FGF-4) and hepatocyte growth factor (HGF), rat
MSCs could differentiate into hepatocytes in vitro.

MATERIALS AND METHODS
Animals and reagents
Sprague-Dawley (SD) rats were obtained from Laboratory
Animal Center of Xi’an Jiaotong University. Fetal bovine
serum (FBS) was purchased from Hangzhou Sijiqing
Biological Engineering Material Co. Ltd. Albumin RIA kit
and alpha-fetoprotein RIA kit were purchased from Beijing
Atom High-tech Co. Ltd. Low glucose Dulbecco’s modified
Eagle’s medium containing 1 g/L glucose (DMEM-LG)
was purchased from GIBCO. Bovine insulin, 1-methyl-3isobutylxamthine, indomethacin, dexamethasone and
ascorbic acid-2-phosphate were purchased from SigmaAldrich. -Glycerophosphate was purchased from Fulke.
Acid FGF-4 and HGF were purchased from R&D Systems,
Inc. Plastic cell culture flasks (25 cm2) were purchased from
Corning Incorporated (Coster, USA).
Isolation and culture of mesenchymal stem cells from rat bone
marrow
SD rats were killed by knocking at their heads, then put
into 750 mL/L alcohol for 15 min. We took the femur,
tibia ulna, a total of four bones from one rat. Muscles on
the bones were taken out as clean as possible. Medullary
cavities of bones were washed with DMEM-LG. The
DMEM-LG containing cells were layered over an equal
volume of Percoll solution (1.073 g/mL). Mononuclear
cells (MNCs) were recovered from the gradient interface
and washed with PBS after centrifugation at 900 r/min for
30 min. The MNCs were suspended in 5 mL DMEM-LG
supplemented with 100 mL/L FBS, 100 U/mL penicillin,
100 U/mL streptomycin, at last plated in 25-cm2 plastic cell
culture flasks at the density of 10 6/mL. The cells were
maintained at 37 ℃ in 50 mL/L CO2 in fully humidified
air. In the following 3 d, the medium was changed every
day and then every 3 or 4 d.
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Induction of multilineage differentiation
Cultured cells were harvested from the culture bottles with
0.25 g/L trypsin. Cultured cells at passage 2 were seeded in
six-well cell culture clusters. When the cells grew at 70%
confluence, they were still cultured in DMEM-LG
supplemented with 100 mL/L FBS (as a control) or treated
in osteogenic differentiation medium or adipogenic differentiation medium, respectively. Osteogenic differentiation
medium: DMEM-LG supplemented with 100 mL/L FBS,
50 µg/mL ascorbate acid-2-phosphate, 10-8 mol/L dexamethasone and 10 mmol/L -glycerophosphate. Adipogenic
differentiation medium: DMEM-LG supplemented with
10 mL/L FBS, 1 µmol/L dexamethasone, 10 µg/mL bovine
insulin, 0.25 mmol/L 1-methyl-3-isobutylxamthine and
100 µmol/L indomethacin. The medium was changed every
4 d, and cells were used for histochemical staining after the
completion of differentiation identified by morphology.
Hepatocyte differentiation
The cultured cells at passage 2 were seeded in the plastic
culture flasks at 5×105/bottle. When the cells grew at 70%
confluence, the control group was continuously cultured in
DMEM-LG supplemented with 10 mL/L FBS, 100 U/mL
penicillin, 100 U/mL streptomycin. The hepatocyte differentiation group was cultured in DMEM-LG supplemented
with 10 mL/L FBS, 20 ng/mL HGF, 10 ng/mL FGF-4,
100 U/mL penicillin and 100 U/mL streptomycin. Each
flask was added with 5 mL medium, and changed every
3 d. The medium was stored at -20 ℃ for albumin, alphafetoprotein (AFP) and urea assay.
Radioimmunoassay
Concentrations of AFP and albumin in the changed medium
were determined by radioimmunoassay on d 3, 6, 9, 12,
15, 18, 21, and 24. It was considered that there might be a
very small amount of AFP and albumin in the changed
medium. So we condensed the medium five times before
radioimmunoassay.
Urea assay
Urea concentrations were determined by colorimetric assay.
The control group was used as a negative control, which
was cultured in DMEM-LG supplemented with 10 mL/L
FBS, 100 U/mL penicillin and 100 U/mL streptomycin.
The method could detect the urea at least 10 mmol/L.
Periodic acid-Schiff treatment for glycogen
In the hepatocyte differentiation group, on days 18, 21,
and 24, we took out the medium from the flasks, rinsed
cells with PBS thrice, fixed them with 100 mL/L
formaldehyde for 30 min. The cells were oxidized in 10 g/L
periodic acid for 10 min and rinsed thrice in dH 2O.
Afterwards, cells were treated with Schiff’s reagent for 10
min, rinsed in dH2O for 10 min, stained with hematoxylin
for 2 min, differentiated by 1% alcohol-HCl, and rinsed in
dH2O again, observed under an invert microscope.
Statistical analysis
The data of AFP, albumin and urea were expressed as
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mean±SE. The results were analyzed by t-test. P<0.05 was
considered statistically significant.

RESULTS
Isolation and culture of mesenchymal stem cells from rat bone
marrow
The cells isolated by gradient density centrifugation showed
heterogeneity during the first 3 d. The adherent cells were
observed on d 1-2. The spindle-shaped cells appeared at
the bottom of culture flasks. Many round cells were suspended
in the medium. By continuous changes of medium, the
suspending cells became less and less. When the medium
was changed thrice, the suspending cells were completely
removed from the medium. The adhered cells were
fibroblast-like and grew as a whirlpool. The sub-cultured
cells were much pure and fibroblast-like (Figure 1A). The
primary culture cells reached confluence 10-12 d later, the
cells sub-cultured at a ratio of 1:3 reached confluence 8-10 d
later.
Induction of multilineage differentiation
The cells at passage 2 were cultured in DMEM-LG
supplemented with 10 mL/L FBS. When the cells grew at
70% confluence, they were treated with or without
(control) 50 µg/mL of ascorbate-2 phosphate, 10-8 mol/L
of dexamethasone, and 10 mmol/L of -glycerophosphate.
Osteogenic differentiation was attained on d 21 following
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the treatment. Under the influence of these reagents,
approximately 37.5% of the cells formed alkaline phosphatasepositive aggregates (Figure 1B) or von Kossa stain-positive
nodules, while the controls did not, suggesting that rat
MSCs differentiated into osteocytes. Under the influence
of 1 µmol/L dexamethasone, 10 µg/mL bovine insulin,
and 0.25 mmol/L 1-methyl-3-isobutylxamthine, the isolated
mesenchymal cells formed oil red-O-positive cells on the
3rd d after treatment, while the controls did not. If the lipid
droplet appeared in cytoplasm of adipocytes, oil red O
would specifically stain them. Six days after treatment,
approximately 90.33% of the cells induced adipocytes and
reached confluence (Figure 1C).
Mesenchymal stem cells became small round and epithelioid
when cultured with FGF-4 and HGF
When the cultured cells reached 70% confluence, they were
treated with hepatocyte differentiation medium. The medium
contained DMEM-LG supplemented with 10 mL/L FBS,
20 ng/mL HGF, and 10 ng/mL FGF-4, 100 U/mL penicillin
and 100 U/mL streptomycin. Before the 6-d treatment they
did not show any changes compared with the controls. After
treatment, the small round cells appeared in the treatment
group, epithelioid cells were also observed. The diameter
of the cells was 10-16 µm. On d 24, approximately 56.6%
of cells were small round and epithelioid. The control cells
were still fibroblast-like, the density of cells was increased.
The cells were overlapped in some regions.

A

B

C

D

Figure 1 Different morphology and differentiation of rat MSCs. A: Morphology
of rat MSCs stained with HE. The cells were fibroblast-like and grew as a
whirlpool (×100); B: Appearance of osteocytes 21 d after induction. The positive
cells were observed by stain for alkaline phosphatase. The gray parts were
cytoplasm stained for alkaline phosphatase. The cells differentiated MSCs into
osteocytes. The blue ones were nuclei stained with hematoxylin (×400); C: Oil

red-O positive cells 6 d after adipogenic differentiation of rat MSCs. The red parts
were lipid-rich vacuoles, the blue ones were nuclei stained with hematoxylin
(×100); D: Cells stained by PAS. Glycogen storage was seen as accumulated
magenta staining. The small round cells and epithelioid cells had magenta
staining in the region (×200).
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Radioimmunoassay
By radioimmunoassay, albumin and AFP production was
measured at various time points throughout the differentiation.
On undifferentiated rat MSCs we could detect low levels
of AFP, but not albumin. However, there was a small
amount of albumin in the medium. It was hardly detected
by albumin RIA assay. Compared with controls, the levels
of AFP increased significantly from d 12 with a concentration
of 15.5±1.4 µg/L (P<0.05) in MSCs cultured with FGF-4,
and HGF continued to increase and was higher on d 21
(P<0.01) with a concentration of 46.2±1.5 µg/L, then
decreased to 24.8±2.2 µg/L on d 24 (P<0.01). The level
of albumin could not be detected by radioimmunoassay
before d 12, albumin increased significantly on d 21 with a
concentration of 1.4±0.2 µg/mL (P<0.01), and 2.1±0.7
µg/mL on day 24 (P<0.01). According to the data, increasing
time points were different between AFP and albumin
(Table 1).
Urea assay
Urea production and secretion by hepatocytes were detected
at various time points throughout differentiation. Following
treatment with FGF-4 and HGF, urea produced by MSCs
was detected with a concentration of 2.3±0.4 mmol/L on
d 21, and 2.6±0.9 mmol/L on d 24 (Table 1).
Periodic acid-Schiff treatment for glycogen
We analyzed the levels of glycogen storage by periodic acidSchiff (PAS) staining of FGF-4 and HGF induced MSCs
on d 18, 21, and 24. Glycogen storage was first seen on d 21,
positively stained for PAS (Figure 1D).

DISCUSSION
In our present study, we used the method combining gradient
density centrifugation with plastic adherence to isolate
MSCs from rat bone marrow. By the primary induction of
multilineage differentiation, the isolated cells satisfied the
characteristics of MSCs. Moreover, we cultured rat MSCs
in culture flasks not treated by ECM and differentiated
them into hepatocytes by induction of HGF and FGF-4,
suggesting that cytokines played a most important role in
differentiation from rat MSCs into hepatocytes.
There are many methods to isolate bone marrow MSCs
from bone marrow, including plastic adherence[22], gradient

June 14, 2005

Volume 11

Number 22

density centrifugation[23] and immunomagnetic selection[19,24].
Different methods have different defects and virtues. For
example, plastic adherence can easily get stem cells on the
basis of stem cell plastic adherence characteristics, but it is
difficult to get pure stem cells. Gradient density centrifugation
depends on the density of MNCs to separate MSCs.
Immunomagnetic selection uses the receptors and antigens
of MSC. Other methods have also been used to isolate
MSCs[25-28], but no one is optimal. In this study we used the
Percoll (1.073 g/mL) to isolate MSCs from the bone
marrow. After centrifugation, we found many suspended
cells in the medium for 72 h. It might be due to the density
of cells which was slightly changed in DMEM-LG. So we
combined the gradient density centrifugation with plastic
adherence and changed the medium thrice to purify MSCs
after gradient density centrifugation. According to the results,
this method is relatively simple, and can easily get pure
MSCs.
MSCs have many differentiating potentials in vivo and
in vitro. In order to prove what we have isolated from bone
marrow was MSCs, we made the isolated cells differentiate
into osteoblasts and adioblasts by induction of reagents.
The isolated cells had the characteristics of MSCs, suggesting
that the method combining gradient density centrifugation
with plastic adherence is an ideal way to isolate rat MSCs.
During the 24 d of differentiation, FGF-4 and HGF
induced MSCs into cells with morphological and functional
characteristics of hepatocytes. In our study, the cells that
were differentiated into hepatocyte-like cells could produce
urea, secrete albumin and AFP, and store glycogens. Urea
production was characterized by hepatocyte activity, although
kidney tubular epithelium also produced urea. In contrast,
albumin and AFP production is a specific test for the
presence and metabolic activity of hepatocytes. Only
hepatocytes can generate and store glycogens. In our
research, we found that AFP could be detected throughout
the differentiation, because the medium contained a low
level of AFP. From d 12, the level of AFP increased
significantly compared with controls, suggesting that MSCs
began to secrete AFP. It was reported that AFP was produced
by immature hepatocytes. That is to say, the hepatocytes were
immature on d 12 and 15. Before d 12, the concentration
of albumin could not be measured by radioimmunoassay
because there was a much small amount of albumin in the
medium. When MSCs differentiated, albumin was significantly

Table 1 Concentration of AFP, albumin and urea in the medium at different time points (mean±SE)
Group

3d

6d

9d

12 d

15 d

18 d

21 d

24 d

Differentiation

12.1±1.2

11.7±0.8

14.4±2.1

15.5±1.4a

24.5±2.9b

Control

11.5±0.9

11.6±1.2

12.6±2.4

13.4±1.9

12.8±1.5

25.9±3.0b

46.2±1.5b

24.8±2.2b

14.0±0.7

12.9±1.3

11.1±2.4

Differentiation

–

–

–

–

0.5±0.4

0.8±0.6

1.4±0.2b

2.1±0.7b

Control

–

–

–

–

–

0.7±0.6

0.6±0.5

0.6±0.7

Differentiation

–

–

–

–

–

–

2.3±0.4b

2.6±0.9b

Control

–

–

–

–

–

–

0.6±0.5

0.5±0.5

AFP (µg/L)

Albumin (µg/mL)

Urea (mmol/L)

a

P<0.05 vs control, bP<0.01 vs control, – stands for what could not detected, n = 6.
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secreted by MSCs from d 21, and urea was also significantly
secreted from d 21. By PAS staining, the differentiated cells
could store glycogens. The data suggest that rat MSCs can
be differentiated into hepatocytes by induction of FGF-4
and HGF.
Some researchers believe that microenvironment played
an important role in differentiation of stem cells[20,21]. The
differentiation of stem cells is controlled under microenvironment. Stem cells have reciprocity with adjacent cells, ECM
and cytokines. They also have effects on differentiation of
stem cells. Schwartz et al[18], and Fiegel et al[19], plated marrow
stem cells on matrigel, fibronectin or collagen matrix and
differentiated them into hepatocyte-like cells. Matrigel
consists of a mixture of ECM components. Fibronectin
and collagen matrix are two of ECM components. But in
our experiment, we cultured MSCs in plastic culture flasks
not treated with matrigel or fibronectin. However, MSCs
still differentiated into hepatocytes, suggesting that it is not
important to culture MSCs on whatever materials in vitro.
Maybe, cytokines play a most important role in differentiating
rat MSCs into hepatocytes. It seemed that the ECM could
potentially modulate the local concentration of cytokines
and cytokines could regulate stem cell proliferation and
differentiation. After being cultured with HGF, adult human
MSCs could also differentiate into hepatocytes in vitro[19] .
HGF was first identified as a blood-derived mitogen for
hepatocytes. HGF and its receptor c-Met are the key factors
for liver growth and function. FGF-4 is mitogenic for
fibroblasts and endothelial cells. Mouse embryonic stem
cells grown in medium supplemented with FGF-4 could
differentiate into cells expressing hepatocyte-specific genes
and antigens[29] . By co-operation of HGF and FGF, the
differentiation of MSCs was triggered and MSCs developed
into hepatocytes.
MSCs could be isolated, expanded, and maintained in
vitro in an undifferentiated state for more than 100 population
doublings[30], and differentiate into hepatocytes. The finding
may make MSCs as ideal cells for in vivo therapy of genetic
or acquired disorders of the liver and for use in bioartificial
liver devices. Moreover, MSCs might be used as a new
potential therapeutic modality for severe acute pancreatitis.
We hope that marrow MSCs will play a more important
role in therapy of liver diseases in the future.
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Abstract
AIM: To investigate the pathological effect of Helicobacter
pylori ( H pylori ) on human hepatic cells, proteomic
methods were used to find and to identify proteins that
were overexpressed in HepG2 cells treated by H pylori.
METHODS: H pylori was co-cultured with HepG2 for 6 h.
Two-dimensional gel electrophoresis was used to gain
the protein expression pattern of untreated and H pyloritreated HepG2. After staining and image analysis,
spots of interest were isolated and subjected to mass
spectrometry.
RESULTS: Seven proteins, which were up-regulated in

H pylori-treated HepG2 cells, were identified. These proteins
included integrin beta-1, protein kinase C alpha, LIM/
homeobox protein Lhx1, eIF-2-beta, MAP kinase kinase
3, PINCH protein and Ras-related protein Rab-37, which
involved in transcription regulation, signal transduction,
metabolism and so on.
CONCLUSION: H pylori may exert the pathological effect
on HepG2 cells by up-regulating the expression of some
proteins.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Helicobacter pylori (H pylori) is highly associated with active

and chronic gastritis as well as peptic ulcer diseases. H pylori
is also considered to be a class I carcinogen because of its
role in the development of gastric carcinoma and gastric
mucosa-associated lymphoid tissue lymphoma. In addition
to gastric Helicobacters, Helicobacter species have been isolated
from the intestinal tract, liver and bile ducts of animals,
and they have also been found to play a pathological role in
enterohepatic diseases in animals[1]. Recently, several separate
research groups have detected such Helicobacter DNA as
H pylori, H bilis, Flexispira rappini and H pullorum in bile, gall
bladder or liver tissue obtained from patients with chronic
cholecystitis, primary sclerosing cholangitis (PSC), primary
biliary cirrhosis (PBC), or primary liver carcinoma[2-12]. Our
previous study showed that Helicobacter species DNA could
be found in liver tissue from 52.6% to 60% patients with
primary liver carcinoma by polymerase chain reaction (PCR)
using 16S rRNA primers, while none was found in control
group. PCR amplicons were identified by Southern blot and
sequenced, and the homology similarity was 99-100% with
16S rRNA of H pylori[13-15]. These reports suggested that
Helicobacter organisms, including H pylori, may play a
pathogenic role in the development of hepatobiliary diseases
in humans. Whether Helicobacter spp. is an innocent bystander,
cofactor or culprit, it is still under review[16].
Proteome is a new word that was proposed by Wilkins[17]
to define all the different proteins occurring in an organism
in space and time. Proteomics is an emerging area of
research of the post-genomic era which is based on three
technological platforms, high-resolution two-dimensional gel
electrophoresis (2-DE), highly sensitive biological mass
spectrometry (MS), and the rapidly growing protein and
DNA databases. During the past few years, proteomics has
been extensively applied to several fields of medicine to
better understand nor mal physiology, to define the
pathophysiology of diseases, and to identify novel biomarkers
and new therapeutic targets[18]. In order to further explore
the pathological effect of H pylori on human hepatic cells,
we have employed high-throughput and high-resolution 2DE analysis of human HepG2 cell extracts to examine
protein expression patterns between untreated and H pyloritreated HepG2 cells, and certain differential expression
proteins were identified by matrix-assisted laser desorption/
ionization time of flight mass spectrometry (MALDI-TOFMS) and database analysis. The results presented here will
no doubt provide clues to study further the molecular
mechanisms of pathological effect of H pylori on hepatic cells.

MATERIALS AND METHODS
Chemicals and materials
Immobilized pH gradient (IPG) strips as well as ImageMaster
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2D Elite 3.01 software were purchased from Amersham
Pharmacia Biotechnology (Uppsala, Sweden). Acrylamide
and other reagents for the polyacrylamide gel preparation
were from Amresco (OH, USA); urea, CHAPS, thiourea,
DTT, iodoacetamide, proteomics grade trypsin, CCA and
antibiotics were from Sigma (St. Louis, MO, USA); medium
and fetal bovine serum (FBS) for cell culture were from
Gibco-BRL (Grand Island, NY, USA).
Methods
Cell line and cell culture The human hepatic cell line
HepG2 was purchased from Cell Bank of Shanghai
Academy of Science. The cells were cultured in Dulbecco’s
Modified Eagle’s medium (DMEM) supplemented with
100 mL/L FBS, 100 U/mL penicillin G, and 100 g/mL
streptomycin sulfate in an atmosphere of 50 mL/L CO2 at
37 ℃. The cells were maintained in the logarithmic growth
phase for stimulation experiment.
H pylori strains and culture
H pylori reference strain ATCC49503 (cagA+ , vacA s1a)
was used in the experiment. The bacteria were plated onto
Columbia agar containing 70 mL/L sheep blood, 10 g/mL
vancomycin, 2 g/mL amphotericin B, and 20 g/mL
polymyxin B sulfate and incubated at 37 ℃ under microaerobic
conditions[19]. After 3 d, the bacteria were harvested into
0.01 mol/L phosphate-buffer saline (PBS) and pelleted by
centrifugation at 4 000 r/min for 10 min, and resuspended in
antibiotic-free DMEM with 100 mL/L FBS to a concentration
of 1×10 8 CFU/mL.
Co-culture of H pylori and HepG2 cells and protein extraction
For all experiments, H pylori (1×10 8 CFU) were added to
HepG2 (1×106) at a bacteria:cells concentration of 100:1.
Control cells were incubated with DMEM/100 mL/L FBS
alone, and co-incubation was performed up to 6 h in triplicate.
At the end of incubation, the majority of adherent bacteria
were removed by several washes in ice-cold PBS. The cells
were collected by trypsinization followed by centrifugation.
Finally, the cells were lysed in 200 L lysis buffer (8 mol/L
urea, 2 mol/L thiourea, 40 g/L CHAPS, 40 mmol/L Tris,
65 mmol/L DTT, 5 mmol/L PMSF). The lysates were
vortexed followed by incubation at room temperature for
30 min and then centrifuged at 15 000 g for 30 min at 4 ℃.
The supernatant was transferred to a fresh tube and the
concentration of the total protein was determined by the
Bradford method. Aliquots were stored at -80 ℃ until use.
2-DE
2-DE was performed as described[20]. The first dimensional
isoelectric focusing (IEF) was performed on precast 18-cm
immobilized pH 3-10 gradient (IPG) strips at 20 ℃ using a
IPGphor IEF Cell (Amersham Biosciences). Typically,
300 g of total protein were mixed with a rehydration buffer
containing 8 mol/L urea, 20 g/L CHAPS, 3 g/L DTT,
5 mL/L IPG buffer (pH 3-10) and a trace of bromophenol
blue, to a total volume of 350 µL. The mixtures were loaded
onto the IPG strip and focusing was carried out for 41 920
Vh. Following IEF, the gel strip was first equilibrated for
15 min in the equilibration buffer containing 50 mmol/L
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Tris-HCl (pH 8.8), 6 mol/L urea, 300 mL/L glycerol, 20 g/L
SDS, 2 g/L DTT, and a trace of bromophenol blue. Then
the gel strip was equilibrated for another in the same
equilibration buffer, except that DTT was replaced with
30 g/L iodoacetamide. Second-dimensional SDS-PAGE was
performed in 12.5% acrylamide gels using the ProTEAN
II system (Bio-Rad) as described by manufacturer and
Gorg [20]. After electrophoresis, the protein spots were
visualized by silver nitrate.
Image analysis
The stained 2-DE gels were scanned with LabScan software
on Imagescanner (Amersham Biosciences). ImageMaster
2D Elite 3.01 analysis software was used for spot-intensity
calibration, spot detection, background abstraction, matching,
and 1-D calibration. The reproducibility of spot position
was calculated with Corbett’s method[21]. Statistical analysis
was carried out with SPSS for Windows 10.0 and Excel. To
account for experimental variations, three gels were
prepared for each group. The gel spot pattern of each gel
was summarized in a standard after spot matching. Thus,
we obtained one standard gel for each group. These
standards were then matched to yield information about
differences in abundance related to H pylori treatment (upor downregulation of spots).
MALDI-TOF-MS
Protein spots were excised from preparative gels using biopsy
punches and transferred to a 1.5-mL siliconized Eppendorf
tube. Proteins were in gel digested as previously described[22].
The gel spots were destained in the destaining solution that
consisted of 100 mmol/L Na2S2O3 and 30 mmol/L K3Fe
(CN)6 (V/V, 1:1). The protein-containing gel spots were
reduced in the reduction buffer (100 mmol/L NH4HCO3
and 10 mmol/L DTT) for 1 h at 57 ℃ and then alkylated
in the alkylation buffer (100 mmol/L NH 4HCO 3 and
55 mmol/L iodoacetamide) in the dark for 30 min at room
temperature. The gel pieces were dried in a vacuum centrifuge.
The dried gel pieces were incubated in the digestion solution
that consisted of 40 mmol/L NH4HCO3 and 20 g/mL
proteomics grade trypsin for 24 h at 37 ℃. The peptide
digest (1 L) was mixed with 1 L CCA matrix solution and
1 L of this mixture was applied to the stainless steel plate
and air dried. The samples were analyzed with Voyager DE
STR MALDI-TOF Mass Spectrometer (Applied Biosystems,
Cambridge, MA). The parameters were set up as follows:
positive ion-reflector mode, accelerating voltage 20 000 V,
grid voltage 68%, mirror voltage ratio 1.12, N 2 laser
wavelength 337 nm, pulse width 3 ns, the number of laser
shots 50, acquisition mass range 900-3 500 Da, delay 180 ns,
and vacuum degree 4×10-7 Torr. A list of the corrected mass
peaks was the peptide mass fingerprinting (PMF).
Database analysis
Proteins were identified with PMF data by searching software
PeptIdent (http://www.expasypku.edu.cn). The searching
parameters were set up as follows: acquisition mass ranges
900-3 500 Da, the mass tolerance was ±0.5 Da; the number
of missed cleavage sites was allowed up to 1; the cysteine
residue was modified as carbamidomethyl-cys; the minimum
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Figure 1 2-DE maps of untreated (A) and H pylori-treated HepG2 (B) cell
proteins. The proteins from cells were extracted and separated on a pH 3-10 IPG
strip, followed by a 12.5% SDS-polyacrylamide gel and silver staining. Spots
that were found to be overexpressed have been annotated.

Figure 2 Peptide mass fingerprinting of the spot 10. The spot was in-gel
digested with trypsin. After desalting, the peptide mixture was analyzed by
MALDI-TOF-MS.

number of matched peptide was four; species was selected
as Homo sapiens (humans); the peptide ion was [M+H]+; the
isotope masses were used; and the searching range was within
the experimental pI value ±0.5 pH unit and experimental
Mr ±20%.

treated HepG2 cells and untreated HepG2 cells. This
matching analysis revealed that 10 protein spots showed
higher expression in the treated cells (P<0.05). The spots
that clearly overexpressed in the treated cells were marked
with a cross at the corresponding site in Figure 1.

RESULTS
2-D map and image analysis
Three different independent sets of experiments were
carried out to compare the pattern of cellular protein
expression in untreated and H pylori-treated HepG2 cells.
The two photographs shown in Figure 1 depict the pattern
of cellular proteins obtained after 2-DE of total cellular
extracts from untreated and H pylori-treated HepG2 cells.
For untreated HepG2 cells, a total of 988±94 spots were
detected; for H pylori-treated HepG2 cells, a total of 996±68
spots were detected. Most of the spots were centralized in
the area of pI 4-8 and Mr 31 000-97 000 Da. A total of
861 spots were matched between the 2-DE maps of H pylori-

MALDI-TOF-MS analysis and protein identification
These 10 differential protein spots were excised from the stained
gels and digested in-gel with trypsin. The PMF was obtained
by MALDI-TOF-MS. A representative PMF map of the spot
10 was showed in Figure 2. The monoisotopic peptide masses
obtained from mass spectra were used to search the SWISSPROT and TrEMBL database with PeptIdent software. The
resulting protein was determined by comprehensively
considering the corresponding experimental pI, Mr, the
number of matched peptides, and the sequence coverage
(Tables 1 and 2). Seven proteins were successfully identified.
The data on all identified protein spots were described in
Table 2; these proteins were involved in transcription
regulation, signal transduction, metabolism and so on.

Table 1 Matching of protein spot-10 peptide mass fingerprint data with protein Q96AX2 in database
User mass

Matching mass

Mass (Da)

#MC

Modification

Position

Peptide

976.901

977.3638

0.4628

1

1xCys_CAM

215–222

RSSCCSFM

990.94
999.094

991.3795
999.5332

0.4395
0.4392

1
0

1xCys_PAM

215–222
42–49

RSSCCSFM
TCFLIQFK

1 006.907

1 007.3744

0.4674

1

1xCys_PAM,1xMSO

215–222

RSSCCSFM

1 167.021

1 166.5295

–0.4914

0

2xCys_CAM,1xGERA, 1xMSO

216–222

SSCCSFM

1 266.017
1 308.278

1 265.6091
1 308.742

–0.4078
0.464

1
0

1xCys_CAM,1xGERA, 1xMSO
2xGERA

215–222
216–222

RSSCCSFM
SSCCSFM

1 345.559

1 345.707

0.148

1

151–162

VIRSEDGETLAR

1 464.517

1 464.8431

0.3261

1

2xGERA

215–222

RSSCCSFM

1 466.362
1 516.378

1 466.8112
1 516.7543

0.4492
0.3763

0
0

2xCys_PAM,2xGERA, 1xMSO

216–222
122–133

SSCCSFM
AWLTEIHEYAQR

1 684.665

1 684.8249

0.1599

1

1–17

TGTPGAVATRD
GEAPER

2 479.013

2 479.2207

0.2077

1

1xCys_CAM

36.5% of sequence covered:

1
61
121
181

1

11

21

31

|
TGTPGAVATR
tvgidfrnkv
rAWLTEIHEY
laflaiakel

|
DGEAPERSPP
vtvdgvrvkl
AQRdvvimll
kyraghqade

|
CSPSYDLTGK
qiwdtagqer
gnkadmsser
psfqirdyve

|
VMLLGDTGVG
frsvthayyr
VIRSEDGETL
sqkkRSSCCS

41

51

|
|
KTCFLIQFKd gaflsgtfia
60
daqallllyd
itnkssfdni 120
AReygvpfle
tsaktgmnve 180
FM

18–41

SPPCSPSYDLTGK
VMLLGDTGVGK
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Table 2 Proteins identified by MS
Spot

SWISS-PROT
Accession No.

Peptides
Matched

pI

Mr (Da)

Sequence
coverage (%)

1

P05556

3
6

P17252
P48742

19/106

5.31

86 242

31.2

Chain 1: integrin -1

7/28
6/34

6.61
7.16

76 764
44 482

39.9
39.6

Protein kinase C, alpha type
LIM/homeobox protein Lhx1

7

P20042

10/92

5.60

38 388

30.9

eIF-2-beta

8

P46734-3

6/37

7.08

39 940

35.0

MAP kinase kinase 3

9
10

P48059
Q96AX2

8/44
13/86

8.43
5.96

37 251
24 684

36.3
36.5

PINCH protein
Ras-related protein Rab-37

DISCUSSION
The detection that Helicobacter spp. could infect biliary tract
and liver of humans has been reported by several studies
in different settings. Fox et al[6], have shown the presence of
Helicobacter spp. in the bile of Chileans with chronic
cholecystitis. Avenaud and coworkers[3] have demonstrated
by PCR the presence of genomic sequences of Helicobacter
spp. in the liver of eight patients with hepatocellular
carcinoma (HCC) without primary diagnosis of cirrhosis,
and a further analysis by sequencing revealed that these
species were H pylori and H felis. Similarly, Ponzetto[12] has
reported the presence of cagA gene sequences obtained
from the liver tissue of cirrhotic patients with HCC.
Furthermore, Nilsson et al [2], have identified H pylori and
Helicobacter spp. in human liver samples from patients
suffering from PSC and PBC and recently in liver samples
of patients with cholangiocarcinomas or HCC[5]. Of great
interest is the fact that the gene sequence obtained from
positive PCR of Helicobacter spp.-specific 16S rRNA was
usually most analogous to H pylori. Helicobacter spp. has been
successfully cultured from the liver of a patient with Wilson’s
disease by Queiroz and Santos[23]; the isolate is closely related
to H pylori by biochemical and 16S rRNA analysis. Lately,
Wang et al [24], followed-up C57BL/6 and Balb/cA mice
infected by three different H pylori isolates. They found
that one C57BL/6 mouse infected with H pylori strain 119p
developed HCC after 23 mo. Taking the results together,
we may conclude that, as in animals, Helicobacter species
especially H pylori may colonize the liver of humans, which
could have some sort of importance in the pathogenesis
and in the development of some liver diseases.
The comparative proteomic study was performed between
the untreated and H pylori-treated HepG2. Ten differential
protein spots were selected to perform in-gel trypsin digestion
and MALDI-TOF-MS-based PMF analysis. Seven of these
proteins were successfully identified by MALDI-TOF-MS.
Some of the identified proteins are the oncogene-encoded
products and others are the regulatory proteins of transcription
and signal transduction.
The integrins are a family of cell surface glycoproteins
which mediated interactions of cells with the extracellular
matrix and cells with cells. These integrin- mediated interactions
influence many aspects of cell behavior including cell survival,
cell adhesion, cell migration, as well as cell proliferation and
differentiation. All integrins are heterodimers composed of
two subunits,  and . Integrin -1 has been found to play
an essential role in invasion and metastasis of HCC cells[25].
Liu et al, found that integrin -1 gene was upregulated in

Protein identified

HCC using cDNA microarray technology, which was
consistent with RT-PCR and Northern blot analysis of
integrin -1 gene. Human hepatoma cell lines HepG2, Huh7,
and HLE stably transfected with full-length integrin -1
had overexpression of integrin -1 and were protected from
apoptosis induced by chemotherapeutic reagents via a
mitogen-activated protein kinase (MAPK)-dependent
pathway[26].
Protein kinase C (PKC) is a family of at least 11 structurally
related phospholipid-dependent serine/threonine kinases
and it plays crucial roles in transducing signals that regulate
diverse cellular functions, including proliferation, differentiation,
and apoptosis. The PKC family is divided into three subgroups
based on differences in their structures and co-factor
requirements. PKC- is a member of the group A or
classical PKCs (cPKCs). Review of the literatures has shown
that the PKC signal transduction pathway plays an important
role in the development of many diseases and, in particular,
cancer[27]. PKC- is an important tumor-promoting factor;
as potential target for anticancer therapy, PKC- is currently
being studied[28].
Homeobox genes play fundamental roles in development.
They can be subdivided into several subfamilies, one of
which is the LIM-homeobox subfamily. The characteristic
features of LIM-homeodomain proteins are double zinc
finger motifs, called LIM domains, that are located Nterminally of the homeodomain. These proteins mediate
protein-protein interactions and are of fundamental
importance for cell differentiation, cytoskeletal remodeling
and transcriptional regulation[29].
Eukaryotic translation initiation factor 2 (eIF-2) is a
multimeric protein consisting of three dissimilar subunits
termed , , and , which functions as a central switch in
the initiation of protein synthesis. In its GTP-bound state it
delivers the methionyl initiator tRNA (Met-tRNA(i)) to the
small ribosomal subunit and releases it upon GTP hydrolysis
following the recognition of the initiation codon[30]. PINCH
protein is an effector of integrin and growth factor signaling,
coupling surface receptors to downstream signaling molecules
involved in the regulation of cell survival, cell proliferation
and cell differentiation[31].
MAPK pathway is an important signal transduction
pathway that transduces extracellular signals into intracellular
responses and has been implicated in a wide array of
physiological processes such as proliferation, differentiation,
development, apoptosis, stress and inflammatory responses.
The MAPK kinases (MAPKKs) are up-stream dual-specificity
protein kinases which phosphorylate and activate MAPK
on threonine and tyrosine residues[32].
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Ras-related protein Rab-37 belongs to the small GTPase
superfamily, Rab family. GTPases regulate a myriad of
cellular functions including signal transduction, cytoskeletal
organization and membrane trafficking. Rab family members
are also widely involved in human tumorigenesis by
overexpression[33,34].
The upregulation of these proteins suggests that the
capacity of the tumor invasion is stronger. However, the
exact mechanisms through which H pylori lead to the change
of these proteins await further study.
Advances in 2D electrophoresis, MS, and bioinformatics
now make possible the large-scale examination of protein
expression patterns. These improved methods are used to
identify proteins found to be upregulated in expression level
in H pylori-treated HepG2 cells. The above findings could
be valuable for further elucidating the etiological role of
Helicobacter spp. infection in a variety of liver disorders.
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World Journal of Gastroenterology standard of quantities and units
Number

Nonstandard

Standard

Notice

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

4 days
4 days
day
Four d
2 hours
2 hs
hr, hrs,
10 seconds
10 year
Ten yr
0,1,2 years
0,1,2 year
4 weeks
Four wk
2 months
Two mo
10 minutes
Ten min
50% (V/V)
50% (m/V)
1M
10 M
1N HCl
1N H2SO4
4rd edition
15 year experience
18.5 kDa
25 g.kg-1/d-1
6900
1000 rpm
sec
1 pg·L-1
10 kilograms
13 000 rpm
1000 g
Gene bank
Ten L
Ten mL
umol
30 sec
1 g/dl
OD260
One g/L
A260 nm
b
P<0.05

4d
four days
d
Four days
2h
2h
h
10 s
10 years
Ten years
0,1,2 yr
0,1,2 yr
4 wk
Four weeks
2 mo
Two months
10 min
Ten minutes
500 mL/L
500 g/L
1 mol/L
10 mol/L
1 mol/L HCl
0.5 mol/L H2SO4
4th edition
15- year experience
18.5 ku,18 500u or Mr18 500
25 g/(kg·d) or 25 g/kg per day
6 900
1 000 r/min
s
1 pg/L
10 kg
13 000 g
1 000 r/min
GenBank
Ten liters
Ten milliliters
mol
30 s
10 g/L
A260
One microgram per liter
A260 nm
a
P<0.05

In figures, tables and numerical narration
In text narration
After Arabic numerals
At the beginning of a sentence
After Arabic numerals
After Arabic numerals
After Arabic numerals
After Arabic numerals
In text narration
At the beginning of a sentence
In figures and tables
In figures and tables

45

*F=9.87, §F=25.9,
#
F=67.4
KM
CM
MM
Kg, KG
Gm, gr
nt
l
db
rpm
bq
amp
coul
HZ
w
KPa
p
ev
Jonle
J/mmol
10×10×10cm3
N·km
x±s
Mean±SEM
im
iv
Wang et al
EcoRI
Ecoli
Hp
Iga
igA
-70 kDa

1

46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

F=9.87,2F=25.9,
F=67.4
km
cm
mm
kg
g
N
L
dB
r/min
Bq
A
C
Hz
W
kPa
Pa
EV
J
kJ/mol
10 cm×10 cm×10 cm
KN·m
mean±SD
mean±SE
im
iv
Wang et al.
EcoRI
E.coli
H pylori
Iga
IgA
~70 ku

At the beginning of a sentence
In figures and tables
At the beginning of a sentence
At the beginning of a sentence

After Arabic numerals
High speed; g should be in italic and suitable conversion.
Low speed. g cannot be used.
International classified genetic materials collection bank
At the beginning of a sentence
At the beginning of a sentence
10-fold conversion
“OD” has been abandoned.
At the beginning of a sentence
A should be in italic.
In Table, no note is needed if there is no significance in statistics: aP<0.05, bP<0.01
(no note if P>0.05). If there is a second set of P value in the same table, cP<0.05 and
d
P<0.01 are used for a third set: eP<0.05, fP<0.01.
Notices in or under a table

3

kilometer
centimeter
millimeter
kilogram
gram
newton
liter
decibel
rotation per minute
becquerel, a unit symbol
ampere
coulomb
watt
kilo-pascal
pascal
volt (electronic unit)
joule
kilojoule per mole
moment
In figures, tables or text narration
In figures, tables or text narration
intramuscular injection
intravenous injection
Eco in italic and RI in positive. Restriction endonuclease has its prescript form of writing.
Bacteria and other biologic terms have their specific expression.
writing form of genes
writing form of proteins
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Abstract
AIM: In the USA, Hawaii has the highest incidence of
hepatocellular carcinoma (HCC) and a diverse population.
It is an ideal place to characterize HCC in the context of
ethnicity/risk factors.
METHODS: A total of 262 cases of HCC (1992-2003) were
retrospectively reviewed for demographics, ethnicity,
birthplace, viral hepatitis, alcohol use, diabetes, smoking
and risk factors for viral hepatitis such as intravenous
drug abuse (IVDA), transfusions, tattoos and vertical
transmission. Tumor stage, Child’s class, Cancer of the Liver
Italian Program (CLIP) score, -fetoprotein level, treatment
and survival were recorded.
RESULTS: Gender, age, viral hepatitis, alcohol, IVDA, and
diabetes differed significantly in Asians, non-Asians and
Pacific Islanders. There were also specific differences
within Asian subgroups. Alpha-fetoprotein, smoking,
transfusions, stage and resectability did not differ
between groups. Asians were more likely to have hepatitis
B, while non-Asians were more likely to have hepatitis C.
Factors that decreased survival included hepatitis B,
alcohol, elevated alpha-fetoprotein, CLIP >2 and increased
Child’s class. When Asians were combined with Pacific
Islanders, median survival (1.52 years vs 3.54 years), 1and 3-year survival was significantly worse than those
for non-Asians. After Cox regression analysis for hepatitis
B and alcohol, there was no difference in survival by
ethnicity.
CONCLUSION: Various ethnicities have different risk
factors for HCC. Hepatitis B, alcohol, and -fetoprotein are
more important factors for survival than ethnicity.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The general consensus is that hepatocellular carcinoma
(HCC) is a distinctly different risk-factor associated cancer
in different geographic regions of the world. It differs in
incidence, risk factors and natural history and these
differences have been attributed to ethnicity, endemic viral
hepatitis, and other risk factors[1-3]. HCC is the fifth most
common cancer worldwide and is estimated to cause half a
million deaths every year. The incidence in USA, though
much less than in Asian and African countries, has been
increasing over the last decade and is currently estimated at
2.4 per 100 000[4]. The US Surveillance, Epidemiology and
End Results Program (SEER) data indicate that HCC is the
fourth most common cancer among Chinese and Korean males,
second most common in Vietnamese males and fifth most
common among Filipino males. HCC is also the second leading
cause of cancer mortality among Chinese males and fourth
leading cause of cancer mortality among Filipino males[5] .
Literature from USA frequently mention the differences in
HCC among Asians compared to Caucasians but often
groups all Asians together, while literature from Asian
countries distinctly describe each ethnic group separately[6-18].
Risk factors for viral hepatitis and HCC may be distinctly
different in these subgroups of Asian patients, yet the
data are frequently pooled into one seemingly heterogeneous
group. Furthermore, little is written on HCC in Pacific
Islanders and the Filipino population. Few study populations
have enough patients in these ethnic groups to make any
definite statement about them separately. Pacific Islanders
are sometimes grouped with ‘Asians’ or ‘other’ and little
has been done to describe HCC in this population. Hawaii
has the highest incidence of HCC in USA, with a
population that is approximately two-third of Asian or
Pacific Islander ethnicity[19]. Furthermore, there is a large
immigrant and visitor population, making it the ideal
location to study HCC related difference in ethnicity, risk
factors, and birthplace.
MATERIALS AND METHODS
This is a retrospective study on HCC. A total of 262 cases
were referred either to the Liver Center (NT) or a group
of surgeons (LW, WL) at St. Francis Medical Center, a
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tertiary medical center from August 1992 to August 2003.
This medical center has the only clinic dedicated to liver
diseases, the only transplant center in the state and the only
referral center for liver diseases for American territories
of the Pacific Basin (including American Samoa, Guam,
Saipan, the Marshall Islands). A number of patients were
nationals from Asian countries such as Japan, Korea, and
the Philippines who desired medical care in USA.
HCC was diagnosed pathologically by percutaneous
biopsy, liver biopsy at the time of surgery or explanted liver
at transplant. We also included patients without a histologic
confirmation, who had a history of chronic liver disease
and one of the following; (1) discrete liver mass(es) and an
alpha-fetoprotein (AFP) greater than 200 ng/dL; (2) discrete
liver mass(es), which is(are) increasing in size with AFP less
than 200 ng/dL; (3) discrete liver mass with rising AFP for
three consecutive values, or (4) discrete liver mass with
AFP less than 200 ng/dL that is also seen distinctly on
Gallium scan or hepatic arteriogram.
We collected demographic data including age, sex,
birthplace, and primary ethnicity as identified by the patient.
We recorded a history of diabetes, other cancer, smoking,
and family history of cancer. Risk factors for HCC including
viral hepatitis, alcohol abuse (which we defined as greater
than two drinks/daily for at least 10 years), and other chronic
liver diseases were identified. We also looked specifically at
risk factors for viral hepatitis such as vertical transmission,
previous blood transfusions, intravenous drug use (IVDA),
tattoo placement and high-risk occupations.
With respect to HCC, we recorded the size, number,
and location of the tumor in order to determine tumor
node metastases (TNM) stage. We also collected laboratory
studies of bilirubin, albumin, and prothrombin time and
ascites and encephalopathy in order to calculate Child-TurcottePugh scores and CLIP scores. Serum alpha-fetoprotein
(AFP) was also recorded. CTP scores were also expressed as
Child’s class A (CTP 5-6), B (CTP 7-9) or C (CTP >9). Finally,
we recorded the type of treatment, dates of diagnosis and
death in order to calculate the survival since diagnosis. Liver
resection was considered in Child’s A patients or early Child’s
B (CTP score of 7) patients without any evidence of ascites or
encephalopathy. Liver transplant was done on patients who
were unresectable but had TNM T1 or T2 lesions (Milan
criteria). Patients on the transplant waiting list underwent either
radiofrequency ablation or transarterial chemoembolization
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while waiting for a donor.
The data were compiled and statistically analyzed.
Ethnicity was also divided into three groups: Asians, Pacific
Islanders, and non-Asians. Each factor was examined for
differences by race using the 2 test or Fisher’s exact test.
Kaplan-Meier survival curves were then drawn for each
factor and ethnic group. The log-rank test was used to
compare survival differences. Cox regression analysis was
used to assess the effects of ethnicity on survival while the
other individual factors were controlled.

RESULTS
Study Population
During the period between August 1992 and 2003, 262
patients were referred for HCC. Racial distribution was as
follows: Asians-193, Pacific Islanders-27 and non-Asians42. Among the Asians: 84 were Japanese, 40 were Chinese,
38 were Filipino and 24 were Korean, 7 were Southeast
Asian (Vietnamese, Laotian, Thai). All patients were assigned
a primary ethnicity, though there were a number of patients
who had several ethnic backgrounds. Among the 262
patients, 187 were males and 75 were females. Mean age at
diagnosis was 60.7 years.
Risk factors by ethnicity
Age, gender, hepatitis B, hepatitis C, alcohol abuse, intravenous
drug use and diabetes differed significantly by ethnicity when
Asians, non-Asians and Pacific Islanders were compared
(Table 1). In terms of age, Pacific Islanders presented with risk
factors at a significantly earlier age (53.4 years) compared with
Asians (61.3 years) and non-Asians (61.4 years) (P = 0.0035).
Although all ethnic groups showed a male predominance
over females, the M:F ratio was significantly different with
non-Asians having the highest M:F ratio (P = 0.025).
There were differences in viral risk factors and alcohol
usage among ethnicities and these differences also extended
into subgroups of Asian ethnicity. In non-Asians, 53.7% of
patients with HCC were hepatitis C positive, but only 4.8%
were hepatitis B positive. If all Asians were grouped together,
46% had hepatitis B and 26.6% had hepatitis C. Incidence
of hepatitis B and C differed significantly between Asians,
non-Asians and Pacific Islanders (P<0.0001 and P = 0.0024,
respectively). In Chinese, Koreans, and Filipinos, HCC was
predominantly a hepatitis B-related disease, whereas in

Table 1 Demographics, risk factors for HCC by ethnicity
Characteristic

Asians

Non-Asians

Pacific Isl

Patients
Mean age (yr)

193
61.4

42
61.3

27
53.4

Males:females
Hepatitis B, %
Hepatitis C, %

2.06:1
46
26.6

7.4:1
4.8
53.7

2.86:1
50
37

0.025
<0.0001
0.0024

Alcohol abuse, %
Diabetes, %
Smoking, %

31.6
29.1
47.8

52.4
39
48.6

42.3
11.1
59.1

0.031
0.044
NS

IV drug use, %
Tattoos, %
Vertical transmit, %

4.8
1.1
24.8

35
12.5
2.6

20
4.2
11.1

<0.0001
0.001
0.0049

6.9

0

0

NS

Transfusions, %

P

0.0035

Wong LL et al. Risk factors affecting survival in liver cancer

Japanese there was a slight predominance of hepatitis C
(29.3%) compared to hepatitis B (26.8%). The incidence
of alcohol use also differed significantly among the three
ethnic groups (P = 0.031). Diabetes differed significantly
between the three ethnic groups, occurring in 39.0% of
non-Asians, 29.1% of Asians and 11.1% of Pacific Islanders
(P = 0.044). There was no difference in smoking history
among the three ethnic groups (Table 1).
Risk factors for viral hepatitis
Thirty-nine patients had definite vertical transmission of
viral hepatitis, with at least one first degree relative with
documented viral hepatitis. An additional 52 patients might
have vertical transmission, as they were born in a country
where hepatitis B is known to be endemic, however they
were not certain of the hepatitis status of their immediate
relatives. Twenty-eight patients admitted to intravenous drug
use at some time, 12 patients had blood transfusions in the
distant past (more than 10 years ago) and 8 patients had
tattoos placed more than 10 years ago. Eight patients felt that
their occupation was the source of viral hepatitis (military-4,
police-2, emergency department worker-1, fire department1). Five patients recalled having frequent intramuscular or
subcutaneous injections as a child over 30 years ago in
countries where needles may have been reused. Three of
these patients were born in Japan, one in Vietnam and the
other in the Philippines. One patient felt that frequent travel
was the etiology of viral hepatitis and one patient admitted
to promiscuity. In terms of ethnicity, there was a difference
in IVDA with 4.8% Asians, 35% non-Asians and 20%
Pacific Islanders (P<0.0001). There was also a significant
difference in those with a history of tattoos or definite
vertical transmission of viral hepatitis among the three ethnic
groups. Transfusions did not vary by ethnicity and other
possible etiologies, for viral hepatitis were too small in number
to make adequate comparisons (Table 1).
Birthplace
There was a significant difference in distribution of birthplace
among the three ethnic groups. A larger number of Asian patients
(84 of 170) were born outside of the USA compared with
non-Asians who were primarily born in the USA. Twelve
of twenty-two Pacific Islanders were born in Hawaii while
10 on their native Pacific Islands, which may have included
USA territories (foreigners in this group referred to outside
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of the 50 states of USA). Data on birthplace were not available
for all patients and the exact time, they emigrated from their
native countries was also not consistently available (Table 2).

Table 2 Risk factors by subgroups of Asian ethnicities
Asian ethnicity

n

Japanese
Chinese
Filipino
Korean
Southeast Asian

84
40
38
24
7

Hepatitis B, %

Hepatitis C, %

26.8
77
67.6
75
57.1

29.3
12.8
22.2
30.4
71.4

Alcohol abuse, %
36.9
10
44.7
29.2
28.6

Diagnosis/treatment
There was no difference in stage of disease or mean AFP
among the three ethnic groups and no significant difference
in the incidence of normal AFP (<20 ng/dL). The mean
CTP score was 6.5 and the mean CLIP score was 1.6. CLIP
score appeared to be distributed differently among the three
ethnicities, when looking at the incidence of those patients
with CLIP score below 2. Fewer Pacific Islanders (22.2%)
had low CLIP scores <2 compared to Asians (53.1%) and
non-Asians (56.1%) (P = 0.008). There was also a significantly
different distribution of Child’s A-C classes among the three
ethnicities (P = 0.036). In terms of surgical treatment, there
was no difference in the patients who underwent surgical
resection for HCC. On the other hand, there was a difference
in those who underwent liver transplant, with no Pacific
Islander patient undergoing liver transplant for HCC
(P = 0.037, Table 3).
Survival statistics
The overall 1 and 3 year survival rates were 63% and 39%,
respectively and the overall median survival time was
1.86 years. The following factors were significantly associated
with survival: ethnicity, hepatitis B, alcohol, AFP, CLIP score
and Child’s class. The presence of hepatitis B and the use
of alcohol adversely affected the median and overall survival
as seen on Kaplan-Meier curve (Figures 1 and 2). When
considering the three ethnic groups, there was an early survival
advantage for non-Asians, but long-term survival was not
different between the groups (Figure 3). When Asians and
Pacific Islanders were compared to non-Asians, the median
survival was significantly different (1.52 years vs 3.54 years,

Table 3 Stage and treatment by ethnicity
Asians

Non-Asians

Pac Islander

Patients
Stage I

193
11

42
1

27
0

NS

Stage II
Stage III
Stage IV

94
26
62

26
5
9

11
5
11

NS
NS
NS

AFP <20
CLIP <2
Child’s A

61/189 (32)
102/192 (53.1)
120

14/37 (37.8)
23/41 (56.1)
21

5/26 (19.2)
6/27 (22.2)
14

P

NS
0.008

Child’s B
Child’s C
Liver resection

61
10
46

11
8
5

9
2
5

0.036
NS

Liver transplant

14

7

0

0.037
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P<0.05). The 1 and 3 year survival were also significantly
different between Asians/Pacific Islanders vs non-Asians
(P<0.05, Table 4, Figure 4).

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

HBV (+)

HBV (-)

Figure 1 Kaplan-Meier curves demonstrate that the presence of hepatitis B
adversely affects survival (P = 0.023).

Survival

Mean (yr)

Median (yr)

2.26±0.15

1.52

Non-Asians (n = 42)

3.38±0.43

3.53

Pacific Islanders (n = 27)

2.83±0.56

1.86

Asians+Pacific Islanders (n = 220) 2.52±0.18
Non-Asians (n = 42)
3.38±0.43

1.56
3.54

NS

= 0.045

2.66±0.24

2.07

NS

Foreign born (n = 99)
Asian-US born (n = 85)

2.64±0.22
2.25±0.22

2.39
1.60

NS

Asian-foreign born (n = 84)

2.52±0.23

2.29

2.90±0.20
2.10±0.25

2.40
1.34

= 0.005

No (n = 141)

2.98±0.23

2.40

= 0.023

Yes (n = 115)
AFP

2.04±0.19

1.41

ETOH
No (n = 166)
Yes (n = 94)
Hepatitis B

< 20 ng/dL (n = 79)

3.31±0.29

3.69

≥20 ng/dL (n = 172)

2.23±0.19

1.34

3.26±0.21

3.69

1.89±0.23

0.81

A (n = 154)
B (n = 81)

2.97±0.21
2.07±0.26

2.73
1.29

C (n = 20)

0.76±0.15

0.76

= 0.0013

<0.0001

Child’s class

No EtOH
EtOH

Figure 2 Kaplan-Meier curves demonstrate decreased survival with significant
alcohol use (EtOH) (P = 0.005).

Survival by race

Survival by AFP

Asian
Pacific Islander

Figure 3 No difference in survival are noted when Kaplan-Meier curves are
compared between Asians, Pacific Islanders and non-Asians.

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

AFP<20
AFP ≥20
0

Survival by race
Asian and Pacific Islander vs Non-asian

Non Asian
Asian and Pacific Islander

0 1 2 3 4 5 6 7 8 9 10 11 12
Time (yr)
Figure 4 Survival is decreased when Asians and Pacific Islanders are compared
to non-Asians as demonstrated by Kaplan-Meier curves (P = 0.045).

= 0.0055

Patients with an elevated AFP ≥ 20 ng/dL had decreased
survival compared to those with normal AFP<20 ng/dL
(Figure 5). Those patients with CLIP score ≥ 2 had
diminished survival compared to patients with CLIP score
<2 (Figure 6). Finally, survival varied with Child’s class,
Child’s C patients had the poorest survival, Child’s A patients
had superior survival and Child’s B patients had an intermediate
survival (Figure 7).

Non asian

0 1 2 3 4 5 6 7 8 9 10 11 12
Time (yr)

Survival

P

US born (n = 126)

≥2 (n = 129)

0 1 2 3 4 5 6 7 8 9 10 11 12
Time (yr)

Survival

Characteristic
Race
Asians (n = 193)

CLIP score
<2 (n = 130)

Survival by EtOH
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

Number 23

Birthplace

0 1 2 3 4 5 6 7 8 9 10 11 12
Time (yr)

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0
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Survival

Survival

Survival by HBV
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1

2

3 4 5
Time (yr)

6

7

8

Figure 5 Patients with normal AFP levels (<20 ng/dL) have improved survival
compared with those with elevated AFP levels (P = 0.0013).

Cox regression analysis was then used to determine if
ethnicity was significantly associated with survival. Once
alcohol and hepatitis B were taken into account, ethnicity
was no longer significantly associated with survival.
All other factors including age, gender, hepatitis C, IVDA,
vertical transmission, transfusions, tattoo placement, birthplace,
diabetes, and smoking did not affect survival. The mean
and median survival were not significantly different in patients
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Survival by CLIP

Survival

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

CLIP<20
CLIP≥20
0

1

2

3 4 5
Time (yr)

6

7

8

Figure 6 Patients with lower CLIP scores <2 have improved survival
compared with those with CLIP score ≥ 2 as demonstrated by Kaplan-Meier
curves (P<0.0001).

Survival

Survival by CTP (Child’s class)
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

Child’s class A
Child’s class B
Child’s class C

0

1

2

3 4 5
Time (yr)

6

7

8

Figure 7 Increased Child’s class has progressively worse survival with
Kaplan-Meier curves (P = 0.0055).

born in USA in comparison with those born outside USA.
Also, when Asian patients were separated by birth place,
there was no difference in median or mean survival.

DISCUSSION
HCC is a distinctly different risk-factor associated disease
in various ethnic groups. The incidence of HCC increases
with age and males are at a greater risk. Epidemiologic studies
have also shown that the age at incidence is 10-20 years
younger in those high incidence areas such as China and
sub-Saharan Africa. The male to female predominance is
also higher in those areas with a higher incidence of HCC[3].
Although USA is considered a low incidence area, our study
showed that Pacific Islanders presented with HCC at a younger
age than the other groups. Studies have demonstrated
increased cancer incidence and mortality rates (up to 40%)
in Hawaiians, however no studies indicate that cancer occurs
at a younger age[5,20-22]. In our study, non-Asians had a much
greater male:female predominance than the other ethnic
groups which was much higher than generally reported in
large epidemiologic studies [3].
It is well accepted that viral hepatitis plays a significant
role in the incidence of HCC, but the type of viral hepatitis
may vary in different ethnic groups and countries. Hepatitis
C has been reported to account for much of the rise in
HCC in USA[23]. Studies from Korea, China, and New
Zealand indicate a predominance of hepatitis B as the risk
factor for HCC. Hepatitis C does play a role in the development
of HCC in these countries, especially in the absence of
hepatitis B[6-13] . Japanese groups however, indicate that
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hepatitis C is the principal risk factor[14-18]. This rising importance
of hepatitis C in Japan is thought to be due to increased
blood transfusions post-World War II and contaminated
needles used for medicinal purposes[2]. Hepatitis B and C
are sometimes synergistic in the etiology of HCC in Asian
countries, but there are regional differences.
When Asians are studied in USA, various Asian ethnicities
are classed together. USA epidemiologic studies have
indicated that Asian men have the highest age-adjusted
incidence rate (23 per 100 000) and Asians have the highest
male to female ratio. Caucasians are 2-3 times less likely to
have HCC compared to African Americans, who are in
turn 2-3 times less affected than Asians, Pacific Islanders
and native Americans[2]. In 110 patients with HCC, Hwang
et al[24], reported that the incidence of Hepatitis B in Asian
Americans is 80% compared to 19% in Caucasians. Hepatitis
C is found in 20% of Asians and 32% of Caucasians. There
is no difference in the rate of cirrhosis, AFP, or survival in
patients with hepatitis B or C. They concluded that hepatitis
B is the major etiologic factor in Asian Americans while
hepatitis C and alcohol are the major factors in Caucasians[24].
Our study indicates that subgroups of Asian Americans
with HCC may have similar risk factors to those in their
native countries. Chinese and Korean-American patients
have a predominance of hepatitis B, while Japanese-American
patients have a slight predominance of hepatitis C. FilipinoAmericans and Pacific Islanders in Hawaii also have a higher
incidence of hepatitis B. This seems to indicate that viral
hepatitis may be related to an exposure in their native countries
many years prior to developing HCC. Recent immigrants
may be more likely to have risk factors based on their native
country, while a person who moved to USA as a child may
have risk factors and exposures similar to a native American.
Pyong et al[25], showed that 74% have hepatitis C while only
16.7% have hepatitis B in a study of 90 Koreans living in
Japan who developed HCC. This group of Koreans has
developed a risk factor profile similar to the Japanese living
in Japan.
Whether Asian Americans with HCC have similar
outcome is not completely clear. Chin et al[26], demonstrated
a higher incidence of hepatitis B and poorer survival in the
Asian American group in a study of 24 Asian Americans
and 52 Non-Asian patients with HCC. El-Serag et al [27],
demonstrated no differences in survival related to ethnicity
in a review of the National Cancer Institute’s SEER data
of 7 398 patients with HCC between 1977 and 1996. So
et al [28] , found a high frequency of HCC (38%) in Asians
who underwent liver transplantation due to hepatitis B but
no difference was found in survival when compared to
Caucasians with HCC.
Alcohol is known to contribute to the severity of chronic
liver diseases and the etiology of HCC. Studies demonstrated
that alcohol plays a role in the development of HCC both
in the face of viral hepatitis and as an independent risk
factor. It also results in a higher grade of malignancy and
worse survival in those patients with HCC[29-32].
Our current study indicates that non-Asians have an
early survival advantage but long-term survival is not different
between the ethnic groups. When Asians and Pacific Islanders
were combined, there was a significant disadvantage in
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survival. Hepatitis B, alcohol use, AFP, CLIP score and
Child’s class are also factors affecting survival. When
hepatitis B and alcohol were taken into account in regression
analysis, survival was no longer different amongst the various
ethnicities. Thus, being an Asian or Asian-American alone
probably does not infer a worse prognosis with HCC.
Although there were differences in survival, there was
no difference in the number of patients who underwent
liver resection. There was a difference in liver transplant
for HCC among the ethnic groups. This may reflect access
to medical care, as many Pacific Islanders in our study had
medical insurance that did not cover liver transplant. Access
to medical care, in general, may be different in various ethnic
groups. One study on cancer patterns among ethnic groups,
noted that Asians and Pacific Islanders though less likely to
have current tobacco use, obesity and chronic alcohol use,
are less likely to have a health care plan and undergo
screening Pap tests and mammograms[5]. Perhaps access to
medical services and liver transplant may affect the overall
outcome in patients with HCC.
When studying HCC in the USA, we often consider
ethnicity and viral hepatitis in discussing prognosis. Ethnicity
is a difficult factor to be studied. Patients sometimes have
more than one ethnic background and as in this study, only
one ethnicity was assigned, based on what the patient
considered his/her primary ethnicity. There is much diversity
within broad ethnic groups such as ‘Asian’ or ‘Pacific Islander’
and sometimes uncertainties in ethnicity are erroneously
reported as ‘others’. Asians and Pacific Islanders had a similar
survival pattern in this study, however there were distinct
differences in risk factors among subgroups of Asian patients.
Although it would be virtually impossible to get a complete
and clear understanding of the role of ethnicity in HCC,
this study indicates that viral hepatitis B and history of alcohol
use are more important prognostic factors than ethnicity.
This may also ultimately help physicians decide the value
of screening for HCC for patients with specific risk factors.
Universal hepatitis B vaccination may also change the risk
factor profile in the future, thus we need to be aware that
our current risk factor profile may change with time. We
also need to continually educate patients with viral hepatitis
or chronic liver diseases to abstain from alcohol as this appears
to affect prognosis.
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effects of Bax on cell viability following ADR exposure
were significant as compared to the vehicle-transfected
HCC-9204/pMD cells (21% vs 44%, P<0.01).
CONCLUSION: Overexpression of Bax not only induces
apoptosis, but also sensitizes HCC-9204 cells to cell death
induced by adriamycin.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Abstract
AIM: To investigate the role of overexpression of Bax
in apoptotic pathways and the response of human
hepatocellular cancer (HCC)-9204 cells to cell death
induced by adriamycin.
METHODS: The whole length of Bax cDNA was transfected
into human HCC-9204 cells by the method of lipofectamine
transfection. An inducible MT-II regulatory system was
constructed, which allowed controlled expression of
protein upon addition of ZnSO4 (100 mol/L) as an external
inducer. Stable transfecting inducible expression vector
containing Bax gene was performed. Expression of Bax in
protein was analyzed by immunohistochemistry and
Western blotting. TUNEL and flow cytometry were used
to assess the effect of Bax on apoptosis. Colony assay
and tetrazolium blue (MTT) assay were used to evaluate
the difference in drug sensitivity of HCC-9204 cells after
Bax-transfection.
RESULTS: Immunohistochemistry and Western blotting
demonstrated that the expression of Bax protein markedly
increased in Bax-transfected cells 4 h after the addition
of ZnSO4. Bax positive signal was frequently found on the
cytoplasm and perinuclear region of HCC-9404 cells, and
there was ectopic expression in cells with marked
condensation of chromatin and cytoplasm (apoptotic cells).
Apoptotic index significantly increased in Bax-transfected
HCC-9204/Bax cells (3.6 vs 27.2, 4.2 vs 32.3, P<0.05).
Flow cytometry analysis showed a significant sub-G1 peak
and apoptosis in 15.4% HCC-9204/Bax cells 24 h after
treatment. Furthermore, colony survival rate decreased
from 66% (HCC-9204/pMD) to 45% (HCC-9204/Bax) 2 d
after ADR withdrawal. MTT assay result showed that the

INTRODUCTION
Apoptosis is a major mode of cell death induced by
chemotherapy[1,2]. The efficacy of chemotherapeutic agents
depends on their effectiveness in inducing apoptosis of
tumor cells[3]. Different tumor cells respond to different
chemotherapeutic agents in different ways. Resistance to a
variety of cytotoxic chemotherapeutic drugs has become
an obstacle in the clinical treatment of human cancers. Bax,
as an accelerator of apoptosis, affects response of cancer
cells to chemotherapeutic agents and clinical prognosis of
cancer patients[4]. Recent studies indicate that overexpression
of Bax sensitize human head and gastric cancer cells to
various chemotherapeutic agents[5,6] , and Bax enhances
apoptosis in ovarian cancer cell lines[7].
In the present study, expression of Bax protein was
found down-regulated in HCC, and human HCC-9204 cells
had a lower Bax gene expression. Thus the HCC-9204 cells
can be used as an in vitro model to determine the effect of
exogenous Bax on apoptosis and drug sensitivity.
MATERIALS AND METHODS
Cell culture
Human hepatocellular carcinoma cell line HCC-9204 was
obtained from Department of Pathology, Fourth Military
Medical University (Xi’an, China). HCC-9204 cells were
cultured in Dulbecco’s modified Eagle’s medium containing
phenol red, supplemented with 50 mL/L fetal bovine
serum (FBS) in a humidified atmosphere of 950 mL/L air,
50 mL/ L CO2 at 37 ℃. All the media were supplemented
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with 2 mmol/L L-glutamine, 0.1 g/L penicillin and 100 kU/L
streptomycin. Culture medium and supplements were
obtained from Gibco BRL. p53 of the HCC-9204 cell line
was mutated.
Plasmid construction and DNA transfection
pBluescript KS-Bax vector containing human full-length
cDNA of Bax was presented generously by Dr. Thomas
Chittenden (Apoptosis Technology, USA). The MT-II
inducible vector pMD-neo was presented by Dr. Jie Zhang
( Institute of Radiation Medicine, China). Complementary
DNA of Bax cleaved from the pBluescript KS-Bax plasmid
by EcoRI was subcloned into the inducible vector neocontrol pMD-neo vector to generate pMD- Bax, including
0.58 kb Bax cDNA and placed under the control of MT-II
promoter and the SV40 polyadenylation signal. The inducible
vector neo-control pMD-neo and pMD-Bax controlled the
expression of protein upon addition of 100 mol/L zinc
as an external inducer. Clonfectin (Clontech, USA) was used
to transfect Bax inducible expression vectors into HCC9204 cells. According to the manufacturer’s instructions,
logarithmically growing cells were transfected with 1 g
of plasmids and 2 L of Clonfectin reagent. For stable
transfection, the transfected HCC-9204 cells were selected
in medium shown above plus 0.5 g/L G418 (Life Technologies,
In USA) for 2 wk, and then the G418 concentration
was reduced to 0.2 g/L. Stable cell line of HCC-9204 cells
tansfected with pMD-Bax vector was treated by continuous
exposure to 100 mol/L ZnSO4.
Immunohistochemistry analysis
HCC-9204 cells were harvested at different time points of
induction with ZnSO4. The cell preparations were fixed with
700 mL/L ethanol for 2 h, washed with PBS, and incubated
with anti-Bax polyclonal rabbit antibody (Santa Cruz
Biotechnology, USA) diluted at 1:100 in PBS containing
10 mL/L bovine serum albumin. Immunostaining was
performed using LSAB1 kit (Dako, Peroxidase, USA),
according to the manufacturer’s instructions.
Western blot analysis of transgene expression
Monolayers of the cells were rinsed with PBS and lysed
with SDS-PAGE loading buffer (50 mmol/L Tris-HCl
pH 6.8, 100 mmol/L dithiothreitol, 2 g/L SDS). Mock and
pMD-neo transfected cells served as controls. Samples were
analyzed by SDS-PAGE and transferred into Hybond-C
super membranes. The membranes were blocked with
50 mL/L skim-milk and 1 g/L Tween-20, then probed with
anti-Bax polyclonal rabbit antibody according to the
manufacturer’s instructions, washed with PBS and 2 g/L
Tween-20 and then incubated with the appropriate horse
radish-peroxidase (HRP) conjugated anti-rabbit IgG (Fc).
After being washed, the membranes were developed by
DAB reagents according to the manufacturer’s guide (Dako
Co., USA). The level of -actin was used as a control for
equal loading of protein.
TUNEL assay for apoptosis
HCC-9024/Bax cells and HCC-9204/pMD cells were
harvested for TUNEL staining. The proportion of cells
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showing DNA fragmentation was measured by incorporation
of fluorescein (FITC) -12-dUTP into DNA using terminal
deoxynucleotidyltransferase (TdT). The kit was bought
from Boehringer Mannheim (in situ cell death detection).
Cells were fixed by 40 mL/L paraformaldehyde in PBS
overnight at 4 ℃. The samples were washed thrice with
PBS and permeabilized by 2 mL/L Triton X-100 in PBS
for 15 min on ice. After washing twice, cells were equilibrated
at room temperature for 15 to 30 min in equilibration buffer
with 30 g/L BSA and 200 mL/L normal bovine serum in
PBS at pH 7.4, and then the slides were covered with the
TUNEL mixture (calf thymus TdT, FITC-12-dUTP and
cobalt chloride in 1× reaction buffer ) for 1-2 h at 37 ℃ in
the dark. The tailing reaction was terminated by 2× standard
saline citrate (SSC).The samples were washed thrice with
PBS and analyzed by fluorescence microscopy. Routine HE
staining was also conducted. Negative control was
performed by omitting TdT. Quantitative analysis of
apoptosis was represented by apoptotic index (AI) as
described previously. AI referred to the percentage of at
least 1 000 counted apoptotic and non-apoptotic cells.
Flow cytometry analysis
HCC-9204 cells were harvested, including adherent cells
(with trypsin-EDTA) and nonadherent cells. Cells were
washed with PBS, resuspended and incubated in 700 mL/L
ethanol for at least 12 h at 4 ℃ to permeabilize the plasma
membrane. Cells were centrifuged at 1 000 r/min and
resuspended in 100 mg/L RNase and 10 mg/mL propidium
iodide and incubated for 15 min at 25 ℃ in the dark. Single
color fluorescent flow cytometry was performed with a
FACS flow cytometer (Becton Dickinson, USA). The
histograms were analyzed with Multiplus Software II.
Drug doses and schedules
After expression of Bax was induced in HCC-9204 cells
through addition of zinc in the culture medium for 24 h,
HCC-9204/pMD and HCC-9204/Bax cells were exposed
to adriamycin (ADR) at 10 mg/L for at least 4 h, then
withdrawn from the culture medium and kept for 24 or
48 h. The following investigations were then conducted.
Drug sensitivity was assessed by colony assay and MTT assay.
Colony assay
Soft agar was prepared with 6 g/L bottom agar layer and
4 g/L top agar layer. Culture dishes were fixed and stained
with 1 g/L crystal violet at the end of experiment. The
number of cells plated for each clone was 2 000. Plates
were incubated at 37 ℃ with 50 mL/L CO2 for 7 d. Then
the colonies were counted and photographed under a phase
contrast microscope (Nikon, Tokyo, Japan). Average colony
size and colony cell number were determined by examining
several random colonies daily. Cells were tested in triplicate.
MTT assay
HCC-9024/Bax cells and HCC-9204/pMD cells (1×104/L)
were seeded in 96-well plates and cultured in 100 L RPMI
medium. After left overnight for adherence, HCC-9024/Bax
cells and HCC-9204/pMD cells were divided into two
groups. One group was treated with 100 L ADR, the other
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Figure 1 Inducible overexpression of Bax by ZnSO4 in HCC-9204/Bax cells

SABC ×400.

group was not treated with any ADR. Cells were treated
for different time periods. After treatment, 50 L of 5 g/L
3-(4,4-dimethylthiazol-2-y1) 2,5-diphenylterazolium bromide
(MTT) in PBS was added to each well, incubated for 4 h at
37 ℃ and the formed formazan crystals were dissolved in
50 L of dimethyl sulfoxide. The absorbance was recorded
at 490 nm on a microplate reader (BioRad). Drug sensitivity
was expressed as IC50 for cells.

no rings. Cells without apoptosis observed by fluorescence
microscopy had no fluorescence (Figure 3). Apoptotic index
significantly increased in Bax stably-transfected HCC-9204/Bax
cells 24 and 48 h after 100 mol/L ZnSO4 was added (3.6
vs 27.2, 4.2 vs 32.3, P<0.05) .
In order to determine the effect of Bax overexpression
on apoptosis of HCC-9204 cells, cells were exposed to
100 mol/L ZnSO4 for 48 h. The apoptotic damage of
DNA was detected according to the sub-G1 peak on a flow
cytometer. The overexpression of Bax showed a significantly
higher apoptotic peak compared to normal control. The
apoptotic rate cells was about 15.36% (Figure 4).

Statistical analysis
Data were analyzed by the t test, and P<0.05 was considered
statistically significant.

RESULTS
Inducible expression of Bax in HCC-9204 cells
To obtain the regulated Bax expression, pMD- Bax including
0.58 kb Bax cDNA was constructed and transfected into
HCC-9204 cells under the control of MT-II promoter.
Expression of Bax protein was controlled upon addition of
zinc. The stable transfected HCC-9204/Bax cells were selected
with G418. Then the cells were exposed to 100 mol/L
ZnSO4. Immunohistochemistry showed that overexpression
of Bax was induced by ZnSO4 in HCC-9204/Bax cells
(Figure 1). Bax positive signal was frequently found on the
cytoplasm and perinuclear region of HCC-9404 cells. Some
condensed and round cells existed and demonstrated intense
staining in nuclei and cytoplasm of HCC-9204 cells. The
Bax ectopic expression in HCC-9204 cells was specific
towards cells with marked condensation of chromatin and
cytoplasm (apoptotic cells). Furthermore, Western blot
analysis demonstrated that Bax was expressed at 0, 4, 24,
48, and 72 h after addition of ZnSO4. Mock and HCC9204/pMD cells did not express Bax in presence of ZnSO4.
Bax expression increase d 4 h after the addition of ZnSO4,
and further increased to a steady level at 24 h (Figure 2).
Overexpression of Bax induced apoptosis in HCC-9204 cells
To determine whether overexpression of Bax was able to
induce apoptosis in HCC-9204 cells, TUNEL assay was
performed. Compared to the pMD-neo transfected HCC9204/pMD cells, Bax overexpression in HCC-9204/Bax
cells showed obvious morphological changes. Some apoptotic
cells showed round and condensed cytoplasm and highly
fragmented chromatin. TUNEL-positive cells were found
with Kelly or yellow fluorescence in nuclei, showing almost

Drug sensitivity upregulated by Bax expression
Flow cytometry analysis showed that HCC-9204 cells
displayed a significantly higher apoptotic peak than normal
control after ADR was added, the apoptotic rate of cells
was about 31% and 58% respectively (Figure 5).
The survival of HCC-9204 cells was tested by colony
assay following 24 h exposure to adriamycin. The results

Control

0

4
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-actin
Bax

Figure 2 Western blotting analysis of Bax expression in HCC-9204 cells.

Figure 3 Obvious morphological changes of HCC-9204/Bax cells TUNEL ×100.
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Figure 5 HCC-9204 cells apoptosis after ADR with sub- G peak by flow

cytometer.

demonstrated that Bax overexpression caused decrease in
colony survival following 24 h exposure to adriamycin.
Colony survival rate decreased from 66% (HCC-9204/
pMD) to 45% (HCC-9204/Bax ) 2 d after ADR withdrawal
(P<0.05 ).
In order to determine the effect of Bax overexpression
on drug sensitivity in HCC-9204 cells, MTT assay was
performed. Bax-transfected HCC-9204/Bax cells were
compared to nontransfected HCC-9204/pMD cells after
48 h exposure to a single optimum concentration of ADR
(20 mg/L). MTT assay (Figure 6) showed that the effects
of Bax on cell viability following ADR exposure were
significant as compared to the vehicle-transfected HCC9204/pMD cells (P<0.01). The cell viability rate decreased

from 44% to 21% 36 h after ADR exposure (P<0.01).
Taken together, overexpression of Bax could not only
induce apoptosis, but also sensitize HCC-9204 cells to cell
death induced by adriamycin.

Cell viability (%)

100
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80

Bax

60

ADR
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40
20
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12

24
Time (h)

36

48

Figure 6 MTT assay showed the viability of HCC-9204 cells.

DISCUSSION
Anticancer effects of various chemotherapeutic agents are
mediated through a final common pathway: activation of
caspase-3 and subsequent DNA fragmentation[8-11]. Proteins
of Bcl-2 family are the key regulators of apoptosis[12-14] .
Bax, as a proapoptosis gene of the Bcl-2 family, has extensive
amino acid homology with Bcl-2, and may form homodimers
and heterodimers with Bcl-2 that oppose Bcl-2 function
and contribute to cell death[15]. Bax expression is markedly
low in esophageal squamous cell carcinoma, breast cancer ,
hepatocellular carcinoma and ovarian carcinoma [16-19].
Reduced expression of Bax is to be associated with a shorter
survival in hepatocellular carcinoma patients[20] . It was
reported that Bax-deficient human colon carcinoma cells
HCT116 are resistant to cell death[21,22]. Recent studies
have shown that overexpression of Bax can modestly
induce apoptosis of erythroleukemia cells[4], and sensitize
human head and neck squamous cancer cells to various
chemotherapeutic agents[5]. Moreover, loss of Bax is associated
with the impaired response to therapy[23-25].
Adriamycin (ADR ) is a major antitumor agent for the
treatment of a variety of human cancers. Its intracellular
effects include free radical formation, inhibition of DNA
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topoisomerase II, also nucleotide intercalation, resulting in
inhibition of DNA replication. As many other chemotherapeutic
antitumor drugs, the ensuing induction of apoptosis is likely
an important reason for its therapeutic effect. ADR-induced
apoptosis typically involves cytochrome C release from
mitochondria and subsequent caspase activation [26] .
Panaretakis et al [23] , found that ADR-induced apoptosis
involves the induction of the active conformation of Bak
and Bax . But overcoming resistance limits the efficient use
of these drugs.
Investigation of the expression and regulation of Bax
may provide insights into the mechanisms of susceptibility
of HCC to apoptosis induced by chemotherapeutic agents.
Our analysis using a gene transfer system demonstrated
that overexpression of Bax could not only induce apoptosis,
but also sensitize HCC-9204 cells to cell death induced by
adriamycin. We presumed that inducible overexpression of
Bax might lead to apoptosis. Our study has established that
cells overexpressing Bax might be sensitive to ADR during
induction of apoptosis. The mechanism might be that Bax
initiats cytochrome C release from mitochondria and
activates caspase 3 and apoptosis. Overexpression Bax
moves to mitochondria and induces cytochrome C release
from mitochondria[27]. The release of cytochrome c from
mitochondria cleaves and activates caspase-3 and caspase9, resulting in the sequence of apoptotic processes [28].
Dewson et al[29], found that Bax conformational change and
its subcellular redistribution are the common features of
B-CLL cell apoptosis in response to diverse stimuli. Kobayashi
et al[8], assumed that enhancement of chemotherapeutic agentinduced apoptosis is mediated both by the common pathway
of mitochondrial cytochrome C release and by the specific
mechanism of each chemotherapeutic agent. Kobayashi et
al[4], found that Bax overexpression sensitizes K562 cells to
doxorubicin, ara-C and SN-38, but not to etoposide,
suggesting that the sensitization effect of Bax is not universal
but selective.
Recent reports showed that p53 can induce apoptosis
through direct activation of killer genes such as Bax, or
down-regulate survival genes such as Bcl-2 in some cell
types. p53 is frequently mutated in human cancers, and
cells mutated by p53 are more resistant to chemotherapy
because of a poorer abiliby to undergo apoptosis[15,30]. Since
p53 is mutated in HCC-9204 cells, the downstream molecule
Bax may bypass the need for p53 in some for ms of
chemotherapy-induced apoptosis.
In conclusion, Bax overexpression-based gene therapy
in combination with chemotherapy may be an effective
treatment modality for HCC.
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Abstract
AIM: To evaluate the inhibitory effects of DNAzymes on the
expressions of hepatitis B virus (HBV) s (HBsAg) and e (HBeAg)
in 2.2.15 cells, and to explore the potential therapeutic
effects of DNAzymes on replication of HBV genome.
METHODS: DNAzymes DrzBS and DrzBC specific to HBV
(ayw subtype) s gene ORF A157UG and e gene ORF A1816UG,
were designed and synthesized. Inhibitory effects of DrzBS
or DrzBC on the expressions of HBV s and e genes as well
as HBV DNA levels in culture supernatants were observed
in 2.2.15 cells.
RESULTS: After being treated with DrzBS or DrzBC, the
expression of HBV s or e genes in 2.2.15 cells was
depressed dramatically. The maximum inhibition rate was
94.2% and 91.8% for DrzBS and DrzBC, respectively. The
concentration for effective inhibition of both DrzBS and
DrzBC was within 0.1-2.5 µmol/L, showing a dosedependence. The efficiency of inhibiting HBsAg, HBeAg in
2.2.15 cells by DrzBS or DrzBC was higher than that of
the same target genes by antisense oligonucleotides
(ASON). The concentration for effective inhibition of
DNAzymes was at least 10-fold lower compared with
ASON controls. Neither inhibition on the replication of HBV
DNA nor toxicity to 2.2.15 cells was observed.
CONCLUSION: DrzBS and DrzBC can block the expression
of HBV s- and e-genes in 2.2.15 cells and provide a specific
and effective anti-HBV gene therapeutic means.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
DNAzyme or deoxyribozyme is a specifically structured
DNA sequence that possesses catalytic RNA-cleaving
activity, recognizing its target RNA in a highly sequencespecific manner, and thereby blocks the expression of
corresponding RNAs. mRNAs from oncogenes and viral
genomes and transcripts are ideal targets for DNAzyme
therapeutic agents. In 1997, Santoro and Joyce[1] proposed
a universal DNAzyme structure termed DNAzyme 10-23,
which consists of a catalytic domain in the center and
recognition arms on both sides. Through its recognition
arms, DNAzyme 10-23 combines specifically with target
RNA sequences while the central catalytic domain sequentially
cleaves the opposite site of the target RNA strands.
In this paper we report an observation of designed
DNAzymes on the 2.2.15 cells, which is a part of a project
aimed at DNAzyme inhibition of various viral gene
expressions, such as hepatitis B virus (HBV), HCV, HIV
and CMV, etc. Basically, we investigated in vitro cleavage
effects of the designed DNAzymes on RNA substrates
prepared by in vitro transcription in the presence of [a-32P]ATP. The substrates were cleaved by the corresponding
DNAzymes generating two labeled products of the correct
size as judged by their electrophoretic mobility. Accordingly,
we calculated the values of Km of the definite DNAzymes
under different reaction conditions. Besides, we designed
DNAzymes of different lengths of their arms targeting
different sites. Details on the Km values and other topics
which characterize the DNAzymes involved in this report
will be summarized in an additional report. Here we present
data of their effectiveness in 2.2.15 cell culture model.
MATERIALS AND METHODS
2.2.15 cell line
2.2.15 cells were propagated in DMEM medium supplemented
with 10% fetal bovine serum and 400 mg/L of G418.
Detection of HBsAg and HBeAg
Radio immunoassay (RIA) was used for the quantitative
detection of HBsAg and HBeAg in cell culture medium
with RIA kits (3V Diagnostic Tech Co., Shandong, China),
according to the manufacturer’s instructions.
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Determination of HBV DNA
Fluorescence quantitative polymerase chain reaction (PCR)
was used to determine the copies of HBV DNA in the cell
culture medium with HBV nuclear acids determination kit
(Piji Bioengineer Co., Ltd, Shenzhen, China) using the
LightCycler PCR ther mocycler (Roche Molecu lar
Biochemics), according to the manufacturer’s instructions.
Design and synthesis of DNAzymes, antisense oligonucleotides
(ASON) and nonsense oligonucleotide (NSON) controls
Nucleotide (nt) sequences of DNAzymes, antisense
oligonucleotide (ASON) and nonsense oligonucleotide
(NSON) controls targeted sequence sections within the HBV
sequence region coding for HBs-antigen and the HBeantigen respectively. Sequence data were as follows:
DNAzyme

DrzBS

ASON

AsBS

5’TTCTCCATGTTCAGC3’

DNAzyme

DrzBC

5’CGTTGCAGGCTAGCTACAACGAGGTGCTG3’

ASON

AsBC

5’CGTTGCATGGTGCTG3’

NSON

Control

5’ACGTCGTTGAAGCTAGCTGCACTGCTGGA3’

RNA substrate

C T AC
G
A
A
A
T
C
C
G G AG

Catalytic domain

B

RNA substrate

C T AC
G
A
A
A
T
C
C
G G AG

Catalytic domain

Substrate-recognition domain
5’CGTTGCA GGTGCTG3’
3 ’GCAACGU CCACGAC5 ’
A

where X represents the average S/P (RIA) value from three
wells in HBsAg or HBeAg determination.
Cytotoxic effect evaluation
2.2.15 cells were observed for their growing features, and
stained with 0.5% trypan blue to determine the number
and ratio of stained living cells.

RESULTS
Dose-dependent inhibition of DNAzymes on the expression
of HBsAg and HBeAg
2.2.15 cells were propagated in plate wells for 24 h before
administration of DNAzymes and controls. Forty-eight
hours after administration of various concentrations of
DrzBS and DrzBC, the culture medium was collected for
HBsAg and HBeAg detection. Within a concentration range
of 0.1-2.5 µmol/L, DrzBS increased IR of HBsAg
expression from 32.4% to 94.2%, while DrzBC increased
IR of HBeAg expression from 19.6% to 91.8%, showing a
distinct dose-dependent effectiveness. With additional
increases of DNAzyme admission doses, the IRs increased a
little but platform-like effectiveness was observed (Figure 2).
As controls for the ASONs, AsBS or AsBC exhibited dosedependent inhibition effects within concentration ranges of
2.0-20 or 2.0-25 µmol/L for the expression of HBsAg or
HBeAg respectively, while NSON as nonsense oligonucleotide
control showed few inhibition effects within 2.0-25 µmol/L
on the HBsAg and HBeAg expressions (all IRs <5%).

100
90
80
70
60
50
40
30
20
10
0

DrzBS on HBsAg
DrzBC on HBeAg

0
Cleavage site: HBV c gene ORF A1816UG

Figure 1 Recognizing and catalytic sequences of DrzBS (A) and DrzBC (B)
and their corresponding cleaving sites.

×100%
(X of wells for control–2.1)

Substrate-recognition domain
5 ’TTCTCCA GTTCAGC3 ’
3 ’AAGAGGU CAAGU CG5 ’
A

Cleavage site: HBV s gene ORF A157UG

DrzBC

|X of wells for DNAzyme admission-X of wells for control |
inhibition rate (IR) =

Inhibition rate, IR (%)

DrzBS

Evaluation of inhibitory effects of DNAzymes on cell expression
of HBsAg and HBeAg
2.2.15 cells incubated in 24-well plates. DNAzymes were
mixed with liposome (LipofectAMINE, Gibco BRL) 30 min
before administration of cells, according to the manufacturer’s
instructions. Culture supernatants collected at various time
points following administration of liposome-coated
DNAzymes were used for the determination of HBsAg
and HBeAg concentrations. Three wells were used for each
dose of DNAzymes and the concentrations of HBsAg or
HBeAg were represented as averages from these three wells.
The inhibitory effects induced by DNAzymes were evaluated
according to the following equation.

5’TTCTCCAGGCTAGCTACAACGAGTTCAGC3’

AGGCTAGCTACAACGAG was the catalytic domain
sequence of DrzBS and DrzBC, while both its side sequences
(underlined) were 6-mer recognizing arms, which specifically
recognized the 6-nucleotide sequences just upstream and
downstream of the starting AUG code of the HBV ayw
subtype s gene or the c gene (GenBank accession no.
X65257). Thus, the cleaving sites of the designed DrzBS
and DrzBC targeted A157 UG or A1816 UG of the starting
AUGs of the s or c gene ORFs (Figure 1). Two ASONs,
AsBS and AsBC consisted of the same recognizing sequences
as DrzBS, DrzBC and had the same starting AUGs in the
middle. They were fully complementary to the sequences
150 th-164 th nt of the s gene and the 1 809 rd-1 823 rd nt of
the c gene, functioning as controls for the recognizing arms
of DrzBS and DrzBC. NSON was of the same length in
nucleotides as DNAzymes designed randomly and showed
no homology either to HBV genomes or to human genomic
sequences. They were used as an oligonucleotide control
for the 2.2.15 cells. All these DNAzymes, ASONs and
NSON were synthesized by Shengong Bioengineer Co.,
Shanghai, China.
A
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Figure 2 Dose-dependent inhibition of DNAzymes on the expression of HBsAg
and HBeAg 48 h after administration of DrzBS or DrzBC.
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Time-efficiency characteristics of DNAzymes on HBsAg and
HBeAg expression
2.2.15 cells were primarily treated with DNAzymes at the
concentration of 2.0 µmol/L. After 96 h, the culture
medium in the wells was collected at 12-h intervals and
supplemented with an equal amount of fresh medium
without any DNAzymes. The time-efficiency characteristics
of HBsAg and HBeAg suppression resulting from the
DNAzyme administration are shown in Figure 3. Twelve
hours after administration of DNAzyme, both DrzBS and
DrzBC began to show their suppressing effect on the
expression of HBsAg or HBeAg. The maximum suppression
(IR = 94.2% for HBsAg and 91.8% for HBeAg) occurred
after 48 h and decreased gradually thereafter possibly due
to the decay of DNAzymes within cytoplasmic environment.
After 72 h, the IR was 28.6% for HBsAg and 27.5% for
HBeAg, and after 84 and 96 h. As controls, both AsBS and
AsBC produced a lower IR of HBsAg or HBeAg expression
at the same concentration of 2.0 µmol/L. Their IR also peaked
after 48 h, but was just 30.2% for HBsAg and 29.3% for
HBeAg, and was below 20% after 60 h (Figure 3).

HBsAg inhibition rate, IR (%)

A
100
90
80
70
60
50
40
30
20
10
0

HBsAg inhibition rate, IR (%)

B
100
90
80
70
60
50
40
30
20
10
0

DrzBS
AsBS

12 24 36 48 60 72 84 96
Hours post-administration
DrzBC
AsBC

12 24 36 48 60 72 84 96
Hours post-administration

Figure 3 Time-efficiency characteristics of DrzBS (A) and DrzBC (B) on the
expressions of HBsAg and HBeAg.

Influence of DNAzymes on HBV DNA levels
Within the concentration of 0.1-2.5 µmol/L during a period
of 96 h, no distinct change in HBV DNA copy number
was observed (data not shown), indicating that HBV DNA
excreted into the culture supernatants was not influenced
by DNAzymes.
Cytotoxicity induced by DNAzymes
Within the concentration range and exposure periods
mentioned above, the number of trypan blue-stained
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2.2.15 cells remained stable (data not shown), and no
obvious cytomorphological abnormalities were observed.

DISCUSSION
DNAzyme has been regarded as a breakthrough in revealing
the traits of enzymes since the discovery of ribozyme[2] .
Compared to ribozyme, DNAzyme has the following
outstanding characteristics: 100 000-fold more stable and
resistant to degradation in the cytoplasmic environment[2],
much simpler structure and thus easier to automatically
synthesize on a large scale, much higher catalytic capacity
10 9/(mol•min)[1] and more specific to cleaving sites and
RNA sequence-dependent cuttings. DNAzyme 10-23 i able
to cleave A•U sites of RNA sequences, which means that
theoretically it is able to cleave the starting AUGs of ORFs
of any kind of mRNAs, thus providing a universal means
of regulating and controlling the expression of all cellular
proteins. Application of DNAzymes could facilitate new
strategies for inhibiting the replication of RNA viruses, as
well as the treatment of infectious diseases caused by RNA
viruses. It has been reported that DNAzyme 10-23
specifically and successfully cleaves cellular mRNA strands
deduced from certain genes and blocks their expression[3].
In the field of virology, DNAzyme 10-23 has been shown
to cut efficiently and site-specifically gag/pol, env, vpr, tat
and nef transcriptions of the human immunodeficiency virus
type-1, to block the expression of corresponding genes and
to inhibit viral replication in human papilloma virus E6/E7
transcription[2,4,5] .
In this study we tested deoxyribozymes against HBV
rather than human hepatitis RNA viruses such as hepatitis
A, C or E viruses (HAV, HCV or HEV). When the designed
DNAzymes whose targets were specific to the HBV s or c
gene were administrated to the 2.2.15 cells, expression of
HBsAg or HBeAg was inhibited in a dose-dependent
manner at the concentration of 0.1-2.5 µmol/L. At the
concentration of 2.0 µmol/L, the levels of HBsAg or
HBeAg were decreased by more than 90% compared to
the blank controls. Such a distinct inhibition remained
effective (IR>25%) for at least 72 h after administration
of a single dose. Considering the observed lack of effect
on the levels of HBV DNA excreted by the cells, it seems
that the target molecules of designed DNAzymes are HBV
RNA intermediates rather than HBV genomic DNA. Our
results showed that the HBV-specific DNAzyme 10-23
structures were able to efficiently block the expression of
HBV e- and s-genes within cells, resulting in the suppression
of corresponding antigen proteins, sug gesting that
DNAzymes can be developed into a powerfully specific
and effective form of anti-HBV gene therapy.
The substrate-specific cleavage of DNAzyme 10-23
depends on the nucleotide sequence of its recognition arms,
i.e., cleavage occurs when the recognition arms bind to
complementary nucleotide sequences of the target RNA
strands. In order to ascertain that the observed inhibition
did not result from possible antisense-blocking of its
recognition sequences, we designed ASON controls (AsBS
and AsBC) that consisted of the same nucleotide sequences
as the DNAzymes’ recognition sequences. The concentration
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(0.1-2.5 µmol/L) for effective inhibition induced by
DNAzymes was almost 10-fold lower than that of the
assay with ASON AsBS (2.0-20 µmol/L) and ASON AsBC
(2.0-25 µmol/L). After 48 h the IR of both DNAzymes at
the concentration of 2.0 µmol/L on HBV antigens was
more than 90%, while that of the ASONs was only about
30%. These results indicate that the designed DNAzymes
can block the expression of HBV genes mainly through
their site-specific cleaving effects, rather than through their
recognition arms.
Although all the 2.2.15 cells were used in these
experiments, the full length HBV genome was integrated.
There are different ways of explaining this situation with
ongoing HBV-DNA production. The cleaving is not
complete, thus allowing some full length RNA transcripts
to be used by the RT. The main targets for DNAzymes
applied represent processed short mRNA molecules used
for translation of respective ‘antigens’ only[6]. This situation
of ongoing HBV-DNA production has been described when
antisense DNA is used to inhibit viral antigen expression[7,8].
Further studies are required to reveal the background of
this particular phenomenon.
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Abstract
AIM: To elucidate the frequency and characteristics of
pancreatic disorders in the course of chronic viral hepatitis.
METHODS: We prospectively assessed the serum
pancreatic enzyme levels and imaging findings in patients
with chronic viral hepatitis and healthy control subjects.
RESULTS: Serum amylase (t-Amy), salivary amylase
(s-Amy), pancreatic amylase (p-Amy) and serum lipase
levels were higher in hepatitis patients in comparison to
control subjects. However, in asymptomatic viral carriers,
only the serum t-Amy levels were higher than those of
the controls. The levels of each enzyme rose with the
progression of liver disease in patients with hepatitis B or
C; whereas the levels of each enzyme within the same
clinical stage of the disease did not differ between patients
diagnosed with either hepatitis B or hepatitis C virus.
Imaging findings demonstrated chronic pancreatitis in only
1 out of 202 patients (0.5%).
CONCLUSION: Our data suggest that serum levels
of pancreatic enzymes increase with the progression of
liver disease in patients diagnosed with viral hepatitis.
Pancreatic disease, asymptomatic in most cases, may
represent an extrahepatic manifestation of chronic viral
hepatitis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Anatomically, the pancreas and the liver are in close
proximity; many of the blood vessels and ducts associated
with these organs anatomies with each other. Also, pancreatic
diseases which effect bile flow may result in concomitant
liver damage. However, whether or not diseases affect
pancreatic functions has not been clearly resolved. A number
of studies reported that patients diagnosed with acute or
fulminant hepatitis also suffer from acute pancreatitis[1-14].
Hepatitis A[3-6,8,9,13,14], hepatitis B[7], hepatitis C[11] and hepatitis
E[9,10,12] have been reported to cause acute pancreatitis in
patients with acute viral hepatitis. Furthermore, a case with
acute exacerbation of chronic hepatitis (CH) B complicated
by acute pancreatitis was reported[15], which suggests that
pancreatitis may be an extrahepatic manifestation of CH.
It was reported that exocrine pancreatic function is
damaged in chronic liver disease (CLD)[16]. This report has
shown that pancreatic amylase output increases in the
patients with nonalcoholic, non-cirrhotic CLD, which
suggests that pancreatic enzymes may elevate in chronic
non-cirrhotic viral diseases. On the contrary, a study from
Italy has shown that elevation of pancreatic enzymes is
observed only in cirrhotic patients[17]. Therefore, whether
or not the pancreas is damaged in patients with CLD is not
elucidated.
The aim of this study was to determine whether or not
the pancreas is damaged in patients with chronic viral
hepatitis.
MATERIALS AND METHODS
Materials
Patients seen in the outpatient clinic of our hospital between
April 2002 and March 2003 were included in the study.
The patient pool, defined as the CLD group, included 202
subjects, 111 males and 91 females, with a mean age of
51.9±14.9 years. CLD group consisted of asymptomatic
carriers (AsC), patients with CH and those with liver cirrhosis
(LC). AsC was defined by normal serum ALT levels
measured repeatedly over a period of more than 1 year.
CH and LC were diagnosed by liver biopsy and/or imaging
studies. Patients with a history of alcohol intake exceeding
75 g/d were excluded from the study.
Eighty patients were positive for HBsAg, but negative
for anti-HCV and were defined as the B-CLD group, which
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consisted of 34 AsC, 38 diagnosed with CH and 8 diagnosed
with LC. The remaining 122 patients were negative for
HBsAg, but positive for anti-HCV and were defined as the
C-CLD group, which consisted of 14 AsC, 68 diagnosed
with CH and 40 diagnosed with LC (Table 1). Three hundred
and fifty-five healthy employees of St. Marianna University
who underwent annual health checks constituted the control
group.

Table 1 Number of studied patients
HBsAg positive
AsC
CH
LC
Total

34 (28)
38 (35)

Anti-HCV positive
14 (12)
68 (49)

Total

3509

shows the levels of pancreatic enzyme obtained from
patients diagnosed with chronic HCV infection. In contrast
to HBV patients, the levels of all four enzymes were not
significantly different between the asymptomatic HCV
carriers and the control subjects. The patients with CH and
cirrhosis exhibited higher levels of these four enzymes than
did their controls as seen in the patients diagnosed with
chronic HBV.
Figures 4 and 5 illustrate the distribution of enzyme
levels at each clinical stage of CH. The levels of t-Amy,
s-Amy, p-Amy and lipase increased concomitantly with the
progression of liver disease in patients with HBV and HCV
infection.

48 (40)
106 (84)

8 (5)

40 (7)

48 (12)

80 (68)

122 (68)

202 (136)

Number of patients with the age between 30 and 60 years.

Methods
The levels of serum amylase (t-Amy) and lipase were
determined using enzymatic assay (Pureauto sAmy-G2,
Daiichi Pure Chemicals Co., Tokyo, Japan). The levels of
pancreatic (p-Amy) and salivary amylase (s-Amy) were
determined by isoenzyme pattern determined by cellulose
acetate membrane electrophoresis method and total amylase
levels. Fisher’s exact test, the unpaired t-test and Spearman’s
rank correlation test were used for statistical analysis; P
values less than 0.05 were considered significant.
All of the patients in the CLD group underwent abdominal
ultrasonography and/or computed tomography within 3 mo
of their blood chemistries. Informed consent was obtained
from each patient and healthy volunteer enrolled in the
study. The study protocol conforms to the ethical guidelines
of the 1975 Declaration of Helsinki, as well as those
implemented in our institutions.

RESULTS
Pancreatic enzymes in patients with chronic liver disease
The mean age of the patient group was higher than that in
the control group. Therefore, 79 male and 59 female patients
between 30 and 60 years of age (mean age 44±8.8 years)
were selected and compared with age and sex-matched
control cohorts.
The levels of t-Amy, s-Amy, p-Amy and lipase in the
patient group were 20%, 18%, 25%, and 32% higher than
those in their respective control cohorts (Figure 1). Table 2
demonstrates the frequency of abnormal elevation in the
patient and control groups. Macroamylase was not detected
in any patient.
Subsequently, we compared the enzyme levels in each
stage of chronic viral hepatitis with those in healthy control
subjects. Figure 2 shows the results from patients diagnosed
with chronic HBV infection. The asymptomatic HBV
carriers exhibited higher p-Amy and lipase levels than did
their respective control cohorts. Furthermore, patients
diagnosed with CH and LC exhibited higher levels of both
t-Amy and s-Amy, in addition to p-Amy and lipase. Figure 3
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Figure 1 Levels of serum or tissue enzymes in patients with CLD compared
to those measured in age and sex-matched control subjects. bP<0.01 vs controls.
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Figure 2 Levels of serum or tissue enzymes at each clinical stage of CH
B. aP<0.05 vs controls.
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Figure 3 Levels of serum or tissue enzymes at several stages of CH C. aP<0.05
vs controls.
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Figure 4 Distribution of serum enzyme levels at several stages of CH B. Box
plots are given with horizontal lines for the medians, upper and lower edges
indicating the 25th and 75th percentiles, respectively, and bars represent the

extremes without including outliers. _ indicates outliers and ● indicates
extremities. P values indicate the correlation between the enzyme levels and
the progression of liver disease (A-D). aP<0.05, bP<0.01 vs others.

Table 2 Frequency of hyperamylasemia and hyperlipasemia

Pancreatic enzyme levels in HBV and HCV carriers
The enzyme levels at several stages of CH were compared
between HBV and HCV carriers. Figure 6 clearly demonstrates
that the enzyme levels are not significantly different between
the HBV and HCV carriers.

Enzymes
t-Amy
s-Amy
p-Amy
Lipase

CLD (total)
(n = 202, %)

CLD (30–60 yr old)
(n = 136, %)

Controls
(n = 355, %)

27 (13.4)
8 (4.0)
9 (4.5)
13 (6.4)

12 (8.8)b
6 (4.4)
7 (5.1)
6 (4.4)a

7 (2.0)
18 (5.1)
7 (2.0)
3 (0.8)

Pancreatic disease in patients with chronic liver disease
Only 1 of the 202 patients (0.5%) diagnosed with CLD
and who underwent imaging for pancreatic disease exhibited

Statistical significance in comparison with differences between patients with
CLD (30–60 years old) and age, sex-matched controls: aP<0.05, bP<0.01 vs
controls. CLD: chronic liver disease.
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Figure 6 Comparison of serum and tissue enzyme levels between HBV and

HCV carriers (A-C).

demonstrable pancreatic disease. This patient suffered from
LC caused by HCV and he had no history of alcohol abuse
or biliary disease. His pancreatic enzyme levels were as
follows: t-Amy, 223 IU/L; s-Amy, 105 IU/L; p-Amy,
118 IU/L; and lipase, 26 IU/L. The levels of CEA, CA19-9
and DUPAN-2 were as follows: 2.1 ng/mL, 48 U/mL, and
66 U/mL, respectively. An abdominal ultrasonography
disclosed dilation in the main pancreatic duct; whereas
magnetic resonance cholangiopancreatography revealed an
irregularity in the pancreatic ducts. The patient was diagnosed
as having chronic pancreatitis.

two reports that measured lipase levels in patients with CLD.
Pezzilli et al[17], reported that 21% of CLD patients exhibited
elevated levels of serum lipase. Yoffe et al[34], reported that
25% of patients with CH C exhibited elevated levels of
serum lipase; whereas our data demonstrate a 6.4%
frequency of hyperlipasemia. This discrepancy may partly
result from the background of the patients. As stated above,
our study includes asymptomatic patients. After excluding
asymptomatic patients, the frequency of hyperlipasemia in
our study was 7.8%. Another reason for the discrepancy
may be differences inherent in the quantitative methods,
e.g., Pezzilli et al, and Yoffe et al, used a comparative turbidity
assay which measures not only pancreatic lipase, but also
hepatic lipase, lipoprotein lipase, as well as elastase. Our
enzymatic assay, however, is specific for pancreatic lipase.
Therefore, we suggest that our data correctly reflect the
frequency of hyperlipasemia in CLD patients.
The levels of p-Amy and lipase were higher in patients
diagnosed with CLD-B at all stages of liver disease in
comparison to those measured in the healthy control subjects
suggesting that HBV infection affects pancreatic enzyme
secretion. Several studies have reported the detection of
HBV DNA in the pancreas of patients diagnosed with
hepatitis B [35-37]. Nevertheless, these studies did not
demonstrate that the infectivity of HBV into pancreas.
Additional studies are necessary to demonstrate whether or
not HBV infects the pancreas and, thus, affecting the
pancreatic enzyme secretion.
In patients diagnosed with CLD-C, the levels of
pancreatic enzymes in individuals with either CH or LC
were higher in comparison to healthy control subjects.
However, in AsC patients, the enzyme levels were comparable
to those of the controls, suggesting that pancreatic enzyme
secretion does not change in AsC. Yan et al, have shown by
in situ hybridization and immunohistochemistry that HCV
infects pancreas acinar cells and pancreatic duct epithelial
cells. Furthermore, Yoffe et al, have recently shown that
hyperlipasemia in patients with CH C improved during
antiviral therapy, showing that hyperlipasemia in patients
with chronic active HCV infection may be caused by direct
effect of HCV[34]. These results suggest that HCV may infect
pancreas. However, whether pancreatic enzymes’ elevation
is caused by pancreatic HCV infection itself is uncertain.
Our results, showing that frequency of elevated pancreatic
enzymes increased with the progression of liver disease,

DISCUSSION
Patients diagnosed with CLD, particularly those with HCV
infection, often present with extrahepatic diseases, such as
mixed cryoglobulinemia [18-22], glomerulonephritis [23-25],
porphyria cutanea tarda[26,27] and oral lichen planus[28-31] .
However, there is little information pertaining to associated
pancreatic complications. The present study revealed that
pancreatic enzymes are elevated in some patients with CLD.
The frequency of elevated serum levels of t-Amy in
patients with chronic viral hepatitis is not well known. Tsianos
et al [32], reported that hyperamylasemia was found in 6 of
30 (20%) patients with CH. Pezzilli et al[17], showed that 27
of 78 (35%) patients with chronic viral liver diseases were
complicated by hyperamylasemia. Our present study has
shown that 27 of 202 (13.4%) patients with CLD are
complicated by hyperamylasemia. One reason for the
discrepancy among studies is the background liver disease.
Tsianos’s and Pezzilli’s paper did not include asymptomatic
patients. After excluding asymptomatic patients, the
frequency of hyperamylasemia in our present study is
16.9%, which is comparable to Tsianos’ results.
The tissue source of the elevated serum t-Amy is not
conclusive. Skrha et al [33], suggested that elevated amylase
in chronic active hepatitis may be originated from salivary
gland. Tsianos et al[32], reported that the origin of elevated
amylase was pancreas. Pezzilli et al[17], reported that elevated
amylase originated from pancreas in patients with cirrhotic
changes. Our results have clearly shown that elevated amylase
among patients with CLD originated from both pancreas
and extrapancreatic organs (mainly salivary gland).
Furthermore, elevated amylase in HBV AsC originated from
pancreas, which is discussed below.
Contrary to serum t-Amy levels, there has been only
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suggest that the elevation in enzyme levels in patients with
CLD may result from a delay in their hepatic metabolism[17,38].
Interestingly, the levels of s-Amy in patients diagnosed
with CLD-C were significantly higher at all stages of CLD
than those measured in control subjects. In contrast, the s-Amy
levels in patients with CLD-B were higher than control levels
only in patients diagnosed with CH and LC. The difference
between CLD-C and CLD-B may be due to HCV infection
of the salivary glands [39,40]. The fact that sialadenitis
complicates CH C substantiates this hypothesis[41-44].
Imaging studies disclosed pancreatic disease in only 1
of 202 patients diagnosed with CLD in the present study.
However, these data neither confirm nor deny that the
frequency of pancreatic involvement in chronic viral
hepatitis is low. Several studies have shown that pancreatic
exocrine function is impaired in some patients with nonalcoholic CLD[16,45]. Furthermore, pancreatic fibrosis may
be a contributing factor in patients with non-alcoholic LC[46].
These data suggest that a mild disturbance of pancreatic
function may be a consequence of chronic viral hepatitis,
despite the fact that imaging studies do not demonstrate
significant changes. Subsequent studies on pancreatic
exocrine function and histological observations focused on
chronic viral liver diseases are required to confirm or deny
this hypothesis.
In conclusion, pancreatic enzymes are elevated in a
substantial percentage of patients diagnosed with chronic
viral hepatitis. The elevation of pancreatic enzymes may
reflect an extrahepatic manifestation of chronic viral
hepatitis.

13

REFERENCES

24

1
2
3

4

5
6

7

8
9

10

11

12

Parbhoo SP, Welch J, Sherlock S. Acute pancreatitis in patients with fulminant hepatic failure. Gut 1973; 14: 428
Gillespie WJ. Viral hepatitis and acute pancreatitis. J R Coll
Surg Edinb 1973; 18: 120-122
Lopez Morante A, Rodriguez de Lope C, San Miguel G, Pons
Romero F. Acute pancreatitis in hepatitis A infection. Postgrad
Med J 1986; 62: 407-408
Cadranel JF, Guivarch P, Duvoux C, Desaint B, Florent C,
Levy VG. Acute pancreatitis in benign viral hepatitis A.
Gastroenterol Clin Biol 1987; 11: 344-345
Davis TV, Keeffe EB. Acute pancreatitis associated with acute
hepatitis A. Am J Gastroenterol 1992; 87: 1648-1650
Amarapurkar DN, Begani MM, Mirchandani K. Acute pancreatitis in hepatitis A infection. Trop Gastroenterol 1996; 17:
30-31
de Oliveira LC, Rezende PB, Ferreira AL, de Freitas AA, de
Carvalho AM, Guedes CA, Costa WO. Concurrent acute
hepatitis and pancreatitis associated with hepatitis B virus:
case report. Pancreas 1998; 16: 559-561
Sood A, Midha V. Hepatitis A and acute pancreatitis. J Assoc
Physicians India 1999; 47: 736-737
Mishra A, Saigal S, Gupta R, Sarin SK. Acute pancreatitis
associated with viral hepatitis: a report of six cases with review of literature. Am J Gastroenterol 1999; 94: 2292-2295
Majumder AK, Halder A, Talapatra DS, Bhaduri S. Hepatitis E associated with acute pancreatitis with pseudocyst. J
Assoc Physicians India 1999; 47: 1207-1208
Alvares-Da-Silva MR, Francisconi CF, Waechter FL. Acute
hepatitis C complicated by pancreatitis: another extrahepatic manifestation of hepatitis C virus? J Viral Hepat 2000;
7: 84-86
Maity SG, Ray G. Severe acute pancreatitis in acute hepatitis
E. Indian J Gastroenterol 2002; 21: 37-38

14

15

16

17

18

19

20
21

22

23

25

26

27

28

29

30

31

32

June 21, 2005

Volume 11

Number 23

Khanna S, Vij JC. Severe acute pancreatitis due to hepatitis
A virus infection in a patient of acute viral hepatitis. Trop
Gastroenterol 2003; 24: 25-26
Batra Y, Chakravarty S, Bhatt G. Severe acute pancreatitis
assoc iated with ac ute hepatiti s A : a case report. Trop
Gastroenterol 2003; 24: 27-28
Yuen MF, Chan TM, Hui CK, Chan AO, Ng IO, Lai CL.
Acute pancreatitis complicating acute exacerbation of chronic
hepatitis B infection carries a poor prognosis. J Viral Hepat
2001; 8: 459-464
Hayakawa T, Kondo T, Shibata T, Kitagawa M, Sakai Y,
Sobajima H, Ishiguro H, Nakae Y, Kato K. Exocrine pancreatic function in chronic liver diseases. Am J Gastroenterol 1991;
86: 201-204
Pezzilli R, Andreone P, Morselli-Labate AM, Sama C, Billi P,
Cursaro C, Barakat B, Gramenzi A, Fiocchi M, Miglio F,
Bernardi M. Serum pancreatic enzyme concentrations in chronic
viral liver diseases. Dig Dis Sci 1999; 44: 350-355
Agnello V, Chung RT, Kaplan LM. A role for hepatitis C
virus infection in type II cryoglobulinemia. N Engl J Med 1992;
327: 1490-1495
Ferri C, La Civita L, Longombardo G, Greco F, Bombardieri
S. Hepatitis C virus and mixed cryoglobulinaemia. Eur J Clin
Invest 1993; 23: 399-405
Lunel F, Musset L. Mixed cryoglobulinemia and hepatitis C
virus infection. Minerva Med 2001; 92: 35-42
Kayali Z, Buckwold VE, Zimmerman B, Schmidt WN. Hepatitis C, cryoglobulinemia, and cirrhosis: a meta-analysis.
Hepatology 2002; 36: 978-985
Okuse C, Yotsuyanagi H, Okazaki T, Yasuda K, Fujioka T,
Tomoe M, Hashizume K, Hayashi T, Suzuki M, Iwabuchi S,
Nagai T, Iino S. Detection, using a novel method, of a high
prevalence of cryoglobulinemia in persistent hepatitis C virus
infection. Hepatol Res 2003; 27: 18-22
Johnson RJ, Gretch DR, Yamabe H, Hart J, Bacchi CE, Hartwell
P, Couse r WG, Corey L, W ener MH, Al pers CE.
Membranoproliferative glomerulonephritis associated with
hepatitis C virus infection. N Engl J Med 1993; 328: 465-470
Schifferli JA, French LE, Tissot JD. Hepatitis C virus infection,
cryoglobulinemia, and glomerulonephritis. Adv Nephrol Necker
Hosp 1995; 24: 107-129
Fornasieri A, D’Amico G. Type II mixed cryoglobulinaemia,
hepatitis C virus infection, and glomerulonephritis. Nephrol
Dial Transplant 1996; 11 Suppl 4: 25-30
Bonkovsky HL, Poh-Fitzpatrick M, Pimstone N, Obando J,
Di Bisceglie A, Tattrie C, Tortorelli K, LeClair P, Mercurio
MG, Lambrecht RW. Porphyria cutanea tarda, hepatitis C,
and HFE gene mutations in North America. Hepatology 1998;
27: 1661-1669
Moran MJ, Fontanellas A, Brudieux E, Hombrados I, de
Ledinghen V, Couzigou P, de Verneuil H, De Salamanca RE.
Hepatic uroporphyrinogen decarboxylase activity in porphyria cutanea tarda patients: the influence of virus C infection.
Hepatology 1998; 27: 584-589
Figueiredo LC, Carrilho FJ, de Andrage HF, Migliari DA.
Oral lichen planus and hepatitis C virus infection. Oral Dis
2002; 8: 42-46
Imhof M, Popal H, Lee JH, Zeuzem S, Milbradt R. Prevalence
of hepatitis C virus antibodies and evaluation of hepatitis C
virus genotypes in patients with lichen planus. Dermatology
1997; 195: 1-5
Mignogna MD, Fedele S, Lo Russo L, Ruoppo E, Adamo D,
Lo Muzio L. Extrahepatic manifestations of Hepatitis C virus infection: the slowly unraveling picture of oral lichen
planus. J Hepatol 2002; 37: 412-413
Pilli M, Penna A, Zerbini A, Vescovi P, Manfredi M, Negro F,
Carrozzo M, Mori C, Giuberti T, Ferrari C, Missale G. Oral
lichen planus pathogenesis: A role for the HCV-specific cellular immune response. Hepatology 2002; 36: 1446-1452
Tsianos EB, Jalali MT, Gowenlock AH, Braganza JM. Serum
isoamylases in liver diseases. Hepatogastroenterology 1986; 33:
247-249

Katakura Y et al. Chronic viral hepatitis and pancreas
33

34

35

36

37

38
39

40

Skrha J, Stepan J, Hazuka V, Pacovsky V. Serum isoamylases
in acute and chronic liver disease. Z Gastroenterol 1984; 22:
255-258
Yoffe B, Bagri A S, Tran T, Dural A T, Shtenberg KM,
Khaoustov VI. Hyperlipasemia associated with hepatitis C
virus. Dig Dis Sci 2003; 48: 1648-1653
Shimoda T, Shikata T, Karasawa T, Tsukagoshi S, Yoshimura
M, Sakurai I. Light microscopic localization of hepatitis B
virus antigens in the human pancreas. Possibility of multiplication of hepatitis B virus in the human pancreas. Gastroenterology 1981; 81: 998-1005
Yoshimura M, Sakurai I, Shimoda T, Abe K, Okano T, Shikata
T. Detection of HBsAg in the pancreas. Acta Pathol Jpn 1981;
31: 711-717
Yoffe B, Burns DK, Bhatt HS, Combes B. Extrahepatic hepatitis B virus DNA sequences in patients with acute hepatitis B
infection. Hepatology 1990; 12: 187-192
Moller-Peterson J, Dati F. Renal handling of pancreatic lipase.
Clin Chem 1984; 30: 343-344
Arrieta JJ, Rodriguez-Inigo E, Ortiz-Movilla N, Bartolome J,
Pardo M, Manzarbeitia F, Oliva H, Macias DM, Carreno V. In
situ detection of hepatitis C virus RNA in salivary glands.
Am J Pathol 2001; 158: 259-264
Toussirot E, Le Huede G, Mougin C, Balblanc JC, Bettinger

3513

41

42

43

44

45
46

D, Wendling D. Presence of hepatitis C virus RNA in the
salivary glands of patients with Sjogren’s syndrome and hepatitis C virus infection. J Rheumatol 2002; 29: 2382-2385
Haddad J, Deny P, Munz-Gotheil C, Ambrosini JC, Trinchet
JC, Pateron D, Mal F, Callard P, Beaugrand M. Lymphocytic
sialadenitis of Sjogren’s syndrome associated with chronic
hepatitis C virus liver disease. Lancet 1992; 339: 321-323
Pirisi M, Scott C, Fabris C, Ferraccioli G, Soardo G, Ricci R,
Toniutto P, Avellini C, Vitulli D, Miotti AM. Mild sialoadenitis:
a common finding in patients with hepatitis C virus infection.
Scand J Gastroenterol 1994; 29: 940-942
Koike K, Moriya K, Ishibashi K, Yotsuyanagi H, Shintani Y,
Fujie H, Kurokawa K, Matsuura Y, Miyamura T. Sialadenitis
histologically resembling Sjogren syndrome in mice transgenic
for hepatitis C virus envelope genes. Proc Natl Acad Sci USA
1997; 94: 233-236
Scott CA, Avellini C, Desinan L, Pirisi M, Ferraccioli GF,
Bardus P, Fabris C, Casatta L, Bartoli E, Beltrami CA. Chronic
lymphocytic sialoadenitis in HCV-related chronic liver disease:
comparison of Sjogren’s syndrome. Histopathology 1997; 30:
41-48
Sakai T. Pancreatic exocrine function in patients with chronic
liver disease. Kurume Med J 1998; 45: 181-185
Sobel HJ, Waye JD. Pancreatic Changes in Various Types of
Cirrhosis in Alcoholics. Gastroenterology 1963; 45: 341-344
Science Editor Guo SY Language Editor Elsevier HK

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

EL SEVIER

World J Gastroenterol 2005;11(23):3514-3517
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• Helicobacter pylori •

Direct measurement of gastric H+/K+-ATPase activities in patients
with or without Helicobacter pylori-associated chronic gastritis
Duangporn Thong-Ngam, Pisit Tangkijvanich, Pichet Sampatanukul, Paungpayom Prichakas, Varocha Mahachai,
Piyaratana Tosukowong
Duangporn Thong-Ngam, Department of Physiology, Faculty
of Medicine, Chulalongkorn University, Bangkok 10330, Thailand
Pisit Tangkijvanich, Piyaratana Tosukowong, Department of
Biochemistry, Faculty of Medicine, Chulalongkorn University,
Bangkok 10330, Thailand
Pichet Sampatanukul, Department of Pathology, Faculty of
Medicine, Chulalongkorn University, Bangkok 10330, Thailand
Paungpayom Prichakas, Department of Nuclear Medicine, Faculty
of Medicine, Chulalongkorn University, Bangkok 10330, Thailand
Varocha Mahachai, Department of Medicine, Chulalongkorn
University Hospital, Bangkok 10330, Thailand
Supported by the Ratchadapisek Sompotch Fund, Faculty of
Medicine, Chulalongkorn University, Thailand
Correspondence to: Duangporn Thong-Ngam, Department of
Physiology, Chulalongkorn University Hospital, Bangkok 10330,
Thailand. d.thong@mailcity.com
Received: 2003-12-11 Accepted: 2004-01-29

Abstract
AIM: The role of Helicobacter pylori (H pylori ) infection in
gastric acid secretion of patients with chronic gastritis
remains controversial. This study was designed to elucidate
the effect of H pylori on H+/K+-ATPase activities in gastric
biopsy specimens.
METHODS: Eighty-two patients with chronic gastritis who
had undergone upper endoscopy were included in this
study. H pylori infection was confirmed by rapid urease
test and histology. Gastric H+/K +-ATPase activities and
serum gastrin concentrations were measured by an
enzymatic method and radioimmunoassay, respectively.
For those patients who received triple therapy for eradicating
H pylori, changes in the activity of gastric H+/K+-ATPase
and serum gastrin levels were also measured.
RESULTS: The mean gastric H+/K+-ATPase activity in H pyloripositive group (42 patients) was slightly higher than that
in H pylori-negative group (29 patients) (169.65±52.9 and
161.38±43.85 nmol Pi/(mg·h), respectively, P = 0.301). After
eradication of H pylori, the gastric H+/K+-ATPase activities
slightly decreased compared to prior therapy (165.03±59.50
and 158.42±38.93 nmol Pi/(mg·h), respectively, P = 0.805).
The mean basal gastrin concentration was slightly higher
in H pylori-positive patients than in H pylori-negative patients
(87.92±39.65 pg/mL vs 75.04± 42.57 pg/mL, P = 0.228).
The gastrin levels fell significantly after the eradication of
H pylori. (Before treatment 87.00±30.78 pg/mL, after
treatment 64.73±18.96 pg/mL, P = 0.015).
CONCLUSION: Gastric H+ /K +-ATPase activities are not

associated with H pylori status in patients with chronic
gastritis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Helicobacter pylori (H pylori ), a Gram-negative spiral-shaped
bacterium, has been established as a major etiologic agent
of chronic gastritis and peptic ulcer diseases, including
duodenal ulcer (DU) and gastric ulcer (GU). The role of
H pylori infection in gastric adenocarcinoma and mucosal
associated lymphoid tissue lymphoma has also been
increasingly recognized[1]. The bacterium predominantly
colonizes in mucosa of the gastric antrum where it induces
chronic, diffuse and superficial gastritis. Previous studies have
demonstrated that H pylori can alter the regulatory mechanisms
for gastric acid secretion[2]. Acute infection with the bacterium
results in hypochlorhydria, whereas chronic infection may
be associated with either hypo- or hyperchlorhydria. In
particular, acid secretion tends to be high in patients with
DU, but low in those with GU and gastric cancer. Nonetheless,
the role of H pylori infection in gastric acid secretion of
patients with chronic gastritis remains controversial[3].
Gastric H+/K+-ATPase, an intrinsic membrane protein
localized on plasma membranes of the parietal cells, is the
key enzyme involved in the final step of acid secretion by
catalyzing electroneutral exchange of luminal K+ for cytoplasmic
H+ and externally coupled with ATP hydrolysis[4] . This
enzyme consists of two subunits designated - and -subunits,
which are encoded by separate genes. The -subunit is the
catalytic subunit responsible for ion exchange, whereas the
-subunit, which is heavily glycosylated, is necessary for
delivery of the -subunit to plasma membranes[5]. It has
been demonstrated that several intracellular signals involving
H2 receptors, M 3 receptors, and gastrin receptors could
stimulate H+/K +-ATPase activities to secrete acid and a
decrease in its activities is responsible for a decrease in gastric
acid secretion[6]. So far, most studies on gastric acid secretion
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MATERIALS AND METHODS
Subjects and study design
Eighty-two patients with chronic gastritis who had undergone
upper endoscopy at King Chulalongkorn Memorial Hospital
were included in this study. None of these patients had a
previous history of gastric surgery, or had taken antibiotics,
H2 receptor antagonists, bismuth preparations, or proton
pump inhibitors within a month before the study. Endoscopic
findings in each patient were recorded and four biopsy
specimens (two each from the antrum and the body) were
taken for rapid urease test (CLO test, Ballard Medical Products,
UT, USA) and histological examination with hematoxylin
and eosin and modified Giemsa stain for H pylori. Ten additional
mucosal biopsy specimens were taken from the gastric body
and immediately stored at -70 ℃ for further measurement
of H+/K+-ATPase activities. Blood samples were also collected
after endoscopic examination, and sera were separated
promptly by centrifugation and stored at -70 ℃ until analyzed.
All patients gave informed consent to participate in the
study. The protocol was approved by the Ethics Committee
of Chulalongkorn University.
H pylori infection was defined as either positive by rapid
urease test or presence of the bacterium on histological
examination by Giemsa staining. For eradication of H pylori,
patients were treated with a daily dose of 800 mg ranitidine
bismuth citrate, 2 g amoxicillin, and 1 g clarithromycin for
1 wk. Endoscopic examination and gastric mucosal biopsies,
as well as blood tests, were performed for these subjects at
4 wk after the therapy. H pylori eradication was defined as
negative by rapid urease test and the absence of the bacterium
by histological examination.
+

+

Gastric H /K -ATPase assay
Gastric membrane vesicles containing high concentrations
of H +/K + -ATPase were prepared from gastric biopsy
specimens by using a modified method from previously
described techniques in pig stomachs[11,12]. In brief, scraped
gastric mucosa was minced in buffer E (0.25 mol/L sucrose,
2 mmol/L EDTA, 20 mmol/L Tris-HCl solution; pH 6.8)
with a tissue chopper. The minced materials were then
homogenized using a Teflon-glass homogenizer. The membrane
vesicles were obtained by centrifugation at 100 000 g for
120 min. The pellets were then suspended in 5 mmol/L
Tris-HCl solution (pH 6.8) to a final suspension of 5 mg
protein/mL. H+/K+-ATPase activities in membrane vesicles

were measured at 37 ℃ in 20 mmol/L PIPES-triethanolamine
(pH 6.8), as the difference between the amounts of inorganic
phosphate (Pi) released from 5’-triphosphate (ATP) in the
presence and absence of 10 mmol/L KCl. H+/K+-ATPase
activity was expressed as nanomoles Pi released per milliliter
of protein per hour.
Measurement of gastrin
Plasma gastrin concentrations were measured by radioimmunoassay (GASK-PR; Biogenetech Co., Ltd).
Statistical analysis
The data were analyzed by using SPSS for Windows. The
descriptive data were presented as mean±SD. The Student’s
t test was used to determine the differences in gastric H+/K+ATPase activities and basal gastrin levels between H pyloripositive and -negative groups. The paired t-test was used to
determine whether gastric H+/K +-ATPase activities and
serum gastrin levels changed after H pylori eradication.
P<0.05 was considered statistically significant.

RESULTS
In this study, there were 35 males and 47 females with their age
ranging from 16 to 69 years (mean age, 38.7±13.3 years).
H pylori was identified by rapid urease test or Giemsa staining
in 50 patients (69%). In the H pylori-positive group, 11
patients were treated with anti-microbial triple therapy and
successful eradication of the bacterium was obtained in all
of these cases.
Gastric H+/K+-ATPase activities
The mean gastric H+/K+-ATPase activity in H pylori-positive
group was slightly higher than that in H pylori-negative group.
However, the difference did not reach any statistical significance
(169.65±52.9 and 161.38±43.85 nmol Pi/(mg·h), respectively,
P = 0.301, Figure 1). After eradication of H pylori, the gastric
H+/K+-ATPase activities were slightly decreased compared
to prior therapy (165.03±59.50 and 158.42±38.93 nmol
Pi/(mg·h), respectively, P = 0.805, Figure 2).

Gastric H+/K+ATP
(nmol pi/mg.protein/h)

in patients infected with H pylori were based on the evaluation
of basal and stimulated gastric acid output or intragastric
pH monitoring[7-10]. To the best of our knowledge, direct
measurement of gastric H+/K +-ATPase activities from
biopsy specimens has never been performed.
The aim of this study was, therefore, to elucidate the
effect of H pylori on gastric H+/K+-ATPase activities in patients
with chronic gastritis, which was addressed by measuring
gastric H+/K+-ATPase activities in patients with or without
H pylori-induced gastritis, and by determining the changes
of gastric H+/K +-ATPase activities after eradication of
H pylori infections by anti-microbial triple therapy. Moreover,
the changes in gastrin concentrations before and after
eradication of the bacterium were also analyzed.
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Figure 1 Gastric H + /K +-ATPase activities in patients with H pylori positive and
H pylori negative (nmol Pi/mg protein/h).

Basal gastrin concentration
The mean basal gastrin concentration was slightly higher in
H pylori-positive patients than in negative patients but no
statistical significance between groups was found (87.92±
39.65 pg/mL vs 75.04±42.57 pg/mL, P = 0.228, Figure 3A).
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Figure 2 Gastric H +/K+-ATPase activities before and after the eradication of
H pylori infection (nmol Pi/mg protein/h).

However, the basal gastrin levels fell significantly after the
eradication of H pylori. The mean basal gastrin concentration
measured before treatment (87.00±30.78 pg/mL) was
significantly higher than that measured after treatment
(64.73±18.96 pg/mL, P = 0.015, Figure 3B).
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Figure 3 Basal gastrin concentrations in patients with positive and negative
H pylori (A) before and after the eradication of H pylori (B) infection (pg/mL).

DISCUSSION
H pylori infection could produce and exert diverse clinical
outcomes in chronically infected patients. In the majority
of cases, H pylori caused chronic gastritis unassociated with
any serious disease, whereas in others the bacterium might
cause peptic ulcer diseases or even gastric cancer[1]. Considerable researches have been conducted on the mechanisms
by which H pylori infection leads to different disease entities.
In this respect, it has been shown that gastric acid secretory
capacity and the distribution of gastritis seem to be
important factors. For instance, high acid secretion resulting
from antral gastritis could lead to the development of DU,
while low acid secretion accompanying corpus gastritis was
usually found in patients with GU and gastric cancer[13,14] .
Despite these data, the effects of H pylori infection on gastric
secretion in patients with chronic gastritis, however, remain
controversial. It has been demonstrated that the bacterium
can result in increased, decreased, or no overall change in
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gastric acid secretion among these patients[3]. The different
and to some extent, contrasting relationships between gastric
acid secretion and H pylori infection in chronic gastritis suggest
that all of these data still require further investigation.
Most of the previous studies on gastric acid secretion
in patients infected with H pylori were based on the evaluation
of basal and stimulated gastric acid output or intragastric
pH monitoring[7-10]. In contrast to these conventional methods,
the technique used in this study permitted direct measurements
of human gastric H+ /K + -ATPase activities from biopsy
specimens for the first time. This method, indeed, enabled
direct investigations of gastric H+/K +-ATPase activities in
association with H pylori infection before and after eradication.
Following this technique, our data showed that H pyloripositive individuals with chronic gastritis had slightly higher
gastric H+ /K +-ATPase activities than those without the
bacteria, but the difference did not reach any statistical
significance. Moreover, the mean gastric H+ /K +-ATPase
activity after eradication of H pylori infections was comparable
to the prior therapy. These results suggested that gastric
acid secretion was not associated with H pylori status in
patients with chronic gastritis. Nonetheless, a type II error
of small samples in our study remained a possible explanation
for the unencouraging results. In this respect, it should be
noted that gastrin levels were significantly lower after
successful eradication of H pylori, which might indicate that
H pylori-positive individuals had a propensity of higher gastric
acid secretion than those without the bacteria. Nonetheless,
evidence provided by the current study needs to be confirmed,
since the relationship between gastric acid secretion and H pylori
infection is intriguing and worthy of further investigation.
Our finding that eradication of H pylori infection lowered
serum gastrin concentrations is consistent with the results
of previous reports in patients with DU and normal subjects[8,15].
It has been shown that elimination of H pylori in such patients
also lowers serum gastrin levels after a meal or during
intravenous infusion of gastrin-releasing peptide[15,16]. However,
the mechanism by which eradication of H pylori results in
decreased serum gastrin levels remains unclear because it
has been shown that the density of antral gastrin or somatostatin
cells are not altered after the therapy[17]. Alternatively, it has
been suggested that many cytokines derived from H pylori
associated gastritis including interleukins (IL)-1, IL-6 and
IL-8, tumor necrosis factor alpha (TNF-), interferon
gamma, and platelet-activating factor, may be responsible
for hypergastrinemia, either by augmenting antral G cell
function or suppressing antral D cell function[18,19]. Interestingly,
H pylori strains bearing the cytotoxin-associated protein A
(CagA) were found to induce higher levels of IL-8, IL-1,
IL-6, TNF- and inflammation in gastric mucosa than
CagA-negative strains[20]. Therefore, eradication of H pylori
infection may result in the inhibition of these inflammatory
cytokines, which in turn contribute to the decrease in serum
gastrin levels.
In conclusion, gastric H+/K+-ATPase activities are not
associated with H pylori status in patients with chronic
gastritis. Mean serum gastrin level can be significantly
reduced after the eradication of H pylori infection. However,
this change is not accompanied with the alteration of H+/
K+-ATPase activities.
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Abstract
AIM: To assess the clinical characteristics of Helicobacter

pylori (H pylori) negative duodenal ulcer.
METHODS: Patients with an endoscopic diagnosis of
duodenal ulcer between 1996 and 2002 were included in
the present study. Patients were considered to be negative
for H pylori, if both histological examination and rapid
urease test of biopsy specimens were negative. A
comparison was made between patients with H pylori
positive and negative duodenal ulcers.
RESULTS: A total of 1 343 patients were studied. Their
mean age was 54.7±0.5 years. There was a male
preponderance (M:F = 2.5:1). Three hundred and ninetyeight patients (29.6%) did not have H pylori infection.
The annual proportion of patients with H pylori negative
duodenal ulcers increased progressively from 1996 to
2002. On multivariate analysis, patients with H pylori
negative duodenal ulcer were more likely to be older,
have concomitant medical problem, pre-existing malignancy,
recent surgery, underlying sepsis, or taken non-steroidal
anti-inflammatory drugs. In terms of clinical presentations,
patients with H pylori negative duodenal ulcer were more
likely to present with bleeding, multiple ulcers and larger
ulcers.
CONCLUSION: The proportion of patients with H pylori
negative duodenal ulcers is on the rise because of a
continued drop in incidence of H pylori positive duodenal
ulcers in recent years. Such patients have distinct clinical
characteristics and it is important to ascertain the H pylori
status before starting eradication therapy.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Since the first description of Helicobacter pylori (H pylori), infection
with this organism has been considered to be the most important
cause of ulcer disease. Previous studies have reported that
more than 90% and 60% of patients with duodenal ulcer and
gastric ulcer, respectively, were infected with H pylori[1]. The
use of non-steroidal anti-inflammatory drugs (NSAIDs) was
suggested to be the major cause of the remaining H pylori
negative ulcer disease[1,2]. The prevalence of H pylori infection
in patients with duodenal ulcer was believed to be so high
that confirmatory testing before eradication treatment was
considered unnecessary by some centers[3]. It is now apparent
that the prevalence of H pylori infection in patients with
duodenal ulcer is not as high as what it used to be[4-6].
It is, therefore, important to study the subset of patients
with H pylori negative duodenal ulcer in order to assess any
other etiologic factors associated with ulcer development
and to establish appropriate management strategies. The
present prospective study aimed to compare the differences
between patients with H pylori positive and negative duodenal
ulcer diseases.
MATERIALS AND METHODS
Prospective database
Data from all patients with ulcer disease were prospectively
fed into a computer database. This database contained data
on patients’ demographics, clinical presentations, past history
of ulcer disease, concomitant medical problems, pre-existing
malignancy, recent history of surgery or sepsis, past surgical
history, drug history, family history, social history, vital signs
and results of laboratory investigations on admission, amount
of blood transfusion given, endoscopic findings (including
the location, size and number of lesions), H pylori status,
drug treatment prescribed, endoscopic or surgical therapy
given, and treatment results. All patients presented to the
Department of Surgery, University of Hong Kong Medical
Center at Queen Mary Hospital with a diagnosis of ulcer
disease were included into the database.
Upper endoscopy
Except for those with active gastrointestinal bleeding, patients
were fasted for at least 8 h before endoscopic examination.
Endoscopic examination was performed under local
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pharyngeal anesthesia with the patient lying in a left lateral
position. Endoscopic findings were prospectively recorded
into the database. An ulcer was defined as a mucosal defect
not less than 5 mm in at least one direction. Any mucosal
defect of less than 5 mm was classified as erosion. Regardless
of the endoscopic findings, three antral mucosal biopsy
specimens were taken from within 3 cm of the pylorus and
removed from the biopsy forceps (Olympus FB 25K,
Olympus, Japan) with a needle. Two biopsy specimens were
fixed with 40 g/L formaldehyde for histological examination,
while one biopsy specimen was subjected to a rapid urease
test[7]. In patients who have taken a proton pump inhibitor,
an antibiotic, a bismuth compound, or eradication therapy
for H pylori, two additional corpus mucosal biopsy specimens
would be sent for histological examination. Patients were
considered to be negative for H pylori if both histological
examination and rapid urease test were negative. Patients
were considered positive for H pylori if any one of the tests
was positive.
Patients
Patients with an endoscopic diagnosis of duodenal ulcer
between 1996 and 2002 were included in the present study.
Patients were excluded if (1) they failed to provide an
adequate history, including drug history, (2) their H pylori
status was not assessed at the time of presentation, (3) they
have taken an antibiotic, a bismuth compound, or eradication
therapy for H pylori within 3 mo prior to the upper
endoscopy, or (3) they refused upper endoscopy. Patients
who have taken a proton pump inhibitor were not excluded.
Statistical analysis
All continuous values were expressed as mean±SE of mean
unless otherwise stated. Univariate analysis was performed
by Student’s t-test for continuous variables and by 2 test
(with Yates’ correction where appropriate) for categorical
variables. Fisher’s exact test was used if any expected cell
value in a (2×2) table was less than five. Significant factors
identified on univariate analysis were subjected to multivariate
stepwise logistic regression analysis. Data analyses were
performed with a standard biomedical software package
and differences with a P value of less than 0.05 were
regarded as statistically significant.

RESULTS
From January 1996 to December 2002, 1 343 patients
satisfied the inclusion criteria for this study. Their mean
age was 54.7±0.5 years. There was a male preponderance
(M:F = 2.5:1). Their main presentations included pain (249
patients, 18.5%), bleeding (1 074 patients, 80.0%), anemia
(14 patients, 1.0%), and obstruction (6 patients, 0.4%).
Three hundred and fourteen patients (23.4%) were
smokers, while 61 patients (4.5%) were alcoholics. Four
hundred and thirty patients (32.0%) have one or more
concomitant medical problems (Table 1). Of these 430
patients, 222 have one, 138 have two, 55 have three, 11
have four, and 4 have five concomitant medical problems.
Fifty-five patients (4.1%) gave a past history of pulmonary
tuberculosis.
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Sixty-five patients (4.8%) have history of malignancy
either currently or in the past, including colorectal cancer
(13), urological cancer (10), lung cancer (10), gynecological
cancer (8), cancer of nasopharynx (7), breast cancer (5),
cancer of larynx (2), liver cancer (2), thyroid cancer (2),
tongue cancer (1), lymphoma (1), cancer of maxilla (1),
cancer of hypopharynx (1), sarcoma (1), and bone metastasis
(1). Thirty-nine patients (2.9%) have undergone surgery
within 3 mo before presentation. The natures of the
operations are listed in Table 2. Twenty patients (1.5%) have
underlying sepsis at the time of presentation, which included
chest infection (11), intra-abdominal infection (4), urinary
tract infection (3), and orthopedic infection (2). Current
medications taken by the patients included NSAIDs (102),
aspirin (67), corticosteroids (4), H2 blockers (84), and proton
pump inhibitors (15).
Seventy-six patients (5.7%) have multiple ulcers (more
than two ulcers) on presentation. Three hundred and ninetyeight patients (29.6%) did not have H pylori infection.
Although the annual proportion of patients with H pylori
negative duodenal ulcers increased progressively from 1996
to 2002, the increase was due to an ongoing drop in the
number of patients with H pylori positive duodenal ulcers;
the annual number of patients with H pylori negative
duodenal ulcers has remained relatively constant over the
study period (Figure 1).
We analyzed the differences between H pylori positive
and negative duodenal ulcers in terms of their pre-existing
factors and their clinical presentations.

Table 1 Concomitant medical problems
Concomitant medical problems

Number of patients (%)

Hypertension

279 (20.8)

Diabetes mellitus

127 (9.5)

Ischemic heart disease

79 (5.9)

Cerebral vascular accidents

62 (4.6)

Rheumatic diseases

54 (4.0)

Chronic obstructive airway disease

34 (2.5)

Congestive heart failure

27 (2.0)

Chronic renal failure

26 (1.9)

Cirrhosis

21 (1.6)

Asthma

18 (1.3)

Table 2 Nature of recent surgery
Type of operation

Number of patients

Orthopedic

12

Cardiothoracic

10

Colorectal

5

Urology

4

Neurosurgery

1

Hepatobiliary

1

Head and neck

1

Vascular

1

Appendicectomy

1

Gynecology

1

Endocrine

1

Ophthalmology

1
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Figure 1 Number of patients diagnosed to have duodenal ulcer with and
without H pylori infection from 1996 to 2002.

Bleeding

Differences in pre-existing factors
On univariate analysis, patients with H pylori negative
duodenal ulcer were significantly more likely females, older,
having concomitant medical problem, having pre-existing
malignancy, having recent surgery, having underlying
sepsis, taking NSAIDs, taking aspirin, or being non-smokers
(Table 3).
On multivariate analysis, six factors were found to be
independently associated with H pylori negative duodenal
ulcer. These factors included older age, concomitant medical
problem, pre-existing malignancy, recent surgery, underlying
sepsis, and NSAIDs usage (Table 3).
On analyzing the relationship of each concomitant
medical problem with the H pylori status, all except asthma
were significantly associated with H pylori negative duodenal
ulcer (Table 4).

Table 3 Characteristics of patients according to their H pylori status
H pylori negative
(n = 398)

H pylori positive
(n = 945)

P

268/130
65.3±0.9

693/252
50.3±0.6

<0.03
<0.0011

Concomitant medical problem (%)

50.8

24.1

<0.0011

Pre-existing malignancy (%)

10.3

2.5

<0.001 1

Recent surgery (%)
Recent sepsis (%)

8.0
5.0

0.7
0

<0.001 1
<0.0011

NSAIDs usage (%)

13.1

5.3

<0.001 1

Aspirin usage (%)

7.3

4.0

0.019

0.8
18.1

0.1
25.6

0.08
0.003

3.5

5.0

0.315

Corticosteroid usage (%)
Smoking (%)
Drinking (%)
1

Significant factors on multivariate analysis.

Table 4 Relationship of H pylori status and concomitant medical
problem
Concomitant medical
problem (%)

H pylori negative
(n = 398)

Hypertension
Diabetes mellitus
Ischemic heart disease
Rheumatic diseases
Cerebral vascular accidents
Congestive heart failure
Chronic renal failure
Chronic obstructive airway disease
Cirrhosis
Asthma

30.7
15.3
10.0
7.8
7.3
5.8
5.8
5.5
4.0
1.0

H pylori positive
(n = 945)
16.6
7.0
4.1
2.4
3.5
0.4
0.3
1.3
0.5
1.5

P
<0.001
<0.001
<0.001
<0.001
<0.005
<0.001
<0.001
<0.001
<0.001
NS

H pylori negative
(n = 398)

H pylori positive
(n = 945)

P

Presenting symptom
Pain

Sex (M/F)
Age (yr)

Number 23

Table 5 Clinical presentations of patients according to their H pylori
status

1996 1997 1998 1999 2000 2001 2002
Time (yr)

Characteristics
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Differences in clinical presentations
Patients with H pylori negative duodenal ulcer were more
likely to present with bleeding, multiple ulcers (i.e., more
than two ulcers), and larger ulcers (Table 5).

H pylori250
200
150
100
50
0
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Obstruction
Multiple ulcers (%)
Ulcer size (cm)

59

190

335

753

4

2

<0.02

3.6

<0.001

10.6
1.2±0.04

0.9±0.02

<0.001

DISCUSSION
Previous studies have reported that more than 90% of
patients with duodenal ulcer are infected with H pylori[1] .
The use of NSAIDs was considered as the major cause of
H pylori negative ulcer disease [1,2]. Owing to the high
prevalence of H pylori infection in patients with duodenal
ulcer, patients were given empirical eradication therapy
without confirmatory testing of the infection in some
centers[3] . Nevertheless, confirmatory testing of H pylori
status is considered necessary today in view of a rising
prevalence of H pylori negative duodenal ulcer[4-6].
Nowadays it is evident that, apart from H pylori and
NSAIDs usage, there remains a group of patients with ulcers
of unknown etiology[6]. Besides, there were also arguments
put forward to contend against H pylori as the primary cause
of duodenal ulcer disease. Firstly, it has not fulfilled all
the four Koch’s postulates[8-10]. Secondly, the prevalence of
ulcer disease is far lower than the prevalence of H pylori
infection[9]. Thirdly, the Indians in Fiji have twice the number
of duodenal ulcer than Fijians, although they have similar
prevalence of H pylori infection[11,12]. Fourthly, there were
numerous recent reports of a rising prevalence of H pylori
negative duodenal ulcer[4,5,12,13]. Fifthly, a meta-analysis of
North American studies revealed a 20% ulcer recurrence
rate within 6 mo of successful eradication of H pylori[14] .
The authors concluded that non-H pylori, non-NSAIDSrelated ulcer disease may be more common in the USA
than previously believed[14].
In view of the significant proportion of H pylori negative
duodenal ulcers and the possible existence of causal factors
other than H pylori, it is necessary to study the differences
between H pylori negative and positive ulcers in order to
identify factors other than H pylori, which are involved in
the development of ulcer disease.
In the present prospective study of 1 343 patients with
endoscopically confirmed duodenal ulcer disease, only
70.4% of patients have H pylori infection. A similar
prevalence of H pylori infection in patients with duodenal
ulcer was reported by a number of recent studies[5,15] . In
view of the current prevalence of H pylori infection in
patients with duodenal ulcer, it is important to confirm the

Chu KM et al. H pylori negative duodenal ulcer

H pylori status before prescribing eradication therapy.
It is clear from the present study that the rising proportion
of H pylori negative duodenal ulcer was due to a progressive
reduction in the number of patients with H pylori positive
duodenal ulcer. This is most likely the result of widespread
adoption of H pylori eradication for the treatment of H pylori
related ulcer both in the primary and in the tertiary care
settings in Hong Kong. The different extent in eradication
of H pylori in different countries may account for the global
variation in the prevalence of H pylori negative duodenal
ulcer. The finding that the number of patients with H pylori
negative duodenal ulcer has remained static suggested that
duodenal ulcer might persist as a health problem unless we
are able to identify other etiologic factors which are
preventable.
H pylori negative duodenal ulcer was found to be associated
with older age, concomitant medical problem, pre-existing
malignancy, recent surgery, underlying sepsis, and NSAIDs
usage. In the past, the majority of H pylori negative duodenal
ulcers was believed to be related to NSAIDs usage[2]. The
present study did confirm that NSAIDs is an independent
factor associated with H pylori negative duodenal ulcer.
However, only about 13% of patients with H pylori negative
duodenal ulcer have taken NSAIDs (Table 3). Stress, as a
result of recent surgical trauma or underlying sepsis, was
also found to be another important risk factor for H pylori
negative duodenal ulcer. In fact, it has been known for
many years that trauma and sepsis are potent risk factors
for the development of ulcer disease[16,17]. Such factors could
therefore result in ulcer disease in the absence of H pylori
infection.
The association of concomitant medical problem with
H pylori negative duodenal ulcer could not be adequately
explained. Apart from asthma, all medical problems were
significantly associated with H pylori negative duodenal ulcer.
Cirrhotic patients were known to have a higher risk of
duodenal ulcer independent of H pylori infection[18]. On the
other hand, patients with chronic renal failure were known
to have a lower rate of H pylori infection[19,20]. The exact
reason why concomitant medical problem is related to
H pylori negative duodenal ulcer remains to be elucidated.
Older age was also found to be associated with H pylori
negative duodenal ulcer in other published studies[13,21] .
Physical inactivity was known to be associated with a higher
chance of ulcer disease[22,23]. Whether physical inactivity is
related to the development of duodenal ulcer in elderly
individuals or individuals with underlying medical problem
is currently unknown.
It is noteworthy that H pylori negative duodenal ulcer
more commonly presented with bleeding, with larger ulcer,
or with multiple ulcers. In an elderly patient requiring
emergency surgery for bleeding duodenal ulcer, which is
usually large in size, acid-reduction surgery may need to be
considered in view of the likelihood that the ulcer is unrelated
to H pylori infection.
It is unlikely that risk factors identified for H pylori
negative duodenal ulcer will vanish in the future. In the
presence of an aging population, therefore, it is possible
that duodenal ulcer will persist worldwide even with the
increasing use of eradication therapy and the availability of
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more selective COX-2 inhibitors.
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Abstract
AIM: To compare the distribution of virulence-associated
genotypes of Helicobacter pylori (H pylori) in two areas of
north China with different gastric cancer risk and furthermore
probe into the pathogenicity of the bacterium.
METHODS: Gastric biopsies were taken from 355 subjects
from Zhuanghe, a high risk area of gastric cancer, and 136
subjects from Shenyang, a low risk area of gastric cancer.
A total of 149 H pylori strains isolated from these patients
were studied by PCR for differences in the genotypes of
cagA, vacA, and iceA.
RESULTS: In patients with high risk for gastric cancer,
higher frequencies of vacA s1 or s1m1b genotypes were
found as compared to those from the low risk area.
CONCLUSION: There is significantly different distribution
of H pylori genotypes between Zhuanghe and Shenyang
areas in north China.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Helicobacter pylori (H pylori) colonizes the human stomach
and establishes long-term infection of the gastric and
duodenal mucosa[1]. Although H pylori infects approximately
half of the world’s population, only a small proportion of

infected subjects develop symptoms or clinically significant
diseases. The reasons for this fact are unknown but may be
related to the host’s immunological defenses, environmental
factors and/or the virulence of different strains of the
bacteria[2,3]. Several genes have been identified that may play
a role in the pathogenicity of H pylori genotypes such as
cagA, vacA, and iceA[4].
Many researches have shown H pylori genotype not only
has a different disease association but also has a particular
geographic distribution. CagA+ strains are more commonly
associated with peptic ulceration, atrophic gastritis, and
adenocarcinoma of the stomach than cagA- strains[5,6] in
many northern countries. Subtype vacA s1a is predominant
in populations of northern European ancestry, and is
associated with duodenal ulcer. Subtype s1b is predominant
in Africa and very frequently found in Portugal, Spain, and
Central and South America. In France, Italy, and the USA,
the frequency of s1a and s1b genotypes is similar [7] . In
Guangdong and Zhejiang Provinces, and Shanghai of China,
the main genotype is vacAs1m1[8,9]. IceA genotype also has
a particular geographic distribution. IceA1 is predominant
in Japan and Korea, iceA2 is predominant in America. In
Columbia iceA2 is the predominant genotype in gastric cancer
and gastritis. But the distribution of H pylori genotypes in
north China is not reported.
Disease associations (e.g., with duodenal ulcers) have
been proposed for the cag pathogenicity island (cagA for
marker), vacA and iceA. However, these associations are
not consistent in different geographic regions. Though
genotyping of cagA, vacA, and iceA appears not to be useful
for disease specificity in some regions, it may play a role in
molecular epidemiological studies in terms of identifying
the predominant H pylori strain that is circulating in a given
geographic area.
Zhuanghe in Liaoning Province is a high-risk area of
gastric cancer in north China. The mortality rate of gastric
cancer is 50 per 100 000 persons, compared to 14.5 per
100 000 (1995) persons in Shenyang, a low risk area of
north China[10]. The prevalence of H pylori infection in adults
from Zhuanghe is more than 60%, compared to 12% from
Shenyang. A previous research from the high-risk area in
Zhuanghe reported that there is a significantly positive
relationship between gastric diseases or precancerous lesions
and H pylori infection[11], suggesting there may be some
relationship between H pylori infection and gastric cancer
incidence in these areas. But whether the high incidence of
gastric cancer in the high-risk area has a relationship with
specific H pylori genotype is still unclear. The aim of this
study was to compare the distribution of H pylori genotypes
in the two areas with different cancer risk and furthermore
explore its geographic characteristics.
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MATERIALS AND METHODS
Patients
A total of 491 cases were involved in this study including
136 cases from Shenyang (69 men and 57 women, 25-78 years,
mean age: 48.61 years), 355 cases from Zhuanghe (174 men
and 181 women, 21-79 years, mean age: 49.33 years). Their
biopsies were obtained during endoscopy with informed
consent. One antrum biopsy was taken for culture and stored
at -70 ℃ in 0.5 mL of brucella broth (Difco) with 15% glycerol
until incubation. Three biopsies were taken for pathology
diagnoses, from gastric antrum, corpus, and angularis,
respectively.
H pylori culture
Culture was prepared by smearing single biopsy specimens
on petri plates containing brain heart infusion (BHI) agar
(Difco) supplemented with 7% sheep blood, 0.4% IsoVitale
X, amphotericin B (8 g/mL), trimethoprim (5 g/mL),
and vancomycin (6 g/mL) and incubated at 37 ℃ in an
atmosphere of 5% O2-100 mL/L CO2-85% N2 for 3-6 d.
H pylori colonies were identified based on their typical
morphology, characteristic appearance on Gram staining, a
positive urease test, and subsequent gene-specific PCR tests.
H pylori cells that grew out from biopsy on the primary
culture plate were collected as a pooled population, and
preserved in sterile BHI broth with 15% glycerol at -70 ℃.
In general, only one such a culture was analyzed per patient.
DNA extraction
The strain was centrifuged, the supernatant was removed,
and then suspended in cell lysis, incubated at 37 ℃ overnight.
The DNA was extracted with phenol-chloroformisoamyl
alcohol by standard procedures and precipitated by the
addition of 1/10 volume of ammonium acetate and 2.5
volume of cold ethanol. After centrifugation, the DNA pellet
was washed with 70% ethanol and dissolved in TE buffer
(10 Mm Tris-HCl [pH 8.3], 0.1 mmol/L EDTA).
Analysis of vacA, cagA, and iceA by PCR
The integrity of the DNA was assessed by 0.7% agarose gels
stained with ethidium bromide. Polymerase chain reaction
(PCR) was performed in a volume of 20 L containing
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10 pmoL of primer, 0.5 L genomic DNA, 2.5 mmol/L
of each of 4 dNTPs (Takara Company), and 2.5 U of Taq
DNA polymerase (Takara Company). PCR amplifications
were performed in an automated thermal cycler (Biometra
Co., Germany). Table 1 summarizes the primer sequences
and the expected size of PCR products. The following
cyclical conditions were used: for vacA: 35 cycles of 1 min
at 94 ℃, 1 min at 52 ℃, and 1 min at 72 ℃; for cagA: 1 min
at 94 ℃, 1 min at 50 ℃, and 1 min at 72 ℃; for iceA: 1 min
at 94 ℃, 1 min at 55 ℃, and 1 min at 72 ℃. The amplified
PCR products were resolved in 2% agarose gels containing
0.5*TBE, stained with ethidium bromide and visualized
under a short wavelength ultraviolet light source.
Statistical analyses
Data were analyzed using SPSS for windows version 11.0.
The 2 test or Fisher’s exact test was used to assess the
relationships between different areas. P<0.05 was considered
statistically significant.

RESULTS
A total of 149 H pylori strains out of 491 biopsies from
two geographic areas in China were obtained. The high-risk
group comprised 102 strains from Zhuanghe. The low risk
group comprised 47 strains from Shenyang. cagA, vacA,
and iceA genotypes of H pylori strains were analyzed by
PCR. Genotyping results are summarized in Table 2.
Detection of cagA gene in two areas
There was a high prevalence of the cagA+ strain in the two
areas. The cagA gene was detected in 101 of 107 H pylori
isolates in Zhuanghe (94.4%) and 42 of 42 in Shenyang
(100%). There was no difference in the distribution between
the two areas. Six strains did not yield any PCR product for
cagA (Table 2 and Figure 1A).
Detection of vacA gene in two areas
Specific primer was used to type allele of the vacA gene.
The prevalence of vacA s1 strains was significantly higher
in patients from Zhuanghe (95.33%), as compared to those
from Shenyang (64.29%, P<0.001). The positive isolate

Table 1 PCR primers for amplification of cagA, vacA and iceA sequences
Gene and DNA region
cagA
vacAs1 and s2

Prime
CAGAF
CAGAR

Primer sequence (5’-3’)
GGCAATGGTGGTCCTGGAGCTAGGC
GGAAATCTTTAATCTCAGTTCGG

Size of PCR product (bp)

References

324

Pan[21]

259/286

Atherton[22]

GGTCAAAATGCGGTCATGG
CCATTGGTACCTGTAGAAAC

290

Atherton[22]

VAm-F3

GGCCCCAATGCAGTCATGGAT

291

Atherton[23]

VAm-R3

GCTGTTAGTGCCTAAAGAAGCAT

VA1-F

ATGGAAATACAACAAACACAC

VA1-R

CTGCTTGAATGCGCCAAAC

m1a

VA3-F
VA3-R

m1b
m2

VA4-F
VA4-R

GGAGCCCCAGGAAACATTG
CATAACTAGCGCCTTGCAC

352

Atherton[22]

iceA1

iceA1F

GTGTTTTTAACCAAAGTATC

247

Peek[10]

iceA1R

CTATAGCCASTYTCTTTGCA

iceA2F
iceA2R

GTTGGGTATATCACAATTTAT
TTRCCCTATTTTCTAGTAGGT

229/334

Peek[10]

iceA2

R = A/G.
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yielded a 259-bp PCR fragment characteristic of the s1
(potentially more virulent) allele, and none yielded the 286-bp
fragment characteristic of the s2 (less virulent) allele in both
areas (Figure 1B). Twenty strains did not yield any PCR
product for vacA s (Table 2).

Table 2 Distribution of cagA,vacA and iceA genotypes in Zhanghe
and Shenyang
Gene

Zhuanghe area (%) n = 107

Shenyang area (%) n = 42

101 (94.4)
6 (5.6)
102 (95.33)b
0 (0)
5 (4.67)d
0 (0)
24 (22.43)
26 (24.3)
48 (44.96)
9 (8.41)
10 (9.35)
10 (9.35)
84 (78.5)
3 (2.8)

42 (100.00)
0 (0)
27 (64.29)
0 (0)
15 (35.71)
0 (0)
5 (11.9)
11 (26.19)
22 (52.38)
4 (9.52)
1 (2.38)
1 (2.38)
32 (76.19)
8 (19.05)

+

cagA
cagAvacA s1
vacA s2
vacA svacA m1a
vacA m1b
vacA m2
vacA m1b/m2
vacA miceA1
iceA2
iceA1/iceA2
iceA-

Detection of iceA gene in two areas
IceA gene could be genotyped as iceA1 and iceA2 with
specific primers. The prevalence of iceA1 and iceA2 strains
had no difference in both areas (9.35% vs 2.38%, 9.35% vs
2.38%, respectively, P>0.05). Eighty-four isolates (78.5%)
in Zhuanghe and 32 isolates (76.19%) in Shenyang were
positive for both iceA1 and iceA2, and 11 isolates (21.85%) did
not yield any PCR product for iceA (Table 2 and Figure 1C).

b

P<0.001 vs vacA s1 in Shenyang area. d P<0.001 vs vacA s- in Shenyang area.

1 2 3 4 5 6 7 8 9 1011121314 15 16 17181920

A
392
345
341
335
297
291

324 bp

B
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

bp
352
291
259

C

1 2 3

4 5

6 7 8 9 10 11 12 13 14

bp
334
229

247 bp

The prevalence of vacA m1b and m2 strains had no
difference in both areas (22.43% vs 11.95%, 24.3% vs 26.195%,
respectively, P>0.05). VacA m1a was not found in either area.
Forty-eight and twenty-two strains were found, respectively
in the high and low risk areas, m1b and m2 were detected
in one patient at the same time. Fourteen strains of vacA m
gene could not be genotyped (Table 2 and Figure 1B).
Based on analysis of the vacA s and m region, we
examined vacA s1m1b, vacA s1m2, vacA s1m1b/m2, vacA
s1m-, vacA s- different combinations in patients. The vacA
genotype s1m1b was significantly higher in Zhuanghe than
in Shenyang (20.56% vs 2.38%, P<0.01). The predominant
vacA genotype in both areas was s1m1b/m2. However,
the difference was not statistically significant (Table 3).

Figure 1 Two percent agarose gel electrophoresis of cagA(A), vacA(B) and iceA
(C) PCR products. A: Lane 1: DNA maker; lane 9: negative cagA, other lanes: cagA
(324 bp); B: lane 1, 11 and 17: DNA maker, lanes 2,5,6,8,9: vacA s1 (259 bp), lanes
12-14:vacA m1b (291 bp), lanes 18-21: vacA m2 (352 bp); C: lanes1, 8: DNA
maker, lane 2-6: iceA1 (247 bp), lanes 9-14: iceA2 (229 or 334 bp).

Detection of cagA, vacA, and iceA combination genotypes in
two areas
We examined several different combinations based on the
analysis of the vacA s region (s1 and s2) and m region
(m1a, m1b, m2), cagA (positive and negative), and the iceA
type (iceA1 and iceA2) in patients (Table 4). The predominant
combination genotypes in both areas were cagA+, vacA s1/
m1b/m2, iceA1/iceA2 (36.45% vs 33.3%, P>0.05, Table 5).

DISCUSSION
More than half of the people are infected with H pylori in the
world, but not all individuals developed associated diseases[12].
This may be related to a complex of environmental factors,
host characteristics and bacterial virulence determinants.
Several virulence-associated factors of H pylori have been
associated with clinical outcomes of the infection. In the
early study we have reported that more than 60% individuals
in the high-risk area of gastric cancer in Zhuanghe are
infected with H pylori; and the infection has a significant
association with gastric disease [11]. But the geographic
characteristics of H pylori infection in north China have not
been well described before. In the present research, we
examined the distribution of H pylori genotypes in the high
and low risk areas of gastric cancer in north China. The results
indicate that vacA s1 or s1m1b genotype is more prevalent
in Zhuanghe where gastric cancer incidence is high, whereas

Table 3 vacA genotypes of H pylori strains in Zhanghe and Shenyang
Area

n

s1+
m1b(%)

m2(%)

m1b/m2(%)

m1b-/m2(%)

S1- (%)

Zhuanghe

107

22 (20.56)b

25 (23.36)

46 (42.99)

9 (8.42)

5 (4.67)

Shenyang

42

1 (2.38)

9 (21.43)

13 (30.95)

3 (7.14)

15 (35.71)d

P<0.01 vs vacA s1m1b group in Shengyang. dP<0.001 vs vacA s- group in Zhuanghe.

b
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Table 4 Combination genotypes of cagA,vacA and iceA in Zhuanghe and Shenyang, n (%)
cagA

vacAs

vacAm

iceA

cagA
cagA

s1
s1

m1b
m1b

A1
A2

3 (2.8)
3 (2.8)

0 (0)
0 (0)

cagA

s1

m1b

A1+A2

13 (12.15)

0 (0)

cagA

s1

m2

A1

3 (2.8)

0 (0)

cagA
cagA

s1
s1

m2
m2

A2
A1+A2

1 (0.935)
18 (16.82)

1 (2.38)
5 (11.9)

cagA

s1

m1b+m2

A1+A2

39 (36.45)

14 (33.3)

cagA

s

m1b+m2

A1+A2

2 (1.87)

7 (16.67)

25 (23.36)

15 (14.02)

Others

Table 5 Multiple strains infection in Zhuanghe and Shenyang, n (%)
Genotype

Zhuanghe (n = 107)

Shenyang (n = 42)

vacA m1/m2
iceA1/iceA2

48 (44.86)
84 (78.5)

22 (52.38)
32 (76.19)

vacAm1/m2 or iceA1/iceA

92 (85.98)

33 (78.57)

vacA s–genotype is relatively more frequent in Shenyang
where gastric cancer incidence is very low. Vacuolating
cytotoxin encoded by vacA gene can aggregate into flowershaped hexamers and heptamers, which represent the mature
active toxin. The mature toxin is peculiarly suited to the
gastric environment because it is activated by acid and its
activated form causes more profound epithelial changes[13].
Infection with H pylori possessing vacA s1 is associated with
a higher degree of neutrophil and lymphocytic infiltration
of the human gastric mucosa, and the presence of cagA[14].
In human stomach, strains with vacA m1 allele are associated
with severe epithelial damage compared to those with m2
allele[15]. The different m types seem to recognize different
receptors on epithelial cells and may induce different
intracellular responses. Previous studies have shown that
vacA s1m1 strains produce large amounts of vacuolating
cytotoxin and that these strains are associated with peptic
ulcer disease (PUD)[16]. On the other hand, the s2m2 strains
produce no or only small amounts of cytotoxin and are
uncommon in patients with PUD. The s1m2 strains seem
to take an intermediate position[16]. Miehlke et al[17], reported
that the vacA s1, m1 genotypes are more frequently detected
in H pylori from gastric cancer (GC) patients (70.6%) than
from mucous associated lymph tumor (MALT), duodenal
ulcer (DU), and functional dyspepsia (FD) patients (P<0.05)
and may be used to identify infected patients at an increased
risk for GC. A recent study showed that, when cocultured
with AGS gastric epithelial cells, H pylori strain 60190, which
expresses s1m1 VacA toxin, induces significantly higher levels
of apoptosis than isogenic vacA null mutant strain[18]. The
risk for developing gastric cancer is >90-fold higher in
patients with severe multifocal atrophic gastritis than in
patients with normal mucous[19]. Thus, patients infected with
vacA s1m1 strains have a higher risk of carcinogenesis. In
our study, distribution of the vacA s1m1 genotype was found
in the high and low risk areas, this may be a factor contributing
to the higher gastric cancer incidence in the high-risk area.
Some conclusions may be drawn from the fact that patients
infected with this strain are the high-risk persons for gastric
cancer.

Zhuanghe (n = 107)

Shenyang (n = 42)

In addition, we did not find vacA s genotype in 20
isolates. This is currently unexplained and may be due to
the existence of additional vacA. Pan et al[20], reported that
78 of 96 H pylori isolated from Shanghai and Guangzhou
carry m2, they thought m1b alleles seem infrequent in China.
But in our study 24 (22.42%) isolates from Zhuanghe and
5 (11.95%) isolates from Shenyang carried the canonical
m1b allele that has a similar prevalence to m2 allele (24.3%
and 26.9%, respectively). The distinct distribution of vacA
alleles in different regions of China suggests that H pylori
distribution has significant geographical characteristics. The
studies of isolates from patients in different countries or
regions give only a partial view of H pylori as a globally
distributed human pathogen.
Detailed molecular analyses[16,21] have shown that each
H pylori strain only contains a single vacA s region, m region
and iceA allele. VacA s1 and s2, m1 and m2, as well as
iceA1 and iceA2 can be considered as mutually exclusive
genotypes of a single strain. Consequently, if multiple genotypes
are found, this is a strong indication of the presence of
multiple strains. In our study, 48 cases in Zhuanghe (44.86%)
and 22 cases in Shenyang (52.38%) showed evidence of
multiple vacA genotypes. In the iceA locus, 84 cases (78.5%)
and 32 cases (76.19%) in the high and low areas were positive
for iceA1 and iceA2. Considering vacA and iceA genes, the
presence of multiple H pylori strains was found respectively
in 92 (85.98%) and 33 (78.57%) patients from the two areas.
It may be speculated that more than one strain may be
acquired in childhood, especially in countries with a very
high prevalence of H pylori. It is not known whether multiple
strains colonize simultaneously (co-infection) or at different
time points (superinfection). The co-existence of more than
one strain in the same individual may reflect the adaptation
of multiple bacterial genotypes to different, non-overlapping
microniches in the same stomach. The dynamics of cocolonization by multiple strains has been studied in animal
models[22]. Non-human primates experimentally challenged
with a mixture of strains show only a transient infection by
more than one strain, and then a single strain becomes
predominant over the others[22]. The early study from Mexico
found there is some association between multiple strain
infections and peptic ulceration[18]. One possible reason for
such an association may be that multiple strain infection
increases the chance of infection with a more pathogenic
strain or mixed H pylori strains may act synergistically to persist
in the stomach and cause damage[23]. Whether multiple strain
infection has some practical significance in north China is
to be discussed further.

Gong YH et al. Distribution of H pylori in north China

Combined analysis of vacA, cagA, and iceA genotypes
may permit identification of high-risk patients infected with
more pathogenic H pylori strains. Eventually, patients infected
with such strains could be selected for prophylactic anti-H pylori
treatment to prevent associated gastric diseases later in life.
For example, Figueiredo et al, reported that the s1/m1/
cagA+/iceA1 and s1/m1/cagA+/iceA2 strains are more
predominant in patients with duodenal ulcer (27.6% and
17.2%), gastric ulcer (50% and 37.5%) and gastric carcinoma
(36.8% and 36.8%), whereas s2/m2/cagA-/iceA2 strains
are predominant in patients with gastritis only (31.3%).
Yamaoka et al[4], used PCR to examine iceA, vacA, and cagA
status of 424 H pylori isolates obtained from patients of
four different countries and found that the cagA+/iceA1/
vacAs1cm1 genotype is predominant in Japan and Korea,
the cagA+/iceA2/vacAs1bm1 genotype is predominant in the
USA, and the cagA+/iceA2/vacAs1am1 genotype is
predominant in Columbia. But there is no association
between the iceA, vacA, or cagA status and clinical outcome.
In our study, the predominant genotype in both high- and
low-risk areas was cagA+/vacAs1m1bm2/iceA1/iceA2 and
had no correlation with other reports. This may be ascribed
to the high percent of multiple strain infection in both areas.
Whether this result has some relationship with associated
gastric diseases is to be discussed further.
In our study, the cagA gene was found in all the 42
isolates from Shenyang and 101 (94.4%) isolates from
Zhuanghe. There was no difference in the distribution of
H pylori genotypes in the two areas. This high prevalence
contrasts with the 30% cagA- frequency of H pylori in
Western countries. Bravo et al[12], also reported that higher
frequency of cagA is in patients from high risk areas of
gastric cancer than in those from low risk areas of gastric
cancer. Some persons showed that cagA positive strains are
associated with higher gastric cancer risk. But in our study,
there was no significant difference in cagA status between
the two areas. This provides further evidence on H pylori
genotypes circulation in west and north China.
In conclusion, the present study showed the distinct
distribution of H pylori virulence genotypes in two areas of
north China with different gastric cancer risk. Further studies
are required to determine the epidemiological and clinical
importance of H pylori virulence-associated genotypes in
different geographic areas in China.
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Abstract
AIM: To testify the immunogenicity of a conservative
B-cell linear epitope of Helicobacter pylori (H pylori)
flagellin A.
METHODS: Different programs were used to analyze
the secondary structure, molecular hydropathy, and
surface accessibility of H pylori flagellin A. Linear B-cell
epitopes were estimated based on the structural and
physiochemical information. Analysis of residue divergence
was proposed to screen a conservative linear epitope.
The 29-peptide (Pep29mer) synthesized by chemical
method, including the predicted conservative B-cell
epitope and a known K2d compatible T-cell epitope, was
used to immunize mice, and then H pylori- specific
antibodies were detected by ELISA.
RESULTS: Based on the analyses of divergent amino acid
residues, structural and physiochemical characteristics,
it was strongly suggested that the short fragment NDSDGR
was the core of a conservative linear epitope in flagellin
A. Animals immunized by Pep29mer acquired efficient
immune response. In detail, serum H pylori-specific IgA
and IgG1 increased significantly in immunized group, while
IgG2a only had an insignificant change. H pylori-specific
IgA in gastrointestinal flushing fluid also increased
significantly.
CONCLUSION: The conservative short fragment NDSDGR
is the core of a linear B-cell epitope of flagellin A.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Helicobacter pylori (H pylori), a spiral-shaped and microaerophilic
Gram-negative bacterium is one of the most important
etiologic agents of peptic ulcer, carcinoma, mucosaassociated lymphoid tissue lymphoma and other gastric
diseases. Several potential virulence factors have been
suggested to play a role in H pylori pathogenesis[1-5].
Flagellar motility conferred by 3-6 flagella that extend
from one pole of the bacterium is related to the colonizing
ability of H pylori and regarded as one of the major virulent
factors. Flagellin A is the major molecule of flagellar filaments
and responsible for bacterial motility in H pylori [6,7]. According
to the reported data, flagellin A is one of the major antigens
to induce the production of IgG and IgA in serum[8-12]. As
one of the predominant antigens, it has different serotypes
of flagellin antigen in many species[13-17], but no specific
flagellar serotype has been discovered in H pylori so far.
Therefore, much effort should be made to determine the
immunological characteristics of H pylori flagellin A. This
experiment was carried out to estimate and testify the linear
epitopes of flagellin A in order to offer a new vaccine
candidate against H pylori.
MATERIALS AND METHODS
Strains and sequences
H pylori strains were isolated from gastric biopsy specimens
of Chinese outpatients with peptic ulcer or gastritis and
testified by urease C14-breath test, Gram stain, and colony
forming assay. All strains were preserved in -20 ℃
refrigerator.
Sequences Hpxa 1-6 were amplified from six Chinese
clinical isolates. Other sequences were retrieved from
GenBank. All sequences were compared to search the
divergent amino acid residues.
Programs
Programs including Gor IV, SAPS, SOSUI and PHD were
used to analyze the secondary structure (especially for turn), hydropathy and surface accessibility.
Design and animal immunization of synthetic Pep29mer
Pep29mer N’-GALNNRFQIKGVELKSKNDSDGRLVAAIN-C’ (lot 10018763, Genemed Synthesis Inc., CA,
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USA) was synthesized, which contains the proposed B-cell
epitope of H pylori flagellin A (bold) and an accepted H2d
compatible T-cell epitope derived from hemaglutinin
light chain HA2 of Virus influenza (shaded)[18]. Animals were
divided into three groups (10 mice in each group): immunized,
adjuvant control and nude mice control groups. The detailed
strategy of inoculation is shown in Table 1. All mice were
immunized subcutaneously at two sites in the abdomen. In
immunized group, 6-week old female BALB/c mice were
primed with 5 mg/L Pep29mer solution (lactified with
complete Freund adjuvant), and then enhanced with 5 mg/L
Pep29mer solution (lactified with incomplete Freund
adjuvant) 2 wk later. In adjuvant control group, 6- wk old
female BALB/c mice were inoculated with complete Freund
adjuvant for priming, and incomplete Freund adjuvant 2 wk
later for enhancement. In nude mice control group, 6-wk
old female BALB/c nude mice were treated with the same
procedure as in immunized group.

Table 1 Strategy of animal inoculation
Grouping

Animal

Immunized

BALB/c mice

Treatment
Pep29mer 50 g plus equal
volume of adjuvant

Adjuvant control

BALB/c mice

Nude mice control

BALB/c nude mice

Adjuvant only
Pep29mer 50 g plus
equal volume of adjuvant

Preparation of H pylori antigen
H pylori strains were inoculated onto tryptic soy agar containing
70 g/L sheep blood and incubated microaerophilically at
37 ℃ for 2 wk. The colonies were washed and harvested
with 0.1 mol/L phosphate buffered saline (PBS) and
sonicated. The supernatant clear of cellular debris was
collected by centrifugation. Concentration of H pylori lysates
was determined by spectrophotometric measurement of
A280 (UV2201, Shimadzu Corporation, Japan).
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Southern Biotechnology Associates, Inc., USA) were added
at the dilution of 1:6 000 and incubated at 37 ℃ for 1 h.
Gastrointestinal washing fluid was diluted serially and
100 µL of it was added to each well to detect the titer of
IgA. TMB kit (011228, Jingmei Biotech) was employed to
show the results. Briefly, 50 µL of A and B solutions were
added to each well for 5-30 min. The reaction was stopped
by 50 µL C solution (1.2 mol/L sulfuric acid). Full cleansing
using 1 g/L Tween-20 10 mmol/L PBS (PBST) was required
before each step. Absorbance (A450 ) was measured by a
plate reader (MRP-2100, Syntron, USA). Calibrator and
controls were used in each test. Negative, positive control
and mice sera were assayed in duplicate. The absorbance
value was presented as mean±SD. The cut-off value was
determined.

RESULTS
Structural and physiochemical characteristics
Figure 1 shows the structural and physiochemical characteristics
of H pylori flagellin A. -helices were located in both termini
which formed the central tube of filaments, while -sheets
and irregular coils were mainly located in the central region
of flagellin A which stretched out of the filament. As a
hydrophobic molecule in general, three hydrophilic peaks
were found in the central region of flagellin A (residues
211-230, 261-280, and 281-300, respectively). -turns (residues
NKNRTG and NDSDGR) were found in the first and second
hydrophilic peaks. Residues KNSNRTG in the first peak and
DIKKNDSD in the second peak were exposed outside with
high probability by analysis of surface accessibility. The
segments of high surface accessibility overlapped the
hydrophilic residues in the first and second peaks.
A
182

ASGDISLTFK QVDGVNDVTL ESVKVSSSAG TGIGVLAEVI NKNSNRTGVK
AYASVITTSD

242

VAVQSGSLSN LTLNGIHLGN IADIKKNDSD GRLVAAINAV TSETGVEAYT
DQKGRLNLRS

Preparation of mouse serum and gastrointestinal washing fluid
Exsanguination from caudal vein was performed on d 7,
21, 35 and 49, respectively, after priming inoculation. Serum
was preserved at -70 ℃ with 500 mL/L glycerol till assay.
Gastrointestinal washing fluid was collected as described by
Elson et al[19].
ELISA measurement of antibodies in serum and gastrointestinal
fluid
H pylori-specific antibodies of serum and gastrointestinal
fluid were detected by ELISA. Each well of microtiter
plates (Maxisorp, Nunc, Denmark) was coated with 100 µL
H pylori lysate solution at the concentration of 12.5 g/L in
10 mmol/L PBS (pH 7.2) at 37 ℃ for 3 h and blocked by
50 g/L lipid-free milk PBS (pH 7.2) overnight at 4 ℃. One
hundred microliters of mouse serum was added to each
well and incubated at 37 ℃ for 1 h at the dilution of 1:100.
Horse radish peroxide-labeled goats-anti mouse IgG 1 ,
IgG 2a and IgA (cat.No. 1070-05,1080-05 and 1040-05,

B

0
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200

300

400

500

Figure 1 Structural and physiochemical characteristics of flagellin A. A: Sequence
of antigen determinant region in the central part of flagellin A. Underlined: hydrophilic
peaks; shaded: -turn short fragment; framed: residues accessible to molecular
surface with high probability; B: secondary structure of flagellin A. Long bar:
-helices; short bar: -sheets; other residues: irregular coils.

Analysis of amino acid divergence
Three characteristic divergent residues, 206 V→I, 227 R
→Q and 294 K→N, were found by comparing 16 sequences
of 120 amino acid residues (182-301) in central region of
flagellin A. Among them, two divergent residues, 227 R→
Q and 294 K→N, were in the first and third peaks,
respectively. No divergent residues were found in the second
hydrophilic peak (Table 2).
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Table 2 Characteristic divergences of amino acid residues in the
central region of flagellin A
Divergent residues

Sequence

206th

227th

294 th

1

I

R

U632381

I

Q

N

Hpxa3

I

Q

N

I
I

Q
Q

N
N

Hpxa2

I

Q

N

Hpxa5

I

Q

N

U632501
U632361

V
V

Q
R

N
K

AE00014781

V

R

K

U632241

V

R

K

AE000574 1
X60746 1

V
V

R
R

K
K

U63249

U63253
Hpxa1

1

V

R

K

Hpxa4

V

R

K

Hpxa6

V

R

K

Number 23

and B). In gastrointestinal washing fluid, H pylori specific
IgA was also detected which was significantly high in
immunized group with effective titer between the dilution
of 1:160-1:640 (Figure 3C).

DISCUSSION
A single small segment (sequence recognition) or a domain
(conformation recognition) could act as an antigen (antigenic
epitope). The epitope of the former is a consecutive sequence
(linear) and generally bends with a typical non-ordered
structure (turns and/or loops) and might serve as a strategy
of synthetic vaccine. The influence of the physiochemical
characteristics of amino acid residues on molecular
secondary structure has been studied based on the statistical
propensity[20,21] . The antigen determinant region can be
determined by the analysis of molecular hydropathy with
computer program[22]. In some reports, many short fragments
predicted with hydropathy as epitopes are proved to be by
immunological methods[23-27]. Surface accessibility is also
related to antigenicity, but fewer experiments have predicted
epitopes with this method. Forster et al[28], have predicted
three epitopes of H pylori urease by surface accessibility
analysis of computer-aided molecular modeling, but only
one of them is proved to produce anti-holoenzyme specific
antiserum. It seems that computer-aided method is limited
in predicting antigenicity of flagellin A based on protein
physiochemical characteristics. Van Regenmortel et al [29] ,
found that none of the scales, including hydropathy, surface

Sequence retrieved from GenBank.

Specific antibodies in serum and gastrointestinal fluid
In ELISA, H pylori specific IgG1 and IgA in mouse serum
rose significantly three weeks after priming inoculation,
whereas only slight change of H pylori specific IgG2a was
found in BALB/c mice (Figure 2). Measurement of antibody
titer demonstrated that H pylori specific IgG1 and IgA rose
significantly within the dilution of 1:64-1:1 024 (Figures 3A

ELISA measurement of serum IgG2a

ELISA measurement of serum IgG1

1.5

Volume 11

N

AJ0093731

1

June 21, 2005

0.8

ELISA measurement of serum IgA
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7
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Figure 2 ELISA measurements of antibody subtypes in mouse serum Blue:
immunized group; brown: adjuvant control group; light yellow: nude mice
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B

1.4
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0.2
0.0

1.2
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7
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control group. Abscissa: time for exsanguination after prime inoculation; ordinate:
A value (mean±SD).
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0.0
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Figure 3 Titer measurements of IgG1, IgA in mice serum (A and B) and IgA in
gastrointestinal fluid (C) Blue: immunized group; brown: adjuvant control group;

256

512 1 024 2 048

80

160

320

640

1 280

light yellow: nude mice control group. Abscissa: dilution of mouse gastrointestinal
washing fluid; ordinate, A value (mean±SD).
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accessibility or segmental motility, gives a level of correct
prediction higher than 50-60%. Therefore, integration of
physiochemical and structural information is required to
improve the reliability and accuracy of antigenic prediction.
Alix et al[30], have summarized the known algorithms, and
presented predictive estimation of protein linear epitopes
(PEOPLE) algorithm to predict the linear consecutive
antigenic epitopes, in which enough attention is paid to the
secondary structure (mainly -turns), hydrophilicity, surface
accessibility and flexibility/motility.
Flagellins are genetically diverse and intraspecific free
recombination of frequent incidence. In this experiment,
to disclose the antigenicity of flagellin A, -turns, molecular
hydropathy and surface accessibility were analyzed because
these characteristics greatly influence the prediction of linear
epitopes. Briefly, three hydrophilic peaks were found in the
central region of flagellin A. In the first and second peaks,
two short segments, NKNSNRTG and NDSDGR, with
typical -turns were found. These two short segments were
overlapped with residues that exposed outside the filaments.
According to the composite index, the first and second peaks
are more likely the proposed B-cell epitopes. Residues in
the second hydrophilic peak were conservative in all the 16
H pylori strains. As a conservative short segment with a
consecutive epitope, short segment KNDSDGRLVAAIN
might be a hopeful vaccine candidate.
In animal model, efficient H pylori specific immune
response was acquired in immunized group. In detail,
H pylori-specific IgA and IgG1 rose significantly, while IgG2a
only had a slight change. H pylori-specific IgA in gastrointestinal
flushing fluid also had a significant change. Though more
work is needed to determine the residues of this epitope,
the initial results strongly suggest that there is a B-cell epitope
in the short segment KNDSDGRLVAAIN.
In summary, based on the analyses of genetic divergence,
molecular structure, and physiochemical characteristics, a
conservative hydrophilic segment in flagellin A central
region is found, which is in accordance with the quality of
linear B-cell epitope. With the adjuvant of CFA/IFA,
Pep29mer containing the predicted B-cell epitope can induce
H pylori-specific immune response in animal model. The
short segment KNDSDGRLVAAIN is proved to be the
core of a linear B-cell epitope in H pylori flagellin A.
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Abstract
AIM: To evaluate the in vivo effect of glutamine on cobaltgenerated oxidative stress and (HO-1) induction in rat
liver.
METHODS: Fasted female Wistar rats received a single
injection of cobalt chloride (375 µmol/kg body weight)
and then were killed at different times. Lipid peroxidation
and soluble and enzymatic antioxidant defense system
(reduced glutathione (GSH), catalase (CAT), glutathione
peroxidase (GSH-Px) and superoxide dismutase (SOD))
were measured in liver homogenates. Ferritin and ferritin
iron contents as well as heme oxygenase-1 (HO-1) activity
and expression were also determined. The antioxidant
properties of glutamine (Gln) were also evaluated.
RESULTS: Cobalt chloride increased lipid peroxidation
(50% over control values) 1 h after treatment. GSH reached
a minimum at 3 h (40%) increasing thereafter. Twelve
hours after CoCl2 injection, the antioxidant enzymes CAT,
GSH-Px and SOD also diminished by about 30%. Heme
oxygenase-1 induction was observed 6 h after treatment
reaching a maximum value of 14-fold over the controls,
12 h after cobalt treatment. A 1.7-fold increase in ferritin
and ferritin-bound iron 24 h after treatment were also
obtained. Administration of glutamine (300 mg/kg body
weight) by gavage 24 h before CoCl2 treatment entirely
prevented the increase in thiobarbituric acid reactive
substances (TBARS) content, the decrease in GSH levels,
and partially reverted heme oxygenase-1 induction.
CONCLUSION: These results suggested that a natural
product such as glutamine prevents glutathione depletion
and consequently heme oxygenase induction.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Oxidative stress is the result of excessive production of
oxidant species and/or depletion of intracellular antioxidant
defenses, leading to an imbalance in the redox status of the
cell.
Glutamine (Gln) is a multifaceted amino acid used as
an energy substrate for most cells[1]; it is also a precursor
for nucleotides[2], and it is the most abundant free -amino
acid found in plasma and in the free amino acid pool of the
body [3]. One of the most important characteristics of
glutamine is that it plays a critical role in glutathione biosynthesis.
Glutamine provides glutamate to the glutathione system,
which is one of the main sources of the antioxidant defense
system in the cell[4,5]. Therefore, Gln is a natural product
that plays a leading role in the protection against oxidative
stress injury[6,7].
It is accepted that CoCl2 produces oxygen-derived free
radicals, which leads to a greater oxidative stress damage[8].
Moreover, it has been demonstrated that cobalt salts activate
the expression of several stress-responsive proteins, such
as heme oxygenase[9,10].
Heme oxygenase (HO) is the rate-limiting microsomal
enzyme that catalyzes heme degradation, which leads to the
formation of carbon monoxide, iron and biliverdin, the
latter being converted into bilirubin by the cytosolic enzyme
biliverdin reductase[11,12]. All these products are biologically
active because iron is an important gene regulator[13] and a
pro-oxidant[14], bilirubin is a potent antioxidant[15], and CO
has properties similar than nitric oxide[16,17]. Three isoforms
of HO have been described in mammals: HO-1, the
inducible enzyme[18], HO-2, the constitutive isoform[18] and
the more recently identified HO-3[19]. HO-1 can be induced
in a wide range of animal tissues, particularly liver, following
a number of stressful stimuli including its own substrate
heme, various heme proteins, heavy metals, glutathione
depletion, UVA radiation, hypoxia, hyperoxia, ischemia
reperfusion and many others[20-24].
There is compelling evidence that the biological damage
attributed to reactive oxygen species (ROS) is dependent
on the presence of iron such as heme-derived intracellular
iron[25]. Within most cells ferritin constitutes the major storage
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site for non-metabolized intracellular iron and therefore plays
a critical role in regulating the availability of iron to catalyze
such harmful reactions as the peroxidation of lipids and
the Fenton reaction generating the highly reactive hydroxyl
radical (HO·).
Reactive oxygen species occur in tissues and may damage
DNA, proteins, carbohydrates, and lipids. These potentially
deleterious reactions are controlled by a system of antioxidant
defenses which eliminate pro-oxidants and scavenge free
radicals. Protection against oxidation is provided by various
intracellular compounds such as glutathione, and antioxidant
enzymes including catalase (CAT), superoxide dismutase
(SOD), and glutathione peroxidase (GSH-Px)[26].
Previous studies carried out in our laboratory have
demonstrated that CoCl2 developed oxidative stress in rat
liver and consequently a significant induction of HO-1
enzyme occurred[8]. The present study was performed in
order to evaluate the antioxidant properties of glutamine,
its capacity to modify glutathione (GSH) levels and its
relationship to HO-1.

MATERIALS AND METHODS
Materials
NADPH, reduced glutathione (GSH), oxidized glutathione
(GSSG), 5,5’ dithio-bis-(2-nitrobenzoic acid), thiobarbituric
acid, glutathione reductase, ferritin from rat liver, rabbit
anti-horse spleen ferritin, 4-chloro-1-naphtol, hydroquinone,
1,10-phenanthroline and glutamine were from Sigma
Chemical Company (Saint Louis, MO); peroxidase-conjugated
goat anti-rabbit immunoglobulins was from DAKO
(Denmark). All other chemicals were of analytical grade.
Methods
Animals and treatments Female albino Wistar rats (160180 g) were housed under standardized conditions with
controlled temperature (22±3 ℃) and humidity (60%) and
exposure to a 12-h light/12-h dark cycle. They were fed
regular pelleted rat chow and given tap drinking water ad
libitum. Rats were injected subcutaneously with a single dose
of cobalt chloride (375 µmol/kg body weight) dissolved in
saline solution. Glutamine (300 mg/kg) dissolved in distilled
water, was given by gavage 24 h before the cobalt chloride
injection. Control animals received saline solution IP and/or
distilled water 24 h before the cobalt vehicle. Animals
were treated in accordance with guidelines established by
the Animal Care and Use Committee of the Argentine
Association of Specialists in Laboratory Animals (AADEALC),
and were in accordance with the Guide to the Care and
Use of Experimental Animals published by the Argentine
Council on Animal Care.
Enzyme preparations and assays Rats were anesthetized
with sodium pentobarbital (50 mg/kg body weight,
intraperitoneally). Then, they were killed by decapitation 1,
3, 6, 9, 12, 15, 18, 24, 28 and 36 h after injection of cobalt
chloride. The livers were excised and perfused with an icecold saline solution (0.9% NaCl), and then homogenized in
a Potter-Elvehjem homogenizer using different solutions.
For heme oxygenase assay the homogenate was prepared
using 4 V of ice-cold 0.25 mol/L sucrose solution containing
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1 mmol/L phenylmethylsulfonyl fluoride, 0.2 mmol/L
EDTA and 50 mmol/L potassium phosphate buffer
(pH 7.4). Homogenates were centrifuged at 20 000 g for
20 min and supernatant fractions centrifuged at 150 000 g
for 90 min. The microsomal pellet obtained was washed
and resuspended in 20 mmol/L potassium phosphate
buffer (pH 7.4), containing 135 mmol/L KCl, 1 mmol/L
phenylmethylsulfonyl fluoride and 0.2 mmol/L EDTA to a
protein concentration of 10 mg/mL. Microsomal HO-1 was
obtained from similar procedures as described elsewhere[18].
The 150 000 g supernatants obtained from the microsomal
preparation were fractionated by addition of ammonium
sulfate (AS), and the 40-60% AS fraction dissolved in
10 mmol/L potassium phosphate buffer (pH 7.4) and
dialyzed against the same buffer using this preparation as
biliverdin reductase. Heme oxygenase activity was determined
as described elsewhere[8]. The standard incubation mixture
in a final volume of 200 L contained 10 moL potassium
phosphate buffer (pH 7.4), 60 nmoL NADPH, 50 L HO-1
(0.5 mg protein), 50 L biliverdin reductase (0.42 mg
protein), and 200 nmoL hemin. Incubations were carried
out at 37 ℃ during 30 min. Activity was determined by
measuring bilirubin formation, which was calculated as the
difference in absorbance measured at 455 and 520 nm,
employing an  value of 50 mmol/L·cm (vismax 455 nm)[21].
Superoxide dismutase (SOD), catalase (CAT) and glutathione
peroxidase (GSH-Px) activities were determined spectrophotometrically in liver homogenates prepared in a medium
consisting of 140 mmol/L KCl and 25 mmol/L potassium
phosphate buffer (pH 7.4), and centrifuged at 600 r/min
for 10 min. The supernatant, a suspension of preserved
organelles, was used as homogenate. Catalase activity was
determined by measuring the decrease in absorbance at
240 nm[27], glutathione peroxidase activity following NADPH
oxidation at 340 nm[28], and superoxide dismutase activity
by inhibition of adrenochrome formation rate at 480 nm[29].
One unit in the SOD assay is defined as the amount of
enzymatic protein required to inhibit 50% of epinephrine
auto-oxidation.
Lipid peroxidation Lipid peroxidation in liver was
determined by measuring the rate of production of
thiobarbituric acid reactive substances (TBARS), expressed
as malondialdehyde equivalents [30] . One volume of
homogenate was mixed with 0.5 volume trichloroacetic
acid 150 g/L and centrifuged at 2 000 r/min for 10 min. The
supernatant (1 mL) was mixed with 0.5 mL thiobarbituric
acid (0.7 g/L) and boiled for 10 min. After cooling, sample
absorbance was read spectrophotometrically at 535 nm.
Malondialdehyde concentration was calculated using a 
value of 1.56×10 5 mol/L·cm.
Endogenous hepatic GSH content Total glutathione
(GSH plus GSSG) was determined in liver homogenates
after precipitation with 20 mL/L perchloric, and using yeastglutathione reductase, 5,5’ dithio-bis-(2-nitrobenzoic acid)
and NADPH and reading at 340 nm. Oxidized glutathione
(GSSG) was determined by the same method in the presence
of 2-vinylpyridine. GSH was calculated from the difference
between total glutathione and GSSG[31].
Ferritin content determination For ferritin assay the
homogenate was prepared using 1 g of tissue in 10 V of
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Statistical analysis
Figures in the text and tables indicate mean±SD. Differences

between control and treated were analyzed using the
Student’s t-test, taking P<0.05 as significant.
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RESULTS
Assessment of oxidative stress parameters
Oxygen reactive species are regarded as initiators of
peroxidative cell damage. TBARS measurement was used
as an assay for lipid peroxidation in vitro. A significant increase
50±3% in lipid peroxidation was observed 1 h after CoCl2
treatment, reaching a peak 100±5% 3 h later and decreasing
thereafter. Control levels were regained 15 h after the
injection (Figure 1).
Reduced glutathione is a leading substrate for enzymatic
antioxidant functions and is capable of non-enzymatic radical
scavenging. It could therefore be expected that if CoCl2
induces the formation of oxidant species, it will also affect
GSH-liver levels. Data in Figure 1 showed that GSH
concentration in the liver of treated animals decreased by
roughly 32±2% in respect to controls, 1 h after CoCl2
treatment. Liver glutathione levels reached a minimum
(40±2% of control value) 3 h after injection, increasing
thereafter to approach control levels 9 h later. Control
animals failed to show any significant changes in the
evaluated parameters up to the end of the 36 h observation
period (data not shown).

TBARS (nmol/mg protein -●-)

ice-cold 10 mmol/L HEPES pH 7.9 solution containing
10 mmol/L KCl and 0.5 mmol/L dithiothreitol. Homogenates
were centrifuged at 10 000 g for 5 min. Standard horse
ferritin diluted in the range of 0.25-15 ng/50 L Tris-Na
(TS) and homogenates (diluted to approximately 50 g
protein/50 L TS) were applied in triplicate onto nitrocellulose
membranes (MSI, Westboro, MA) presoaked in TS using a
vacuum dot blot as described by Roskams and Connors[32].
Briefly, membranes were blocked for 1 h at 25 ℃ with 3 g/L
Molico instant non-fat dry milk in TS, rinsed for 5 min
thrice with TS and incubated overnight at 4 ℃ with primary
antibody: rabbit anti-horse ferritin. Membranes were then
rinsed and incubated with secondary antibody (peroxidase
conjugated, goat anti-rabbit immunoglobulins) for 1 h at
25 ℃, rinsed again for 5 min three times with TS and
developed with a solution containing -chloronaphthol in
methanol and hydrogen peroxide. Blots were quantified
by computerized densitometry. Blots were quantified by
Gel-Pro analyzer 3.1 version, Media Cybernetics.
Ferritin iron determination Homogenates were prepared
as described above (ferritin content). Ferritin iron levels
were determined as following: supernatants were heated at
70 ℃ for 10 min, centrifuged at 15 000 g for 15 min, and
resulting supernatants stored at -20 ℃. The liver ferritin
extract prepared was subjected to acid hydrolysis with
2.8 mol/L HCl at 90 ℃ for 1 h after which precipitated
proteins were removed by centrifugation at 15 000 g for
15 min. One milliliter of the resulting supernatant was
incubated with 20 L of 20 g/L hydroquinone and 20 L
of 10 g/L o-phenanthrolene and the optical density at
505 nm was determined. A standard curve was generated
based on the absorbance of standard solution of ferrous
sulfate at pH 3. As with the liver ferritin extract, the standard
iron solution was carried through the acid hydrolysis procedure
as well. All glassware for the ferritin iron assay was acid
washed and all chemicals and reagents were ultra pure.
Western blot analysis for HO-1 expression Samples of
homogenate obtained for HO-1 activity assays were also
analyzed by Western immunoblot technique as previously
described[33]. An amount of protein (50 µg) from homogenates
of control and treated rats was run in sodium dodecyl sulfate
(SDS)-polyacrylamide gel electrophoresis using a 12%
acrylamide resolving gel (Mini Protean II System, BioRad,
Hertz, UK). Separated proteins were transferred to
nitrocellulose membranes and non-specific binding of
antibodies was blocked with 3% non-fat died milk in PBS,
pH 7.4 for 1 h at room temperature. Membranes were
then probed with polyclonal goat anti HO-1 antibody
(Santa Cruz, Bio Tech., CA), (1:300 dilution in Tris-buffered
saline, pH 7.4) over night at 4 ℃. Immune complexes were
detected using donkey anti-goat secondary antibody (1:1 500),
(Santa Cruz, Bio Tech., California), and were visualized using
ECL reagent (Amersham, Pharmacia). Intensity of bands
was analyzed with Gel-Pro analyzer 3.1 version, Media
Cybernetics.
Protein determination Protein concentration was evaluated
by the method of Lowry et al[34], using bovine serum albumin
as standard.
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Figure 1 Time course of cobalt chloride effect on lipid peroxidation and on liver
GSH content. Data are mean±SD, n = 6. bP<0.01 as assessed by Student’s t-test.
Values measured in control (vehicle-injected) animals were the same as those
at 0 time.

Effect of CoCl2 treatment on HO-1 activity
Increased TBARS content as well as GSH decrease appeared
as closely related events, taking place several hours before
HO-1 induction. Figure 2 shows that HO-1 activity was
only evidenced 6 h after CoCl2 administration, with a peak
value at 12 h (14-fold over control values), to decrease up
to 36 h after treatment, when enzymatic activity was similar
to control values.
Effect of CoCl2 treatment on ferritin and ferritin iron contents
A positive relation between ferritin and liver ferritin iron
levels was observed. As shown in Figure 3, the concentration
of liver ferritin iron was 40±2% greater than controls 18 h
after CoCl2 injection, while a 50±3% increase was found
6 h later, and its concentration remained high up to 28 h
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Figure 2 Time course of cobalt chloride effect on heme oxygenase activity in
rat liver. Data are mean±SD, n = 6. bP<0.01 as assessed by Student’s t-test.
Values measured in control (vehicle-injected) animals were the same as those
at 0 time.

Figure 3 Time course of cobalt chloride effect on ferritin and ferritin iron
contents. Data are mean±SD, n = 6. aP<0.05 as assessed by Student’s t-test.
Values measured in control (vehicle-injected) animals were the same as those
at 0 time.

after cobalt treatment. Likewise, 18 h after CoCl2 injection,
and 12 h after HO induction, ferritin levels were 20±1%
higher than those of control animals (Figure 3). An increase
by about 67±5% was obtained 24 h after treatment, and
this increment was sustained for at least 28 h after CoCl2
administration (Figure 3).

Table 1 Effect of glutamine on antioxidant enzyme activities in
cobalt-treated rat liver (mean±SD, n = 6)
Treatment

Effect of glutamine pretreatment on hepatic TBARS levels,
glutathione content, antioxidant enzyme activities and HO-1
activity and expression
Administration of glutamine 24 h before cobalt treatment
entirely prevented TBARS increases as well as GSH
decreases, which showed similar levels than control animals
(Figures 4A and B), and partially prevented the increase in
HO-1 activity (Figure 4C). The activity of the antioxidant
enzymes CAT, GSH-Px and SOD diminished 12 h after
treatment by about 30±5%, compared to control animals,
but no effect on antioxidant enzyme activities was observed
after Gln pretreatment (Table 1). On the other hand,
administration of Gln alone had no effect on HO-1 activity
and oxidative stress parameters (Figure 4, Table 1).
The behavior of HO-1 expression was similar to that
observed with HO-1 activity. Therefore, a marked increase
in its expression was obtained 12 h after CoCl2 injection,
which was partially prevented by Gln administration
(Figure 5).

GSH content (mol/g liver)

TBARS (nmol/mg protein)

b
0.2

0.1

2.5±0.2

0.16±0.01

7.6±0.4

1.7±0.1a

0.11±0.01a

5.7±0.4a

Gln

2.4±0.3

0.15±0.01

7.2±0.7

Gln + CoCl2

1.8±0.1a

0.11±0.01a

5.1±0.4a

Rats were killed 12 h after the beginning of the experiment. 1One unit of the
enzyme represents the decrease of 1mmol of NADPH/min under assay
conditions. aP<0.05 vs control group.

DISCUSSION
Since the pioneer work of Stocker et al [15], when they
demonstrated the antioxidant properties of bilirubin, several
authors have proposed that the specific induction of
HO-1 by various forms of oxidative stress is part of the
defensive mechanism mounted by cells against stress injury.
In agreement, our results clearly demonstrated that after
CoCl2 treatment, there is an enhancement in TBARS levels
and a decrease in reduced glutathione (GSH) contents. Both
events lead to an induction of HO activity (Figures 1 and 2).
Depletion of GSH is in fact an index of oxidative stress
and it is also linked with the activation of transcriptional
factors and regulation of gene expression[35]. Previous works
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Figure 4 Effect of glutamine on. A: TBARS content; B: intrahepatic GSH levels,
and; C: HO-1 activity. Glutamine (300 mg/kg) was administered by gavage 24 h
before cobalt treatment. For TBARS and GSH content, rats were killed 3 h after
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Figure 5 Western blot analysis of HO-1 expression in liver. A: Rats were killed
12 h after Co treatment. Densitometry was done to quantify HO-1 protein expression;
B: The blot is representative of three blots with a total of 4-5 samples/group
between the three blots. bP<0.01 vs control group. dP<0.01 vs Co group.

in our laboratory have demonstrated that HO-1 induction
occurred once the active oxygen species increased and
the antioxidant defense system decreased[8,21]. Moreover,
induction of HO-1 has been correlated with a decrease of
endogenous GSH[20,22,26].
It is however, worth to note that heme catabolism
generates both pro-and antioxidant compounds, consequently
influencing cellular sensitivity to oxidants. This issue has
been extensively discussed by Ryter and Tyrrell[36]. Several
reports have proposed that heme oxygenase induction by
various forms of oxidative stress represents an antioxidant
defense, operating by decreasing the levels of potential
pro-oxidants and increasing the concentrations of active
bile pigments, such as bilirubin, capable of acting as
antioxidants[8,15]. Accordingly, the higher ferritin levels found
in this study, subsequently to HO induction (Figure 3), may
be due to HO-dependent release of iron from endogenous
heme sources. In this way, there is an enhancement of
cellular iron sequestering capacity that may confer increased
resistance to oxidative stress. These results are in agreement
with recent studies implicating heme oxygenase-dependent
increase in ferritin[37,38]. Even though HO is highly induced
and therefore bilirubin levels were enhanced, the oxidative
stress parameters were still observed. This fact could be
due to the pro-oxidant effect of iron exceeds the antioxidant
properties of bilirubin. When ferritin increased and therefore
iron was subsequently sequestered, the oxidative stress
parameters were not detected (Table 1, Figures 1 and 3).
Interestingly, during ROS scavenging, GSH is oxidized
and form glutathione-protein mixed disulfides. The cell’s
ability to reduce or synthesize GSH (via glutamate) is a key
mechanism by which the oxidative stress can be regulated[6].
Besides, it has been demonstrated that Gln preserves gut
glutathione levels during intestinal ischemia/reperfusion[39].
Glutamine plays a key role in the protection against
oxidative stress injury[6,7]. Our present findings showed that
treatment with glutamine, a well known precursor in the
GSH biosynthesis, totally reverted the decrease in GSH
levels and the increase in lipid peroxidation, and partially
inhibited heme oxygenase activity (Figures 4A and B).
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Surprisingly, no effect on antioxidant enzyme activities was
found (Table 1). On the other hand, treatment of rats with
cobalt produced a significant increase in HO-1 expression,
and this effect was also significantly reverted by Gln
pretreatment (Figure 5).
Taken together, our data suggest that oxidative stress
caused in rat liver the following events: the induction of
heme oxygenase produced heme cleavage, which results in
increased intracellular free iron, when ferritin content and
ferritin-bound iron also beginning to increase, in an attempt
to limit iron availability. Induction of ferritin and the
concomitant iron sequestration may protect rat liver from
oxidative injury by restricting iron-catalyzed free radical
reactions. When Gln was administered all these events
seemed not to be necessary, to judge by the inhibition in
HO-1 activity and expression.
To sum up, our results strongly suggest that the
protective effect exerted by Gln was due to the enhancement
of GSH, the major soluble antioxidant compound in the
liver.
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Abstract
AIM: To study the effects of Changtai granules (CTG), a
traditional compound Chinese medicine, on chronic
trinitrobenzene sulfonic acid-induced colitis in rats.
METHODS: Healthy adult Sprague-Dawley (SD) rats of
both sexes, weighing 250-300 g, were employed in the
present study. The rat colitis models were induced by 2,
4,6-trinitrobenzene sulfonic acid (TNBS) enemas at a
concentration of 100 mg/kg in 50% ethanol. The experimental
animals were randomly divided into dexamethasone (DX)
treatment, CTG treatment, and model control groups,
which were intracolicly treated daily with DX (0.2 mg/kg),
CTG at doses of 2.9, 5.7 and 11.4 g crude drug/kg, and
the equal amount of saline respectively from 6 h following
induction of the colitis in rats inflicted with TNBS to the
end of study. A normal control group of rats treated
without TNBS but saline enema was also included in the
study. After 3 wk of treatment, the animals were assessed
for colonal inflammatory and ulcerative responses with
respect to mortality, frequency of diarrhea, histology and
myeloperoxidase activity (MPO).
RESULTS: The therapeutic effect of CTG on ulcerative colitis
(UC) was better than DX. CTG effectively inhibited the activity
of granulocytes, macrophages and monocytes in a dosedependent manner. Also it reduced MPO and formation of
inflammation in colonic mucosal tissue. Furthermore,
administration of CTG significantly prevented body mass
loss and death, and decreased frequency of diarrhea in UC
rats, when compared with the model control group rats.
CONCLUSION: CTG would prove to be an ideal drug for
chronic UC, and is warranted to be studied further.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Ulcerative colitis (UC) is a common digestive disease in the
Western countries[1-4]. It was believed that the occurrence
of UC was rare in China. But recent reports reveal that UC
cases have increased substantially. According to Jiang, UC cases
increased 2.7 times from 1991 to 2000 vs from 1981 to
1990. UC is a refractory, chronic and non-specific disease[5-9].
As the etiology and mechanism of UC remain elusive and
no specific treatment is available, the disease usually becomes
chronic with refractory relapses, thus seriously endangering
health of patients[10-14].
Salicylazosulfapyridine (SASP) and corticosteroids,
despite their widespread use in the treatment of UC, do
not offer an ideal cure because of prolonged treatment,
various adverse reactions as well as tendency to relapse
when medication is discontinued[15-19]. The diagnosis and
treatment of UC remain to be a clinical challenge[20-24]. The
emphasis laid on the study of UC, therefore, is to find an
effective drug with fewer adverse reactions.
In view of a poor curative effect and a high recurrence
rate, traditional Chinese medicinal (TCM) formulae have
been attempted to treat the disease in recent years, and the
therapeutic effectiveness is quite satisfactory[25-29]. Changtai
granule (CTG) is a traditional compound Chinese medicinal
formula. In order to explore the effect and pharmacological
action of CTG on UC, rat models were established to observe
the effect of CTG on mortality, frequency of diarrhea, histology
and myeloperoxidase activity in the colon of rats with UC.
MATERIALS AND METHODS
Materials
Sprague-Dawley (SD) rats (250-300 g) obtained from the
Animal Center of the Second Military Medical University
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(Shanghai, China) were fed on a standard laboratory chow
and free access to tap water. The rats were kept in a room
at controlled temperature (22±1 ℃), humidity (65-70%),
and 12:12-h light-dark cycles. One hundred and twenty rats
were randomly divided into six groups: namely normal, model
control, dexamethasone (DX, 200 mg/kg, i.g.) and CTG
(2.9, 5.7, and 11.4 g crude drug/kg, i.g.) groups. DX and 2,
4,6-trinitrobenzene sulfonic acid (TNBS) were purchased
from Sigma (St. Louis, USA). Hexadecyltrimethyl-ammonium
was a product of Hengye Zhongyuan Chemical (Beijing,
China).
Induction of the UC model in rats
The rats were fasted for 24 h before experimentation but
with free access to drinking tap water. The colitis model
was produced as before[30]. In brief, the rats (except those
in the normal group) were lightly anesthetized with ether. A
rubber catheter (12 cm long, external diameter 2 mm) was
inserted rectally into the colon so that the tip was 8 cm
proximal to the anus, approximately at the splenic flexure.
TNBS (100 mg/kg) dissolved in 500 mL/L ethanol was
instilled into the colon lumen through the rubber catheter,
and saline was instilled as control. Saline, DX and CTG
were administered 6 h after induction of the colitis model.
Body weight change was recorded during the experimental
period.
Morphological and pathological observation
The rats were anesthetized with ether and killed by cervical
dislocation after 3 wk. The distal colon (10 cm) was removed,
opened by a longitudinal incision and washed to remove
the lumen contents; colon wet weight was weighed, and
mucosal damage was assessed by measurement of ulcerative
areas in colon mucosae. The excised colon was pinned out
on a wax block washed with 0.9% saline and assigned a
code number. The colon was immediately examined under
a stereomicroscope, and any visible damage was scored on
a 0-5 scale (Table 1). Small sections were taken from each
colon and placed in 40 g/L formaldehyde for histological
examination. The colon was fixed, cut longitudinally into
5-m sections, and stained with hematoxylin and eosin. The
second segment (200-400 mg) was then excised, immediately
frozen in liquid nitrogen, and stored at -80 ℃ for subsequent
assay of myeloperoxidase (MPO) activity.
Table 1 Criteria for scoring the gross morphologic damage
Score
0
1
2
3
4
5
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generator in ice-cold potassium phosphate buffer 50 mmol/L
(pH 6.0) containing 0.5% hexadecyltrimethyl-ammonium
bromide. The homogenates were frozen and thawed thrice,
and then centrifuged at 4 000 r/min for 15 min at 4 ℃.
MPO level in the supernatant was measured by using the
technique as described before[31].
Statistical analysis
Experimental results were analyzed by SPSS and t-test for
multiple comparisons between the groups. Data were finally
expressed as mean±SD. t-test and Wilcoxon signed ranks
test were used to analyze the data of diarrhea frequency
and colon damage score respectively. Data of colon damage
score were presented as medians (25 th-75 th percentiles).
P value less than 0.05 was considered statistically significant.

RESULTS
Effects of CTG on rats with TNBS-induced colitis
During the inflammatory period, the rats with colitis had a
high frequency of diarrhea (Table 1) with marked body
mass loss in the 1st wk (Table 2 A and B). Death was also
found in the animals that received TNBS in 500 mL/L
ethanol, especially in the model control group (Table 1).
Administration of CTG (2.9, 5.7, and 11.4 g crude drug/kg)
significantly decreased the diarrhea frequency in a dosedependent manner. Furthermore, administration of CTG
also prevented the rats from death. But the effects of DX
showed further body mass loss and death emergence
compared with the model control and CTG groups,
suggesting that severe immunosuppression occurred.
Compared with the CTG group, the diarrhea frequency in
the DX group did not decrease significantly, although it
decreased compared with the model control group.
Table 2A Effects of CTG on diarrhea frequency and mortality of UC
rats
Group
Dose
(g crude drug/kg)

Diarrhea

Mortality

n
D1

D8

D 15

D 22

0

0

0

7b

2

2

Normal

–

20

0

0

Model

–

20

20 b

10 b

DX

0.2 (mg/kg)

20

20

3a

5

1

4

CTG

2.9

20

20

2d

2

0

0

CTG

5.7

20

20

3a

1a

0

0

CTG

11.4

20

20

1d

0d

0

0

b

P<0.01 vs normal, aP<0.05, dP<0.01 vs model.

Gross morphology
No damage
Localized hyperemia with no ulcers
Liner ulcers with no significant inflammation
Liner ulcers with inflammation at one site
More ulcerative and inflammatory sites, the size of ulcers <1 cm
Multiple inflammations and ulcers, the size of ulcers ≥1 cm

Determination of biochemical markers
The activity of MPO was determined by chromatometry.
In brief, the colon tissue samples taken for MPO detection
were homogenized (50 g/L) for 30 s by using a polytron

Table 2B Effects of CTG on the weight of UC rats (n = 20)
Weight (g)
Group

Dose
(g crude drug/kg)

D1

D8

Normal

–

188±13

228±30

253±39

283±50

Model

–

188±10

204±24 b

236±26

275±37

D 15

D 22

DX

0.2 (mg/kg)

189±10d

183±12d

185±8d

191±12d

CTG

2.9

184±16

199±28

227±35

264±41

CTG

5.7

191±11

204±13

238±23

272±34

CTG

11.4

182±9

201±23

232±35

264±42

b

P<0.01 vs normal, dP<0.01 vs model.
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A

B

C

D

E

F

Figure 1 Photos of distal colons from normal (A), control (B), DX (C), and CTG
at dose of 2.9, 5.7, and 11.4 g crude drug/kg (D-F) groups. At model control PIC,
histological inflammatory features including mucosal hemorrhage, submucosal

edema and inflammatory infiltration in the lamina propria and submucosa were
observed. At CTG PIC, there was no remarkable inflammatory feature. At DX
PIC, ulcer was recovered, but inflammatory feature was still remarkable.

Effects of CTG on colon mass and ulcer
Grossly visible colon wall incrassation, inflammation, and
ulceration were found in the model control group animals.
The levels of colonic tissue damage score of the control
group increased significantly compared with those of the
normal group (P<0.01), while in comparison with those of
the control group, they decreased significantly in the DX
and CTG groups (P<0.01). The colonic tissue damage scores
of the CTG group animals decreased significantly compared
with those of the DX group animals (Figure 1 and Table 3).
In comparison with those of the control group, colon masses
of the CTG group animals reduced significantly, but not
those of the DX group animals (Table 3).

examinations in the normal group. Diffuse hemorrhage,
edema, congestion, superficial ulceration in the mucosa with
infiltration of lymphocytes, plasma cells and polymorphonuclear
cells, cryptitis and crypt abscess were observed in the control
groups. The bowel wall was recovered to normal gradually
in a dose-dependent manner when administered with CTG,
while in the DX group, it was less recovered compared
with that in the CTG group (Figure 2).

A

B

C

D

E

F

Table 3 Effects of CTG on colon mass, ulcer, MPO of colon mucosa
of UC rats (n = 10)
Group
Normal
Model
DX
CTG
CTG
CTG
a

Dose
(g crude drug/kg)
–
–
0.2 (mg/kg)
2.9
5.7
11.4

Colon mass Colon damage
index (mg/g)
score
3.2±0.6
5.2±1.4d
6.1±4.0
4.5±2.4
4.0±1.1a
3.8±0.5b

0 (0–0)
5 (3–5)d
5 (0–5)b
3 (2–5)b
3 (2–4)b
2 (0–3)b

MPO (U/g)
0.17±0.11
2.57±1.75d
0.80±1.00a
0.60±0.61b
0.48±0.46b
0.47±0.36b

P<0.05, bP<0.01 vs model, dP<0.01 vs normal.

Effects of CTG on MPO of colon mucosa
MPO activity was regarded as the main parameter reflecting
the degree of colon injury and inflammation in inflammatory
gut tissue. Compared with the normal group, this parameter
was significantly increased in the model group (P<0.01).
Both DX and CTG remarkably decreased this elevated
parameter (P<0.05-0.01). Furthermore, the therapeutic
effects of CTG at different doses (2.9, 5.7, and 11.4 g crude
drug/kg) were better than that of DX (0.2 mg/kg) (Table 3).
Effects of CTG on pathology of colon
The bowel wall was normal by gross and microscopic

Figure 2 Histological findings in UC. A: Normal group, the mucosa is normal
(HE, ×200); B: control group, gross ulcers, epithelial necrosis at mucosal
surface and inflammatory cell infiltration (HE, ×200); C: DX group, gross ulcers
and proliferous granuloma, inflammatory cell infiltration (HE, ×200); D: CTG
group at dose of 2.9 g crude drug/kg, small mucosal ulcers and crypto abscess
formation (HE, ×200); E: CTG group at dose of 5.7 g crude drug/kg, inflammatory
cell infiltration (HE, ×200); F: CTG group at dose of 11.4 g crude drug/kg, the
mucosa recovered (HE, ×100).
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DISCUSSION
The pathogenesis of UC remains unclear up to now. It is
generally accepted that UC is the result of interaction of
multiple factors, including the environment, immunity and
heredity. Probably, in hereditarily susceptible population,
environmental factors such as water, food and infection
trigger excessive reaction of intestinal immunity. The
reaction may cause an inflammatory stimulation to the
intestinal mucosa and damage it[32,33]. At present, there is no
radical cure for UC. Steroids and salicylic acid preparations
are usually used to control and suppress the inflammation.
Salazosulfapyridine (SASP) is also a recommended remedy
for UC. All of these remedies can improve the conditions
of patients to varying degrees. But adverse reaction and
high relapse rate are problems arising from these therapies.
With the development of immunology and molecular
biology, an increasing knowledge about the condition and a
further understanding of the mechanism of drug actions,
in recent years, new therapies are emerging one after
another. Nevertheless, some UC sufferers cannot afford
these new therapies due to the exorbitant price of the drugs.
In addition, the safety of these new drugs needs to be further
identified.
Many studies showed that the treatment of TCM
enemas was better on UC than SASP or DX with fewer
adverse reactions. To minimize adverse reactions, poorly
absorbable glucocorticosteroids have also been used for
enema therapy including hydrocortisone foam and
prednisolone metasulfobenzoate or molecules with increased
first pass metabolization in the liver, e.g., betamethasone
dipropionate and tixocortol pivalate. But rectal treatment
with mesalazine enemas is often ineffective for extensive
UC, although it is the first line therapy for distal UC at
present. Meanwhile, it is inconvenient for patients to maintain
the treatment for several months.
TCM therapy is more promising and acceptable for
patients. CTG is prepared from TCM herbs including
Huangbai and other three TCM herbs. According to our
study, CTG possesses a variety of pharmacological effects
including analgesic-antipyretic, anti-inflammatory, antibacterial
and anti-diarrhea actions, as well as the effect of adjusting
gastrointestinal function[34]. This study showed that CTG
was better than DX for UC. CTG used in this study could
effectively inhibit MPO activity and formation of inflammation
and ulceration in colonic mucosal tissue in a dose-dependent
manner. Furthermore, administration of CTG can significantly
decrease the frequency of diarrhea in UC rats and prevent
the animals from death. Therefore, CTG may be an ideal
choice for curing the disease.
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Abstract
AIM: To verify whether P-glycoprotein (P-gp) could induce
cell resistance to apoptosis by inhibiting caspase-8 and
caspase-3.
METHODS: Human KB cells, either drug-sensitive or
with multidrug resistance (MDR) phenotype caused by
overexpression of P-gp (KBv200 cells), were treated with
anti-Fas (CH-11 monoclonal antibody) to induce apoptosis.
Cytotoxicity was detected by MTT assay. Symptoms of
cell death were assessed by morphological observation
after Hoechst33258 staining, activation of caspase-8 and
caspase-3 was measured by Western blotting.
RESULTS: Compared with KB cells, the resistance of
KBv200 cells to VCR (vincristine) was about 51-fold higher.
Anti-Fas (CH-11) induced cytotoxicity and apoptosis in
both sensitive KB cells and MDR phenotype KBv200
cells. The IC50 of CH-11 in KB cells was similar to that in
KBv200 cells. CH-11 induced similar apoptotic rates in
both KB cells and KBv200 cells, which could be classified
as caspase-dependent apoptotic pathway. Verapamil
(VRP) did not affect CH-11-mediated apoptosis in KBv200
cells.
CONCLUSION: Expression of P-glycoprotein does not
induce resistance to caspase-8 and -3 activation or antiFas-induced cell apoptosis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Multidrug resistance (MDR) is a kind of resistance of cancer
cells to multiple classes of chemotherapeutic drugs. MDR
is a major obstacle to treating patients with cancer and is
often the result of overexpression of a 170-ku plasma
membrane glycoprotein known as P-glycoprotein (P-gp)[1].
Tumor cells are susceptible to apoptosis in response to drugs,
the susceptibility of cells to undergo apoptosis may ultimately
determine its drug sensitivity. In other words, resistance to
apoptosis is an important factor in drug resistance, ultimately
determining the cellular response to drug treatment [2,3].
Many chemotherapeutic drugs function in a caspasedependent manner, by activating the main effector caspase3. Caspase-3 can be activated via two main apoptotic
pathways described sometimes as receptor-dependent and
mitochondrial-dependent pathways. Mitochondrialdependent pathway, which is mainly triggered by stress and
cytotoxic drugs, involves the release of cytochrome c from
mitochondria. Stimulation of the mitochondrial membrane
in this process is not yet fully understood. Cytochrome c in
synergy with ATP allows a conformational change of Apaf-1
to occur. Apaf-1 binds to caspase-9, which in turn activates
caspase-3. The receptor-dependent pathway is triggered by
ligation of death receptors that are members of the tumor
necrosis factor (TNF) superfamily (i.e., Fas receptor) and
characterized by an intracellular death domain. The death
domain attracts the intracellular adaptor protein FADD that
in turn recruits procaspase-8 to the death-inducing signaling
complex (DISC). At the DISC, procaspase-8 is cleaved and
yields active caspase-8, activating in turn caspase-3 [4-7].
Cytotoxic drugs have been shown to induce receptor, which
then mediates cell death through the activation of receptordependent pathways such as Fas /Fas-Ligand[8].
Recently, it has been postulated that P-gp, apart from
actively effluxing drugs from cells, may protect them against
apoptosis by inhibiting caspase-8 and caspase-3, as P-gppositive cells have been found to resist cell death induced
by UV irradiation, and ligation of cell surface death receptors
Fas and TNF [9-11]. Smyth et al [12], and Cuello et al [13],
postulated that successful treatment of P-gp+ MDR tumors
can be achieved using chemotherapeutic agents that can
function in the absence of caspase-3 activation. However,
the molecular mechanisms underlying this novel function
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of P-gp remain unknown.
Apoptosis by Fas/Fas L (anti-Fas) is triggered via activating
caspase-8 and in turn activating caspase-3[8,14].
The present study was to verify the hypothesis that there
is a correlation between P-gp overexpression and caspase-8
and caspase-3 inhibition.

blocked with non-fat milk, membranes were incubated
with the appropriately diluted primary antibody. Then,
membranes were incubated with a horseradish peroxidaseconjugated secondary antibody. Proteins were detected
by the enhanced chemiluminescence detection system
(Amersham, Aylesbury, UK).

MATERIALS AND METHODS
Materials
Verapamil (VRP), vincristine (VCR), Hoechst 33258 and 3(4,5-dimethylthiazol-yl)-2,5-diphenyltetrazolium bromide
(MTT) were obtained from Sigma Chemical Company.
RPMI 1640 was purchased from Gibco BRL. Mouse
monoclonal antibodies (MAbs) against caspase-8 (Ab-3) and
caspase-3 (E-8) and rabbit polyclonal antibody against P-gp
(mdr1) were purchased from Santa-Cruz Biotechnology
(Santa Cruz, CA). PARP (c-20) was purchased from
Pharmingen (San Diego, CA). Peroxidase-conjugated antimouse and anti-rabbit IgG were purchased from Calbiochem
(La Jolla, CA). Anti-Fas monoclonal antibody (CH-11) was
obtained from Immunotech Co.

Apoptosis measurement
Cells were treated with anti-Fas (CH-11) in the presence or
absence of VRP (10 mol/L) for 48 h, both floating and
trypsinized adherent cells were collected, washed with
phosphate-buffered saline, fixed with 10% paraformaldehyde
for 30 min, and incubated in Hoechst 33258 (Sigma) at room
temperature for 30 min (final concentration, 30 µg/mL).
Nuclear morphology was examined using fluorescence
microscopy with standard excitation filters. Apoptotic cells
stained brightly and displayed condensed and fragmented
nuclei, normal cells showed an even distribution of the stain
throughout the nucleus with flocculated chromatin. The
percentage of apoptotic cells was calculated, all cells from
four random microscopic fields at 400× magnification were
counted[20].

Cell lines and cell culture
KBv200 cells, a classic multidrug resistant human epidermoid
carcinoma cell line expressing high levels of P-gp, were
cloned from parental drug-sensitive KB cells by stepwise
exposure to increasing doses of vincristine and ethylmethane
sulfonate (EMS) mutagenesis. KBv200 cells and parental
sensitive KB cells were obtained from Chinese Academy
of Medical Sciences, Beijing. KBv200 cells and KB cells
were cultured in RPMI 1640 supplemented with 10% fetal
bovine serum, benzylpenicillin (50 kU/L ), and streptomycin
(50 mg/L) at 37 ℃ in a humidified atmosphere of 50 mL/L
CO2+95% air[15-17].

Statistical analysis
All experiments were repeated at least twice and differences
were deter mined using Student’s t-test. P<0.05 was
considered statistically significant.

Cytotoxicity assay
Sensitivity to anticancer agents such as VCR was determined
in triplicate using MTT cell viability assay as previously
described[18]. The 50% inhibitory concentration (IC50) was
determined as the drug concentration causing 50% reduction
in cell viability. The degree of resistance was calculated by
dividing the IC50 for MDR cells by that for parental sensitive
cells. The fold-reversal of MDR was calculated by dividing
the IC 50 for cells to anticancer drug in the absence of
modulator (VRP) by that in the presence of modulator
(VRP).
Western blot analysis
The cells were treated with desired Fas antibody in the
presence or absence of VRP (10 mol/L) for 24 h. After
treatment, whole-cell lysates were extracted with lysis buffer
containing 1% Triton-100, 50 mmol/L sodium chloride,
50 mmol/L sodium fluoride, 20 mmol/L Tris (pH 7.4),
1 mmol/L EDTA, 1 mmol/L EGTA, 1 mmol/L sodium
vanadate, 0.2 mmol/L phenylmethylsulfonyl fluoride and
0.5% Nonidet P-40. Western blotting was carried out as
described previously [19] . In brief, equal amounts of cell
lysate (25 g) were solubilized in 6-12% SDS-PAGE and
transferred onto nitrocellulose membranes. After being

RESULTS
Characterization of Fas and P-glycoprotein-expressing in
KBv200 and KB cells
As drug resistance is correlated with decreased Fas receptor
expression in hematopoietic MDR cell lines [21,22], Fas
expression was examined in these cells. Drug sensitive KB
cells and resistant KBv200 cells showed similar levels of
Fas expression (Figure 1). A very strong band of P-gp
expression was observed in MDR KBv200 cells, while there
was no P-gp expression in their parental drug-sensitive
KB cells.

KB

KBv200
←P-gp
←Fas
←-actin

Figure 1 Western blot analysis of P-gp and Fas expression in KBv200 cells
and KB cells.

VRP effectively reversed resistance of KBv200 cells to VCR
To determine the resistance of KBv200 cells to VCR, we
compared the cytotoxicity of VCR between KBv200 and
their parental sensitive KB cells. IC 50 of VCR to KB and
KBv200 cells was 69.8 nmol/L and 3 577.2 nmol/L,
respectively (Figures 2A and B). The resistance of KBv200
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Figure 2 VRP enhanced cytotoxicity of VCR to KB cells (A) and KBv200
cells (B).

Figure 3 VRP did not enhance cytotoxicity of anti-Fas to KB cells (A) and
KBv200 cells (B).

cells to VCR was approximately 51.2-fold higher than that
of the parental sensitive KB cells in our experimental system.
The cells were incubated with 10 mol/L of VRP and a full
range of concentrations of VCR. At the concentration of
10 mol/L, VRP lowered the IC50 of VCR to 189.6 nmol/L
in KBv200 cells (Figure 2B). This gave 18.9-fold reversal
of MDR. In the sensitive KB cells, however, the IC50 of
VCR was 65.4 nmol/L in the presence of VRP at the
concentration of 10 mol/L (Figure 2A). These results
suggested VRP was very effective on reversing MDR in vitro.

cells and parental sensitive KB cells. Moreover, treatment
with CH-11 (20 ng/mL) resulted in similar cell apoptosis
with or without VRP (10 mol/L). The results are shown
in Figure 4 and Table 1.

VRP did not enhance the sensitivity of anti-Fas (CH-11) to Pgp positive KBv200 cells
CH-11 induced a similar cytotoxicity to both P-gp positive
KBv200 cells and their parental P-gp negative KB cells.
The IC50 was 39.3±3.6 (ng/mL) and 38.5±4.2 (ng/mL) for
KBv200 and KB cells, respectively (P>0.05). Furthermore,
10 mol/L of VRP did not significantly enhance the
sensitivity of KBv200 cells to anti-Fas (CH-11, Figure 3).
KBv200 cells did not show resistance to anti-Fas (CH-11)mediated apoptosis and VRP did not sensitize KBv200 cells
to anti-Fas (CH-11)-mediated apoptosis
To examine whether P-gp positive cells failed to undergo
apoptosis induced by anti-Fas/Fas, apoptosis was assessed
by Hoechst 33258 staining. Treatment with 20 ng/mL antiFas (CH-11) resulted in significant apoptosis in parental
KB cells, as well as in drug-resistant KBv200 cells. Condensed
and fragmented nuclei were found, and normal cells showed
an even distribution of the stain throughout the nucleus
with flocculated chromatin. The apoptotic rate was 39.0%
and 40.5% in KB and KBv200 cells respectively after
treatment with 20 ng/mL CH-11 for 24 h. Anti-Fas (CH11)/Fas induced similar apoptosis in P-gp positive KBv200

Table 1 Effect of VRP on the apoptotic rate in cells treated with CH11 (mean±SD)
Control

VRP (10 mol/L)

CH-11 (20 ng/mL)

VRP+CH-11

KB

3.5±1.3

3.0±0.8

39.0±6.1

40.3±6.8

KBv200

2.8±1.0

3.5±1.3

40.5±3.4

41.3±3.4

VRP did not sensitize activation of caspase-8 and -3 in KBv200
cells
The induction of apoptosis by anti-Fas was assessed by Western
blot. VRP did not induce apoptosis alone. Treatment with
20 ng/mL anti-Fas (CH-11) resulted in significantly reduced
levels of caspase-8 and -3 in KBv200 cells. KBv200 cells
did not demonstrate greater CH-11 mediated-caspase-8 and
-3 activation in the presence of 10 mol/L VRP (Figure 5).
These results were in agreement with the apoptosis assessed
by Hoechst 33258 staining.

DISCUSSION
Following the introduction of more effective drugs and the
development of better-designed chemotherapy strategies,
the treatment of cancer has improved. However, the
development of multidrug resistance (MDR) is still a problem
and remains an obstacle to successful chemotherapy. Many
cellular changes have been associated with the development
of MDR, including expression of ATP-binding cassette
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Figure 4 Cell morphology and DNA fragmentation.

10 mol/L VRP
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Caspase-8
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PARP
PARP/cleavage
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Figure 5 Western blot analysis of caspase-8 and -3 in KBv200 cells after
treatment with anti-Fas antibody (CH-11) in the presence (+) or absence (-) of
VRP for 24 h at 37 ℃.

(ABC) transport proteins, multidrug resistance-associated
protein (MRP1), and P-glycoprotein. Resistance mediated
by these proteins is associated with altered drug transport,
resulting in decreased intracellular drug accumulation[21-25].
P-gp has been demonstrated to efflux a wide range of
structurally and functionally diverse compounds [22,24].
Recently it has been proposed that in addition to mediating
drug resistance through drug transport, P-glycoprotein may
also play a role in resistance to apoptosis[26]. Resistance to
apoptosis is an important factor in drug resistance, ultimately
determining the cellular response to drug treatment. This
supports the suggestion that P-glycoprotein can protect
cells against apoptotic stimuli that function in a caspasedependent manner by transporting a key caspase or adaptor
molecules out of cells or by inhibiting caspase activition
through decreasing intracellular ATP or altering intracellular
pH[27,28]. On the other hand, P-gp-expressing cells are not
resistant to caspase-independent cell death mediated by
pore-forming proteins and granzyme B as well as by other
factors[10,29,30].
However, P-gp does not interfere with the formation
of DISC since equivalent amounts of pro-caspase-8 are
associated with the Fas-receptor[31]. Cullen et al[19,27], showed
that MDR mediated by MRP and P-gp does not correlate

with resistance to Fas-mediated cell death or to caspase-3
activation. Sikora et al [32], also found that there is no
correlation between P-gp expression and resistance to
caspase-3-dependent apoptosis induced by curcumin and
UVC, at least in HL-60 cells.
Our results tended to exclude that the multidrug transporter
P-gp played an important role in the inhibition of apoptosis
by inhibiting activation of caspase-8 and -3. In fact, antiFas/Fas induces similar cytotoxicity and apoptotic rate in
P-gp overexpressing KBv200 cells as in their parental
sensitive KB cells. In addition, the P-gp inhibitor VRP
strongly reverses the resistance to VCR and VCR-induced
apoptosis in KBv200 cells. But verapamil does not increase
the cytotoxicity and the rate of apoptosis induced by
anti-Fas antibody in the same cells. KBv200 cells do not
exhibit greater caspase-8 and -3 degradation in the presence
of 10 mol/L VRP.
Notarbartolo et al[33], and Campone et al[34], have shown
that P-gp-expressing HL-60 cells are resistant to caspase-3dependent apoptosis due to the presence of XIAP in these
cells. This suggests that the novel family of IAPs may have
a responsibility in such a process.
In conclusion, overexpression of P-gp in KBv200 cells
does not influence the apoptotic pathway leading to activation
of caspase-8 which in turn activates caspase-3.
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MMP-2(A-2 clone group: 0.15±0.05 and A-8 clone group:
0.13±0.04) (P<0.05) but displayed a higher expression
level of MMP-1(A-2 clone group: 0.68±0.06 and A-8 clone
group: 0.81±0.09) (P<0.05).
CONCLUSION: AM gene exerts negative influence to
some extent on hHSCs by inhibiting proliferation and
production of extracellular matrix (ECM) in addition to
inducing MMP-1 expression.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Abstract
AIM: To investigate the effects of adrenomedullin (AM)
gene overexpression on the biological characteristics of
human hepatic stellate cells (hHSCs) by stable transfection.
METHODS: hHSCs which express low basal levels of AM
were stably transfected with an expression construct
containing rat AM gene or with an empty expression
vector. Expression of AM in hHSCs was determined by
reverse transcription (RT)-polymerase chain reaction
(PCR) and radioimmunoassay (RIA). Cell proliferation was
evaluated by 5-bromo-2’-deoxyuridine (BrdU) incorporation
and immunocytochemistry. RT-PCR and Western blot were
used to test the expression of procollagen types I and III.
Protein expressions of interstitial collagenase (MMP-1),
gelatinase (MMP-2) and tissue inhibitors of matrix
metalloproteinases-2 (TIMP-2) were assessed by Western
blot.
RESULTS: Two cell clones (A-2, A-8) transfected with
the AM gene expressed higher levels of AM mRNA (nontransfected group: 0.86±0.11, empty vector group:
1.01±0.11, A-2 clone group: 1.44±0.08 and A-8 clone
group: 1.36±0.05) and protein (12.31±0.17, 12.35±0.12,
12.56±0.06 and 12.62±0.07) ( P <0.05). AM gene
overexpression had inhibitory effects on cell proliferation
of hHSCs (29.6%, 30.9%, 18.9% and 21.8%, respectively.
P<0.05) and expression of procollagen type I (0.58±0.1,
0.48±0.11, 0.3±0.06 and 0.31±0.07 at mRNA level)
(0.27±0.07, 0.3±0.06, 0.14±0.05 and 0.13±0.05 at
protein level) (P<0.05) and procollagen type III (0.17±0.04,
0.15±0.03, 0.1±0.02 and 0.09±0.02 at mRNA level)
(0.22±0.04, 0.2±0.03, 0.11±0.04 and 0.13±0.03 at protein
level) (P<0.05). Compared with cells non-transfected
(TIMP2: 2.77±0.03, MMP-2: 0.5±0.04, MMP-1: 0.49±0.07)
and transfected with empty vector (TIMP2: 2.79±0.04,
MMP-2: 0.48±0.03, MMP-1: 0.45±0.09), these two clones
had lower expression levels of TIMP2(A-2 clone group:
2.7±0.02 and A-8 clone group: 2.71±0.02) (P<0.05) and

Key words: Adrenomedullin; Hepatic stellate cell; Procollagen
type I and III
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INTRODUCTION
Liver fibrosis is the common pathological consequence of
chronic hepatic diseases. Many factors may lead to hepatic
fibrosis[1,2]. HSCs represent up to 15% of the resident cells
of the liver and play a pivotal role in hepatic fibrosis[3]. In
response to liver injury, quiescent HSCs can be activated
and differentiated into hepatic myofibroblast cells
characterized by elevated proliferation rate, increased
secretion of ECM proteins and TIMPs, declined expression
of MMPs and secretion of a wide range of cytokines.
Therefore, it is generally accepted that HSCs are the target
of anti-fibrotic strategies of the liver.
AM, a peptide isolated from human pheochromocytoma,
is a member of the calcitonin gene-related peptide(CGRP)
family[4,5] . AM is produced by a variety of cells such as
vascular endothelial cells, smooth muscle cells, fibroblasts
and mesangial cells[6-9]. It was reported that hHSCs express
the receptor CRLR for AM and their associated proteins
RAMP-1 and RAMP-2 in addition to spontaneously secreting
AM [10,11]. AM acts as a circulating hormone and elicits
multiple biological activities in a paracrine or autocrine
manner [12]. Several reports have demonstrated that AM
inhibits proliferation of glomerular mesangial cells and
cardiac fibroblasts[13,14], antagonizes the secretion of collagen
and lightens fibrosis degree[14-16].
The inhibitory effects of AM on mesangial cells and
cardiac fibroblasts lead to a hypothesis that AM may have
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the same influence on HSC. To test it, we investigated the
effects of AM gene overexpression on cell proliferation,
synthesis of procollagens and MMPs/TIMPs system in
activated hHSCs by stable transfection, in pursuing the
possible novel clue for therapeutics of liver fibrosis.

MATERIALS AND METHODS
Cell culture
Immortal activated human hepatic stellate cells were
generously gifted indirectly by a member in the group of
Professor David A. Brenner (Columbia University, NY).
The cells were cultured in Dulbecco’s modified Eagle’s
medium (DMEM, GIBCO, USA) containing 4 mmol/L
L-glutamine and 10% fetal calf serum (GIBCO, USA) at
37 ℃ in a humidified atmosphere of 50 mL/L CO2.
Stable transfection
PcDNA3/AM was recombined with PcDNA3 vector and
rat AM gene cDNA gifted by Professor Kazuo Kitamura
(Miyazaki Medical College, Japan) between the site of
restriction endonucleases EcoRI and XhoI. hHSCs were
seeded into 6-well plates at a density of 1.5×105 cells/mL
in DMEM containing 10% FCS and incubated at 37 ℃ in
a CO2 incubator until the cells reached 70-80% confluence.
Transfection of PcDNA3/AM and PcDNA3 empty vector
was performed with lipofectamineTM2000 reagent (Life
Tech, USA) following the manufacturer’s instructions.
Stably transfected cells were selected after growing in
DMEM containing 600 ug/mL G418(GIBCO, USA) for
5-6 wk. Individual clones of stable transfectants bearing
PcDNA3/AM and PcDNA3 were isolated and screened
for AM mRNA expression by RT-PCR analysis, and tested
for AM protein secretion by RIA. Two clones named A-2
and A-8 expressing the highest level of AM gene were
chosen for further analysis.
Radioimmunoassay
Control and transfected cells grown on 6-well plates to
confluence were washed twice with PBS and incubated in
DMEM with 0.2% FCS for 24 h at 37 ℃. Viability of cells
after 24 h incubation was estimated to be more than 97%
by trypan blue staining. Culture media were collected,
acidified with acetic acid (final concentration, 1 mol/L),
heated at 100 ℃ for 10 min to inactivate protease and
lyophilized. The lyophilizates were dissolved in RIA buffer
and submitted to RIA for AM (AM (1-50), rat RIA kit,
phoenixpeptide, USA).
Detection of cell proliferation
DNA synthesis of different groups of cells were assessed
by BrdU (Sigma, USA) incorporation and immunocytochemistry.
In brief, different groups of cells (1×10 5 cell/mL) were
grown to subconfluence on the 6-well plates. During the
last 4 h of incubation, BrdU was added to the culture medium
at a final concentration of 15 g/mL. Cultures were fixed
in methanol: acetic acid (3:1) for 15 min, and BrdU-positive
cells were detected by immunocytochemistry. The percentage
of positive cells was evaluated by counting 1 000 cells
per dish.
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Semi-quantitative RT-PCR
Total RNA was extracted from cells using TRIzol reagent
(Shanghai Sangon, China) following the manufacturer’s
instructions. RNA concentration and purity were determined
with GeneQuant II RNA/DNA calculator (Pharmacia
Biotech, UK). The quality of RNA was checked by
for maldehyde agarose gel electrophoresis. RT was
performed with oligo (dT) primer using a complementary
DNA (cDNA) synthesis kit (Promega, German). Specific
primers for PCR were as follows: AM: sense 5’ TGGCAGCATTGAACAGTCGG 3’ and antisense 5’TTATGAGCGGGCAAGGCAG 3’; procollagen type I: sense 5’AAGGTGTTGTGCGATGACG 3’and antisense 5’GGAGACCACGAGGACCAGAG 3’; procollagen type III: sense
5’GCGGAGAATACTGGGTTG 3’ and antisense
5’TGGTATGTAATGTTCTGGGAG 3’; GAPDH: sense
5’CCATGGAGAAGGCTGGGG 3’and antisense
5’CAAAGTTGTCATGGATGACC 3’. In preliminary
experiments, we determined the optimal number of cycles
within the linearity of reactions for each PCR product. The
cycle number was 28 cycles for AM, 23 cycles for GAPDH
and 30 cycles for procollagen types I and III. PCR was
carried out at 95 ℃ for 5 min followed by individual cycles
at 95 ℃ for 60 s, at 59 ℃ for 60 s and at 72 ℃ for 30 s
with an extension step at 72 ℃ for 10 min at the end of the
last cycle. The products were separated on 1.5% agarose
gel. The intensity of PCR products was calculated with Kodak
Scientific Imaging System (Eastman Kodak, USA), and the
values were depicted as the ratio to those of GAPDH.
Western blot
Cells were washed twice with ice-cold PBS, and lysed on ice by
addition of lysis buffer (30 mmol/L HEPES, 150 mmol/L
NaCl, 1% Triton X-100, 0.1% SDS, 1% deoxycholic acid,
0.2 mmol/L PMSF, 1.0 g/mL pepstatin A, 3.5 g/mL
aprotinin and 10 g/mL leupeptin) for 20 min. Cell lysates
were cleared by centrifugation at 20 000 g for 10 min at
4 ℃, and the quantity of total protein was evaluated by BCA
protein assay (Pierce, USA). Protein samples with the addition
of 5× SDS sample buffer were heated at 100 ℃ for 5 min,
subjected to 6% SDS-PAGE (procollagen types I and II) and
10% SDS-PAGE (MMP1, MMP2, TIMP2), and transferred
by electroblotting onto 0.45 m PVDF membranes (Millipore,
USA). The membranes were blocked overnight with 5%
non-fat milk in Tris-buffer plus 0.1% Tween-20, probed
with rabbit anti- collagen types I and III (produced by our
laboratory[17]) at 1:100 dilution, mouse MMP-2 and TIMP2
monoclonal IgG and rabbit anti-MMP-1 (Oncogene, CA) at
1:200 dilution overnight at 4 ℃, incubated with biotinylated
secondary antibodies and ABC kit (1:500) (vector, USA) at
room temperature for 1 h and visualized with DAB (Sigma,
USA). -actin was used as internal control. Densitometric
analysis was carried out using Kodak Scientific Imaging
System (Eastman Kodak, USA).
Statistical analysis
All values were expressed as mean±SD, ANOVA and 2
test were used to determine the significance of differences
among the four groups. P<0.05 was considered statistically
significant.
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RESULTS
Expression level of AM gene in HSC
The expression of both AM mRNA and protein in
pcDNA3/AM group was much higher than that in nontransfected group and empty vector group. At mRNA level,
the ratio of AM/GAPDH was 0.86±0.11, 1.01±0.11,
1.44±0.08 and 1.36±0.05 in non-transfected group, empty
vector group, A-2 clone group and A-8 clone group,
respectively (P<0.05) (Figure 1). At protein level, the
secretion of AM in A-2 clone group (12.56±0.06) and A-8
clone group (12.62±0.07) was higher than that in nontransfected group (12.31±0.17) and empty vector group
(12.35±0.12) (P<0.05) (Figure 2). There was no significant
difference between non-transfected group and empty vector
group.
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The percentage of BrdU-positive cells in non-transfected
group, empty vector group, A-2 clone group, and A-8 clone
group was 29.6%, 30.9%, 18.9% and 21.8%, respectively
(2 = 58.492, P<0.05). Cells overexpressing AM gene showed
a statistically lower incorporation of BrdU than cells nontransfected or transfected with empty vector. No difference
was detected between non-transfected group and empty
vector group.
Effects of AM gene overexpression on expression of
procollagen types I and III
In non-transfected group, empty vector group, A-2 clone
group, and A-8 clone group, the ratio of procollagen type
I/GAPDH at mRNA level was 0.58±0.1, 0.48±0.11,
0.3±0.06 and 0.31±0.07, respectively (P<0.05); the ratio
of procollagen type III/GAPDH at mRNA level was
0.17±0.04, 0.15±0.03, 0.1±0.02, and 0.09±0.02, respectively
(P<0.05) (Figure 3); the ratio of procollagen type I/-actin
at protein level was 0.27±0.07, 0.3±0.06, 0.14±0.05 and
0.13±0.05, respectively (P<0.05); the ratio of procollagen
type III/-actin at protein level was 0.22±0.04, 0.2±0.03,
0.11±0.04 and 0.13±0.03, respectively (P<0.05) (Figure 4A).
The expression levels of procollagen types I and III in cells
transfected with pcDNA3/AM were lower than those in
cells non-transfected and transfected with empty vector.
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Figure 1 Expression of AM mRNA in hHSCs detected by RT-PCR. M: DL2000 DNA marker; 1: non-transfecting group; 2: pcDNA3 vector group; 3: A-2
clone; 4: A-8 clone. aP<0.05 vs non-transfecting group.
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Figure 2 Secretion of AM from hHSC. A: non-transfecting; B: pcDNA3 group;
C: A-2 clone; D: A-8 clone. aP<0.05 vs non-transfecting group.

Impact of AM gene overexpression on cell proliferation
To investigate whether overexpression of AM gene could
influence cell proliferation of HSC, we used BrdU incorporation
to measure DNA synthesis among different groups of cells.

2

3

4

Figure 3 Expression of procollagen types I and III mRNA in hHSCs detected by
RT-PCR. M: DL-2000 DNA marker; 1: non-transfecting group; 2: pcDNA3
vector group; 3: A-2 clone; 4: A-8 clone. aP<0.05, cP<0.05 vs non-transfecting
group.

Influence of AM gene overexpression on MMPs/TIMPs
We used Western blot to detect the protein expression levels
of MMP-1, MMP-2 and TIMP2 in different groups of
cells. In non-transfected group, empty vector group, A-2
clone group, and A-8 clone group, the ratio of MMP-1/
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Figure 4 Expression of procollagen type I and III protein (A) and MMP-1, MMP-2
and TIMP2 (B) in hHSCs detected by Western blot. 1: non-transfecting group; 2:

pcDNA3 vector group; 3: A-2 clone; 4: A-8 clone. aP<0.05, cP<0.05, eP<0.05 vs
non-transfecting group.

-actin was 0.49±0.07, 0.45±0.09, 0.68±0.06 and 0.81±0.09,
respectively (P<0.05); the ratio of MMP-2/-actin was
0.5±0.04, 0.48±0.03, 0.15±0.05 and 0.13±0.04, respectively
(P<0.05); and the ratio of TIMP2/-actin was 2.77±0.03,
2.79±0.04, 2.7±0.02 and 2.71±0.02, respectively (P<0.05)
(Figure 4B). Cells transfected with pcDNA3/AM showed
a significantly higher protein expression of MMP-1 but a
lower protein expression of MMP-2 and TIMP2 than cells
non-transfected and transfected with empty vector.

system, AM has an inhibitory effect on proliferation of
cardiac fibroblasts[11]. In our study, hHSCs were stably
transfected with pcDNA3/AM and two clones with high
expression of AM were selected. Compared with cells nontransfected and transfected with empty vector, these two
clones showed a significantly lower incorporation of BrdU,
indicating that AM gene overexpression exerts an inhibitory
effect on proliferation of HSCs.
Among several functions of AM, its negative effect on
synthesis of collagen and fibrosis[24] interests us most. Several
reports implicated that AM dose-dependently inhibits
collagen synthesis in cardiac fibroblasts[11] and human tubular
epithelial cell line (HK-2) stimulated by TGF-1[12] In vivo
study, AM gene delivery attenuates interstitial fibrosis and
ECM formation within the heart[13]. In agreement with the
data reported above, our results showed that the expression
levels of procollagen types I and III in pcDNA3/AM group
were significantly lower than those in non-transfected group
and empty vector group, indicating the antagonistic effect
of AM on synthesis of ECM.
One characteristic of liver fibrosis is the excessive
accumulation of ECM, which results from the imbalance
between its secretion and degradation. MMPs/TIMPs are
a family of proteins which participate in and regulate the
process of ECM degradation. Collagen types I and III cover
about 60-70% and 20-30% of the total collagen of fibrotic
liver, respectively [25,26], both MMP-1 and MMP-2 can
degradate these two types of collagen. We found that cells
transfected with PcDNA3/AM had lower expression levels
of MMP-2 and TIMP2 but higher expression level of
MMP-1 than cells non-transfected and transfected with
empty vector by Western blot. We hypothesize that AM
may exert effects on MMP-1 and MMP-2 gene transcription
and expression through different signal transduction
pathways. Transcriptional regulation of MMPs is dependent

DISCUSSION
Liver fibrosis represents the final common pathological
outcome for the majority of chronic liver insults[18]. HSCs,
previously termed as fat or vitamin A-storing cells or Ito
cells are the most pathogenetically relevant cell type for
development of liver fibrosis[19-21]. Activated HSCs show
an elevated proliferation rate, synthesize and secrete some
extracellular matrix components [22] and contribute to
diminished degradation of ECM by expressing TIMPs. It
is generally accepted that HSCs are important target cells
for the treatment of liver fibrosis.
AM was discovered from human pheochromocytoma
tissue in 1993 [4]. The function of AM is mainly mediated
by intracellular adenylate cyclase coupled with cyclic
adenosine monophosphate (cAMP) and nitric oxide (NO)cyclic guanosine monophosphate (cGMP) pathways through
its specific receptor. Many functions have been ascribed to
AM aside from vasodilation and hypotension effects. AM
can act as a regulator of cell growth, but its paradoxical
effect on cell growth depends on the cell type. It was
reported that AM/AMBP-1 exerts anti-apoptotic effects
on vascular endothelial cells[23]. In glomerular mesangial cells,
AM exerts its anti-proliferative effect mainly through a
cAMP-dependent mechanism[10]. Also in the cardiovascular
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upon multiple DNA binding elements in their promoters.
Multiple PEA3 sites which bind to members of the Ets
family of transcription factors such as AP-1 site present in
promoters of all the MMPs except for MMP-2 [27,28] . In
HSC, stimulation of AM gene overexpression is likely to
be transducted by various signal pathway cascades which
interact with specific transcription factors, and the binding
of these specific transcription factors to different DNA
sites in promoters of MMP-1 and MMP-2 may result in
divergent effects of AM on MMP-1 and MMP-2 expression.
Higher expression level of MMP-1 and lower expression
level of TIMP2 in PcDNA3/AM group benefit the
degradation of ECM, suggesting that AM gene overexpression
may reduce deposition of ECM in liver. AM gene
overexpression may indirectly affect the expression of
MMP-2 through its inhibitory effect on the expressions of
procollagen type I, because some reports indicate that
expression of collagen I correlates with MMP-2, and MMP-2
activation can be induced by collagen I in a dose-dependent
manner[29,30]. In our study, AM gene overexpression inhibited
the expression of procollagen type I, which is likely to reduce
the expression of MMP-2.
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Abstract
AIM: Peroxynitrite (ONOO–) is a powerful oxidant shown
to damage membranes. In the present study, the effect
of taurine on changes of liver plasma membrane Na+, K+ATPase induced by ONOO– was investigated.
METHODS: Liver plasma membrane was exposed to
ONOO– with or without taurine. Na + , K+ -ATPase activity
and lipid peroxidation as thiobarbituric acid reactive
substances (TBARS) levels were measured.
RESULTS: Different concentrations of ONOO– (100, 200,
500, and 1 000 mol/L) were found to decrease liver
plasma membrane Na+, K +-ATPase activity significantly.
The depletion of enzyme activity was not concentration
dependent. Effects of different concentrations of taurine
on liver plasma membrane Na+, K+-ATPase activity were
also measured. Taurine did not cause any increase in
enzyme activity. When plasma membranes were treated
with 200 mol/L ONOO– with different concentrations of
taurine, a restoring effect of taurine on enzyme activity
was observed. TBARS levels were also measured and
taurine was found to decrease the elevated values.
CONCLUSION: Taurine is observed to act as an antioxidant
of ONOO– to decrease lipid peroxidation and thus affect
liver plasma membrane Na+ , K+-ATPase by restoring its
activity.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Taurine (2-aminoethanesulfonic acid) is present as a free
amino acid in mammalian tissues like liver, heart, brain,
and leukocytes[1]. Although it does not take part in protein
structure, it has a pivotal role in maintenance of various
cellular functions like osmoregulator, neuromodulator, and
membrane stabilizer [2]. Besides its hypolipidemic and
antiatherosclerotic effects, it is proved to be an effective
antioxidant[3-6].
ONOO– is a powerful oxidant that can be formed by
the reaction of superoxide anion and nitric oxide in
significant amount in vivo. It has been shown to be associated
with both beneficial and harmful effects. Its contribution
to the host-defense response to bacterial invasion is known
to be due to its production by neutrophils and macrophages.
On the other hand, the role of ONOO – in ischemiareperfusion has been implicated to cause myocardial
dysfunction and infarction[7]. ONOO– can react with DNA
leading to mutations and strand breaks. It can cause
oxidation of thiol groups, proteins and low molecular
antioxidants and induce lipid peroxidation[8]. It is also known
to nitrate macromolecules to contribute to various
pathophysiological conditions.
Na+, K+-ATPase is a plasma membrane-bound enzyme
that provides the necessary electrochemical gradients of
Na+ and K+ to maintain the cell volume and thus it plays a
crucial role in homeostasis[9] . It functions by exporting
intracellular Na+ and importing extracellular K+ across the
plasma membrane to provide energy for membrane
transport of various metabolites taking part in special cell
functions. Therefore, dysfunction of the enzyme may lead
to severe consequences.
Na+, K+-ATPase has been known to be a good target of
free radical induced membrane damage[10]. Lipid peroxidation
induced by free radicals has been shown to inactivate the
enzyme by particularly modifying the active site for binding
of the substrates[11]. ONOO– has also been known to disrupt
membrane fluidity and decrease Na+, K+ -ATPase activity
by oxidation of its thiol groups and probably partially due
to nitration of its aromatic amino acids[12,13].
In this study we investigated the effects of taurine on
changes of liver plasma membrane Na+, K+-ATPase induced
by ONOO– .
MATERIALS AND METHODS
Materials
Bovine liver obtained from slaughterhouse from freshly
slaughtered animal was rapidly rinsed with ice-cold
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Liver plasma membrane preparation
Frozen liver portions were homogenized in ice-cold buffer
containing 8% saccharose, 0.1 mmol/L phenylmethane
sulfonyl fluoride, 1 mmol/L EDTA and 30 mmol/L
imidazole-HCl, pH 7.4[14]. The homogenate was centrifuged
at 120 r/min for 5 min, 6 800 r/min for 15 min and
48 000 g for 30 min using Sorvall centrifuge with AH-650
rotor. The obtained pellet was resuspended in 8% saccharose
and 30 mmol/L imidazole-HCl, pH 7.4 and stored at -80 ℃
until use.
ONOO– preparation
Five milliliters of 0.6 mol/L NaNO2 and 5 mL 0.6 mol/L
H 2O 2 in 0.7 mol/L HCl were filled in two syringes
separately[15]. They were immersed in ice for about 30 min.
A beaker containing 5 mL 1.2 mol/L NaOH solution with
a magnetic stirrer was also cooled on ice. The syringes, after
being cooled, were held with a T-piece above the NaOH
solution that was in ice. Both plungers were rapidly pressed
down at the same time. Excess H2O2 was removed by using
granular MnO2 (2 g) at 4 ℃. Concentration of ONOO–
was determined by measuring the absorbance at 302 nm
using the extinction coefficient of 1 670/M×cm. ONOO–
solution was kept at -80 ℃.
Preparation of decomposed ONOO–
Samples of the ONOO– solution were allowed to decompose
overnight in imidazole-HCl buffer to control the effect of
decomposition products, nitrite and nitrate, and H2O2.
Treatment of liver plasma membrane with ONOO– and taurine
One hundred microliters of plasma membrane samples
(30 g protein) were incubated with 5 L of 100, 200,
500, and 1 000 mol/L ONOO – solutions at room
temperature. The incubations were done with decomposed
ONOO– as well. Following incubations, membrane Na+ ,
K + -ATPase activity and thiobarbituric acid reactive
substances (TBARS) levels were assayed.
One hundred microliters of plasma membrane samples
(30 g protein) were incubated with taurine (1, 2, and
5 mmol/L) and 200 mol/L ONOO– (5 L) plus 10 L
of taurine (1, 2, and 5 mmol/L). Following incubations,
membrane Na+ , K +-ATPase activity and TBARS levels
were measured.
Assay of Na+, K+-ATPase activity
Enzymatic activity was measured in triplicate by the inorganic
phosphate (Pi) released from ATP in the presence or absence
of 1 mmol/L ouabain[12]. Membrane preparations (20 g)
were added to the medium containing 150 mmol/L NaCl,
5 mmol/L KCl, 2.5 mmol/L MgCl 2 and 20 mmol/L
imidazole-HCl buffer, pH 7.4. After 8 min of preincubation
at 37 ℃, 2.5 mmol/L ATPNa2 was added to make the
final volume of 0.5 mL and to start the reaction. The
samples were incubated at 37 ℃ for 30 min. The reaction
was stopped by the addition of 100 L of 35% ice-cold
trichloroacetic acid. The amount of liberated P i was

measured in the supernatant by using FeSO4-ammonium
molybdate solution. The mixtures were kept for 5 min in
the dark and the absorbances were measured at 700 nm.
Determination of lipid peroxidation
The level of lipid peroxidation was assessed by the
determination of TBARS[16]. Following incubation with
ONOO– , membrane samples were reacted with TBA to
yield a pink colored product. Absorbances were measured
at 532 nm and the amount of TBARS was calculated by
using the extinction coefficient of 1.56×105/M×cm.
Protein determinations were done by the method of
Lowry et al[17], using bovine serum albumin as a standard.
Statistical analysis
Ten experiments were performed separately. All results were
expressed as mean±SD. Statistically significant differences
between groups were analyzed by one-way analysis of
variance (ANOVA) followed by Tukey’s honestly significant
difference post hoc test (THS test).

RESULTS
Effect of ONOO– on liver plasma membrane Na+, K+-ATPase
When plasma membrane was treated with 100, 200, 500,
and 1 000 mol/L ONOO– solutions, significant depletion
of enzyme activity was obser ved with all ONOO –
concentrations (all P<0.05). However, ONOO– with a
concentration above 200 mol/L produced no additional
decreasing effect (Figure 1). Plasma membrane samples were
also incubated with decomposed ONOO–. This incubation
was made to eliminate the effect of decayed products and
contaminants. Decomposed ONOO– solutions were also
found to cause significant decreases in enzyme activity
(P<0.05).
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Figure 1 Effects of decomposed ONOO – and ONOO – on liver plasma
membrane Na + , K+-ATPase activity. Values are mean±SD, n = 10. Values not
sharing a common superscript letter are significantly different by ANOVA (THS
test), aP<0.05 vs controls. Control (black), decomposed ONOO- (gray lines),
ONOO– (white lines).

Effect of taurine on liver plasma membrane Na+, K+-ATPase
The effect of taurine on Na+, K+-ATPase is shown in Table 1.
After incubation of liver plasma membrane with 1, 2,
and 5 mmol/L taurine, Na+, K +-ATPase activities were
unchanged.
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Table 1 Effect of taurine on liver plasma membrane Na+, K+-ATPase
activity (values are mean±SD, n = 10)
Groups

Na+,K+-ATPase activity (nmol Pi/mg Pr/min)

Control

815.64±116.4

Taurine (1 mmol/L)

798.60±31.52

Taurine (2 mmol/L)

806.20±61.39

Taurine (5 mmol/L)

781.06±77.62

Effect of taurine on ONOO– induced inhibition of liver plasma
membrane Na+, K+-ATPase
Since ONOO– at concentration >200 mol/L has not
caused additional depletion in enzyme activity, 200 mol/L
was chosen to observe the effect of different concentrations
of taurine on the change in enzyme activity (Table 2). With
all chosen taurine concentrations, significant activity increases
from the depleted values by decomposed ONOO– and
ONOO– were observed (all P<0.05).
Table 2 Effects of 200 mol/L decomposed ONOO– and ONOO- with
and without taurine on liver plasma membrane Na+, K + -ATPase activity (values are mean±SD, n = 10)
Groups
Decomposed ONOO– (200 mol/L)
Decomposed ONOO– (200 mol/L)
+taurine (1 mmol/L)
Decomposed ONOO– (200 mol/L)
+taurine (2 mol/L)
Decomposed ONOO– (200 mol/L)
+taurine (5 mmol/L)
ONOO– (200 mol/L)
ONOO– (200 mol/L)+taurine (1 mmol/L)
ONOO– (200 mol/L)+taurine (2 mmol/L)
ONOO– (200 mol/L)+taurine (5 mmol/L)

Na+,K+-ATPase activity
(nmol Pi/mg Pr/min)
261.86±38.32a
460.24±51.28a
452.07±50.92a
435.61±71.44a
62.36±18.77a
115.37±27.19a
114.34±27.34 a
113.86±16.32 a

Values not sharing a common superscript letter are significantly different by
ANOVA (THS test), aP<0.05 vs others.

Effect of taurine on liver plasma membrane lipid peroxidation
TBARS levels were measured when liver plasma membrane
was incubated with 200 mol/L decomposed ONOO– and
200 mol/L ONOO– with or without taurine (1, 2, and
5 mmol/L) (Table 3). The elevation of lipid peroxide levels
was decreased with taurine in a concentration-dependent
manner (P<0.05).
Table 3 Effects of taurine, 200 mol/L decomposed ONOO – and
ONOO– with and without taurine on liver plasma membrane. TBARS
levels (values are mean±SD, n = 10)
Groups
Control
Taurine (1 mmol/L)
Taurine (2 mmol/L)
Taurine (5 mmol/L)
Decomposed ONOO– 200 mol/L
ONOO– (200 mol/L)
ONOO– (200 mol/L)+taurine (1 mmol/L)
ONOO– (200 mol/L)+taurine (2 mmol/L)
ONOO– (200 mol/L)+taurine (5 mmol/L)

TBARS (nmol MDA/mg Pr)
4.84±0.45a
4.80±0.43a
4.73±0.39a
4.31±0.41a
6.10±0.80a
25.62±1.08a
19.80±0.78a
17.52±0.73a
14.80±0.85a

Values not sharing a common superscript letter are significantly different by
ANOVA (THS test), aP<0.05 vs others.
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DISCUSSION
In this study, ONOO– at 200 mol/L was found to significantly
decrease Na + , K +-ATPase activity, when liver plasma
membrane was treated with different concentrations of
ONOO–. Increasing ONOO– concentration did not appear
to cause an additional decreasing effect. In our previous
works, human sperm Na+, K +-ATPase located in plasma
membrane was also found to be significantly decreased when
treated with 100 mol/L ONOO–[13], with increasing lipid
peroxide levels and decreasing total sulfhydryl content[18] .
Indeed, ONOO– releasing agents like 3-morpholinosydnonimine (SIN-1) have been found to inhibit Na+,K +ATPase activity by interacting with a sulfhydryl group at
the active site[19]. Incubation of liver plasma membrane with
SIN-1 reduced Na+, K+-ATPase activity and it was suggested
that ONOO– caused inhibition both by oxidizing thiol groups
and in part by decreasing membrane fluidity[12].
Rat erythrocyte membrane Na+, K + -ATPase was also
found to be inhibited by ONOO–, which was considered to
be compatible with oxidation of thiol groups either directly
by being involved in ATP binding or of those located outside
the active site being important for enzyme activity[20].
Taurine has been found to restore depletion of
membrane Na+, K+-ATPase activity due to ozone exposure
or cholesterol enrichment, thus considered both as an
antioxidant to prevent lipid peroxidation and as a membrane
stabilizer to maintain the environment for Na+, K+-ATPase
to function properly[21]. Glucose-induced lipid peroxidation
and protein glycosylation have been lowered and erythrocyte
Na+, K +-ATPase and Ca2+-ATPase activities preserved by
taurine treatment, implicating the inhibition of development
of diabetic complications[22]. Chronic taurine supplementation
has also been proved to decrease lipid peroxidation and
preserve retinal Na+, K+-ATPase activity in diabetic rats[23].
The scavenging activity of taurine against superoxide
anion and peroxides is under debate[24-27]. There are studies
suggesting the absence of a direct reaction of taurine and
oxygen-derived radicals, as well as taurine protection of
hepatocytes against H2O 2-stimulated damage[24]. While
protection provided by taurine against reactive oxygen
species has been assumed as an indirect action, its reaction
with hypochlorous acid is clearly shown[28]. In the study of
Redmond et al [29] , however, treatment of cultured
hepatocytes with 4 mmol/L taurine has been found to reduce
apoptosis and necrosis by inhibiting nitric oxide and oxy
radicals due to suppression of nitric oxide synthase mRNA.
Likewise in another study, it has been demonstrated that 1
mmol/L taurine could not reduce ONOO– formation by
SIN-1 treatment of cerebellar granular cells[30]. Indeed in
the study of Mehta and Dawson, taurine at concentrations
above 30 mmol/L has been shown to be only a modest
scavenger of ONOO– produced from SIN-1 [31].
Our study suggests that in vitro taurine treatment can
protect liver plasma membrane against oxidative damage
caused by ONOO–, by acting as an antioxidant and thus
contribute to restoring of Na+, K+-ATPase activity.
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Abstract
AIM: To examine the clinical spectrum of gastroesophageal
reflux disease (GERD) and compare erosive (ERD) with
non-erosive (NERD) in terms of clinical, demographic and
psychiatric profiles.
METHODS: Patients with reflux symptoms were enrolled
and stratified to NERD and ERD after endoscopy (LA
classification). Patients with ERD presenting with dyspepsia
were included. Patients on proton pump inhibitors (PPI)
or H2 receptor antagonists before endoscopy were excluded.
Demographic data, Helicobacter pylori (H pylori) status and
presence of minor psychiatric morbidity (based on General
Health Questionnaire-28) were analyzed.
RESULTS: Among 690 patients screened, 533 were
eligible for analysis (male to female ratio: 3:2; Chinese:
75.4%; Malay: 9.8%; Indian: 14.8%). Clinical spectrum
of GERD: N: 40.5%; A: 46%; B: 9.2%; C: 2.1%; D: 0.6%;
Barrett’s esophagus: 1.7%. Compared to patients with
NERD, patients with ERD were significantly older (45 vs
39.4 years), more likely to be male (64.4% vs 53.7%),
tended to smoke (19.6% vs 9.7%), less likely to have
minor psychiatric morbidity (26.4 vs 46.7%) and were
more likely to respond to PPI (79.7 vs 66.8%). There was
also a trend towards a higher BMI (24.5 vs 23.5). Race,
alcohol consumption and H pylori status were not significant.
On multivariate analysis, age and presence of minor
psychiatric morbidity remained with significant differences.
CONCLUSION: The majority of patients who have typical
symptoms of GERD have NERD or mild erosive reflux
disease. Compared to patients with erosive reflux disease,
patients with NERD were younger and had a higher prevalence
of minor psychiatric morbidity.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Gastroesophageal reflux disease (GERD) is a common
disorder in Western countries and is associated with a huge
economic burden. Although it is generally believed to occur
less frequently in Asia when compared to the West, recent
studies suggest that the prevalence of GERD in Asia is
increasing[1]. However, the epidemiology of GERD remains
to be fully elucidated, especially in the Asian context.
Understanding of the epidemiology and natural history is
important because it would facilitate appropriate and timely
diagnosis, treatment and allocation of healthcare resources.
In terms of epidemiological profile, it has previously been
reported that older age, male gender, white ethnicity are
risk factors in the development of severe forms of GERD[2,3].
As Singapore has an ethnically mixed population, it is ideal
for a study on the impact of racial differences on the type
and severity of reflux disease. In an earlier community based
study in Singapore, it was reported that Indians had a higher
prevalence of reflux symptoms[4]. In a subsequent study
looking at the issue of erosive and non-erosive reflux disease
(NERD) in Singapore, the only difference between the
groups was gender, with no difference in terms of age or
ethnic profile[5]. The role of Helicobacter pylori (H pylori) in GERD
also remains controversial, with several studies showing a
protective effect[6,7], whereas others have shown improvement
in symptomatology after H pylori eradication[8].
There are limited data on the relationship between GERD
and the psychosocial profile of a patient, especially with
regards to response to treatment and natural history. This
is in contrast to irritable bowel syndrome, where studies have
shown significant psychopathology[9,10]. In particular, data
based on direct comparisons between erosive (ERD) and
NERD are lacking. This relationship is important because
if significant psychopathology exists, this subgroup of
patients may benefit from adjunctive psychotherapy, in
addition to standard medical therapy with acid suppression
or pro-kinetics.
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MATERIALS AND METHODS
Consecutive patients of both gender aged 21-65 years of
either Chinese, Malay or Indian ethnic groups with symptoms
of GERD or endoscopic evidence of ERD, seen at the
Gastroenterology Division, Changi General Hospital,
Singapore, over a period from October 2001 to October
2002 were recruited.
Patients were diagnosed to have GERD on the basis of
either frequent complaints of heartburn and/or acid regurgitation for the last 3 mo or the presence of endoscopic
evidence of erosive reflux esophagitis based on the Los
Angeles (LA) classification[12-14]. Patients who presented with
dyspepsia but who were found to have erosive esophagitis
were included in the analysis.
Patients were excluded from the study if there was prior
use of antibiotics or bismuth containing compounds a month
before endoscopy, previous H pylori eradication therapy,
use of proton pump inhibitors (PPI) or H2 receptor antagonists
a month before endoscopy.
Basic demographic data were recorded. All subjects
underwent diagnostic OGD with the presence of erosive
esophagitis documented using the LA classification. If
Barrett’s esophagus was suspected, esophageal biopsy was
taken for confirmation. H pylori status was determined using
a rapid urease test (CLOtest; Delta West, Perth, Australia),
which had previously been validated locally[15].
Psycho-emotional assessment
The psycho-emotional profile of patients with reflux disease
was assessed using the General Health Questionnaire, 28
questions version (GHQ-28), a brief, subject-administered
questionnaire that measured current, non-psychotic, nonorganic psychiatric symptoms. This questionnaire had
previously been validated in Singapore against ICD-10
psychiatric diagnoses derived from structured psychiatric
interview with the Composite International Diagnostic
Interview. The optimal cut-off point for the GHQ-28 was
determined to be 4/5 for Chinese and 5/6 for Malays and
Indians in the Singapore context[16].
Statistical analysis
Parametric data were compared using the Student’s t-test,
while non-parametric data were compared using 2 test or

Fischer’s exact test. Multivariate analysis was performed
using logistic regression. P value <0.05 was taken as
statistically significant.

RESULTS
Patient characteristics and results of endoscopy
A total of 690 patients were screened, and 533 were eligible
for analysis. The male to female ratio was 3:2. In terms of
racial distribution, 75.4% were Chinese, 9.8% were Malays
while Indians and others comprised 14.8%. The clinical
presentation of GERD is shown in Table 1. The majority
of patients (64.8%) with the typical reflux symptoms of
heartburn or acid regurgitation had NERD. The clinical
spectrum of GERD, when considering both patients
presenting with typical reflux symptoms as well as those
presenting with dyspepsia, is shown in Figure 1. Among the
cohort, non-erosive or mild erosive reflux disease was
present in 95.7%; grade C or D erosive reflux disease was
present in just 2.6%, while the prevalence of Barrett’s
esophagus was only 1.7%.
Table 1 Clinical presentation of patients with GERD
Symptoms

NERD

ERD

Total

Heartburn, acid regurgitation
Dyspepsia

216
-

118
199

334
199

Total

216

317

533

50
Prevalence (%)

Traditionally GERD has been regarded as a spectrum
of disease. At one end of the spectrum are the patients with
symptomatic gastroesophageal reflux but no evidence of
esophagitis; at the other end of the spectrum are the patients
with complications such as esophageal stricture, Barrett’s
esophagus and adenocarcinoma. More recently a new
conceptual framework dividing GERD into three unique
groups of patients (NERD, erosive esophagitis and Barrett’s
esophagus) has been proposed[11].
In the light of all these observations, we decided to
reassess the clinical spectrum of GERD and examine whether
erosive (ERD) and NERD were distinct clinical entities in
Singapore, a multiethnic urban population. We compared
ERD and NERD in terms of clinical, demographic and
psychiatric profiles.
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Figure 1 Endoscopic features of GERD.

Comparison of NERD with ERD
A comparison was made between patients with NERD and
ERD, with the key results from univariate analysis shown
in Table 2. Patients with NERD were younger than ERD
patients (39.4 years vs 45 years) and were more likely to be
female (46.3% vs 35.6%). The prevalence of minor psychiatric
morbidity was significantly higher among NERD patients
(46.7% vs 26.4%) and the clinical response to PPI was poorer
(66.8% vs 79.7%). The proportion of smokers was significantly
lower among NERD patients and there was a trend towards
a lower body mass index.
On multivariate analysis, the association of NERD with
a younger age and a higher prevalence of minor psychiatric
morbidity remained statistically significant.
There was no significant difference between NERD and
ERD patients in terms of racial distribution, H pylori status
and alcohol consumption.
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Table 2 Comparison of NERD with ERD: outcome of univariate
analysis

Mean age (yr)

NERD
(n = 216)

ERD
(n = 317)

P

39.4

45.0

0.02

46.3

35.6

0.015
NS

Gender:
female (%)
Ethnic group:
Chinese:Malay:Indian

165:17:34

237:35:45

BMI

23.5

24.5

NS

Minor psychiatric co-morbidity (%)

26.4

46.7

0.002

Clinical improvement with PPI (%)
Smoking (%)

66.8
9.7

79.7
19.6

<0.001
0.001

H pylori + (%)

24.8

27.5

NS

DISCUSSION
There is limited epidemiologic data on GERD in Asia. In
particular, data on a direct comparison of ERD and NERD
with respect to demographic and psychiatric profiles are
lacking. Although the prevalence of GERD is lower in Asia
compared to Western countries, it had been predicted that
its incidence and prevalence will rise and become similar to
that seen in Western populations. It had been suggested
that similar to the change in Western populations that
occurred in the last century, in Asian populations, a reduction
in the rate of developing corpus gastritis from dietary
changes would lead to a change in epidemiology of H pylorirelated diseases such as atrophic gastritis, gastric ulcer and
gastric cancer would be replaced by duodenal ulcer. In
addition, improved sanitation would also lead to decreased
prevalence of H pylori. These changes would lead to patients
with asymptomatic gastroesophageal reflux developing
gastroesophageal disease because of increased delivery of
esophageal acid load[17]. As such, our study is especially relevant
in view of this anticipated increased clinical burden of
GERD.
Consistent with other published data, the majority of
our patients did not have severe erosive reflux disease. In
our series, only 2.7% of patients had either LA classification
grade C or D reflux esophagitis, while the prevalence of
Barrett’s esophagus was only 1.7%. Although there are studies
that suggest that the majority of patients with GERD
actually have NERD[14,18], in our study the overall prevalence
of NERD was 40.5% while that of grade A reflux esophagitis
was 46%. This may reflect the fact that our data was hospitalbased, rather than community-based, and that patients with
dyspepsia and ERD were included, with the consequent
results that our data were more similar to the results of
earlier studies[19]. When only patients with classic symptoms
of heartburn or acid regurgitation were considered, the
majority (64.8%) had NERD.
We studied ERD and NERD in terms of differences in
age, race, gender, BMI, smoking, H pylori status and
psychiatric profile. These variables may predispose to GERD
in terms of an impact on development of gastroesophageal
reflux via an effect on the lower esophageal sphincter, the
amount of acid refluxate, or the sensory threshold for symptom
generation. These factors may lead to more esophageal
damage and hence be commoner in ERD. A high BMI had
been correlated with GERD in laboratory studies[20,21]. It
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had been shown that older people were more likely to have
symptomatic gastroesophageal reflux, possibly related to a
poor esophageal acid clearance and decreased defense
mechanisms against reflux of gastric acid contents on the
esophageal mucosa[22]. Life-style factors such as smoking[23]
and alcohol consumption may have an impact on the lower
esophageal sphincter and lead to strain-induced reflux. The
role of H pylori infection in GERD is controversial. A
systemic review of 20 studies[24] found that the prevalence
of H pylori in subjects with GERD was significantly lower
than those without the prevalence. A recent study by Zhang
also found a protective role of H pylori infection in GERD.
However, a post hoc analysis of randomized trials of
H pylori therapy for peptic ulcer disease found no difference
in the likelihood of developing either reflux symptoms or
erosive esophagitis in individuals cured of H pylori infection
compared to those with persistent infection [25]. These
disparate observations may be reconciled by different pattern
of H pylori infection with resultant differences in gastric
acid secretion. In patients with corpus predominant gastritis,
H pylori infection may protect against reflux by decreasing
the potency of the gastric refluxate; conversely, in patients
with antral predominant gastritis, an increased acid output
may be prone to development of GERD[26].
The key differences between ERD and NERD in our
study were an association of a younger age and a higher
prevalence of minor psychiatric morbidity with NERD
patients when compared to ERD patients. There was a trend
towards a lower BMI in NERD patients. Importantly, there
was no difference in terms of ethnic group, gender, smoking
and prevalence of H pylori. These observations suggest that,
apart from older age, other demographic and life-style
factors are not useful in predicting which patients would
tend to have ERD.
Previous studies have shown that the prevalence of
reflux symptoms is higher among patients with known
psychiatric disorders compared to non-psychiatric patients[27]
and that among patients with GERD, a subset may have
significant psychological distress[28]. In our study, we took a
different perspective and stratified patients into ERD and
NERD. We found that the prevalence of minor psychiatric
co-morbidity among NERD patients was 46.7%, compared
to 26.4% among patients with ERD and this was statistically
significant. None of our patients had known psychiatric
illnesses. In a previous study which validated the use of
GHQ-28 as a screening psychiatric tool in Singapore[16], the
overall prevalence of common psychological symptoms
(minor psychiatric morbidity) in a community-based study
with 3 020 subjects was 16.8%. In that study, a subsequent
structured psychiatric assessment showed that affective and
anxiety disorders constituted the bulk of psychiatric disorders
in individuals who scored above threshold on the GHQ28. We believe that these types of psychologic disorders
would be reflected in our study sample as well. The
association of NERD with minor psychiatric co-morbidity
suggests that these patients may benefit from adjunctive
psychotherapy, in addition to standard medical therapy with
acid suppression or pro-kinetics. This is in agreement with
the concept that as an entity, NERD may actually be subclassified into a group with abnormal acid exposure, a group
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with normal acid exposure but a hypersensitive esophagus,
where a positive relationship exists between symptoms and
acid reflux events (symptom index ≥50%), and a group
with negative relationship between symptoms and acid reflux
events (symptom index <50%). Patients in the third group
may have esophageal perception modulated by peripheral
and central neural mechanisms, such as psychological comorbidity like anxiety, depression and stress, causing these
patients to perceive low-intensity intraesophageal events as
being painful[29].
Association of an older age with more severe erosive
reflux disease had been previously documented[2]. Although
Indians were previously shown to have a higher prevalence
of gastroesophageal reflux symptoms compared to the
Chinese and Malay populations[4], the proportion of patients
with ERD and NERD in all three ethnic groups was similar
in our study. We also looked at treatment response, and
similar to other published data, the clinical response to PPI
was lower in patients with NERD compared to ERD[14,30].
A possible explanation for this lower response rate to PPI
lies in the previously discussed sub-classification of NERD,
whereby a subgroup of patients actually have functional,
rather than acid-related, heartburn. Since the role of H pylori
in GERD is mainly to mask pre-existing gastroesophageal
reflux, rather than to cause GERD directly, not surprisingly,
no difference was demonstrated between ERD and NERD
patients.
In conclusion, in our ethnically diverse population, the
majority of patients with GERD had either NERD or mild
ERD. NERD was associated with a younger age and a higher
prevalence of minor psychiatric co-morbidity. In the
management of this group of patients, a formal psychiatric
assessment and adjunctive psychological and psychiatric
therapy may have a role, especially when refractory to standard
medical treatment.
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Abstract
AIM: To determine the prevalence of non-Helicobacter
pylori (H pylori)-related duodenal ulcer in patients with
acid-peptic diseases.
METHODS: Medical records of patients who attended the
Gastroenterology Department at Aga Khan University
Hospital from 1999 to 2001 and had endoscopic diagnosis
of duodenal ulcers were reviewed. Duodenal ulcer associated
with H pylori was diagnosed on the basis of endoscopy,
rapid urease test and histopathology whereas histories
of aspirin or other non-steroidal anti-inflammatory drugs
(NSAIDs) related duodenal ulcers. Non-H pylori, non-NSAID
duodenal ulcers were those without H pylori infection and
history of NSAID intake. Co-morbid conditions associated
were noted.
RESULTS: Of 2 260 patients, 10% (217/2 260) had
duodenal ulcer. Duodenal ulcer related to H pylori infection
accounted for 53% (116/217), NSAID-related 10% (22/217),
non-H pylori non-NSAID 29% (62/217), and 8% (17/217)
had both H pylori infection and histories of NSAID intake.
Fifteen percent (18/116) patients had past histories of
peptic ulcer disease in H pylori infection, while 8% (5/62)
in non-H pylori non-NSAID ulcer. Co-morbid conditions in
H pylori infection were seen in 23% (27/116) and 34%
(21/62) in non-H pylori non-NSAID ulcer.
CONCLUSION: Incidence of H pylori infection related with
duodenal ulcer is common. In the presence of co-morbids,
non-H pylori and non-NSAID duodenal ulcer is likely to be
present.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Peptic ulcer is a leading cause of morbidity and mortality.
Helicobacter pylori (H pylori) infection and nonsteroidal
anti-inflammatory drugs (NSAIDs) are recognized as the
most important causes of peptic ulcer disease. H pylori
infection is considered as a prerequisite for duodenal and
gastric ulcers[1,2]. The widespread use of NSAIDs has led to
an increased incidence of ulcer complications. There has
been an increase in admission for ulcer related complications
among elderly people, which is attributed to the increased
use of NSAIDs and low-dose aspirin[3]. An estimated 16 500
patients with arthritis die from the gastrointestinal toxicity
of NSAIDs every year[4]. The decline in prevalence of H pylori
infection in developed countries has changed the pattern of
peptic ulcer diseases[5]. Studies from North America showed
that 11-44% of peptic ulcers were not related to either of the
two factors[6,7]. In a meta-analysis of duodenal ulcer trials in
North America, 20% of patients had ulcer recurrence within
6 mo after the eradication of H pylori[8]. This is in contrast
with studies from Asia where the prevalence of H pylori
infection is high and that of ulcers not related to H pylori or
NSAIDs is very low[9,10]. In Pakistan, H pylori exposure rate
increases with advancement of age and lowering of socioeconomic status[11]. In a study, the overall exposure rate to
H pylori in children was 33% while in a group of adult dyspeptic
patients undergoing upper gastrointestinal endoscopy, the
prevalence of H pylori infection investigated by histology
and rapid urease test revealed that H pylori was associated
with 85% cases of duodenal ulcer[11,12]. The pattern of duodenal
ulcer in Karachi, Pakistan, extending over 13 year from
June 1976 to June 1989, demonstrated that duodenal ulcer
occurred predominantly between the 3rd and 5th decade of
life with a male-female ratio of 6:1 [13] . History of NSAID
intake was present in only 5% of these cases[13]. The aim of
this study was to determine the prevalence of non-H pylorirelated duodenal ulcer in our patients.
MATERIALS AND METHODS
This retrospective study was conducted at Aga Khan
University Hospital, Karachi, Pakistan. It is a tertiary care
center and used as a referral center for patients from all
over the country. Medical records of patients who attended
the endoscopy unit of Gastroenterology Department at Aga
Khan University Hospital from 1999 to 2001 and ICD-9-
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CM coded as duodenal ulcers diagnosed by esophagogastroduodenoscopy (EGD) were reviewed. These patients included
all referrals from both outpatient and hospital inpatient
services. All the patients were included only once for analysis.
Of these, 49% (1 115/2 260) patients had chronic gastritis,
9% (198/2 260) gastric ulcer, 32% (730/2 260) duodenitis
and 10% (217/2 260) duodenal ulcer. H pylori infection
was confirmed by rapid urease test and histopathology, which
was later used as the gold standard for the diagnosis. Age,
sex, co-morbid conditions, history of aspirin, NSAIDs,
proton pump inhibitor (PPI), histamine-2 receptor blocker
(H2-RB), antibiotics usage, etc., were noted. Co-morbid
conditions included hypertension, ischemic heart disease,
diabetes mellitus, dyslipidemia, arthritis, etc. NSAID/aspirin
usage was defined as ingestion of at least one dose within
4 wk before endoscopy. The current treatment of duodenal
ulcer and symptomatic relief that followed was noted. The
treatment consisted of a PPI alone or in combination of
clarithromycin and amoxicillin at a recommended dose for
1 wk[14]. Complete relief was defined requiring no further
medication while partial relief required maintenance
treatment with a PPI or H2-RB. The risk factors associated
with peptic ulcer diseases such as smoking and alcoholism
were also noted. The endoscopic lesions were defined as
duodenal ulcer with a break of ≥ 5 mm in the mucosal
surface with an apparent depth, duodenitis and signs of
active bleeding such as oozing and visible blood vessels.
Rapid urease test and histopathology results were also noted.
Histopathology documented H pylori infection in the
presence of Gram negative curved bacilli on staining with
hematoxylin-eosin (HE) in the presence of inflammation
that was graded according to Sydney classification. In
doubtful cases, Giemsa stain was used to stain the slides.
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Statistical analysis
Results were expressed as mean±SD, with median range for
all continuousvariables (age, dose, etc.) and number (percentage)
for categorical data (gender, etc.). Univariate analysis was
performed using Pearson’s 2 test, Fischer-exact test and
the difference in mean was evaluated by independent sample
t test wherever appropriate. P<0.05 was considered statistically
significant. Statistical interpretation of data was performed
using the computerized software program SPSS version 10.0.

RESULTS
The number of EGDs performed for upper gastrointestinal
symptoms over this period was 9 000. Of these, 2 260/9 000
had gastroduodenal diseases with H pylori infection-related
duodenal ulcer 53% (116/217), NSAID related 10% (22/217),
non-H pylori non-NSAID 29% (62/217), and both H pylori
and NSAID related 8% (17/217) (Table 1). Those with
NSAID-related duodenal ulcer had the highest mean age
of 62±16.2 years and lowest of 41±14.3 years in H pylori
infection. In all groups there was a male dominance.
Duodenal ulcer related to NSAID use and H pylori infection
Patients with NSAID-related duodenal ulcers had a higher
male: female ratio of 4:1 with mean age of 62±16 years
(Table 1). Abdominal pain was common in H pylori infection
54% (63/116) however, symptoms of abdominal pain,
hematemesis and melena were relatively more in those
with NSAID related duodenal ulcer covering 36% (8/22)
(Table 1). Endoscopic duodenitis and signs of active
bleeding were seen in those with H pylori infection-related
and NSAID-related duodenal ulcers (Table 1). Patients with
both H pylori and NSAID-related duodenal ulcers had no

Table 1 Clinical detail of the patients with duodenal ulcer (mean±SD)
Variables
Gender
Male
Female
Mean age±SD
Symptoms
Abdominal pain
Non-specific
AHM
Bloating
Past history
Peptic ulcer
Co-morbid
Endoscopy
Duodenitis
Active bleed
Therapy
Triple therapy
PPI
H2-RB
Symptom relief
Complete
Partial

H pylori
infection
(n = 116)

NSAIDs
related
(n = 22)

Non-H pylori
non-NSAIDs related
(n = 62)

H pylori and
NSAIDs related
(n = 17)

80

18

42

11

36
41±14.3

4
62±16.2

20
42±17

6
53±13.6

63
10
10

6
4
8

30
7
12

8
3
6

33

4

13

3

18

4

5

1

27

13

21

11

42

6

24

4

8

4

4

2

74

5

14

11

37
3

14
2

43
4

6
-

17
5

47
15

12
5

69
47

AHM = abdominal pain with hematemesis and melena.

P = 0.09
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Table 2 Co-morbid conditions associated with duodenal ulcer in different groups
Co-morbid
HTN
DM
IHD
Arthritis

H pylori
infection
(n = 27)
12
5
4
6

NSAIDs
related
(n = 13)
3
1
3
6

distinguishing features.
H pylori and non-H pylori non-NSAID duodenal ulcer
H pylori and non-H pylori non-NSAID duodenal ulcer had a
similar male:female ratio and mean age (Table 1). Co-morbid
conditions were more common in non-H pylori non-NSAID,
which were 34% (21/62) and 23% (27/116) in H pylori,
respectively (Table 2). In the presence of co-morbid
conditions, the likelihood of non-H pylori non-NSAID
duodenal ulcer was twice that of H pylori infection odds
ratio: 1.7; 95%CI: (0.8-3.5). Symptoms, endoscopic duodenitis
and signs of active bleeding were almost equally common
in both groups (Table 1).
Treatment of duodenal ulcer related to H pylori infection,
NSAIDs use and non-H pylori, non-NSAIDs
Triple therapy was administered to 64% (74/116) patients
with H pylori infection, while PPI was used in 69% (43/62)
non-H pylori non-NSAID ulcers and in 68% (15/22)
NSAID-related ulcers (Table 1). These forms of treatment
were associated with complete symptom relief of H pylori
infection in 59% (69/116), NSAID-related ulcer in 77%
(17/22) and non-H pylori non-NSAID ulcer in 76% (47/62),
with partial relief in 41% (47/116), 23% (5/22) and 24%
(15/62), respectively (P = 0.09, Table 1).

DISCUSSION
It is known that not all ulcers are caused by H pylori and
that there is evidence that the proportion of non-H pylori
ulcers is common. The present study demonstrated that
H pylori infection related duodenal ulcers accounted for 53%
and those associated with NSAIDs 10% (Table 1). The
NSAIDs used were conventional and not selective COX-2
inhibitors. The mean age and the male to female ratio of
patients with NSAID-related duodenal ulcer were comparatively higher than those of other three groups (Table 1).
We did not find any association between risk factors such
as smoking and alcohol intake with duodenal ulcer in any
group. Abdominal pain was frequent in all groups, the
combination of abdominal pain, hematemesis and melena
was prominently seen in association with non-H pylori nonNSAIDs. Past history of peptic ulcer diseases was present
in H pylori infection, none of these patients with past histories
of peptic ulcer diseases was found to be on maintenance
PPI or H2-RB. In keeping with other studies, co-morbid
conditions were commonly associated with non-H pylori nonNSAID-related duodenal ulcer[9,15]. As the sample size was
small, it was not sufficient to compare these co-morbid
conditions individually in each of the four groups. Endoscopic
duodenitis and signs of active bleeding on endoscopy were

Non-H pylori
non-NSAIDs related
(n = 21)

H pylori and
NSAIDs related
(n = 11)

9
3
8
1

1
2
4
4

not prominent in any particular group (Table 1). Duodenal
ulcer related to H pylori was treated with triple therapy but
only 56% became completely symptom free (Table 1). This
might be attributed to yet undefined proportion of nonulcer dyspepsia patients with co-existent carriage of H pylori.
The implications of this study are that in this group of
patients the incidence of H pylori infection related duodenal
ulcer compared with previous study by Kazi et al [12], was
low, this might be attributed to the eradication therapy of
H pylori infection, improvement of socio-economic and living
conditions. Also, practice of indiscriminate use of antibiotics
in our society might have contributed to this. Non-H pylori
non-NSAID duodenal ulcers were also present in our
population where there is a high incidence of H pylori
infection. Non-H pylori non-NSAIDs-related duodenal ulcers
were found in 29% (Table 1). However, a high incidence
of non-H pylori non-NSAIDs duodenal ulcer on a retrospective
study needs confirmation prospectively. Also, some cases
of H pylori infection might have been missed on both rapid
urease test and histopathology. It is also known that in some
of the critically ill patients with co-morbid conditions, stressrelated ulcers may occur. However, none of our patients
was critically ill or from intensive care units. The mean age
of our patients with H pylori infection and non-H pylori nonNSAID duodenal ulcer was the same in contrast to studies
in the West where non-H pylori non-NSAID duodenal ulcer
patients were of a higher age[9] . This can be explained by
H pylori, host and environmental factors all having a role in
peptic ulcer diseases. Etiological factors for the development
of non-H pylori non-NSAID duodenal ulcer remain to be
identified. In the presence of effective prophylactic agents,
ulcer complications related to NSAIDs were high in our
elderly patients.
In conclusion, H pylori infection-related duodenal ulcer
is still common while NSAID-related duodenal ulcers occur
in older age group. In the presence of co-morbid conditions,
non-H pylori non-NSAID duodenal ulcers are likely to be
present.
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Abstract
AIM: To assess the efficacy and safety of ranitidine bismuth
citrate plus clarithromycin given for 1 wk in Brazilian
patients with peptic ulcer.
METHODS: One hundred and twenty patients with peptic
ulcer were randomized in two treatment groups: (1) 1-wk
regimen consisting of ranitidine bismuth citrate 400 mg
b.i.d. with clarithromycin 500 mg b.i.d. or (2) 2-wk
regimen of the same treatment. Eradication of the
infection was considered when both the histologic
examination and the urease test were negative for the
infection 3 mo after treatment.
RESULTS: By intention to treat analysis, Helicobacter pylori
(H pylori) was eradicated in 73% and 76% of patients,
respectively treated for 1 or 2 wk (P>0.05). By per protocol
analysis, the eradication rates were 80% and 83%,
respectively, in patients treated for 1 or 2 wk (P>0.05).
Nine patients (8.2%) reported minor side effects.
CONCLUSION: One-week therapy with ranitidine
bismuth citrate and clarithromycin is safe, well tolerated
and effective for treatment of H pylori infection, and
appears to be comparable to the 2-wk regimen in terms
of efficacy.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
It is now well established that all patients with peptic ulcer
disease and Helicobacter pylori (H pylori) infection need to be
treated in order to eradicate the bacteria[1]. The cure of the
infection has proved to accelerate ulcer healing and markedly
decreases ulcer relapse[2] . A great number of different
therapeutic regimens have been evaluated in the eradication
of H pylori, but the ideal treatment has not yet been
determined. It has been recommended that eradication
regimens should achieve cure rates of at least 80%[3]. Triple
therapy using proton pump inhibitor with two antibiotics
given for 7 d has proved to meet this recommendation[4].
Dual therapy using ranitidine bismuth citrate (RBC) with
clarithromycin has also shown to be effective against the
infection. RBC associates the antisecretory properties of
ranitidine with the antibacterial and mucosal protection
properties of bismuth salts. High eradication rates have
been reported with the combination of ranitidine bismuth
citrate with either clarithromycin for 14 d[5,6] or two antibiotics
for 7 d [7-9]. More recently, it has been proposed that
satisfactory eradication rates of H pylori could also be
achieved with the administration of the association RBCclarithromycin for only 1 wk[10].
Studies evaluating the efficacy of the combination of
RBC-clarithromycin in developing countries, which have a
high prevalence of H pylori infection, are scarce. Considering
the potential advantages of an efficient 7-d dual therapy,
such as lower cost and better compliance, the aim of this
study was to evaluate the efficacy and tolerability of RBC
combined with clarithromycin given for either 1 or 2 wk
in the eradication of H pylori in Brazilian patients with
peptic ulcer.
MATERIALS AND METHODS
Patients
This randomized and open study was carried out in 120
patients referred to the gastroenterology clinics of the
Campinas University Hospital. The majority of patients seen
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at this hospital are of low socioeconomic status. All patients
had endoscopy showing duodenal or gastric ulcers associated
to H pylori infection. The ulcers were either active or healed.
Exclusion criteria were: previous surgery; treatment with
proton pump inhibitors, antibiotics or bismuth in the previous
month; malignancies; and the presence of esophagitis
detected during the endoscopy.
The protocol was approved by the institutional ethics
committee. Each patient gave written informed consent
before participation in the study.
Study design
Patients were randomized in one of the following two groups:
(1) 1-wk regimen consisting of RBC 400 mg b.i.d. with
clarithromycin 500 mg b.i.d. or (2) 2-wk regimen consisting
of RBC 400 mg b.i.d. with clarithromycin 500 mg b.i.d.
The medications of the study were supplied by Glaxo
Wellcome Laboratories.
After H pylori eradication therapy patients continued using
RBC until completing 4 wk of treatment. At the follow-up
visit patients were asked about their drug compliance and
the occurrence of side effects. Satisfactory compliance was
defined as intake of more than 80% of the prescribed
dose. Control endoscopy was performed 3 mo after the
treatment of the infection.
H pylori assessment
The presence of H pylori was assessed by histological
examination and urease test after endoscopic biopsies were
taken from the antrum and corpus. H pylori eradication was
considered to be successful when these two tests were
negative at the time of the control endoscopy.
Statistical analysis
The intention to treat (ITT) analysis included all randomized
patients. In the per protocol analysis, only patients who had
taken 80% or more of the medication and had the followup endoscopy were included. Statistical significance was
calculated using the 2-test, Fischer’s exact test and MannWhitney test, as appropriate. P values less than 0.05 were
considered to be statistically significant.

RESULTS
Demographic characteristics of study patients
Sixty-two patients were randomized to receive RBC plus
clarithromycin for 1 wk and 58 patients were randomized
to receive the 2-wk regimen. Eleven patients did not return
for the follow-up visit or second endoscopy. Most of them
changed addresses, and could not be located. There was no
difference in the age and gender of these patients between
the two treatment groups. Overall 56 patients randomized
for 1-wk therapy and 53 patients randomized for 2-wk
therapy completed the study and were included in the per
protocol analysis. All of them reported the use of more
than 80% of the medication. The demographic
characteristics and diagnosis of the 120 patients are shown
in Table 1. The groups of patients receiving each regimen
were similar in age, gender, smoking, and proportion of
either active or healed duodenal and gastric ulcers.
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Table 1 Demographic characteristics and diagnosis of the 120
study patients
1-wk therapy

2-wk therapy

62
48±14 (19–72)

58
50±14 (18–78)

Male gender

36 (58)

30 (52)

Smokers (%)

16 (26)

13 (22)

Duodenal ulcer (n/%)
Gastric ulcer (%)

32 (52)
25 (40)

31 (53)
19 (33)

n
Mean age (range) yr

Duodenal and gastric ulcers (%)
Active ulcers (%)

5 (8)

8 (14)

24 (39)

19 (33)

H pylori eradication
Table 2 shows the eradication rates of the infection and the
95% CI for the two therapeutic regimens. By intention to
treat analysis, H pylori was eradicated in 73% of patients
treated with RBC plus clarithromycin for 1 wk and in 76%
of patients treated for 2 wk (P>0.05). By per protocol
analysis, the eradication rates were 80% and 83%, respectively,
for the 1-wk or 2-wk regimens (P>0.05). Table 3 shows
that age, gender, smoking habit and ulcer type were similar
in patients with eradicated or non-eradicated infection.

Table 2 Eradication rates and 95% confidence intervals in the two
treatment groups
Eradication rate

95%CI (%)

1-wk group (%)

45/62 (73)

62–84

2-wk group (%)

44/58 (76)

65–87

Per protocol
1-wk group (%)

45/56 (80)

70–91

2-wk group (%)

44/53 (83)

73–93

Intention to treat

Table 3 Demographic data and diagnosis in patients with eradicated or non-eradicated H pylori infection
Eradicated infection
n = 89

Non- eradicated
n = 20

Male gender (%)
Age (yr)
Smoking (%)

44 (49)
49±14
24 (27)

12 (60)
52±16
3 (15)

Duodenal ulcer (%)
Gastric ulcer (%)
Duodenal and gastric ulcers (%)

46 (52)
34 (38)
9 (10)

10 (50)
7 (35)
3 (15)

Data of the control endoscopy
Duodenal and gastric ulcer healing rates were similar for
the two treatment groups (Table 4). The control endoscopy
showed that two gastric ulcers (one on each treatment group)
were incompletely healed. Both patients had their infection
eradicated and were non-smokers. In 1 patient treated for
14 d the duodenal ulcer failed to heal. In this case, the
patient was a smoker and the H pylori infection was not
eradicated.
Erosive esophagitis was detected in nine patients (8.2%)
in the second endoscopy. None of them had esophagitis in
the pre-treatment endoscopy and in all the cases the
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esophagitis was mild (Los Angeles grade A). All patients
with esophagitis had their H pylori infection eradicated
(P>0.05 in comparison with patients with persistent
infection).

Table 4 Data from the control endoscopy

Active duodenal ulcer healed (%)
Active gastric ulcer healed (%)
Esophagitis (%)

1-wk

2-wk

11/11 (100)
10/11 (91)

7/8 (87.5)
10/11 (91)

5 (8.9)

4 (7.5)

Side effects
Nine patients (8.2%) reported minor side effects, such as
disturbances of taste (5 patients), dizziness (1), abdominal
pain (2) and mild diarrhea (1). Five of them were treated
with the 1-wk regimen. In no case the medication had to be
discontinued.

DISCUSSION
The present randomized study assessed the efficacy of the
combination ranitidine bismuth citrate and clarithromycin
given for 1 or 2 wk in the eradication of H pylori in patients
with peptic ulcer. Our results indicate that both regimens
are safe, healed almost all the active peptic ulcers, and appear
to be comparable in terms of H pylori eradication rates.
The cure rates with intention to treat and per protocol
analysis were 76% and 83%, respectively, in patients
receiving the 2-wk regimen, and 73% and 80% in those
receiving the 1-wk regimen. Reported ITT eradication rates
for RBC-clarithromycin given for 14 d ranged from 70%
to 96%, with a pooled observed rate of 85% [11]. The
eradication rates observed in the current study are therefore
within the range reported in the literature. The fact that the
cure rates reached with the 2-wk regimen in our patients
did not achieve the rates above 90% reported by many
authors reinforces the need for local evaluation of the
efficacy of treatments. One of the most important factors
responsible for failed eradication therapy is the resistance
to antibiotics. We did not investigate clarithromycin resistance
in our study population, but recent studies in Brazilian
patients reported clarithromycin resistance in 7-29% of
patients[12-14]. Although previous reports have shown that
the association RBC-clarithromycin overcomes the resistance
to the antibiotic in most cases[15], this issue merits further
investigation in our patients.
There have been only a few studies evaluating the efficacy
of the combination of RBC-clarithromycin given for 7 d.
The cure rates reported in those studies ranged from 66%
to 84% with ITT analysis and 84-90% by per protocol
analysis[10,16,17]. The ITT and per protocol eradication rates
of 73% and 80% observed in our patients receiving the
1-wk regimen of treatment are therefore in agreement with
the reported ranges. The comparison between the two
regimens of treatment did not show a statistically significant
difference. Similar results were reported by Pozzato et al[10],
comparing both regimens. Bardhan et al [16], observed
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comparable eradication rates with 7-d RBC-clarithromycin
administered alone or with metronidazol.
There is a lack of studies evaluating the efficacy of the
1-wk dual therapy in developing countries. Similar to our
obser vations, one recent open study with 7-d RBCclarithromycin[18], also from Brazil, reported ITT and per
protocol eradication rates of 81% and 86%, respectively.
Therefore, our results combined with the data of the
literature indicate that 1-wk RBC-clarithromycin could be
advantageous, especially in developing countries, due to its
lower cost without a significant loss of efficacy in comparison
with the 2-wk regimen.
Our results showed that the combination of RBC with
clarithromycin is associated to good compliance and few
side effects. Only a few patients complained of minor
symptoms, and none had to discontinue the treatment.
Previous studies have demonstrated that H pylori
eradication is sufficient for ulcer healing and relief of
symptoms[2], without the need for subsequent therapy. In
the present study, after the anti-H pylori treatment, RBC
was continued until completing 4 wk of the medication, in
order to ensure ulcer healing even in those patients in whom
eradication therapy failed. Accordingly, the control
endoscopy showed ulcer healing in 93% of the cases.
The control endoscopy showed mild esophagitis in 10%
of the patients with successful eradication, while no patient
with failed eradication showed this alteration. However, the
comparison between these results did not reach statistical
significance. The hypothesis that H pylori eradication increases
the chances of developing reflux disease is still a matter of
debate[19]. The studies which followed the observations of
Labenz et al[20], that duodenal ulcer patients were more likely
to develop endoscopic esophagitis after H pylori eradication
presented controversial results. A few authors[21,22] reported
a greater incidence of esophagitis in patients with cure of
the infection, while other studies failed to confirm these
observations[23].
In conclusion, 1-wk treatment with RBC-clarithromycin
has shown to be a safe and well tolerated therapy for
eradication of H pylori, achieving a satisfactory rate of
eradication of the infection, comparable to that observed
with the 2-wk regimen of the therapy. Triple therapy is
currently recommended as the first line treatment, especially
in developed countries. The potential benefits of the 1-wk
dual therapy, such as lower cost, simplicity of using and
low incidence of side effects, associated to its reasonable
eradication rates, indicate that this may be an effective
alternative for the eradication of H pylori infection in
developing countries.
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RESULTS: Histopathological studies confirmed PVLinduced cirrhotic changes. There was a statistically
significant difference in portal pressure between PVL and
control groups (P<0.001). The results showed significant
increases in the levels of MDA and NO in both tissue
and serum (P<0.05 and P<0.001, respectively in tissue;
P<0.001 for each in serum), and Zn only in tissue (P<0.001)
in rats with PVL compared with sham-operated rats.
Besides, PVL rats exhibited reduced plasma and tissue
GSH, CAT, SOD (P<0.001 for each). Serum and tissue Cu
concentration did not change.
CONCLUSION: Our findings suggest that PVL in rats
induces important biochemical and molecular changes
related to oxidative stress in the liver.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Abstract
AIM: To investigate the oxidative-stress-related changes
in rats with portal hypertension with particular emphasis
on nitric oxide (NO) and trace metals.
METHODS: Cirrhosis was induced by partial portal vein
ligation (PVL) in Wistar rats. The lipid peroxidation marker
(malondialdehyde, MDA), antioxidant defense enzymes
including superoxide dismutase (SOD), catalase (CAT),
glutathione (GSH), and agents known to have antioxidant
features including nitric oxide (NO), zinc (Zn), copper (Cu)
were determined both in serum and in liver tissue at 4 wk
after surgery in PVL and sham-operated rats. Portal
pressure of all experimental animals was measured. MDA
was detected by thiobarbituric acid reactivity assay.
SOD activity was determined by inhibition of nitroblue
tetrazolium reduction with xanthine/xanthine oxidase used
as a superoxide generator. CAT activity was determined
by the breakdown of hydrogen peroxide. GSH concentrations
were measured by using metaphosphoric acid for protein
precipitation and 5’-5’-dithio-bis-2-nitrobenzoic acid for
color development. NO was detected by the Griess method
after reduction of nitrate to nitrite with nitrate reductase,
and the concentrations of Zn and Cu were measured by
a Shimadzu 680 AA atomic absorption spectrometer.
Histopathological confirmation was done under light
microscope. Statistical analyses were done by Student’s
t-test, and significance of the difference was tested by
the unpaired Mann-Whitney test. P<0.05 was considered
statistically significant.
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INTRODUCTION
A role of reactive oxygen species in the development of
hyperdynamic circulation in portal hypertension has been
proposed[1,2]. However, evaluation of the limited available
data indicates that it is premature to conclude that oxidative
stress has a primary role in cirrhotic hepatofibrosis and
development of portal hypertension.
Portal hypertension is often accompanied with a
hyperdynamic circulation state. Some reports have suggested
that nitric oxide (NO), a vasodilatory agent, plays an important
role in this hyperdynamic state[3]. On the other hand, NO is
also known as an antioxidant.
In the pathogenesis of cirrhosis and development of
portal hypertension, the role of trace elements has been
described recently[4]. Among these, zinc (Zn) and copper
(Cu) are essential trace elements and function as co-factors
of antioxidant enzymes.
Oxidative stress in liver disease should be evaluated not
only with lipid peroxidation parameters and antioxidant
defense enzymes, but with agents known to have antioxidant
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features as well. The current literature is insufficient at this
point as studies on the role of oxidative stress in cirrhosis
and portal hypertension approached the subject from just
one perspective.
In the present study, our purpose was to investigate the
oxidative stress-related changes in portal hypertensioninduced rats with particular emphasis on NO, Zn, and Cu,
which are known as antioxidant agents.

MATERIALS AND METHODS
Animals and experimental procedure
The study was conducted with the approval of our
institution’s ethics committee, and all experimental procedures
were done according to the standards of Animal Care and
Use Committee[5]. Thirty male Wistar Albino rats weighing
220-310 g were divided into control group (n = 10) and
experimental group (n = 20). The animals were fed on
standard laboratory diet and water ad libitum before and
after surgery. All animals were anesthetized with ether to
undergo a midline laparotomy. A sham laparotomy was
performed in the control group. Portal hypertension was
induced by partial stenosis of portal vein, and also the portal
pressure of all experimental animals was measured according
to a procedure described previously[6] . The animals were
killed 4 wk later to observe the changes in the liver tissue.
Under ether anesthesia, 5 cm3 (3-7 cm3) of blood was
taken by cardiac puncture following exploration of the
thorax. Then, a laparotomy was done and the liver was excised
and saved for biochemical analysis and histopathological
confirmation.
Biochemical analysis
Blood samples collected in heparinized vacutainer tubes were
immediately transported to the laboratory in a cooler with
ice. Upon arrival, plasma was separated by centrifugation
(+4 ℃, 3 000 r/min, 10 min), and divided into 0.5-1.0 mL
aliquots, placed in cryovials, and stored at -70 ℃ until
analyzed. Erythrocytes were washed thrice in 5 mL saline,
hemolyzed by diluting fourfold with water and glutathione
(GSH) was studied in erythrocytes in the same day. Each
plasma sample was divided into four aliquots. The first
aliquot was saved until analysis of plasma NO, the second
aliquot was used for Zn and Cu analyses, and the other two
aliquots were used for estimation of plasma malondialdehyde
(MDA), superoxide dismutase (SOD), and catalase (CAT)
levels in 1-wk period.
The liver tissues were weighed, washed in 0.9% NaCl,
and homogenized in ice-cold 0.15 mol/L 100 KCl g/L.
Twenty percent of homogenates were obtained and
sonicated twice at 30-s intervals at 4 ℃. Homogenates were
centrifuged at >10 000 g for 15 min at 4 ℃. All biochemical
parameters in homogenates were studied in the same day.
Lipid peroxidation MDA, as an end product of fatty
acid peroxidation, was detected in plasma and liver
homogenates by thiobarbituric acid reactivity assay as
previously described[7]. The total protein concentration was
measured by the method of Lowry et al[8].
Nitric oxide Plasma and tissue concentrations of NO
were measured as its stable metabolites, nitrate and nitrite.
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Nitrate was first reduced by nitrate reductase to nitrite and
then nitrite was determined spectrophotometrically by the
Griess reaction[9]. Griess reagent, the mixture (1:1) of 0.2%
N-(1-naphthyl)-ethylene-diamine and sulfanilamide in 5%
phosphoric acid, gave red-violet diazo dye with nitrite, and
was detected in the visible range at 540 nm.
Cu–Zn superoxide dismutase (Cu-Zn SOD) Plasma and
tissue Cu-Zn SOD activities were determined by the method
of Sun et al [10], by inhibition of nitroblue tetrazolium
reduction with xanthine/xanthine oxidase used as a
superoxide generator. One unit of SOD was defined as the
amount of protein that inhibited the rate of NBT reduction
by 50%.
Catalase CAT activity was determined by the breakdown
of hydrogen peroxide catalyzed by CAT enzyme[11].
Glutathione Erythrocyte and tissue GSH concentrations
were measured according to the method of Beutler et al[12],
using metaphosphoric acid for protein precipitation and 5’5’-dithio-bis-2-nitrobenzoic acid for color development.
Zn and Cu The concentrations of Zn and Cu were measured
by a Shimadzu 680 AA atomic absorption spectrometer.
The concentrations were expressed as nanogram per milliliter
and microgram per deciliter, respectively.
Histopathological evaluation
Histopathological confirmation was done under light
microscope, after the samples were sectioned and stained
with hematoxylin and eosin.
Statistical analysis
All values were expressed as mean±SD. Statistical analyses
were done by SPSS-programmed Student’s t-test at 11.5
version. The significance of the difference was tested by
the unpaired Mann-Whitney test. P<0.05 was considered
statistically significant.

RESULTS
There was a statistically significant difference in portal
pressure between portal vein ligation (PVL) and control
groups (18.4±1.7 cm saline vs 10.3±0.8 cm saline, P<0.001).
Histopathological studies confirmed PVL-induced
cirrhotic changes. Macroscopically PVL rats demonstrated
granular appearance of the liver. Microscopic evaluation
revealed the fibrous scars separating islands of hepatocytes,
many of which contained fatty vacuoles of varying size.
Values of the analyzed parameters and the statistical
significances in the groups are shown in Table 1. The results
of our study are summarized schematically in Figure 1.
Lipid peroxidation levels as assessed by MDA in plasma
and tissue increased (P<0.001, and P<0.05, respectively) in
PVL group as compared to the sham-operated control group.
Similarly, plasma and tissue NO levels were significantly
higher in the experimental group (P<0.001).
Each of plasma and tissue antioxidant components
(SOD, CAT, and GSH) was significantly lower in PVL group
than in control group (P<0.001). There was no significant
difference in plasma Cu and tissue Cu and Zn concentrations
between the groups (P>0.05). However, plasma Zn level
was significantly lower in PVL group (P<0.001).
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Table 1 Comparison of oxidative stress elements, NO, and trace
metals between two groups (mean±SD)
Control group
(n = 10)
Portal pressure (cm saline)
MDA serum (mol/L)
MDA tissue (nmol/mg protein)
NO serum (mol/L)
NO tissue (nmol/mg protein)
SOD serum (U/mL)
SOD tissue (U/mg protein)
CAT serum (U/mL)
CAT tissue (U/mg protein)
GSH erythrocyte (mg/g Hb)
GSH tissue (nmol/mg protein)
Zn serum (g/mL)
Zn tissue (g/g)
Cu serum (g/mL)
Cu tissue (g/g)
a

10.3±0.8
2.7±0.25
0.36±0.04
28.3±4.62
408.5±44.83
20.8±1.81
7.76±0.63
170.4±9.87
74.1±7.87
5.24±0.51
4.33±0.33
145.3±16.5
48.43±6.29
164.5±41.4
3.32±0.87

PVL group
(n = 15)
18.4±1.7b
4.89±0.64b
0.46±0.11a
61.35±11.86b
581±26.88b
15.15±1.27b
5.37±0.64b
147±10.25b
36.5±5.61b
3.74±0.49b
3.53±0.29b
126.2±38.4b
45.9±2.87
161.8±38.2
3.44±0.54

P<0.05, bP<0.01 vs PVL.
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Figure 1 Changes in serum (A) and tissues (B) of PVL group and control
group.

DISCUSSION
In recent years, the role of reactive oxygen species and
NO in the development of cirrhosis and portal hypertension
has been extensively studied[1-3,13-15]. A role for oxidative stress
in the development of hyperdynamic circulation in portal
hypertension has been proposed[1,2] . On the other hand,
evaluation of the limited available data indicates that it is
premature to conclude that oxidative stress plays a primary
role in the pathogenesis of cirrhosis.
In particular, the effect of NO on vascular function in
the systemic circulation and the hepatic microcirculation
has received the greatest attention. On the one hand,
increased NO synthesis is responsible for the development
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of hyperdynamic circulation in cirrhosis, while decreased
production of NO within the hepatic microcirculation may
be important in the development of parenchymal tissue
damage and the onset of portal hypertension[16,17]. However,
many areas are still controversial.
The role of trace elements in the pathogenesis of
cirrhosis has also been described recently[4,18,19]. Zinc is an
essential trace element and functions as an antioxidant.
Regarding all these oxidant and antioxidant parameters, the
present study was undertaken to evaluate the oxidative stress
status in cirrhosis from all perspectives.
We investigated the oxidative-stress-related changes in
cirrhotic rats. The results showed a significant increase in
the level of plasma and tissue MDA, which is known as a
lipid peroxidation parameter. On the other hand, rats
exhibited reduced plasma and tissue levels of SOD, GSH,
and CAT, which are known as antioxidant defense enzymes.
Our results support the previous studies[1,20,21]. These data
may show that the depletion of antioxidant defense system
can be a compensatory mechanism against the increase in the
oxidative stress due to the pathological changes seen in cirrhosis.
Loguercio et al[22], also showed that GSH and its related
enzymes are one of the protective mechanisms against the
oxidative damage, both in circulation and in various tissues,
including liver. They showed that patients with liver cirrhosis
frequently suffer from hepatopathy and present low
circulating levels of GSH. Similarly, our findings indicate
that GSH-related cellular defensive mechanisms are
depressed in experimental cirrhosis and therefore susceptibility
to oxidative damage may increase.
In liver cirrhosis, an increase in hepatic resistance is the
initial phenomenon leading to portal hypertension. This is
primarily due to the structural distortion of intrahepatic
microcirculation caused by cirrhosis. However, similar to
other vascular conditions, architectural changes in the liver
are suggested to be associated with deficient nitric oxide
(NO) production, which results in an increased vascular
tone with a further increase in hepatic resistance and portal
pressure [16,24]. However, our results showed that NO
production increased both in serum and in liver tissue. In
our opinion, the histopathological changes in the liver are
more dependent upon oxidative stress, and the reactive NO
rise in liver tissue can be explained by its antioxidant
protective defense mechanism.
The hyperdynamic circulation of cirrhosis and portal
hypertension are due to the vasodilatory effects of nitric
oxide[3,23] . Increased release of nitric oxide (NO) plays a
role in the pathogenesis of vasodilatation and vascular
hypocontractility, leading to portal hypertension[25-27]. In our
study, the rise in NO concentration in serum of PVL rats
was significant, and this finding supports the NO-mediated
portal vasodilation hypothesis.
Trace metals have also been shown to play an important
role in the pathogenesis of liver cirrhosis and the
development of portal hypertension[4]. Zinc is an essential
trace element and functions as an antioxidant. Low zinc
concentrations have been reported in patients with cirrhosis
of the liver, particularly those with hepatic encephalopathy[18].
Patients with fulminant and subacute hepatic failure have
low serum zinc levels[28,29]. Scholmerich et al[19], showed that
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patients with surgical portosystemic shunt have significantly
lower levels of zinc, vitamin A and retinol-binding protein
than controls and patients with cirrhosis without shunt.
Patients with portal hypertension who are considered to
have spontaneous shunting also have lower levels than those
without this symptom. Similarly, the present study showed
that Zn concentration significantly decreased in serum of
the experimental group. Since Zn plays a role as an antioxidant
agent, the data may prove the change in rats with portal
hypertension.
Experimental and clinical studies sug gested that
xenobiotic hepatotoxicity with variable depletion of
antioxidants can be avoided or ameliorated by administration
of an unusually high dosage of zinc or by a combination
of antioxidants above normal daily requirements [29].
Therefore, reassessment of optimal prophylactic and
therapeutic nutritional requirements of antioxidants
(particularly zinc) to protect humans against xenobioticinduced oxidative stress is advocated.
It has been shown that hepatic copper overload may
contribute to the development of hepatocellular carcinoma in
HCV-positive patients with chronic hepatitis or cirrhosis[18,28].
However, our results did not support this hypothesis as we
could not find any remarkable change in both serum and
tissue Cu concentrations. In our opinion, Cu may have a
local effect on liver cirrhosis at an advanced stage. On the
other hand, we are unable to explain the mechanism with
the current available data.
In conclusion, these findings show that excessive
formation of NO may be responsible, at least in part, for
the hemodynamic derangements in cirrhosis. Although
oxidative stress and trace metals may not participate in the
initiation of hyperdynamic circulation in cirrhosis, they may
play a primary role in the pathogenesis of cirrhosis and
contribute to the maintenance of hyperdynamic circulation
observed in cirrhotic rats with ascites.
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Abstract
AIM: Dieulafoy’s lesion (DL) accounts for 1-5.8% of cases
of acute upper gastrointestinal bleeding (GIB). Its mortality
is high, approaching 20%, despite recent advances in
endoscopic therapy. We aimed to report our experience
in the treatment of DL.
METHODS: A retrospective case study of all patients with
DL between January 1993 and January 2003 was done.
Characteristics, treatment methods, success rates and
30-d mortality of the patients were analyzed.
RESULTS: Thirty-six patients were noted to have DL in
the study period. Thirty-three records were available for
assessment in which 35 DL were identified. The median
age of the patients was 67 years with male to female
ratio of 5.6:1. Significant comorbidities existed in 69% of
the patients. Eighty-nine percent of the DL was found at
first endoscopy, three DL at laparotomy. Significant
coexistent endoscopic findings existed in 23%. Hemostasis
was achieved in 88% by using adrenaline injection, or in
combination with heater probe application at first
endoscopy. Four cases had re-bleeding, all were successfully
treated endoscopically. The 30-d mortality rate was 23%.
CONCLUSION: Successful endoscopic hemostasis could
be achieved in 100% of cases of DL. The overall mortality
may still remain high, mainly due to the comorbidities
and age of these patients.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The rupture of a submucosal persistent-caliber artery,

named after the famous 19 th century French surgeon as
Dieulafoy’s lesion (DL), is now a well-recognized cause of
non-variceal upper gastrointestinal bleeding (GIB) [1,2].
Previously published case series have found DL to account
for 1-5.8% of cases of acute non-variceal upper GIB [3-6].
In a prospective study, Matsui et al[7], found that 40% of all
causes of upper GIB were due to DL rather than gastroduodenal ulceration or varices.
DL is also a rare cause of bleeding from other parts of
the gastrointestinal tract. The two largest retrospective series
demonstrated that DL was the source of hemorrhage in
1.2-1.9% of all endoscopies performed for acute GIB[5,8].
By utilizing the range of endoscopic therapies available
in a modern endoscopy department, hemostasis can be
achieved in over 90% of cases [6,7,9-12], although several
endoscopies may have to be performed for diagnostic and
therapeutic purposes. The mortality, however, remains high
approaching 20%, mainly because of the associated
comorbidities encountered in these patients[4,5,8,9,13-16].
We aimed to review our experience in the treatment of
DL and to compare the results with published data.

MATERIALS AND METHODS
A retrospective review of the GIB registry from January
1993 to the end of January 2003 was undertaken in the
Prince of Wales Hospital, a teaching hospital that serves a
catchment population of around 1.2 million. The GIB
registry is a prospective registry of all patients admitted for
GIB who undergo endoscopic examinations. All procedures
were carried out by a group of experienced therapeutic
endoscopists. The agreed endoscopic criteria for the
diagnosis of DL were the presence of active arterial spurting
or visualization of a protruding vessel from a minute mucosal
defect that had no obvious underlying ulceration[17] . The
case notes of patients were retrieved and reviewed. Clinical
data including presenting symptoms, current medication,
comorbidities, hemoglobin and hematocrit at the time of
GIB, and number of units of blood transfused were
assessed. Endoscopic findings of the appearance and site
of DL, total number of endoscopies and endoscopic
therapies undertaken were noted along with the need for
surgical intervention, 30-d rebleeding and mortality rate.
Re-bleeding was considered to have occurred if the
hemoglobin dropped by 2 g/dL, or the patients became
shocked with further evidence of GI blood loss after
initial blood transfusion and stabilization, or if there was
endoscopically confirmed re-bleeding from the DL on
repeated endoscopy.
RESULTS
During the study period, 15 100 patients were admitted
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due to GIB. The source of bleeding in 1 288 patients was
variceal in origin. Thirty-six patients were diagnosed to have
DL, accounting for 0.26% of all non-variceal GIB during
this period. One patient was noted at initial endoscopy to
have bleeding from a DL, but the lesion was considered
actually to be an esophageal varix with stigmata of recent
hemorrhage at repeated endoscopy on the next day. The
patient was therefore excluded from this analysis. The
hospital records of two patients could not be retrieved.
Thirty-three case records were analyzed.
The mean follow-up time was 373 d (range 3-2 340 d).
The patient demographics and clinical data are given in
Table 1.

D2 (4)
D1 (6)

Upper
stomach (9)

Duodenum
[afferent limb] (1)

Gastric
Anastomosis (2) Antrum (3)

Mid body of
stomach (10)

Figure 1 Distribution of the positions of the DLs. The number of cases in each
group is given in brackets. D1, first part of duodenum; D2, second part of
duodenum.

Table 1 Demographic data of the patients (n = 33)
Age: median (range) (yr)

67 (33–92)

M:F

28:5

Concomitant medications used
NSAIDs or aspirin

24
8

Anticoagulation

3

Comorbidities
Sepsis
Advanced malignancy

8
4

Cardiovascular disease

5

Renal failure

3

Chronic obstructive pulmonary disease
Alcoholism

4
3

Prior Billroth II gastrectomy

4

Hemoglobin at presentation: median (range) (g/dL)

7.4 (4.2–15.7)

Hematocrit at presentation: median (range)
Units of blood transfused: median (range)

20% (13–46)
4 (0–15)

NSAIDs, non-steroidal anti-inflammatory drugs.

There were 35 DL in the 33 patients. Twenty patients
presented with melena alone, six with hematemasis, five
with both hematemasis and melena and two with frank
hematochezia. Four patients were hemodynamically
compromised at presentation, three were clinically shocked
and one had postural hypotension.
Only nine patients were not receiving any medication at
the time of presentation. Two patients were on warfarin
treatment: one for atrial fibrillation complicated by brachial
artery embolus, the other for a previous mechanical aortic
valve replacement. One diabetic patient was on prophylactic
low molecular weight heparin as he was immobile due to
cellulitis and gout.
In addition to four cases of advanced malignancies at
presentation, two other patients had asymptomatic
carcinoma of the prostate, one underwent surgical treatment
for bronchial carcinoma 10 years ago, and the second
received a mastectomy for carcinoma of the breast 12 years
prior to presenting with GIB.
The anatomical locations of DL are shown in Figure 1.
All were found by esophago-gastro-duodenoscopy
(EGD). No colonic DL was reported during the study period.
Two patients had two DLs, one in the afferent loop of a
gastro-duodenostomy and also at the duodenal papilla, and
the other had DLs on the lesser curve of the stomach as
well as at the pylorus.

The endoscopic appearance of DL at the time of
diagnostic EGD included active spurting (n = 22), adherent
clot (n = 7) and visible vessel alone (n = 5). One report
contained no detailed description of the lesion. In a 68-yearold gentleman with melena and 6.8 g/dL of hemoglobin,
the DL was seen only as a vague protuberant scar and
was subsequently confirmed by the demonstration of
submucosal vessels in that area by an endoscopic ultrasound
(EUS) examination.
The majority of DLs (86%, 30/35) were diagnosed in
the first EGD examination, only two patients were diagnosed
at a second endoscopy and the remaining three DLs were
found at laparotomy. A mean of 1.4 EGD sessions (range
1-3) was needed for diagnosing and/or treating the DLs.
Adrenaline (1:10 000) injection plus heat probe therapy
was the mainstay of therapy used (n = 30). The aim of
the heat probe therapy was set to completely abolish the
visible DL. Other therapies employed included adrenaline
injection alone (n = 2), heat probe therapy alone (n = 2)
and hemoclipping (n = 2). In one patient, hemoclipping was
successfully used when heat probe therapy failed to control
the bleeding (Figure 2). There were no complications of
endoscopic intervention.
Coexistent significant endoscopic findings were common.
They consisted of one gastric ulcer, one duodenal ulcer,
significant gastric erosions in two, severe duodenitis in three
and a small column of esophageal varices in one. Among
the 16 patients tested, 7 (44%) were found to have Helicobacter
pylori infection. Adjuvant acid suppressive therapy was given
in all patients in the form of H2 blocker (n = 10), proton
pump inhibitor (n = 22), or intravenous proton pump
inhibitor followed by H2 blocker in one patient.
Hemostasis was achieved at the first EGD in 88%
(29/33). Four patients had re-bleeding after initial hemostasis,
three within 24 h and one at 72 h. All achieved second
hemostasis by repeated endoscopic therapy.
In three patients the DL were only revealed during
laparotomy for uncontrolled upper GIB after the initial
endoscopy. One patient had successful treatment of a lesser
curve DL but continued to bleed and was found to have a
pyloric channel spurting DL at surgery that was dealt with
by undersewing the lesion. In a second case the primary
endoscopy found a bleeding gastric ulcer, which was treated
endoscopically, but continued blood loss necessitated a
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Figure 2 Therapy-induced uncontrolled bleeding of a DL and subsequent
successful treatment with hemoclips. A: large DL inside a peri-ampullary

diverticulum; B: adrenaline injection and heat probe therapy-induced uncontrolled
bleeding; C: the bleeding was finally controlled with hemoclip application.

laparotomy that revealed a posterior fundal DL. A wedge
resection was undertaken. In a third case no bleeding source
could be found at EGD and a posterior gastric wall DL
was only unveiled by gastrostomy. Again a wedge resection
of this area of the stomach was performed.
The median time of hospital stay post presentation with
GIB was 4 d (range 1-28 d). The 30 d mortality was 27%
(nine patients) with GIB contributing directly to the death
in three patients. The median age at the time of death was
75 years (range 41-92 years).

limb of the duodenum and in the other two cases the
bleeding point was situated along the anastomotic margin.
This co-existence of DL with prior gastric surgery was also
shown by Nikolaidis et al[11], who found 57% of 23 patients
had prior gastric surgery and 43% of the DLs in these
cases were located at the anastomotic site[11]. The location
of DLs at the anastomotic site did not affect therapeutic
treatment outcome.
The initial hemostasis rate of endoscopic treatment was
nearly 90% and the overall success rate was 100%, which
were similar to recent published data[6,7,11,12] . Rebleeding
after initially successful hemostasis was recognized as
being relatively common, reported to be in the range of
6-28% [3,9,13,16,17]. During the 10 years of the study, the
predominant method of treatment was a combination of
local 1:10 000 adrenaline injection followed by heater probe
application. There is a tendency to use mechanical methods
for hemostasis, such as hemoclips[9,10] , and endoscopic
banding ligation (EBL) [7,10,11,12,20]. These methods were
reported to give a successful hemostasis rate of 75-100%.
From the limited data available it appears that EBL may
have a slightly lower rebleeding rate than combined injection
and coagulation treatment[7,12,21].
We used EUS to confirm the diagnosis of DL in one
patient. The resolution available, aided by color Doppler,
allowed detection of the large caliber (2-3 mm) vessels
penetrating the muscularis mucosa and has been used by a
number of groups to direct and assess the success of ablative
treatments[22-25].
The 30-d mortality rate in our series was 27% and most
of the patients died due to serious coexisting medical diseases
rather than GIB. The case series published, since the
widespread use of endoscopic methods for hemostasis, has
been a common place report with a similar overall death
rate[3,8,15,16]. The advanced median age of patients who died
within 30 d of their presentation with GIB is in keeping
with the findings of other studies that age and comorbidities
are powerful predictive factors of a poor outcome in GIB[26].
In conclusion DL is a rare condition with a high overall
mortality rate. Our series of consecutive DL patients presenting
over the past 10 years reflects the success of endoscopic

DISCUSSION
This is the third largest case series of DL in comparison to
the published series[5,8]. Our patients were of a similar age
range to that described in previous studies and the presence
of significant comorbidities in the majority of patients (69%)
at the time of presentation was also close to that in other
reports[4,5,8,9,11]. However, there was a marked male to female
preponderance of 5.6:1, twice that generally found in the
literature[4-6,9,10,15].
Some studies have found a significant proportion of
GIB patients with DL to be on NSAIDs or aspirin and it
has been suggested that erosive gastritis and subsequent
vessel wall necrosis induced by these compounds might
precipitate the rupture of submucosal persistent caliber
vessels[4,5,11,19] . Our findings that only 24% of our study
patients were taking NSAID or aspirin at the time of
presentation do not support this hypothesis.
The finding of significant concurrent GI pathologies in
7 (21%) cases is not uncommon. In one case series 11% of
90 patients with DL had peptic ulcers while 18% had
significant erosions[5]. In another report, 43% of patients
had ‘significant’ endoscopic pathologies[8].
The exact sites of DL are in line with the recognized
distribution. The ‘classic’ position for DL is on the high
lesser curve, within 6 cm of the cardia[5,18] . In our series
41% of the 22 DLs found in stomachs with normal anatomy
were in the classical position. It is interesting that we found
a number of DLs in patients with previous Billroth II
gastrectomies (10%). One DL was located in the afferent
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therapy for this intriguing disorder. A combination of
injection and heat probe therapy can achieve a remarkable
hemostasis rate so that surgery can be avoided.
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Abstract
AIM: To explore the relationship between gastric and
intestinal microcirculatory impairment and inflammatory
mediators released in rats with acute necrotizing pancreatitis
(ANP).
METHODS: A total of 64 rats were randomized into control
group and ANP group. ANP model was induced by injection
of 5% sodium taurocholate under the pancreatic membrane.
Radioactive biomicrosphere technique was used to
measure the gastric and intestinal tissue blood flow at 2
and 12 h after the induction of ANP, meanwhile serum
phospholipase A2 (PLA2) activities and interleukin-1 levels
were determined. Pathologic changes in pancreas, gastric
and intestinal mucosae were studied.

INTRODUCTION
The change of microcirculation play important roles in the
progression of acute necrotizing pancreatitis (ANP) and the
damage of extrapancreatic vital organs. Serum levels of
proinflammatory cytokines, including interleukin-1 (IL-1)
and phospholipase A2 (PLA2), are significantly higher in
severe acute pancreatitis. The purpose of this study was to
explore the relationship between gastric and intestinal
microcirculatory impairment and serum PLA2 and IL-1
in rats with ANP.
MATERIALS AND METHODS
Animals
Sixty-four adult Sprague-Dawley rats (male or female),
weighing 250-300 g, were obtained from the Laboratory
Animal Center of Jiangsu University and used throughout
the study. The rats were divided randomly into ANP group
and control group (32 in each group).

RESULTS: The gastric blood flow in ANP group (0.62±0.06
and 0.35±0.05) mL/(min·g) was significantly lower than that
in control group (0.86±0.11 and 0.85±0.06) mL/(min·g)
(P<0.01) at 2 and 12 h after induction of ANP. The
intestinal blood flow in ANP group (0.80±0.07 and
0.50±0.06) mL/(min·g) was significantly lower than that
in control group (1.56±0.18 and 1.61±0.11) mL/(min·g)
(P<0.01). Serum PLA2 activities (94.29±9.96 and 103.71±
14.40) U/L and IL-1 levels (0.78±0.13 and 0.83±0.20) g/L
in ANP group were higher than those in control group
(65.27±10.52 and 66.63±9.81) U/L, (0.32±0.06 and
0.33±0.07) g/L (P<0.01). At 2 and 12 h after introduction
of the model, typical pathologic changes were found in
ANP. Compared with control group, the gastric and
intestinal mucosal pathologic changes were aggravated
significantly (P<0.01) at 12 h after induction of ANP.
Gastric and intestinal mucosal necrosis, multiple ulcer and
hemorrhage occurred.

Reagents and instruments
Sodium taurocholate (Ward Blen Kinsop Co.), PLA2 kit
(Cayman Co.), IL-1 kit (Center of Science Technique
Development, General Hospital of PLA), sodium
pyrophosphate and stannous chloride for injection (PYP
kit) was from Jiangsu Institute of Nuclear Medicine, 99mTc
( 99 Mo- 99mTc) generator preparation was provided by
Chinese Institute of Nuclear Power, GC-1200 gamma
radioimmunoassay counter was from USTC Chuangxin Co.,
Ltd, 753 UV-Vis spectrophotometer was a product of
Shanghai Optical Instrument Factory.

CONCLUSION: Decrease of gastric and intestinal blood
flow and increase of inflammatory mediators occur

Experimental design
The rats were fasted for 12 h with free access to water. All
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the rats were anesthetized with an intraperitoneal injection
of pentobarbital (50 mg/kg). Sodium taurocholate (5%
1.0 mL) was infused to ANP rats via the pancreatic membrane
as previously described[1]. After 5-10 min, pancreatic edema
and dotted bleeding occurred. Then 0.9% normal solution
was infused to the pancreatic membrane of control rats,
and no abnormality was noticed 2 and 12 h after the
operation. The blood of eight rats in each group was obtained
via superior mesenteric vein for determination of serum
PLA2 activities and IL-1 levels. The other eight rats in
each group were used for gastric and intestinal blood flow
determinations by the intravenous radioactive microsphere
technique (RMT).
Blood flow measurements
At 2 and 12 h after the infusion, organ blood perfusion
values were determined with a RMT as previously described
in detail[2] and modified by Chen and Dai[3]. The right carotid
artery was catheterized with placement of the tip of tubing
in the left ventricle for infusion of 99mTc-labeled microspheres,
1 mL 99mTc radioactive microspheres was injected for 10 s
via the catheter with its tip in the aortic ventricle of heart.
A reference blood sample was obtained from the femoral
artery catheter for 60 s at a constant rate of 1 mL/min
with a continuous-withdrawal pump. The microsphere
animals were killed by intra-arterial injection of 2 mL 10%
KCl. The whole pancreas and parts of the stomach, distal
ileum were removed, weighed and cut into small pieces,
and placed in a  counter to determine the radio-activity
(cpm).
The blood flow values were calculated according to the
following formula[4]:
Qref (mL/min)×Norg (cpm)
Qorg [mL/(min·g)]=
Nref (cpm)×weighing (g)
where Qorg denotes organ blood flow (mL/min·g), Qref is
withdrawal rate of the reference sample (mL/min), Norg is
the number of microspheres in the organ (cpm) and Nref is
the number of microspheres in the reference sample.
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Determination of serum PLA2 activity and IL-1 levels
IL-1 levels were determined with ELISA. Serum PLA2
activity was assayed by colorimetry.
Pathological examination
Rats were killed by intra-arterial injection of 2 mL 10%
KCl. The whole pancreas and parts of the stomach, distal
ileum were obtained and preserved in 40 g/L formaldehyde
fluid for further studies. Paraffin-embedded tissue sections
(2-3-mm thick) were stained with hematoxylin and eosin.
Histological evaluation was performed with light microscopy
by two blinded observers on two separate occasions.
Gastric mucosal damage was evaluated under microscope
according to a method of Lo et al[5]. Severity of the gastric
mucosal damage was graded (Table 1).
The grading of intestinal mucosal damage was described
by Chiu et al[6], and modified by Oldham et al[7], (Table 2).
Statistical analysis
All data were analyzed with the SPSS software. Results were
expressed as mean±SD except for date of the grading of
gastric and intestinal mucosal damage. Statistical analysis
was performed with t-test between control and ANP groups.
P<0.05 was considered statistically significant. Differences
in grading of gastric and intestinal mucosal damage between
the two groups were determined using the non-parametric
Mann-Whitney test.

RESULTS
Gastric and intestinal mucosal blood flow
Gastric and intestinal mucosal blood flow was 28% and
49%, 2 h after injection of 5% sodium taurocholate and
59% and 69%, 12 h after injection of 5% sodium taurocholate
as compared with control group (P<0.01, Table 3).
Serum PLA2 activities and IL-1 levels
At 2 h after injection of 5% sodium taurocholate, serum
PLA2 activity and IL-1 level in the samples from mesentery
vein in ANP group were higher than those in control group.
After 12 h, there was a significant difference between ANP
group and control group (P<0.01, Table 4).

Table 1 Histological grading of gastric mucosal damage
Grade

Histological appearance

0

No lesion

Table 3 Change of gastric and intestinal blood flow [mL/(min·g)]
(mean±SD, n = 8)

1
2

Lesion of mucosal surface, undamaged gastric pit cells
Damage involving gastric pits, undamaged gastric gland cells

Group

3

Lesion of gastric gland cells

4

Partial mucosal necrosis, multiple linear ulcer and hemorrhage

Control

5

Total mucosal necrosis

ANP

Stomach

Intestine

2h

12 h

2h

12 h

0.86±0.11

0.85±0.06

1.56±0.18

1.61±0.11

0.62±0.06b

0.35±0.05b

0.80±0.07b

0.50±0.06b

b

P<0.01 vs control group.

Table 2 Histological grading of intestinal mucosal damage
Histological appearance

Table 4 PLA2 activity and IL-1 level in each group (mean±SD, n = 8)

0
1

Normal
Subepithelial edema, partial separation of apical cells

Group

2

Epithelial cell slough from tips of villi

3

Progression of slough to base of villi

4
5

Partial mucosal necrosis of lamina propria
Total mucosal necrosis

Grade

PLA2 (U/L)

Control
ANP
b

IL-1 (ng/mL)

2h

12 h

65.27±10.52
94.29±9.96b

66.63±9.81
103.71±14.40b

P<0.01 vs control group.

2h
0.32±0.06
0.78±0.13b

12 h
0.33±0.07
0.83±0.20b
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Table 5 Gastric and intestinal mucosal injury in each group (n = 8)
Stomach
Group

Intestine

2h
0

I

II

12 h

III

IV

V

0

I

II

2h
III

IV

V

0

I

II

III

12 h
IV

V

0

I

II

III

IV

V

Control

8

0

0

0

0

0

8

0

0

0

0

0

6

2

0

0

0

0

6

2

0

0

0

0

ANP

0

0

2

3

3

0b

0

0

0

1

3

4b

0

0

2

4

2

0b

0

0

0

0

3

5b

b

P<0.01 vs control group.

Pathologic examination of gastric and intestinal mucosa and
pancreas
After induction of ANP model, pancreas showed mild
edema and congestion. At 2 and 12 h after introduction of
the model, typical pathologic changes were found in ANP,
such as a large number of inflammatory cells, necrosis of
adjacent fat tissues, interstitial edema, parenchyma hemorrhage
and necrosis, large amount of ascites. Compared with control
group, the gastric and intestinal mucosal pathological changes
were aggravated significantly (P<0.01) at 12 h after induction
of ANP. Gastric and intestinal mucosal necrosis, multiple
ulcer and hemorrhage occurred (Table 5).

DISCUSSION
Microcirculatory mechanisms are involved in the development
of acute pancreatitis[8,9]. The change of microcirculation is
an important factor for the development of ANP. It can
damage the pancreas and extrapancreatic vital organs[10,11]
leading to a series of changes including vasoconstriction,
ischemia, increased vascular permeability, impairment of
nutrient tissue perfusion, ischemia/reperfusion, leukocyte
adherence. The RMT clearly provides an efficient method
for estimating blood flow to various organs in the body.
Our results revealed that, at the early stage of ANP, gastric
and intestinal mucosal blood flow decreased significantly 2
and 12 h after injection of 5% sodium taurocholate as
compared with control group (P<0.01). Gastric and intestinal
mucosal injury occurred at the same time which might result
from ANP and release of inflammatory mediators. A series
of changes of the nerve endocrine system bring about
redistribution of viscera blood flow, producing a sharp
decrease in gastric and intestinal blood flow. Gastric and
intestinal mucosa is sensitive to the shortage of blood and
oxygen. Due to the further decrease of circulatory blood
amount and over activation of inflammatory mediators,
gastric and intestinal blood flow becomes much lower to
further damage the mucosa suggesting that microcirculation
disturbances may contribute to gastric and intestinal mucosal
damage.
Except for microcirculatory impairment, proinflammatory
cytokines play another role in acute pancreatitis[12,13]. Serum
PLA2 and IL-1 are important inflammatory mediators in
the process of ANP. In this study, retrograde infusion of
sodium taurocholate into the pancreatic membrane resulted
in increase of PLA2 activity and IL-1 level 2 and 12 h
after pancreatitis. The serum PLA2 activities and IL-1 levels
in ANP group were far significantly higher than those in
control group (P<0.01). Overactivation of the inflammatory
mediators may contribute to gastric and intestinal mucosal

damage.
Recently, IL-1 has been shown to be a significant cytokine
for the development of ANP [14]. The production of IL-1
occurs rapidly in the pancreas and specific end organs such
as the lung and liver once pancreatitis is induced. IL-1
plays a crucial role in the release of other members of the
inflammatory mediators such as PLA2. With the increase
of IL-1 levels, IL-1 stimulate the gene expression of
PLA2[15] , and leads to direct endothelium injury with an
increase in microvessel permeability resulting in poor flow
conditions. IL-1 can also injure the tissue by activating
inflammatory mediators such as prostaglandin, leukotrienes,
platelet activating factor, etc.
PLA2 is synthesized and secreted by pancreatic acinar
cells. Although its mechanism is unknown, PLA2 has long
been considered to be one of the important digestive
enzymes that destroy pancreatic tissue, resulting in acute
pancreatitis. In the present study, amylase activity in plasma
was noticeably increased even 1 h after the induction of
pancreatitis[16]. The results suggest that PLA2 plays a role in
the injury of gastric and intestinal mucosa.
At the early stage of ANP, serum PLA2 activity and IL-1
level increase rapidly with the aggravation of ANP. In this
study, we found that gastric and intestinal mucosal blood
flow decreased in ANP group and serum PLA2 activity and
IL-1 level in ANP group increased. In conclusion, gastric
and intestinal mucosal ischemia/reperfusion can lead to
tissue cell damage to free inflammatory mediators including
PLA2 and IL-1, which interact with each other to cause
gastric and intestinal mucosal injury.

REFERENCES
1

2

3

4

5

6

Xue JG, Wang Y, Xu WD. An improved model of acute hemorrhagic necrotizing pancreatitis in roots. Zhonghua Shiyan
Waike Zazhi 1994; 11: 313
Wang JX, Yu ZJ, Jin HZ, Wang QX, Wang FC, Yang MG, Cao
J, Zhou XY. Estimation of regional blood flow in animals
using 51Cr- and 99mTc-biomicrospheres. Zhongguo Yaoli
Xuebao 1985; 6: 248-251
Chen JZ, Dai ZB. The relationship between microcirculation
and bacterial translocation in severe acute pancreatitis.
Zhonghua Waike Zazhi 1998; 36: 47-49
Xu D, Qi L, Guillory D, Cruz N, Berg R, Deitch EA. Mechanisms of endotoxin-induced intestinal injury in a hyperdynamic model of sepsis. J Trauma 1993; 34: 676-682; discussion 682-683
Lo SK, Leung FW, Guth PH. Protection against absoluteethanol-induced gastric antral and corpus mucosal injury. A
gross and histologic study. Dig Dis Sci 1988; 33: 1403-1408
Chiu CJ, McArdle AH, Brown R, Scott HJ, Gurd FN. Intestinal mucosal lesion in low -flow states. I. A morphological,
hemodynamic, and metabolic reappraisal. Arch Surg 1970;
101: 478-483

Zhang JX et al. Relationship between microcirculation and inflammatory mediators in acute necrotizing pancreatitis
7

8

9

10

11

Oldham KT, Guice KS, Gore D, Gourley WK, Lobe TE. Treatment of intestinal ischemia with oxygenated intraluminal
perfluorocarbons. Am J Surg 1987; 153: 291–294
Kaska M, Pospisilova B, Slizova D. Pathomorphological
changes in microcirculation of pancreas during experimental
acute pancreatitis. Hepatogastroenterology 2000; 47: 1570-1574
Johansson M, Carlsson PO, Jansson L. Caerulein-induced
pancreatitis and islet blood flow in anesthetized rats. J Surg
Res 2003; 113: 13–20
Hotz HG, Foitzik T, Rohweder J, Schulzke JD, Fromm M,
Runkel NS, Buhr HJ. Intestinal microcirculation and gut permeability in acute pancreatitis: early changes and therapeutic
implications. J Gastrointest Surg 1998; 2: 518-525
Foitzik T, Eibl G, Hotz B, Hotz H, Kahrau S, Kasten C, Schneider
P, Buhr HJ. Persistent multiple organ microcirculatory disorders
in severe acute pancreatitis: experimental findings and clinical
implications. Dig Dis Sci 2002; 47: 130-138

12

13

14

15

16

3581

Osman MO, Gesser B, Mortensen JT, Matsushima K, Jensen
SL, Larsen CG. Profiles of pro-inflammatory cytokines in the
serum of rabbits after experimentally induced acute pancreatitis.
Cytokine 2002; 17: 53-59
Bidarkundi GK, Wig JD, Bhatnagar A, Majumdar S. Clinical relevance of intracellular cytokines IL-6 and IL-12 in acute
pancreatitis, and correlation with APACHE III score. Br J
Biomed Sci 2002; 59: 85-89
Fink GW, Norman JG. Intrapancreatic interleukin-1 beta gene
expression by specific leukocyte populations during acute
pancreatitis. J Surg Res 1996; 63: 369–373
McHowat J, Liu S. Interleukin -1 beta stimulates phospholipase A2 activity in adult rat ventricular myocytes. Am J Physiol
1997; 272: C450-C456
Zhang H, Li YY. Role of phospholipase A2 in injury of lung
complicated by acute pancreatitis and the therapeutic effect
and mechanism of verapamil on it. Zhongguo Weizhongbing
Jijiu Yixue 2003; 15: 418-421

Science Editor Wang XL and Guo SY Language Editor Elsevier HK

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

EL SEVIER

World J Gastroenterol 2005;11(23):3582-3585
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• BRIEF REPORTS •

Transformation of hepatitis B serologic markers in babies born to
hepatitis B surface antigen positive mothers
Jian-She Wang, Hui Chen, Qi-Rong Zhu
Jian-She Wang, Qi-Rong Zhu, Laboratory of Infectious Diseases,
Children’s Hospital of Fudan University; Department of Pediatrics,
Shanghai Medical College Fudan University, Shanghai 200032, China
Hui Chen, Qi-Rong Zhu, Department of Infectious Diseases,
Children’s Hospital of Fudan University; Department of Pediatrics,
Shanghai Medical College Fudan University, Shanghai 200032, China
Supported by the Key-Subject Construction Project of Ministry
of Public Health of China, No. 97030223 and the young researcher
grant from Children’s Hospital of Fudan University, No. QN2001-5
Co-first-authors: Jian-She Wang and Hui Chen
Co-correspondents: Qi-Rong Zhu
Correspondence to: Dr. Jian-She Wang, Laboratory of Infectious
Diseases, Children’s Hospital of Fudan University, 183 Fenglin
Road, Shanghai 200032, China. jshwang@shmu.edu.cn
Telephone: +86-21-54524666-4030 Fax: +86-21-64038992
Received: 2004-12-15 Accepted: 2005-01-05

Abstract
AIM: To better understand the clinical significance of
hepatitis B serologic markers in babies born to hepatitis B
surface antigen (HBsAg) positive mothers, the incidence
of maternal serologic markers of hepatitis B via placenta
and its transformation in these babies were investigated.
METHODS: Mothers with positive HBsAg were selected
in the third trimester of pregnancy. Their babies received
immunoprophylaxis with hepatitis B immunoglobulin and
hepatitis B vaccine after birth, and were consecutively
followed up for hepatitis B serologic markers and HBV
DNA at birth, mo 1, 4, 7, 12, and 24.
RESULTS: Forty-two babies entered the study, including
16 born to hepatitis B e antigen (HBeAg)-positive HBsAg
carrier mothers and 26 to HBeAg-negative HBsAg carrier
mothers. Apart from four babies born to HBeAg-positive
carrier mothers and demonstrated persistent positive
HBeAg eventually became HBV carriers, all other babies
developed anti-HBs before 12 mo of age. Among the
other 12 babies born to HBeAg-positive carrier mothers,
HBeAg was detected in 7 at birth, in 4 at mo 1, and in
none of them thereafter. No antibody response to the
transplacental HBeAg was detected. Among the babies
born to HBeAg-negative carrier mothers, anti-HBe was
detected 100% at birth and mo 1, in 88.5% at mo 4, in
46.2% at mo 7, in 4.2% at mo 12 and none in mo 24.
Among all the immunoprophylaxis-protected babies born
to either HBeAg-positive or HBeAg-negative carrier
mothers, anti-HBc was detected in 100% at birth, mo 1
and mo 4, in 78.9% at mo 7, in 36.1% at mo 12 and in
none at mo 24.

CONCLUSION: HBeAg can pass through human placenta
from mother to fetus and become undetectable before
4 mo of age, but no antibodies response to the transplacental
HBeAg can be detected till mo 24 in the immunoprophylaxisprotected babies. The sole existence of anti-HBe before
1 year of age or anti-HBc before 2 years of age in babies
born to HBsAg carrier mothers may simply represent the
transplacental maternal antibodies, instead of indicators
of HBV infection status.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatitis B virus (HBV) infection is of major public health
importance worldwide. Globally, there are more than 350
million chronic carriers of HBV who are at high risk of
developing severe sequelae, such as end-stage cirrhosis and
hepatocellular carcinoma[1]. In highly endemic areas, such
as China, mother-to-child transmission of HBV plays an
important role in keeping the high prevalence of the carrier
status[2] . The vast majority of untreated infants born to
hepatitis B e antigen (HBeAg) positive mothers become
infected and leads to chronicity. However, infants born to
HBeAg-negative hepatitis B surface antigen (HBsAg)positive carrier mothers are likely to develop acute hepatitis
but less frequently progress to chronicity [3] . Since the
introduction of hepatitis B vaccine in the early 1980s, passiveactive immunoprophylaxis with hepatitis B immunoglobulin
(HBIG) and hepatitis B vaccine has been proved to be
highly effective in preventing perinatal transmission of HBV
infection. Nevertheless, a small proportion of the children
born to HBV carrier mothers, especially that with HBeAg
positive, still become HBsAg carriers despite receiving
passive-active immunoprophylaxis[4-6].
Detection of hepatitis B serologic markers is fundamental
to the judgment of HBV infection status and prognosis of
an individual[7]. It has long been known that the antibodies
to the variety HBV antigens can pass through placenta from
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HBV infected mother to babies. It is also suggested that
HBeAg, because of its small size, may transverse the
placenta and elicit HBe/HBcAg-specific T helper cell
tolerance in utero[8]. Although the ability of HBeAg to cross
the murine placenta recently has been questioned, significant
evidence has documented that HBeAg could infect the fetus
via human placenta[9,10]. However, little is known about how
long the transplacental HBV markers could persist in the
babies, and whether the transplacental HBeAg could induce
an antibody response in human infants has never been
investigated[10,11]. To answer these questions, a consecutive
follow-up observation was done in babies who were born
to HBsAg carrier mothers.

MATERIALS AND METHODS
Subjects
From January 2000 to December 2001, all pregnant women
who received regular antenatal examinations at Zhongshan
Hospital (affiliated teaching hospital of Fudan University)
or Shanghai No. 9 People’s Hospital were screened for
HBsAg in the third trimester of pregnancy. If the test was
positive, HBsAg was redetected and other HBV markers
including HBeAg, and serum alanine transaminase (ALT) level
were examined simultaneously before delivery. Their babies
received two doses of 200 IU of HBIG (Shanghai Institute
of Biological Products, Shanghai, China) intramuscularly
within 24 h after birth and at d 15. Then these babies were
inoculated with three doses of 10 µg of recombinant yeastderived hepatitis B vaccine (manufactured by SmithKline
Beecham, packaged by Shanghai Institute of Biological
Products, Shanghai, China) at mo 1, 2, and 7. Those babies
were followed up in a specific clinic in our hospital.
Consecutive serum samples from these babies were collected
by inguinal vein puncture at birth, and at mo 1, 4, 7, 12,
and 24 and were kept at -40 ℃ until determination. The
research protocol was approved by the Ethical Committee
of our hospital and informed consents were obtained from
the parents of all babies before delivery.
Babies satisfying the following criteria were enrolled in
this study. Firstly, their mothers were HBsAg positive at
two occasions, with a normal serum level of ALT and without
any symptoms or signs of hepatitis. Secondly, the newborn’s
gestational week was greater than 37 and less than 42. The
babies with an obvious abnormality, or birth weight less
than 2 500 g, or the Apgar scores less than 8 at 1 or 5 min
after birth were excluded.
Laboratory methods
Hepatitis B serologic markers (HBsAg, anti-HBs, HBeAg,
anti-HBe and IgG anti-HBc) were determined by using
commercial AxSYM system (AxSYM HBSAG 2.0, AUSAB
2.0, HBE 2.0, ANTI-HBE 2.0, CORE, Abbott Laboratories,
Chicago, IL, USA) according to the manufacturer’s
instructions. HBV-DNA was determined by semi-nested
PCR[12]. In brief, 5 µL of DNA extracted from the serum
was added to the following amplification mixture: 5 µL of
Taq polymerase buffer, 1 µL of 10 mmol/L deoxyribonucleotide triphosphate, 1.5 units of Taq (SABC, China),
10 pmoL of sense (HBMF1: 5’-YCCTGCTGGTGGC-
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TCCAGTTC-3’) and antisense primers (HBMR2: 5’AAGCCANACARTGGGGGAAAGC-3’) in a 50 µL
reaction volume. The amplification profile was 6 min at
96 ℃, followed by 25 cycles at 94 ℃ for 45 s (denaturation),
45 s at 60 ℃ (annealing) and 45 s at 72 ℃ (extension), and
then extended for 5 min. The reaction was performed in a
60-well cycler (PTC150, MJ Research, MA, USA). Five
microliters of the first-round PCR product was then added
to a second-round PCR mixture with the same composition
but with a different inner sense primer (HBMF2: 5’GTCTAGACTCGTGGTGGACTTCTCTC-3’). Ten
microliters of the second-round PCR product was then
analyzed by electrophoresis in 2% agarose gels, stained with
ethidium bromide, and visualized under ultraviolet light. A
band at 485 bp was judged as HBV-DNA positive.

RESULTS
Basic information
Forty-two HBsAg carrier mothers, including 16 who were
HBeAg and anti-HBc positive and 26 who were HBeAg
negative, but anti-HBe and anti-HBc positive were enrolled
with their babies (male 20, female 22). Forty babies were
followed up to 12 mo of age, and 37 were followed up to
24 mo of age. The reasons for dropout are mainly as follows:
fear of puncture, long distance from hospital or move
abroad. Four babies became HBsAg carriers despite the
passive-active immunoprophylaxis. All other babies
developed anti-HBs response till 12 mo of age. All four
carrier babies were born to HBeAg-positive carrier mothers,
none of the babies born to HBeAg-negative carrier mothers
were found HBsAg or HBV-DNA positive during the
follow-up period, yielding an immunoprophylaxis failure rate
of 25% in babies born to HBeAg-positive carrier mothers
comparing to zero in babies born to HBeAg-negative carrier
mothers.
Transformation of HBV markers in immunoprophylaxis failure
babies
Two of the immunoprophylaxis failure babies were found
HBsAg and HBV-DNA positive at birth, which may indicate
an in utero infection. Other two immunoprophylaxis failure
babies were HBsAg and HBV-DNA negative at birth, but
one of them was found HBsAg and HBV-DNA positive
since mo 1, another was found HBsAg and HBV-DNA
positive since mo 12 and subsequently. All the four
immunoprophylaxis failure babies were HBeAg and antiHBc positive, anti-HBs and anti-HBe negative persistently
at birth and thereafter.
Transformation of HBV markers in immunoprophylaxis
protected babies
HBeAg positivity Among the 12 babies born to HBeAgpositive carrier mothers and who had been successfully
immunized, HBeAg was detected in 7 at birth. Four of
them remained positive at mo 1, but none of them detected
positive thereafter. It is different from the four babies
who became carriers, in whom the HBeAg was positive
throughout the follow-up period. No HBeAg had been
detected in the 26 babies born to HBeAg-negative carrier
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mothers.
Anti-HBe positivity Anti-HBe was detected in 100% (26/26)
of the babies born to HBeAg-negative and anti-HBe
positive carrier mothers at birth and mo 1, in 88.5% (23/26)
at mo 4, in 46.2% (12/26) at mo 7, in 4.2% (1/24) at mo
12, and none in mo 24. It was detected in none of the 16
babies born to HBeAg-positive carrier mothers in the whole
follow-up period.
Anti-HBc positivity The anti-HBc is persistently positive
since birth in the four babies who became HBsAg carriers.
In other 38 babies, anti-HBc was detected in 100% at birth,
mo 1 and mo 4, in 78.9% (30/38) babies at mo 7, in 36.1%
(13/36) babies at mo 12, and the anti-HBc become
undetectable in all of them at mo 24.
HBV-DNA positivity
HBV-DNA was only detected in the four immunoprophylaxis
failure babies. Two of them were positive since birth, one
since mo 1, and another since mo 12. It was at the same
time when the positive HBsAg was detected. HBV-DNA
was negative in all immunoprophylaxis protected babies.

DISCUSSION
HBV infection in early life often results in chronicity[13] .
The infection can be persistent even life-long. It has been
estimated that 25% of them will die from HBV-related
hepatocellular carcinoma or end-stage cirrhosis in future[1].
Hepatitis B vaccine is a hallmark in preventing the
transmission of HBV. It has been demonstrated that
universal vaccination also had decreased the incidence of
children hepatocellular carcinoma[14,15]. Unfortunately, there
are still a small proportion of the babies born to HBsAg
carrier mothers become infected despite receiving passiveactive immunoprophylaxis[4-6]. In the present study, with
passive-active immunoprophylaxis, 24 babies born to HBeAg
negative HBsAg positive mothers were protected from HBV
infection. However, 4 of 16 babies born to HBeAg-positive
HBsAg carrier mothers still became persistently infected
with HBV. Two of them had positive HBsAg and HBVDNA since birth, indicating that the babies were infected
in utero (antenatal transmission). This result coordinates
with our previous publications and others that intrauterine
infection is the main cause of the failure of immunoprophylaxis
to interrupt the mother-to-babies transmission of HBV[6,16].
No vaccination strategy (active alone, or passive-active)
until now could prevent this kind of transmission. Some
of the fetuses that have contacted HBV antigens early in
embryonic development become immunologically tolerant
to HBV antigens. Hence, HBV cannot be effectively
eliminated, leading to chronic HBV infection.
The mechanism of immunological tolerance may be
influenced by different HBV markers. It has been well
documented that babies born to mothers who are carriers
of HBV and who express HBeAg are more likely to become
persistently infected than babies born to HBeAg-negative
carriers[3,4,8]. In the present study, all the four persistently
infected babies were born to HBeAg-positive hepatitis B
carriers. HBsAg does not usually cross the placenta.
However, there have been suggestions that maternal HBeAg
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could pass through placenta from mother to fetus and
induce T-cell tolerance in utero[3,8]. Although one group[17,18]
had reported that HBeAg cannot pass the murine placenta
efficiently in H-2b mice, others and us[9-11] had proved
that HBeAg can indeed cross the human placenta from
mother to fetus. Our present study further showed that the
transplacental HBeAg can still be detected at 1 mo of age
at about 33.3% of babies (4/12) born to HBeAg-positive
carrier mothers, but it would disappear before 4 mo of age
in uninfected babies. The babies with HBeAg positive
persistently over 4 mo of age always were accompanied
by HBV infection breakthrough. Because HBeAg and
HBcAg are highly cross-reactive in terms of T-helper cell
recognition, the exposure to HBeAg in uterus may lead to
fetal immunotolerance not only to HBeAg but also to
HBcAg[3,19]. The HBV markers should be further followed
up in babies who are HBeAg positive beyond 4 mo of age,
because of the possibility of HBV infection breakthrough.
Anti-HBe and anti-HBc are also important markers to
judge HBV infection status. Although it has been well known
that these antibodies can transverse human placenta from
mother to fetus, little knowledge is available about how
long these antibodies persist and if antibody response to
the transplacental HBeAg can be detected in the successfully
immunized babies. In the present study, we demonstrated
that transplacental anti-HBe disappeared in nearly all babies
(95.8%) before 12 mo of age, and no antibody response to
transplacental HBeAg was detected in the immunoprophylaxis
protected babies born to HBeAg-positive HBsAg carrier
mothers. Positive transplacental anti-HBc can last longer
time than anti-HBe in the babies born to HBsAg carrier
mothers. It can still be detected in about one-third of the
babies at 12 mo of age, but disappeared before 24 mo of
age. Therefore, the sole existence of anti-HBe before 1 year
of age and/or anti-HBc before 2 year of age not along
with positive HBsAg in babies born to hepatitis B carrier
mothers may simply represent the transplacental maternal
antibodies to the virus, and may not be indicators that babies
has experienced an infection of HBV actively or previously.
However, if sole anti-HBc is detected in babies over 2 years
of age, it could be an indicator of past infection. Other
researchers reported that the existence or high level of
transplacental maternal anti-HBc may correlate significantly
with the outcome of in utero HBV infection[11,20]. In the present
study, transplacental anti-HBc can be detected in all babies
born to HBsAg carrier mothers before 4 mo of age. Therefore,
no significant correlation can be discovered between the
absence of maternal anti-HBc and immunoprophylaxis
failure.
Above all, our present study suggests that the maternal
HBeAg can transverse the human placenta from mother to
fetus, but it will disappear before 4 mo of age in the babies
born to HBeAg-positive carrier mothers. The sole existence
of anti-HBe before 1 year of age or anti-HBc before 2 year
of age in babies born to HBsAg carrier mothers may simply
represent the transplacental maternal antibodies, instead of
indicators of HBV infection status. Exposure of the immature
immune system in uterus and early life to transplacental
HBeAg might have induced immunotolerance, so that no
antibodies response to HBeAg could be detected.
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Abstract
AIM: To study the distribution of positive lymph nodes
within mesorectum and to investigate the possible
micrometastasis in negative lymph nodes.
METHODS: Large slice technique combined with tissue
microarray was used in the pathologic study of 31
specimens.
RESULTS: A total of 992 lymph nodes were harvested
and cancer metastasis was found in 148 lymph nodes.
Some positive lymph nodes were located in the outer
layer of mesorectum and more at the same site of
mesorectum as the primary tumor. Circumferential margin
lymph node metastasis was observed in nine cases. No
significant difference in occurrence of micrometastasis
was observed in different stage tumors.
CONCLUSION: Positive lymph nodes are distributed in
mesorectum and micrometastasis can be found in negative
lymph nodes.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Rectal cancer; Mesorectum; Lymph node
Wang C, Zhou ZG, Wang Z, Chen DY, Zheng YC, Zhao GP.
Nodal spread and micrometastasis within mesorectum. World
J Gastroenterol 2005; 11(23): 3586-3590

http://www.wjgnet.com/1007-9327/11/3586.asp

INTRODUCTION
Treatment and prognosis of rectal cancer are mainly
determined by the presence of lymph node metastasis in
specimens[1,2]. The node status distinguishes TNM stage I
and II patients from stage III patients. In general, individuals

without evidence of nodal metastasis are at a relatively low
risk for developing recurrent disease[3,4].
In this study, we investigated the distribution of
metastasized lymph nodes within mesorectum on large slices.
Then all negative lymph nodes were collected by tissue
microarray technique to search possible micrometastasis.
Therefore, the purpose was to examine the largest possible
amount of lymph nodes in order to make correct staging,
therapeutic decisions and prognosis in patients with rectal
cancer.

MATERIALS AND METHODS
Study patients
Specimens from 31 consecutive patients with biopsy-proven
adenocarcinoma of the rectum who underwent resection
from November 2001 to May 2002 were retrospectively
investigated. There were 15 males and 16 females with an
average age of 60 years. Preoperative endoscopic evaluation
showed tumor 3-15 cm from the anus. None of the patients
received preoperative chemotherapy or radiation therapy.
Surgical technique
Twenty-five of the patients underwent laparotomic anterior
resection and six patients had laparoscopic total mesorectal
excision (TME). The TME procedure was defined as sharp
dissection under direct vision, the rectum and mesorectum
in the fascia propria were excised[5]. This did not necessarily
mean an excision of the entire mesorectum down to the
pelvic floor or anal canal, but the standard policy for division
of the rectum and mesorectum was 3 cm below the tumor.
If possible, 5 cm of rectum and mesorectum was excised.
Specimens’ preparation
Mesorectal lymph nodes were never removed so as to
preserve the mesorectum. Each specimen was stitched under
tension onto a made-to-order board ex vivo after a column
of sponge was loaded into the intestinal cavity to make
sure it conformed to biological dimensions. The boards were
floated with the specimens down for fixation in 10%
buffered formalin for 48 h. Serial transverse tissue blocks
were cut at 5-mm intervals from the distal resection margin
to the proximal margin. Each block consisting of full
thickness of rectum and mesorectum was embedded in
paraffin. Four-micrometer-thick sections were sliced from
each block, mounted on a large glass slide (15 cm×6 cm),
and stained with hematoxylin-eosin.
Histopathologic diagnosis
All the slices were reviewed to detail the histologic findings
according to TNM classification[6] . In addition, we also
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examined the direct tumor infiltration and lymph node
involvement to assess circumferential margin following the
quality control principles formulated by Quirke et al[7]. The
positive circumferential resection margin (CRM) was defined
as tumor growth within 1 mm from the resection margin.
The distance of tumor spread was measured using a ruler.
During examination and recording, we divided the
mesorectum into three regions (i.e., left, right, and rear
regions) according to its observed shape on large slices.
Each region was further separated into three layers (i.e.,
outer, middle, and inner layers) on the basis of their distance
from the outer limit of serosa. Therefore, we got nine areas
and located each focus to one or more of them.
Tissue microarray technique
Negative lymph nodes were noted during examination of
the large tissue sections stained with hematoxylin-eosin.
Corresponding areas on the sectioned paraffin-embedded
block were marked. From each paraffin block, core biopsy
specimens of lymph nodes were punched and positioned
into a recipient block. Core biopsy from the primary lesions
was used as the positive control. In the ensuing paraffin
array block, tissue cylinders were aligned, marked for
identification, and cut into 4-µm-thick sections for further
examination.
Immunohistochemical analysis
Four-micrometer-thick sections were transferred to glass
slides disposed with APES. Following deparaffinization in
xylene and rehydration in graded ethanol, the sections were
treated in citrate buffer (pH 6.0) for antigen retrieval for
3 min, stained immunohistochemically with CK20 (Dako,
Glostrup, Denmark) monoclonal antibody using avidinbiotin-peroxidase complex and visualized by diaminobenzidine.
Binary antibody was applied to the sections at 37 ℃ for
45 min. Negative control sections for immunohistochemical
(IHC) staining were not stained with the primary antibody.
Cancer cells positive for CK20 were intensely stained in
comparison with other components of lymph nodes.
Statistical analysis
The data were analyzed with the SPSS 10.0 package. Pearson
coefficient was chosen in bivariate correlation analysis. The
2 and stepwise forward LR tests were used respectively in
crosstabs statistics and binary logistic regression. P<0.05
was considered statistically significant.

RESULTS
All the operations were considered curative by the surgeons.
Distal donuts included in the stapler device were also
examined microscopically. All were histologically free of
carcinoma.
Examination of lymph nodes
Using large slice technique, 992 lymph nodes were examined
from specimens of 31 patients. Tumor involvement was in
148 of them, and there was no tumor involvement in the
other 844 lymph nodes. The average number of examined
lymph nodes per specimen was 32. The details of harvested
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nodes are shown in Table 1.
Metastasis rate of lymph nodes, defined as the percent
of involved nodes for each specimen, was related to the
depth of tumor infiltration (r = 0.548, P = 0.001) and tumor
differentiation (r = 0.470, P = 0.008). No significant
difference in the rate was observed between tumors at
different sites.

Table 1 Diameter distribution of examined lymph nodes
<0.5 mm <1 mm

<2 mm <5 mm <10 mm ≥10 mm

Uninvolved LN 165
Involved LN
5

138
7

245
23

270
69

26
32

0
12

Sum

170

145

268

339

58

12

Percent (%)

17.1

14.6

27.0

34.2

5.8

Sum
844
148
992

1.2

100.0

Distribution of involved lymph nodes
Fifty-one involved lymph nodes were located in the outer
layers (including left, right, and rear regions) of mesorectum,
accounting for 25.6% of all involved lymph nodes, and
41.7% of the involved lymph nodes were observed in the
rear region of mesorectum. Of the 10 stage III patients
with primary tumors mainly located on the left or right
side of rectal wall, 34.7% of the involved nodes were in
the same lateral region of mesorectum, and 6.1% on
the opposite side. The difference was significant (P<0.01)
(Table 2).
Table 2 Mesorectal distribution of tumor involved lymph nodes for
10 stage III patients
Primary tumor
location

Involved lymph node
Left region

Right region

Rear region

Outer layer

Left

13

1

31

18

Right

5

21

27

22

Others

10

15

25

11

Circumferential margin involvement
Twelve specimens were involved in the circumferential
margin and four of them had a real positive margin (i.e.,
tumor cells in the resection margin). The positive CRM
included circumferential margin involvement (CMI) of
primary tumor infiltration and lymph node metastasis. If
CMI of the latter was included, the number of positive margins
would be nine. No relationship between the occurrence
of CMI and T stage, tumor location and differentiation
was found in logistic regression analysis (Table 3).
Lymph node micrometastasis
A total of 844 negative lymph nodes were marked on tissue
blocks and 795 were successfully transferred to recipient
blocks using tissue microarray. The other 49 lymph nodes
not removed were smaller than 0.5 mm in diameter,
accounting for 5.8%. Occult tumor cells in lymph node
specimens were found in 9 of 31 patients (29.0%) by IHC
analysis. The cells were located in subcapsular sinuses of
lymph nodes as single cells or in groups and rarely in
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Table 3 Logistic regression analysis of CMI with clinicopathologic characteristics
Rectal cancer (n = 31)
No. of patients

CMI (n = 12)

Percent (%)

No. of patients

Sig.

Exp (B)

0.069

0.908

0.828

0.858

0.564

0.587

0.654

1.517

0.242

1.082

Percent (%)

Age (yr)
<40

3

9.68

3

25.00

40–59

12

38.71

5

41.67

≥60

16

51.61

4

33.33

Lower

9

29.03

4

33.33

Middle

17

54.84

6

50.00

5

16.13

2

16.67

Primary tumor location

Upper
Differentiation
Poor

11

35.48

8

66.67

Moderate

18

58.06

3

25.00

2

6.45

1

8.33
8.33

Well
Infiltration
T1

2

6.45

1

T2

6

19.35

0

0.00

T3

21

67.74

9

75.00

T4

2

6.45

2

16.67

Involved LN
0

15

48.39

3

25.00

1–9

11

35.48

5

41.67

≥10

5

16.13

4

33.33

parenchyma. We rarely detected a stromal reaction around
the tumor cells. No significant difference in incidence rate
of micrometastasis was obtained between tumors at
different T stages, N status, and differentiation (Table 4).

Table 4 Lymph node micrometastasis with clinicopathologic characteristics
Micrometastasis
Yes

No

P

T
1

1

1

2
3

1
5

5
16

4

2

0

0
1

2
1

11
5

2

6

6

1
2

1
1

6
5

3

6

11

4

1

0

0.11

N
0.124

TNM stage

Differentiation
Well

0

2

Moderate

3

15

Poor

6

5

0.267

0.06

DISCUSSION
Radical surgery remains the first choice of treatment for
rectal cancer and the prognosis primarily depends on the
stage of tumor at the time of diagnosis. As diagnostic
assessment is performed more and more precisely and
surgical techniques have been greatly improved in the last

decade, the rate of curative resections and sphincter-saving
procedures for rectal cancer is significantly increased and
the mortality rate is decreased[8]. However, numerous factors
such as characteristics of primary tumor and presence of
lymph node metastasis affect the survival of patients with
carcinoma of the rectum[9,10] . Detection of lymph node
metastasis and determination of pN status are essential for
prediction of prognosis and planning therapeutic modalities.
Hida et al[11], and Greenson et al[12], reported that the number
of lymph nodes identified at the time of pathologic
examination of surgical specimens might vary not only in
patients but also in the extent of pathologic exploration.
However, because the surgical stuff was stable during the
study period and the operations were performed following
the principles of TME, we believe surgical technique was
unlike to affect our data. Therefore, the result mainly
reflected the significance of pathological examination.
The number of lymph nodes that need to be examined
to accurately stage individuals with rectal cancer is
controversial and ranges between 12 and 17 [13-16]. In this
study, we combined large tissue slides with tissue microarray
technique in examining lymph node status of patients with
rectal cancer. Metastasis detected in our study by the
integration of HE staining with IHC process provides an
absolutely new method for maximizing the number of
lymph nodes. It detected a higher average number of
harvested lymph nodes compared with other studies.
Furthermore, 583 lymph nodes had a diameter of less than
2 mm, which could not be achieved by conventional
pathologic test. Scott and Grace[13] demonstrated that 80%
of lymph node metastases are found in lymph nodes smaller
than 5 mm in diameter. In this study, 70.3% metastasized
nodes were smaller than 5 mm in diameter, those bigger
than 10 mm in diameter just accounted for 8.1%. Clinical
studies suggested that the number of positive lymph nodes
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with mural penetration is the most valuable predictive factor
for survival[11,13]. In this study, correlation test did confirm
the relation between metastasis rate of lymph nodes and
depth of tumor infiltration.
Providing a holistic view of rectum, together with
surrounding mesorectum, the large slice technique used in
this study promoted us to study the pattern of tumor spread.
The result of our study showed that 41.7% of the involved
lymph nodes were observed in the rear region of mesorectum
and the rate was 25.6% in outer layers (including left, right,
and rear regions). Concerning the principles of TME,
dissection between the relatively avascular plane outside the
visceral fascia and complete removal of mesorectum from
behind are mandatory. Therefore, lymphatic drainage from
the rectum is eliminated by TME. When conventional blunt
procedure is used, metastasis in the outer layers would be
left in the pelvis of patients and gives rise to further local
recurrence. Furthermore, as shown in Table 2, in tumors
located on the left and right side of the rectum, nearly onethirds of the positive nodes were located in the same lateral
region of the mesorectum, significantly more than those in
the opposite region, suggesting that the lateral discrepancy
in dissection of the hypogastric plexus can guarantee clear
lateral margin in these areas.
Quirke et al[7], de Haas-Kock et al[17], Adam et al[18], and
Cawthorn et al[19] have introduced the conception of CMI.
They found that CMI is a surgery-related factor that
increases the risk for local recurrence. It was reported that
CRM influences the rate of local recurrence, distant
metastases and survival[20]. A large multicenter trial in
Netherland[21] even advised that 2 mm should be used as
the criterion for CRM in predicting local recurrence. Logistic
regression test in this study did not prove the relation of
CMI with tumor location and differentiation.
It has been observed that as the number of examined
lymph nodes increases, the number of lymph node positive
specimens increase[15,16,22] . Theoretically, sampling of the
entire perirectal fat would be an accurate method for total
lymph node examination[23-25]. Koren et al[26] introduced the
lymph node revealing solution method and showed that stage
of the disease can be determined more accurately by it.
However, 20-30% of patients with no histopathologically
detectable lymph node metastasis die of a local tumor
relapse or distant metastases, which might be explained by
an early dissemination of tumor cells into lymphatic system
that cannot be detected using conventional pathological
techniques. Gusterson[27] first reported that up to 20% of
cases negative for lymph node metastasis on routine sections
have micrometastasis. In the current study, we collected all
negative lymph nodes observed on large slices using tissue
microarray technique for further investigation. IHC analysis
discovered micrometastasis from the negative lymph nodes
of nine specimens. No statistical difference was found in
detected tumor cells, suggesting that the submucosa
lymphatic spread of tumor cells occurs once the infiltration
reaches this layer.
In conclusion, positive lymph nodes are distributed in
mesorectum, and micrometastasis can be discovered in
cancers at different stages and causes future recurrence.
TME is rather a good procedure for rectal cancer.

3589

REFERENCES
1

2

3

4

5

6
7

8

9

10

11

12

13

14

15

16

17

18

Wiggers T, Arends JW, Schutte B, Volovics L, Bosman FT. A
multivariate analysis of pathologic prognostic indicators in
large bowel cancer. Cancer 1988; 61: 386-395
Ponz de Leon M, Sant M, Micheli A, Sacchetti C, Di Gregorio
C, Fante R, Zanghieri G, Melotti G, Gatta G. Clinical and pathologic prognostic indicators in colorectal cancer. A populationbased study. Cancer 1992; 69: 626-635
Moertel CG, Fleming TR, Macdonald JS, Haller DG, Laurie
JA, Goodman PJ, Ungerleider JS, Emerson WA, Tormey DC,
Glick JH. Levamisole and fluorouracil for adjuvant therapy of
resected colon carcinoma. N Engl J Med 1990; 322: 352-358
Moertel CG, Fleming TR, Macdonald JS, Haller DG, Laurie
JA, Tangen CM, Ungerleider JS, Emerson WA, Tormey DC,
Gl ick JH, Veeder MH, Ma ill iard JA. Fl uorourac il pl us
levamisole as effective adjuvant therapy after resection of
stage III colon carcinoma: a final report. Ann Intern Med 1995;
122: 321-326
Heald RJ, Husband EM, Ryall RD. The mesorectum in rectal
cancer surgery--the clue to pelvic recurrence? Br J Surg 1982;
69: 613-616
American Joint Committee on Cancer. AJCC Cancer Staging
Manual. 5th ed. Philadelphia: Lippincott Raven 1997: 83-90
Quirke P, Durdey P, Dixon MF, Williams NS. Local recurrence of rectal adenocarcinoma due to inadequate surgical
resection. Histopathological study of lateral tumour spread
and surgical excision. Lancet 1986; 2: 996-999
Bruch HP, Schwandner O, Schiedeck TH, Roblick UJ. Actual
standards and controversies on operative technique and lymphnode dissection in colorectal cancer. Langenbecks Arch Surg 1999;
384: 167-175
Stocchi L, Nelson H, Sargent DJ, O’Connell MJ, Tepper JE,
Krook JE, Beart R. Impact of surgical and pathologic variables in rectal cancer: a United States community and cooperative group report. J Clin Oncol 2001; 19: 3895-3902
Sitzler PJ, Seow-Choen F, Ho YH, Leong AP. Lymph node
involvement and tumor depth in rectal cancers: an analysis of
805 patients. Dis Colon Rectum 1997; 40: 1472-1476
Hida J, Mori N, Kubo R, Matsuda T, Morikawa E, Kitaoka M,
Sindoh K, Yasutomi M. Metastases from carcinoma of the
colon and rectum detected in small lymph nodes by the clearing method. J Am Coll Surg 1994; 178: 223-228
Greenson JK, Isenhart CE, Rice R, Mojzisik C, Houchens D,
Martin EW. Identification of occult micrometastases in pericolic lymph nodes of Duke’s B colorectal cancer patients using monoclonal antibodies against cytokeratin and CC49.
Correlation with long-term survival. Cancer 1994; 73: 563-569
Scott KW, Grace RH. Detection of lymph node metastases in
colorectal carcinoma before and after fat clearance. Br J Surg
1989; 76: 1165-1167
Wong JH, Severino R, Honnebier MB, Tom P, Namiki TS.
Number of nodes examined and staging accuracy in colorectal
carcinoma. J Clin Oncol 1999; 17: 2896-2900
Goldstein NS, Sanford W, Coffey M, Layfield LJ. Lymph
node recovery from colorectal resection specimens removed
for adenocarcinoma. Trends over time and a recommendation
for a minimum number of lymph nodes to be recovered. Am J
Clin Pathol 1996; 106: 209-216
Fielding LP, Arsenault PA, Chapuis PH, Dent O, Gathright
B, Hardcastle JD, Hermanek P, Jass JR, Newland RC. Clinicopathological staging for colorectal cancer: an International
Documentation System (IDS) and an International Comprehensive Anatomical Terminology (ICAT). J Gastroenterol Hepatol
1991; 6: 325-344
de Haa s-Kock DF, Baeten CG, Jager JJ, Langendijk JA,
Schouten LJ, Volovics A, Arends JW. Prognostic significance
of radial margins of clearance in rectal cancer. Br J Surg 1996;
83: 781-785
Adam IJ, Mohamdee MO, Martin IG, Scott N, Finan PJ,
Johnston D, Dixon MF, Quirke P. Role of circumferential margin involvement in the local recurrence of rectal cancer. Lancet
1994; 344: 707-711

3590
19

20

21

22

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

Cawthorn SJ, Parums DV, Gibbs NM, A’Hern RP, Caffarey
SM, Broughton CI, Marks CG. Extent of mesorectal spread
and involvement of lateral resection margin as prognostic
factors after surgery for rectal cancer. Lancet 1990; 335: 105510 59
Wibe A, Rendedal PR, Svensson E, Norstein J, Eide TJ, Myrvold
HE, Soreide O. Prognostic significance of the circumferential
resection margin following total mesorectal excision for rectal
cancer. Br J Surg 2002; 89: 327-334
Nagtegaal ID, Marijnen CA, Kranenbarg EK, van de Velde
CJ, van Krieken JH. Circumferential margin involvement is
still an important predictor of local recurrence in rectal
carcinoma: not one millimeter but two millimeters is the limit.
Am J Surg Pathol 2002; 26: 350-357
Wong JH, Bowles BJ, Bueno R, Shimizu D. Impact of the
number of negative nodes on disease-free survival in colorectal

23

24

25

26

27

June 21, 2005

Volume 11

Number 23

cancer patients. Dis Colon Rectum 2002; 45: 1341-1348
Cawthorn SJ, Gibbs NM, Marks CG. Clearance technique for
the detection of lymph nodes in colorectal cancer. Br J Surg
1986; 73: 58-60
Herrera-Ornelas L, Justiniano J, Castillo N, Petrelli NJ, Stulc
JP, Mittelman A. Metastases in small lymph nodes from colon cancer. Arch Surg 1987; 122: 1253-1256
Hohenberger W, Schick CH, Gohl J. Mesorectal lymph node
dissection: is it beneficial? Langenbecks Arch Surg 1998; 383:
402-408
Koren R, Siegal A, Klein B, Halpern M, Kyzer S, Veltman V,
Gal R. Lymph node-revealing solution: simple new method
for detecting minute lymph nodes in colon carcinoma. Dis
Colon Rectum 1997; 40: 407-410
Gusterson B. Are micrometastases clinically relevant? Br J
Hosp Med 1992; 47: 247-248

Science Editor Wang XL and Guo SY Language Editor Elsevier HK

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

EL SEVIER

World J Gastroenterol 2005;11(23):3591-3594
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• BRIEF REPORTS •

Expression of CD44v6 gene in normal human peripheral blood
Jian Song, Dong-Sheng Zhang, Jie Zheng
Jian Song, Dong-Sheng Zhang, Jie Zheng, Department of
Pathology, Institute of Molecular Pathology, Medical School of
Southeast University, Nanjing 210009, Jiangsu Province, China
Supported by the Jiangsu Commission of Science and Technology,
China, No. BS98031
Correspondence to: Jie Zheng, Department of Pathology, Medical
School of Southeast University, Nanjing 210009, Jiangsu Province,
China. jiezheng@public1.ptt.js.cn
Telephone: +86-25-83272358 Fax: +86-25-83324887
Received: 2003-08-26 Accepted: 2003-09-23

Abstract
AIM: To investigate if CD44v6 could be used as a molecular
marker of cancer progression and metastasis through the
detection of CD44v6 gene expression in normal human
peripheral blood.
METHODS: RNA was extracted from the peripheral blood
mononuclear cells of 50 healthy donors, the expression
of CD44v6 was investigated using reverse transcriptasepolymerase chain reaction (RT-PCR).
RESULTS: CD44v6 mRNA was detected in 58% of healthy
volunteers under the proper controls.
CONCLUSION: Our results suggest that the measurement
of CD44v6 expression in peripheral blood by RT-PCR is
not suitable for detection of circulating tumor cells.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The main cause of cancer mortality is the formation of
metastases in distant organs. Early detection of these tumor
cells in peripheral blood is one of the most effective means
of reducing cancer mortality. CD44 is a cell surface
glycoprotein that regulates cell adhesion to elements of the
extracellular matrix. Human CD44 gene on chromosome
1 lp13 that consists of 19 exons is divided into standard isoform
(CD44s) and splicing variant isoform (CD44v) according
to splicing patterns of its exons (Figure 1A and C)[1]. CD44s,
the shortest isoform of CD44, is necessarily expressed on

all cell types, whereas CD44v is selectively expressed on
several normal cell types and some tumor cells.
In recent years, the role of CD44v6 has drawn attention
to the invasion, metastasis and prognosis of tumors. Although
several laboratories have reported that CD44v6 expression
could be used as a potential marker of distant metastasis[2],
other laboratories failed to confirm these results[3,4]. To
determine whether CD44v6 expression could be used as a
potential tumor marker of circulating tumor cells, we studied
the CD44v6 expression in peripheral blood from 50 healthy
volunteers using reverse transcriptase-polymerase chain
reaction (RT-PCR) assay (Figure 1B).

MATERIALS AND METHODS
Cell lines
Gastric carcinoma cell line MGC-803 expressing CD44v6[5]
was grown in RPMI-1640 containing L-glutamine and
sodium bicarbonate supplemented with 10% fetal calf serum,
100 IU/mL penicillin and 0.1 mg/mL streptomycin in a
50 mL/L CO2 incubator at 37 ℃ and cells were sub-cultured
every 4 d.
Blood samples and patients
Peripheral blood samples were obtained from healthy donors
aged between 22 and 69 years. The first 10 mL blood was
discarded to reduce contamination by epithelial cells at the
site of needle entry. A further 5 mL was then collected in a
silanized vacuum tube containing 0.6 mL 1.5% potassium
ethylenediamine tetraacetic acid (EDTA) and promptly
transported to the laboratory at 4 ℃ for at least 2 h before
treatment. Peripheral blood nucleated cells (PBNCs) were
isolated by Ficoll density centrifugation at 1 400 r/min for
30 min and stored at -70 ℃ before analysis. In order to
prevent the contamination, persons with a history of
malignant tumors or women in menses or with endometriosis
history were excluded from this study.
RNA extraction
Total RNA was isolated from MGC-803 cells (5×106) and
PBNCs (5×106) with TRIzol reagent (Shanghai Shenergy
Biocolor Bioscience and Technology Co., Ltd, SNBC)
according to the manufacturer’s protocol. The integrity and
concentration of RNA were determined by a gel containing
MOPS and formaldehyde.
RT-PCR
RT-PCR was based on the methods described by Zheng
et al [6], with minor modifications. Briefly, total RNA was
heated at 65 ℃ for 15 min, and then cooled on ice for 10 min.
Reverse transcription reaction was performed in a volume
of 20 µL containing 1 mmol/L deoxynucleotide triphosphates,
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Figure 1 Primers for DC44v6, CD44s. A: Human CD44 gene and its encoded
region (closed boxes: constitutive exons; open boxes: variant exons); B:

primers for CD44v6; C: primers for CD44s.

1 mmol/L DTT, 50 mmol/L Tris-HCl (pH 8.3), 60 mmol/L
KCl, 3 mmol/L MgCl2, 20 ng Oligo (dT)18 primer (SNBC),
20 units of RNasin (TaKaRa Corp., Dalian, China) and 10 U
avian myeloblastosis virus reverse transcriptase (Promega
Corp.). The reactions were incubated at 42 ℃ for 1 h and
stopped by heat inactivation at 99 ℃ for 5 min. cDNA
samples were stored at -20 ℃ until use.
Amplification was performed with 2 µL of cDNA in a
total volume of 20 µL containing 1× PCR buffer (10 mmol/L
Tris-HCl pH 9.0, 50 mmol/L KCl, 0.1% Triton X-100 and
0.2 mg/mL gelatin), 2 mmol/L MgCl2, 250 µmol/L of
each dNTP, 20 pmoL of each primers, and 1 unit Taq DNA
polymerase (TaKaRa). DNA from MGC-803 cells was used
as a positive control, and negative control contained all
components of the RT-PCR reaction except RNA template.
The primer sequences for CD44v6 and CD44s
amplification were designed from the published sequences
for human CD44 gene[7] . Their location is presented in
Figure 1 The sequences for -actin primer were from
Schrewe et al [8] .
The sequences of these primers were:

Gel electrophoresis of PCR products
PCR products were analyzed by electrophoresis on 1.8%
agarose gel containing 0.5 µg/mL ethidium bromide. DNA
fragments were visualized and recorded by a gel scanning
system (FR-200, Shanghai FURI Science and Technology
Co., Ltd). CD44v6 RT-PCR products from the peripheral
blood samples were confirmed in the correct sequences by
automated sequencing (Shanghai ShenYou Biotechnology
Co., Ltd).

CD44v6 5’-primer: 5’-GACACATATTGCTTCAATGCTTCAGC-3’
CD44v6 3’-primer: 5’-TACTAGGAGTTGCCTGGATGGTAG-3’
CD44s 3’-primer: 5’-GGAATGTGTCTTGGTCTCTGGTAG-3’
-actin 5’-primer: 5’-CCCTGGACTTCGAGCAAGAGAT-3’
-actin 3’-primer: 5’-GTTTTCTGCGCAAGTTAGG-3’

DNA amplification was carried out in the PTC-100TM
machine (MJ Research, Watertown, MA). After an initial
denaturation step at 94 ℃ for 3 min, 35 cycles were
performed, each at 94 ℃ for 50 s, at 55 ℃ for 40 s, and at
72 ℃ for 1 min, followed by a final extension at 72 ℃ for
5 min. The expected size of the amplified CD44v6 and
CD44s was 348 bp, and the -actin primers amplified a
531-bp fragment, which was used as an internal control to
confirm an equal loading in each slot.

Statistical analysis
The data were analyzed by 2 test.

RESULTS
We found that CD44v6 mRNA was detected in 58% (29/50)
of healthy volunteers under the appropriate controls. As
shown in Figure 2, the amplified fragments in some of
the healthy volunteers were similar to those of MGC-803
cells.

1 2

3 4

5 6

P N M

1 2

3

4

5

6

7

8 M

←500 bp
CD44v6
←348 bp

←-actin
531 bp

Figure 2 Detection of CD44v6 mRNA in peripheral blood from healthy volunteers
by RT-PCR. -actin was used as an internal control. Lines A1-6 and B1-8:
samples from blood; line P: positive control; line N: negative control; line M:
molecular weight marker (100-bp DNA ladder).
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CD44v6 expression was found in 17 of 28 samples
from males (60.7%) and 12 of 22 samples from females
(54.5%). There was no statistical difference in CD44v6
expression in peripheral blood between male and female
donors (P>0.5).
In the studies, the average age of the donors was 37.9
years (range 22-69 years, median 35 years). Among them,
24 donors were younger than 35 years and 26 donors were
older than 35 years in age. We found that 41.7% (10/24)
were CD44v6-positive from the donors (<35 years), while
73.1% (19/26) were CD44v6-positive from the donors
(>35 years). There was a statistically significant difference
in CD44v6 expression in peripheral blood between the two
age groups (P<0.05).
To make sure whether there was any interference
between the expression of CD44v6 and CD44s, the
expression of CD44s was examined by RT-PCR from all
of CD44v6-positive samples. The results showed that
CD44s was detected from all of the samples, and the
fluorescent intensity of fragments from different samples
was similar.
CD44v6 RT-PCR products from the peripheral blood
were confirmed to be exactly identical to the published
sequences of human CD44 gene by automated sequencing.

DISCUSSION
CD44 is a widely distributed cell adhesion molecule that is
the major cell surface receptor for hyaluronic acid and
mediates diverse functions, such as cell-cell and cell-matrix
adhesions, lymphocyte homing and T-cell adhesion and
activation, embryogenesis, and wound healing. Human
CD44 is encoded by a single gene, which consists of 19
exons (Figure 1). CD44s comprises exons 1-5 joined to exons
16-20 to give a molecular weight of 80-90 ku, while CD44v
is generated by alternative splicing of exons 6-15 (variant
exons 1-10) with higher molecular weights. Alternatively spliced
variants expressed in animal tumors have been shown to
confer metastatic potential to non-metastatic carcinoma cell
lines [9] , whereas transfection with CD44v antisense
oligonucleotides in the colorectal tumor cell line HT-29
suppressed tumor growth and metastatic behavior in nude
mice [10]. Several groups have reported that CD44v6
expression was involved in tumor dissemination and
unfavorable prognosis of patients with carcinomas, including
cancers of colon, pancreas, breast, prostate, bladder,
stomach, etc. The mechanism by which CD44v6 expression
in tumor cells is related to invasion and hematogenous
metastasis, is not clear. One of the possibilities is that
CD44v6 bears the osteopontin binding domain, while
malignant cells are often characterized by abundant secretion
of osteopontin.
Recently several reports showed that the CD44v6 was
expressed not only in malignant tissues but also in many
normal tissues and cells. It was reported that elevated levels
of CD44v6 expression were noted in peripheral blood
lymphocytes of patients with infectious as well as
autoimmune diseases[11] and in blood monocytes from healthy
donors[12] . In addition, CD44v6 was found in peripheral
blood from patients with adenomyosis[13] , even on gastric
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epithelial cells of patients with Helicobacter pylori infection[14].
Based on the studies above, we thought that expression
of CD44v6 in peripheral blood from normal people can
become as a reliable molecular marker of cancer progression
and metastasis. To avoid the contamination of epithelial
cells, we discarded the first 10 mL blood samples collected
from each donor. The women in menses or with an
endometriosis history were excluded from our research to
ensure the creditability of the results. Our study showed
that CD44v6 expression was found in 29 of 50 peripheral
blood samples (58%) from healthy donors using RT-PCR
methods. This result seriously doubts about the value of
using CD44v6 mRNA to detect tumor cells in peripheral
blood. We also detected CD44s mRNA from all CD44v6positive blood samples and MGC-803 cancer cell line,
suggesting that there was no interference between CD44v6
and CD44s expressions.
We found that there was no statistically significant
difference in CD44v6 expression between the male and
female donors (P>0.5). However, CD44v6 expression was
more commonly found in the group aged >35 years than in
the group aged <35 years. The precise reason of the different
expressions is not clear. One of the probable reasons is
that the regulation of body’s gene expression is accurately
decreased with age.
In conclusion, the CD44v6 expression in peripheral
blood by RT-PCR is not suitable for detection of circulating
tumor cells.
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Abstract
AIM: To investigate the differences in biological features
of gastric dysplasia (Dys), indefinite dysplasia (IDys) and
reactive hyperplasia (RH) by studying the biomarker
alterations in cell proliferation, cell differentiation, cell cycle
control and the expression of house-keeping genes, and
further to search for markers which could be used in
guiding the pathological diagnosis of three lesions.
METHODS: Expressions of MUC5AC, MUC6, adenomatous
polyposis coli (APC), p53, Ki-67, proliferation cell nuclear
antigen (PCNA) and EGFR were studied by immunohistochemistry with a standard Envision technique in formalinfixed and paraffin-embedded specimens from 43 RH, 35
IDys, 35 Dys and 36 intestinal type gastric carcinomas
(IGC). In addition, Bayes discriminant analysis was used
to investigate the value of markers studied in differential
diagnosis of RH, IDys, Dys and IGC.
RESULTS: The MUC5AC and MUC6 antigen expressions
in RH, IDys, Dys and IGC decreased gradually (MUC5AC:
86.04%, 77.14%, 28.57%, 6.67%; MUC6: 65.15%, 54.29%,
20.00%, 25.00%, respectively). The expressions of the
two markers had no significant difference between RH
and IDys, but were all significantly higher than those of
the other two lesions (MUC5AC: 2 = 27.607, 38.027 and
17.33, 26.092; MUC6: 2 = 16.54, 12.665 and 9.282,
6.737, P<0.01). There was no significant difference
between RH and IDys, Dys and IGC in MUC6 expression.
The APC gene expression in the four lesions had a similar
decreasing tendency (RH 69.76%, IDys 68.57%, Dys
39.39%, IGC 22.86%), and it was significantly higher
in the first two lesions than in the last two (2 = 7.011,

16.995 and 14.737, 19.817, P<0.05). The p53 expression
in RH, IDys, Dys and IGC was 6.98%, 20%, 57.14% and
50%, respectively. There was no significant difference
between RH and IDys or Dys and IGC, but the p53 expression
in RH and IDys was significantly lower than that in Dys
and IGC (2 = 7.011, 16.995 and 14.737, 19.817, P<0.01).
The Ki-67 label index was significantly different among
four lesions (RH: 0.298±8.92%, IDys: 0.358±9.25%,
Dys: 0.498±9.03%, IGC: 0.620±10.8%, P <0.001).
Positive immunostaining of PCNA was though observed
in all specimens, significant differences were detected
among four lesions (F = 95.318, P<0.01). In addition, we
used Bayes discriminant analysis to investigate molecular
pathological classification of the lesions, and obtained
the best result with the combination of MUC5AC, Ki-67
and PCNA. The overall rate of correct classification was
67.4% (RH), 68.6% (IDys), 70.6% (Dys) and 84.8% (IGC),
respectively.
CONCLUSION: Dys has neoplastic biological characteristics,
while RH and IDys display hyperplastic characteristics.
MUC5AC and proliferation-related biomarkers (Ki-67, PCNA)
are more specific in distinguishing Dys from RH and IDys.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Gastric indefinite dysplasia (IDys) and reactive hyperplasia
(RH) are common hyperplastic lesions of stomach mucosa
in Padova international classification (1998)[1]. Gastric
dysplasia (Dys) is a precancerous lesion, a non-invasive
neoplasia or intraepithelial neoplasma (IEN), which is divided
into low grade (LGD) and high grade (HGD). In Padova
classification, morphological description is adopted for
classification and diagnosis of these lesions. However, the
description is simple and often poses difficulties for
pathologists to differentiate RH from IDys or IDys from
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Dys, and the differential diagnosis of IDys and LGD is
especially difficult to make. Up to now, only a few systemic
investigations have been made on the biological
characteristics of these lesions. Therefore, it is necessary to
precisely and clearly discriminate RH, IDys and Dys so as
to diagnose them accurately and to treat them efficiently.
The main purpose of this study was to investigate the
biological differences among Dys, IDys and RH, and to
further combine them with their morphological descriptions,
to search for clear and external markers, which could be
used in the pathological diagnosis of the three lesions.

MATERIALS AND METHODS
Patients and samples
From the pathologic files at the Pathology Department of
Beijing Cancer Hospital, 36 intestinal type gastric carcinomas
(IGCs) surgically resected at Beijing Cancer Hospital
between 1998 and 2002 were collected. Other lesions
including RH, IDYs and gastric Dys came mostly from
mucosae near the carcinomas in 60 patients. Twenty-two
gastric Dys lesions were collected from the People’s Hospital
of Linqu County in Shandong Province by endoscopic
biopsy between 1996 and 2001. A total of 149 specimens
from 88 patients were used in our study. Among these
specimens, 43 had RH (27 males and 16 females, age range
27-84 years), 35 had IDys (21 males and 14 females, age
range 38-81 years), 35 had Dys (24 males and 11 females,
age range 40-70 years) and 36 had IGC (25 males and 11
females, age range 36-75 years). All specimens were checked
by at least two pathologists. To rule out any effect of sex
and age on the biological behaviors of the lesions, we did
statistical analysis and found that sex and age had no effect
on the biological features.
Antibodies and other chemicals
MUC5AC (NeoMarkers, MS-145-P0 45M1), MUC6
(NeoMarkers, MS-1153-S0 MCN6.01/CLH5) and p53
(MAB-0142 DO-7) were purchased from Maxim Biotech,
Inc. APC (EMM43) was obtained from Novacastra Laboratories
Ltd. EGFR (H11 M3563) was purchased from Dako
(1:60 dilution) and Ki-67 (MAB-0129 MIB-1) from Maxim
Biotech Inc. Proliferation cell nuclear antigen (PCNA) (ZM0213 PC10) (1:100 dilution) was from Zhongshan
Biotechnology Co., Ltd. Secondary antibody of IgG antiFab-HRP and PV-6000 PicTureTM Kits were from Zymed
Laboratory Co., Ltd.
Immunohistochemical staining
Five-micrometer-thick tissue sections were dewaxed with
xylene and rehydrated with graded alcohol, then briefly
immersed in water. Endogenous peroxidase activity was
blocked by incubating the sections with 3% hydrogen
peroxide for 10 min. For all biomarkers, except for MUC5AC,
heat-mediated antigen retrieval was performed by heating
the sections (immersed in 0.01 mol/L citrate buffer, pH 6.0)
in a microwave oven (450 W) for 10 min. The slides were
then washed with phosphate-buffered saline (PBS) before
incubation with respective primary antibody overnight at
4 ℃. After being washed with PBS, the slides were incubated
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for 1 h with the secondary antibody, and then further washed
for 3 min×5 min with PBS. Peroxidase reaction was
developed in PBS using hydrogen peroxide as a substrate
and DAB as a chromogen. Sections were counterstained with
hematoxylin, dehydrated, and evaluated under a light
microscope. Negative control sections were processed
immunohistochemically after the primary antibody was
replaced with PBS.
Evaluation of immunohistochemical staining
To study the biological features, we used MUC5AC and
MUC6 for cell differentiation, p53 for cell cycle control,
Ki-67, PCNA and EGFR for proliferation, APC for housekeeping gene abnormality. MUC5AC was highly expressed
in foveolar epithelium and mucous neck cells of antrum
and body regions. Expression of MUC6 was detected in
the glands of the antrum and mucopeptic cells in the neck
zone of the normal gastric body region[2]. Only nuclear
immunostaining was considered as positive for p53 protein
accumulation[3-6]. EGFR and APC positive staining were
located on cytoplasms and cell membranes. Sections were
classified according to the immunostaining into negative
group (less than 10% of positive cells) and positive (positive
in more than 10% of positive cells)[4,7]. With regard to the
Ki-67 labeling index (LI), only nuclear staining was evaluated
as positive. We randomly selected four high-power (400×)
microscopic fields and counted 500 cells in each section,
and then determined the average Ki-67 LI[8-11].
Only cells showing nuclear staining were considered to
be positive for PCNA and graded as negative (-) (no positive
cells); weak positive (+), positive cells accounted for 1-25%;
moderately positive (++), the positive cells accounted for
26-50%; strong positive (+++), the positive cells accounted
for 51-75%; very strong positive (++++), the positive cells
accounted for greater than >75%[12].
Statistical analysis
The 2 test and one-way ANOVA test were used to compare
the frequencies by SPSS 10.0 for Windows. P<0.05 was
considered statistically significant. In addition, we used Bayes
discriminant analysis to investigate the molecular pathological
classification of RH, IDys, Dys and IGC. Bayes discriminant
analysis was used to identify the combined effect of variables
important for discrimination of different lesions. Misclassification
was evaluated by the leave-one-out cross-validation technique.
Analyses were performed using SPSS 10.0.
Using a set of seven variables, discriminant analysis correctly
classified lesions into one of the following three groups:
left-sided RH, right-sided, Dys.

RESULTS
Immunohistochemical study
MUC5AC positive expression in each kind of lesions was
86.4% (37/43) for RH, 77.14% (27/35) for IDys, 28.57%
(10/35) for Dys and 16.67% (6/36) for IGC. The percentage
of RH and IDys with positive staining for MUC5AC was
significantly higher than that in other lesions (2 = 27.607,
38.027 and 17.33, 26.092, P<0.01) (Figures 1 and 2).
MUC6 positive expression in each kind of lesion
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MUC5AC
MUC6
Positive rate (%)

was 65.15% (28/43) for RH, 54.29% (19/35) for IDys,
20.00% (7/35) for Dys and 25.00% (9/36) for IGC. MCU6
positive expression had no difference in RH and IDys, but
was significantly higher than that in the other two lesions
(2 = 16.54, 12.665 and 9.282, 6.737, P<0.01), and no
significant difference was observed between Dys and IGC
(Figures 1 and 2).
APC positive expression in each kind of lesions
was 69.76% (30/43) for RH, 68.57% (24/35) for IDys,
39.39% (13/33) for Dys and 22.86% (8/35) for IGC. APC
positive expression had no difference in RH and IDys, but
was significantly higher than that in the other two lesions
(2 = 7.011, 16.995 and 14.737, 19.817, P<0.05), and no
significant difference were observed between Dys and
IGC (Figure 1).
EGFR positive expression in each kind of lesions was
26.19% (11/42) for RH, 25.00% (8/35) for IDys, 40.00%
(14/35) for Dys and 38.89% (14/36) for IGC. EGFR positive
expression had no difference in each group (Figure 1).
p53 positive expression in each kind of lesions was
6.98% (3/43) for RH, 20.00% (7/35) for IDys, 57.14%
(20/35) for Dys and 50.00% (18/36) for IGC. For p53
expression, there was no relationship between RH and IDys.
The p53 expression observed between Dys and IGC had
no significant difference either, but both of these lesions
had a significantly higher p53 expression than that detected
in the nuclei of RH and IDys (2 = 7.011, 16.995 and
14.737, 19.817, P<0.05) (Figures 1 and 2).
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Figure 1 MUC5AC, MUC6, APC, EGFR, and p53 expressions in different
gastric lesions.

In normal gastric mucosa, Ki-67 immunoreactivity
was mainly found in foveolar hyperproliferative zone.
The mean Ki-67 index (mean±SE) was 0.298±8.92% for
RH, 0.358±9.25% for IDys, 0.498±9.03% for Dys, and
0.620±10.8% for IGC. The Ki-67 index for IGC was
significantly higher than that of the other three lesions
(P<0.001). There was also a significant difference in RH,
IDys and Dys (eP<0.01) (Figure 3). In addition, there was
no locus restriction in Dys and IGC (Figure 2).
All lesions showed a different extent of positive immunostaining of PCNA protein (Table 1). In normal gastric
mucosa, it was mainly in foveolar hyperproliferative zone.

A

B

C

D

Figure 2 A: MUC5AC immunostaining cells in one representative Dys specimen
(standard Envision, peroxidase method ×100); B: MUC6 immunostaining cells
in one representative Dys specimen (standard Envision, peroxidase method

100
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0

×100); C: p53 immunostaining cells in one representative Dys specimen (standard
Envision, peroxidase method ×100); D: Ki-67 immunostaining cells in one
representative Dys specimen (standard Envision, peroxidase method ×100).
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Positive immunostaining was observed in the cell nuclei
of tumor and epithelial tissues. There were significant
differences among RH, IDys, Dys, and IGC (P<0.01).
Additionally, PCNA expression had no locus restriction in
Dys and IGC.
PCNA expression was graded as negative (-) (no positive
cells); weak positive (+), positive cells accounted for 1-25%;
moderately positive (++), positive cells accounted for 26-50%;
strong positive (+++), positive cells accounted for 51-75%;
very strong positive (++++), positive cells accounted for
greater than 75%.
We made discriminant analysis for seven parameters to
find out which variables would best classify the lesions and
found that the best result was obtained with the combination
of MUC5AC, Ki-67 and PCNA. The overall rate of correct
classification was 67.4% (RH), 68.6% (IDys), 70.6% (Dys)
and 84.8% (IGC) respectively (Table 2).

0.7
0.6
Ki-67 LI

0.5
0.4
0.3
0.2
0.1
0.0
RH

IDys

Dys

IGC

Figure 3 Ki-67 LI in different gastric lesions.

Table 1 Expressions of PCNA in different lesions
PCNA expression

RH

IDys

Dys

IGC

–

0

0

0

0

+

25

9

0

0

++

17

24

9

1

+++

1

2

15

11

++++

0

0

11

24

Total

43

35

35

36
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DISCUSSION
Reactive hyperplasia
Compared with the other three lesions, RH preserved most
characteristics of normal gastric mucosa (Figure 4A), and
its cell differentiation, house-keeping gene abnormality, cell
cycle control and proliferation had minimal abnormalities.
This was supported by the fact that the expression rates
of MUC5AC [13], MUC6 [14,15] (two biomarkers for cell
differentiation) and APC (a house-keeping gene) were the
highest, its p53 (a biomarker for cell cycle control) expression
rate was the lowest, and its Ki-67 LI and PCNA expressions
(two biomarkers for cell proliferation) were the lowest. We
also saw that RH was significantly different from Dys and
IGC in expression of all biomarkers except EGFR,
suggesting that RH might be of an infectious nature.
Therefore, taking its morphological characteristics into
consideration, it is an inflammatory lesion.
Indefinite dysplasia
This category was reserved in cases in which a pathologist
was unable to decide for certain if the lesion could represent
neoplastic or non-neoplastic cells. This situation might arise
because the biopsy materials were inadequate or because
the architectural distortion and nuclear atypia were present
at the point of creating doubts about the dysplastic nature
of proliferating cells. In such cases the doubts might be
solved with more adequate new biopsies or after possible
sources of cellular hyperproliferation or atypia were
removed, such as H pylori or nonsteroidal anti-inflammatory
drugs[16,17]. In Padova classification, it emphasizes that the
“gradient of maturation” must been seen in IDys, which
means that the structural and cellular alterations tend to
decrease from the bottom to the most superficial mucosal
layers (Figure 4B).
IDys has two subtypes, namely, foveolar hyperproliferation
and hyperproliferative intestinal metaplasia. In our study,
the p53 and PCNA positive expression rates were just a
little bit higher than those of RH, but significantly lower
than those of Dys and IGC (P<0.05). Its Ki-67 LI level
was lower than that of Dys and IGC (P<0.01), though still
higher than that of RH (P<0.01). The MUC5AC, MUC6
and APC positive expression rates were a little bit lower
than those of RH, but significantly higher than those of

Table 2 Results of discriminant analysis and its cross-validated various lesions
Predicted group

Membership
PATH
Original Count

Cross-validated Count

RH

Total

RH

IDys

Dys

IGC

29 (67.4)

13 (30.2)

1 (2.3)

0 (0.0)

43

IDys

9 (25.7)

24 (68.6)

1 (5.7)

0 (0.0)

35

Dys

0 (0.0)

3 (8.8)

24 (70.6)

7 (20.6)

34

IGC

0 (0.0)

1 (3.0)

4 (12.1)

28 (84.8)

33

Ungrouped cases

1 (50.0)

1 (50.0)

0 (0.0)

0 (0.0)

2

RH

28 (69.8)

12 (32.6)

1 (2.3)

0 (0.0)

43 (100.0)

IDys

14 (40.0)

20 (54.3)

1 (5.7)

0 (0.0)

35 (100.0)

Dys

0 (0.0)

4 (11.8)

24 (67.6)

7 (20.6)

35 (100.0)

IGC

0 (0.0)

3 (3.0)

19 (15.2)

47 (81.8)

69 (100.0)

The discriminant functions are as follows: YRH = –11.354+4.573MUC5AC+30.432Ki-67+5.027PCNA. YIDys = –15.404+3.895MUC5AC+39.669Ki-67+6.032 PCNA. YDys = –
31.031+0.823MUC5AC+60.027Ki-67+9.605 PCNA .YIGC = –45.525–0.322MUC5AC+74.916Ki-67+11.542PCNA.

Dong B et al. Dysplasia and its analysis

A

3599

B

C

Figure 4 A: RH. The general architecture of the mucosa is well preserved. The
foveolae are tortuous. Hyperplastic epithelial alterations become progressively
less prominent and gradually disappear from the hyperplastic mucosa to the
adjacent normal areas. Besides, we can see inflammatory infiltrate, edema,
reflecting the underlying cause of the hyperproliferative state (HE, ×100); B:
IDys. In the context of an atrophic gastritis, the intestinalized glands show backto-back architecture. But the structural and cellular alterations tend to decrease
from the bottom to the most superficial mucosal layers. This “gradient of maturation”

may be helpful in distinguishing the true noninvasive neoplastic (HE, ×100); C:
LGD. Low-grade disorganized architecture consists of metaplastic glandular
structures. Most of the glandular cells show mucus depletion. Nuclei are elongated
(sometime with cigar-like appearance) and irregular in size. They are most
frequently located at the basal pole and show slight pseudostratification. Atypical
(rounded or cigar-like) nuclei are also seen at the surface epithelial layer. Both
the architectural abnormality and the cytohistologic alterations are consistent
with a noninvasive neoplastic lesion (i.e., low-grade Dys) (HE, ×200).

Dys and IGC (P<0.05). Results showed that in IDys,
although the ability of cell proliferation was increased, it
was still relatively low. IDys still kept many characteristics
which were similar to those of normal gastric mucosa, such
as cell differentiation and proliferation, cell cycle control
and APC gene expression. It was significantly different from
Dys and IGC in these areas, but was similar to RH.
Therefore, IDys essentially belongs to benign hyperplastic
lesions.
Commonly seen in clinics, this lesion was often difficult
to diagnose and could lead to diverging opinions. Consequently,
clinicians had difficulties in treating it. In Padova classification,
no further illumination is provided to this lesion’s essence
either. Based on our study, we conclude that IDys is a benign
hyperplastic lesion. Therefore, when we see the “gradient
of maturation” in morphology, we should consider the
lesion as a benign hyperplastic one.

than that of Dys, and was invasive to deeper layers of
gastric mucosa. Thus, it is reasonable to categorize Dys as a
non-invasive neoplasia or an IEN.

Dysplasia
Dysplastic cells extended to the surface epithelium, a feature
absent in non-neoplastic lesions. Because it was frequently
absent in cell maturation, we could not see the “gradient of
maturation” in Dys. Dys was divided into two subcategories:
LGD and HGD (Figure 4C).
Our study revealed that there were obvious abnormalities
in cell differentiation and proliferation, and APC gene
expression in Dys. These abnormalities were similar to those
of IGC, but distinct from those in RH and IDys. In our
study, its MUC5AC[18-20], MUC6 [21-23] and APC[24] positive
expression rates were significantly lower than those of RH
and IDys, but were not significantly different from those
of IGC. p53 positive expression rate of Dys was significantly
higher than those of RH and IGC, but not significantly
different from that of IGC. Its Ki-67 LI and PCNA positive
expression rates were significantly higher than those of RH
and IDys, but significantly lower than those of IGC. Dys
had the highest EGFR positive expression rate in the four
lesions, but had no significant difference in other lesions
(P>0.05). Although Dys was similar to IGC in its biological
characteristics, the proliferation activity of IGC was higher

Intestinal gastric carcinoma (IGC)
In our study, IGC was used as a positive control for the
other three lesions. Its MUC5AC, MUC6 and APC [26]
positive expression rates were significantly lower than those
of RH and IDys and its p53 positive expression rate was
significantly higher than that of RH and IDys, but the activity
of four markers in IGC had no significant differences when
compared with Dys. The Ki-67 LI and PCNA positive
expression rates in IGC were significantly higher than those
in the other three lesions. All these indicate that cell
differentiation in IGC was the poorest, the abnormality in
cell cycle control was the greatest and the proliferative
activity was the highest in the four lesions. Its EGFR positive
expression rate was higher than that of RH and IDys, lower
than that of Dys. But there were no significant differences
in each group (P>0.05). EGFR positive expression was low
in all the four lesions.
Discriminant analysis
It is well known that the use of discriminant analysis on a
single data set could establish a model. That is, “over-fit”
and use of the same discriminant functions on a new set of
data usually produced much lower correct classification
percentage. Thus, we assessed the misclassifications by leaveone-out cross validation. Bayes stepwise discriminant analysis
could overcome the shortcomings of the general discriminant
function by selecting variables, which have a significant
influence on the functions. Thus, it could classify one case
effectively. In clinical application, as data may vary greatly,
that the functions are considered to be effective when the
correct rate of discriminant functions is higher than 70%.
RH, IDys and Dys are different in their biological nature,
and it is important to combine their biological nature with
morphologic features in their diagnosis and differential
diagnosis.
In the seven indexes used in our study, MUC5AC, PCNA
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and Ki-67 could best differentiate the four lesions. Besides,
these markers were helpful in understanding the biological
nature of these lesions. The correct rates of classification
were 67.4% (RH), 68.6% (IDys), 70.6% (Dys), and 84.8%
(IGC), respectively. The misclassifications mainly occurred
in RH and IDys, or in Dys and IGC. The correct rate of
the discriminant functions for Dys and IGC were higher
than 70%. Therefore, if we encounter a gastric lesion which
is difficult to diagnose, MUC5AC, Ki-67 and PCNA
immunohistochemical assay and the discriminant model
might be helpful for distinguishing Dys from RH and IDys.
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Abstract
AIM: To investigate the co-expression and significance of
heat shock protein 70 (HSP70) and glucose-regulated
protein 94 (grp94) in human gastric carcinoma cell line
BGC-823.
METHODS: The expression and localization of HSP70
and grp94 in human gastric carcinoma cell line BGC-823
were determined by immunocytochemistry and indirect
immunofluorescence cytochemical staining. Flow cytometry
was used to analyze the correlation between expression
of HSP70, grp94 and cell cycle in BGC-823 cell line.
RESULTS: Gastric cancer cell line BGC-823 expressed high
level of HSP70 and grp94. The positive rate of HSP70 and
grp94 was 84.9±4.94% and 79.6±5.16%, respectively. Both
of them were stained in cell plasma. There was a significant
difference compared with control group (1.9±0.94%,
P<0.01). During the cell cycle, HSP70 and grp94 were
continuously expressed in BGC-823.
CONCLUSION: HSP70 and grp94 are highly expressed
in human gastric carcinoma BGC-823 cells through the
whole cell cycle. There is no relationship between expression
of HSP70, grp94 and cell cycle.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Eukaryotic and prokaryotic cells exposed to adverse
environmental conditions, such as heat stress, hypoxia,
glucose deprivation, virus infection and the presence of
metal ions, exhibit an accurately regulated and highly
conserved cellular response by inducing synthesis of a
specific set of proteins known as heat shock proteins (HSPs).
HSPs are molecular chaperones, which are biochemical
regulators of cell growth, apoptosis, protein homeostasis
and cellular targets of peptides[1-3]. In tumor cells, several
HSPs are overexpressed and display an important role in
cytoprotection in vitro and in vivo[4,5]. Previous studies have
demonstrated that heat shock protein 70 (HSP70) or glucoseregulated protein 94 (grp94) peptide complexes derived
from a tumor can elicit cancer-specific immunity against
the same tumor by binding to tumor-specific peptides[6] .
Further researches indicate that tumor-specific immunity
induced by HSP70 or grp94 peptide complex can be
mediated by CD8+ T lymphocytes, T+ cells or NK cells,
and its mechanism involves MHC-1 molecule-restricted
and non-MHC-1 molecule-restricted responses[7-9]. Gastric
cancer is one of the most malignant cancers. However,
limited information is available on the HSP70 and grp94
molecules in gastric cancer. In this study, by immunocytochemistry and flow cytometry analysis, we investigated the
expression and significance of HSP70 and grp94 on cell
cycle of gastric cancer cell line BGC-823.
MATERIALS AND METHODS
Reagents
Rabbit anti-human HSP70 antibody, mouse anti-human
grp94 monoclonal antibody, TRITC-labeled goat anti-rabbit
antibody and FITC-labeled goat anti-mouse antibody were
purchased from Santa Cruz Company. EnVisionTM kits were
purchased from Dako Biological Technology Company.
Cell line and cell culture
Human gastric cancer cell line BGC-823 was provided by
the Institute of Oncology, Chinese Academy of Medical
Sciences, Beijing, China. The derived cell lines were grown
in RPMI 1640 medium supplemented with 100 mL/L heatinactivated fetal calf serum, 50 000 U/L penicillin, and
0.05 g/L streptomycin. The cells were maintained at 37 ℃
in a humidified atmosphere containing 50 mL/L CO2.
Viability of the cells used in these experiments was consistently
more than 95% when evaluated by the trypan blue exclusion
method. Cells with a density of 2.5×105/mL were seeded
onto six-well plates for 24 h, washed with PBS, fixed by
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adding 2 mL of cold 500 mL/L methanol-acetone and
stored at 4 ℃ for 20 min, then washed with PBS and dried
at room temperature.
Immunocytochemistry
All cells in six-well plates were hydrated with graded alcohol.
Endogenous peroxidase was then blocked with 3 mL/L H2O2
diluted in methanol for 30 min at room temperature. Antigen
retrieval was performed by treating the slides in citrate
buffer, in a microwave for 10 min. The cells were incubated
in a moist chamber with HSP70 rabbit antibody (1:100) or
grp94 mouse monoclonal antibody (1:100) at 4 ℃ overnight
respectively. After a complete wash in PBS, the cells were
treated with HRP-labeled goat anti-rabbit and goat antimouse antibody (1:100) for 45 min at 37 ℃. After a
complete wash in PBS, all cells were developed in 0.5 g/L
freshly prepared diaminobenzedine solution (Sigma Co.) for
8 min, and then counterstained with hematoxylin, dehydrated,
air dried, and mounted. AFP was used as a substitute for
the primary antibody as negative control.

Flow cytometric analysis
Flow cytometry was employed to determine the DNA
content and the expression of HSP70 and grp94 in gastric
cancer cell line BGC-823. Cells with a density of 2.5×105/mL
were seeded onto six-well plates for 24 h, harvested,
trypsinized, washed with PBS, fixed by adding 2 mL of
cold 850 mL/L acetone and stored at 4 ℃ for 20 min.
After fixation, the cells were washed, centrifuged, and
incubated with HSP70 rabbit antibody (1:100) or grp94
mouse monoclonal antibody (1:100) at 4 ℃ overnight
respectively. After a complete wash in PBS, the cells were
treated with TRITC-labeled goat anti-rabbit antibody or
FITC-labeled goat anti-mouse antibody for 40 min at room
temperature. After a complete wash in PBS, the cells were
centrifuged and resuspended in 0.05 g/L propidium iodide
in PBS. The sample was incubated at room temperature for
30 min, and analyzed on a FACSCalibur (BD PharMingen,
Franklin Lakes, USA). AFP was used as a substitute for the
primary antibody as negative control.
Statistical analysis
Results were expressed as mean±SD. HSP70 and grp94
expression differences between gastric cancer cell line BGC823 and control group were analyzed statistically using 2
test. P<0.05 was considered statistically significant.
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RESULTS
Expression of HSP70 and grp94 in gastric cancer cell line
BGC-823
Positive expression of HSP70 and grp94 showed brown
staining in the nuclei or cytoplasm, more than 500 cells
were calculated in different microscopic fields of each well,
and percentage of positive cells were evaluated.
Immunocytochemical staining showed that the positive
rate of HSP70 was 92.0%, and grp94 was 84.0%, while
that in control group was 6.0%. There was a significant
difference between experimental group and control group
(P<0.01). HSP70 and grp94 were mainly stained in cell
cytoplasm (Table 1 and Figure 1).
Table 1 Expression of HSP70 and grp94 in gastric cancer cell line
BGC-823 detected by immunocytochemistry
Groups

Cells counter

Positive cells counter

Positive rate (%)

HSP70b

500

460

92.0

500

420

84.0

500

30

6.0

grp94

Indirect immunofluorescence cytochemistry
All cells in six-well plates were hydrated with graded alcohol.
The cells were blocked in 10 mL/L bovine serum albumin
for 30 min at room temperature, and then incubated with
HSP70 rabbit antibody (1:100) or grp94 mouse monoclonal
antibody (1:100) at 4 ℃ overnight respectively. After a
complete wash in PBS, the cells were treated with TRITClabeled goat anti-rabbit antibody or FITC-labeled goat
anti-mouse antibody (1:20) for 40 min at room temperature.
After extensive washing, the stained cells were observed
under an immunofluorescence microscope. AFP was used
as a substitute for the primary antibody as negative control.
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AFP

d

b

P<0.01 vs AFP group; dP<0.01 vs AFP group.

A

B

C

D

Figure 1 Expressions of HSP70 and grp94 in gastric cancer cell line BGC-823
by immunocytochemistry and immunofluorescence cytochemistry, ×400. A:
HSP70 positive expression in cytoplasm; B: grp94 immunostaining in cytoplasm;
C: HSP70 immunostaining in cytoplasm; D: grp94 green immunofluorescence
in cytoplasm.

Relationship between expression of HSP70, grp94 and cell
cycle in gastric cancer cell line BGC-823
The results showed that the expression rate of HSP70 in
BGC-823 was 84.9±4.94%, while that of grp94 was
79.6±5.16%, there was a significant difference when compared
with control group (1.9±0.94%, P<0.01). DNA content analysis
showed that the expression rate of G1 phase and G2 cells
was 59.2% and 14.9% respectively, G1/G2 = 1.879. During
the cell cycle, there existed a continuous expression of
HSP70 and grp94 in BGC-823. The results suggested that
there was no significant relationship between expression of
HSP70, grp94 and cell cycle in BGC-823 (Figure 2).
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Figure 2 Expression of grp94 (A) and HSP70 (B) in cell cycle of gastric cancer
cell line BGC-823.

DISCUSSION
In this study we examined the expression of HSP70 and
grp94 in gastric cancer cell line BGC-823 by immunocytochemistry, immunofluorescence cytochemistry and flow
cytometry analysis. The results showed that almost all gastric
cancer cells expressed high level of HSP70 and grp94, which
had a significant difference compared with control group.
By immunofluorescence cytochemistry and flow cytometry
analysis, we found that there was no correlation between
expression of HSP70, grp94 and cell cycle of gastric cancer
cell line BGC-823. During the entire cell cycle, BGC-823
expressed HSP70 and grp94 continuously. In the study,
HSP70 and grp94 were mainly localized in cytoplasm. These
results are consistent with the tumor results of several other
groups[10-12].
HSP is a group of highly conserved proteins synthesized
after heat induction[1-3]. In mammalian cells, this system is
divided into HSPs and glucose-regulated proteins (grps) that
appear to be structurally and functionally related[2] . In
normal cells, HSP70 is constitutively expressed at low levels
but the expression is dramatically enhanced under stressful
conditions[3]. Grps sharing highly in amino acid identity to
HSPs are thought to act as molecular chaperones, helping
in transporting, folding and processing of their target
proteins. However, grps do differ from HSPs, which are
localized in cytoplasm and mitochondria, whereas grps are
mostly located in endoplasmic reticulum [2]. Although the
implication of the increased production of these proteins
is unknown, it may be expected that every stressful response
would enhance capacity of the pathway (s) in which these
proteins function and perhaps protect the associated cellular
compartments from damage via abnormal protein interactions.
Several studies have suggested that HSPs and grps play
some roles during cell survival and cell proliferation of
tumors[10-12]. Continuous expression of HSPs and grps in
tumor cells may be required to ser ve as molecular
chaperones in regulating and stabilizing tumor growth
process. Some studies have suggested that high-level
expression of HSP70 and grp94 contributes to tumorigenicity
of certain tumors[11,12], but its role in tumorigenicity is not
clear. During the growth of murine tumors, the levels of
grp94 are increased, correlating with the size of the
tumor [13]. Furthermore, HSP70 and grp94 have been
implicated to protect neoplastic cells and tumors against
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cytotoxic T-lymphocyte-mediated cytotoxicity and confer
drug resistance [14]. Suppression of grp94 by antisense
oligonucleotides results in increased sensitivity to cytotoxic
T-lymphocytes and inhibition of tumor progression in vivo[15].
It is reasonable to propose that HSP70 and grp94 upexpression
in these tumor cells is closely related with the tumor cell
survival and proliferation[16]. Our data showed that there
was an overexpression of grp94 in gastric cancer cells. The
expression level of HSP70 and grp94 may be used as a
diagnostic or prognostic marker and the result may be useful
in the study of immunity between the expression of HSPs
and tumor growth.
Cancer cells differ from normal cells in many important
characteristics, including loss of differentiation and decrease
of apoptosis[17,18] . Cell cycle plays an important role in
modulating tumor cell growth and apoptosis[19]. Completion
of a cell cycle requires co-ordination of a variety of
molecular synthesis, assemblies, and movements[19,20]. Earlier
studies suggested that, during the growth and development
of normal cells, HSPs and grps are controlled by cell
cycle[4,5], but they are continuously expressed at high level
independently of cell cycle in tumor cells without any
stimulation[6]. Recent studies have proposed that HSPs, in
addition to facilitating protein folding and assembly, may
take part in cell growth and proliferation by several ways
such as signal transduction and cell cycle regulation through
combining with certain proto-oncogene products [21,22],
indicating that the proliferating cells need much more HSPs
to maintain the protein activities. It is believed that tumor
cells are a group of high proliferation heterogeneous
cells, which progress gradually through mutant oncogene
products[23] . Continuous expression of HSP proteins in
tumor cells may be required to serve as molecular chaperones
in regulating and stabilizing these mutant oncogene products
during tumor growth. The existence of mutant or oncogene
products may stimulate HSP synthesis[24,25] . It has been
verified that HSP70 interacts with mutant p53 to stabilize
its function, conversely wild-type p53 may downregulate
HSP70 expression[26]. ErbB2 is the receptor tyrosine kinase,
which takes part in signal transduction and cell cycle. The
finding that grp94 forms a complex with mutant erbB2 in
human carcinoma, stabilizing erbB2 and maintaining its
proper intracellular distribution demonstrates the importance
of grp94[27]. It has been found that erbB2 is overexpressed
in carcinoma of breast, ovary and prostate, and is associated
with poor prognosis[26-28]. Our results showed that HSP70
and grp94 were highly expressed in gastric carcinoma BGC823 cells through the whole cell cycle, indicating that
upexpression of HSP70 and grp94 is likely to have some
relationship with proliferation, development and poor
prognosis of gastric cancer.
Previous investigations have shown that HSP itself has
no antigenicity and its immunogenicity is attributed to the
chaperoned peptide[8]. It has been verified that HSP70 and
grp94 are better molecular chaperones which process and
present weak viral, bacterial or tumor antigen to host APC,
gendering specific T-cell response and CTL reaction[7-9] .
Several studies have shown that HSP70-associated peptides
directly activate T+ lymphocytes or natural killer cells as
superantigens independent of the stimulation of MHC-I
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class molecules[29,30] . Exogenously introduced HSP70 or
grp94-peptide complexes assist MHC-I peptide loading
through the up-take of this complex by HSP70 or grp94
receptors on the antigen presented cell surfaces[31]. Our data
suggest that HSP70 and grp94 are highly expressed in
human gastric carcinoma BGC-823 cells through the entire
cell cycle. There is no significant relationship between
expression of HSP70, grp94 and cell cycle. The fact that
gastric carcinoma cells could synthesize more HSP70 and
grp94 may be useful in the study of immunity between
HSP70, grp94 expression and tumor growth or design of
tumor vaccine against gastric cancers.
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Abstract
AIM: To explore a simple method to create intestinal
autotransplantation in rats and growing pigs and to
investigate the effect of L-arginine supplementation on
serum nitric oxide (NO), nitric oxide synthase (NOS) and
intestinal mucosal NOS and Na+-K+-ATPase activity during
cold ischemia-reperfusion (IR) in growing pigs.
METHODS: In adult Wistar rat models of small bowel
autotransplantation, a fine tube was inserted into
mesenteric artery via the abdominal aorta. The superior
mesenteric artery and vein were occluded. Isolated
terminal ileum segment was irrigated with Ringer’s
solution at 4 ℃ and preserved in the same solution at
0-4 ℃ for 60 min. Then, the tube was removed and
reperfusion was established. In growing pig models, a
terminal ileum segment, 50 cm in length, was isolated
and its mesenteric artery was irrigated via a needle with
lactated Ringer’s solution at 4 ℃. The method and period
of cold preservation and reperfusion were described above.
Ten white outbred pigs were randomly divided into control
group and experimental group. L-arginine (150 mg/kg)
was continuously infused for 15 min before reperfusion
and for 30 min after reperfusion in the experimental
group. One, 24, 48, and 72 h after reperfusion, peripheral
vein blood was respectively collected for NO and NOS
determination. At the same time point, intestinal mucosae

were also obtained for NOS and Na+-K+-ATPase activity
measurement.
RESULTS: In adult rat models, 16 of 20 rats sustained
the procedure, three died of hemorrhage shock and one
of deep anesthesia. In growing pig models, the viability
of small bowel graft remained for 72 h after cold IR in
eight of 10 pigs. In experimental group, serum NO level
at 1 and 24 h after reperfusion increased significantly
when compared with control group at the same time
point (152.2±61.4 mol/L vs 60.8±31.6 mol/L, t = 2.802,
P = 0.02<0.05; 82.2±24.0 mol/L vs 54.0±24.3 mol/L,
t = 2.490, P = 0.04<0.05). Serum NO level increased
significantly at 1 h post-reperfusion when compared with
the same group before cold IR, 24 and 48 h post-reperfusion
(152.2±61.4 mol/L vs 75.6±16.2 mol/L, t = 2.820,
P = 0.02<0.05, 82.2 ±24.0 mol/L, t = 2.760, P = 0.03<0.05,
74.2±21.9 mol/L, t = 2.822, P = 0.02<0.05). Serum NOS
activity at each time point had no significant difference between
two groups. In experimental group, intestinal mucosal
NOS activity at 1 h post-reperfusion reduced significantly
when compared with pre-cold IR (0.79±0.04 U/mg vs
0.46±0.12 U/mg, t = 3.460, P = 0.009<0.01). Mucosal
NOS activity at 24, 48, and 72 h post-reperfusion also
reduced significantly when compared with pre-cold IR
(0.79±0.04 U/mg vs 0.57±0.14 U/mg, t = 2.380, P = 0.04
<0.05, 0.61±0.11 U/mg, t = 2.309, P = 0.04<0.05,
0.63±0.12U/mg, t = 2.307, P = 0.04<0.05). In control group,
mucosal NOS activity at 1 and 24 h post-reperfusion was
significantly lower than that in pre-cold IR (0.72±0.12 U/mg
vs 0.60±0.07 U/mg, t = 2.320, P = 0.04<0.05, 0.58±0.18
U/mg, t = 2.310, P = 0.04<0.05). When compared to the
normal value, Na+-K+-ATPase activity increased significantly
at 48 and 72 h post-reperfusion in experimental group
(2.48±0.59 mol/mg vs 3.89±1.43 mol/mg, t = 3.202,
P = 0.04<0.05, 3.96±0.86 mol/mg, t = 3.401, P = 0.009
<0.01) and control group (2.48±0.59 mol/mg vs 3.58±0.76
mol/mg, t = 2.489, P = 0.04<0.05, 3.67±0.81 mol/mg,
t = 2.542, P = 0.03<0.05).
CONCLUSION: This novel technique for intestinal
autotransplantation provides a potentially consistent and
practical model for experimental studies of graft cold
preservation. L-arginine supplementation during cold IR
may act as a useful adjunct to preserve the grafted intestine.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Small intestinal transplantation may eventually become the
most logical definitive treatment for short bowel syndrome.
One of the determining factors in intestinal transplantation
is the extreme sensitivity of bowel to cold IR injury[1,2]. Apart
from rejection-related events, the manifestation of IR injury
remains a major problem, hampering success in human small
bowel transplantation (SBT)[3]. Moderate hypothermia
throughout intestinal IR injury reduces multiple organ
dysfunction[4] . Ischemic preconditioning provides a way
of protecting organs from damage inflicted with prolonged
IR[5,6]. It has been shown that L-arginine and molsidomine
application prior to reperfusion significantly reduced the
preservation and reperfusion-related injury after small bowel
transplantation. The architecture of intestinal mucosae was
best preser ved after treatment with L-arginine and
methylprednisolone[7]. NO is an important mediator of both
physiological and pathological responses. Its dual role in
ischemia-reperfusion syndrome is still controversial[8].
At present, small intestinal transplantation models in
rats and pigs has frequently been used in experimental
investigations. However, the surgical technique involved in
intestinal transplantation in rats and pigs is rather difficult
with a lower successful rate[9,10] . Cold preservation and
vascular anastomosis of graft are very important for successful
transplantation[11]. In the current study, the aim was to explore
a simple method to create intestinal autotransplantation in
rats and pigs and to investigate the effects of L-arginine on
serum NO, NOS and intestinal mucosal NOS and Na+-K+ATPase activity after cold IR in growing pig models.
MATERIALS AND METHODS
Creation of intestinal autotransplantation model in rats
Healthy inbred Wistar rats of both sex, weighing 250-320 g,
from Experimental Animal Center of Shandong University
were used in the present study. The rats were provided
with standard laboratory chow and water and housed in
accordance with institutional animal care policies. Twelve
hours prior to experimentation, animals were fasted with
free access to water. All animals were anesthetized with
intraperitoneal ketamine (15 mg/kg) and maintained with
intermittent boluses of intraperitoneal ketamine (10 mg/kg).
Animals were placed on a heating pad set at 37 ℃. Through
a mid-abdominal incision, the aorta below the renal artery
level was carefully dissected with microsurgical technique.
A fine tube was inserted into mesenteric artery via the
dissected aorta. The superior mesenteric artery and vein
were occluded with non-traumatic vascular clamps. The
mesenteric artery of isolated terminal ileum segment was
irrigated with Ringer’s solution at 4 ℃, and the fluid
outflowed through a leak of mesenteric vein. Then the
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irrigated bowel segment in vivo was stored for 60 min in a
plastic bag filled with Ringer’s solution at 4 ℃. Hypothermia
was maintained at 0-4 ℃ with ice below the water bag. The
tube and clamps were removed, the leaks of aorta and vein
were repaired with 9-0 non-traumatic suture. Reperfusion
of the intestine (graft) was confirmed by the return of
pulsatile mesenteric blood flow.
Creation of intestinal autotransplantation model in growing
pigs
Ten white outbred pigs of both sex, from Animal Center
of Nanjing General Hospital of Nanjing Military Command,
four weeks of age, weighing 4.5-7.0 kg, were used to
create intestinal autotransplantation model. Prior to the
experiments, pigs were fasted for 24 h with free access to
water. Atropine (0.02 mg/kg) and ketamine (20 mg/kg)
were given intramuscularly 30 min before anesthesia. Sodium
thiopental (20%) was given intravenously to maintain proper
anesthesia. After laparotomy, 50-cm distal ileum was isolated
and its mesenteric artery was irrigated with lactated Ringer’s
solution at 4 ℃. The mesenteric artery and vein were
blocked with non-traumatic vascular clamps. At the same
time, a 3-mm incision of the mesenteric vein was performed
to drain the irrigation fluid. Cold preservation method and
period were described above, and graft lumen was perfused
with metronidazole solution at 4 ℃. During cold ischemia,
the leaks of mesenteric vein and artery were repaired using
microsurgical technique. When the cold ischemia ended
(60 min), the vascular clamps were removed and the graft
was re-vascularized. Both proximal and distal ends were
exteriorized as stomas (Thiry-Vella loop), and the remaining
bowel anastomosis was performed to restore its continuity.
Experimental protocol
Ten growing white outbred pigs, from Animal Center of
Nanjing General Hospital of Nanjing Military Command,
four weeks of age, weighing 5.0-7.5 kg, were randomized
into two groups with five animals in each. Intestinal cold IR
and autotransplantation model was established as described
above. In experimental group (EG), intravenous L-arginine
(150 mg/kg) was given for 15 min before reperfusion
and for 30 min after reperfusion. In control group (CG),
intravenous normal saline of the same volume was given.
Sampling procedure
One, 24, 48 and 72 h after reperfusion of the graft, each
pig was anesthetized with ketamine intramuscularly, and
2 mL of peripheral blood sample was collected. The serum
was separated and immediately stored at -20 ℃ for NO
and NOS activity analysis. At the same time points,
relaparotomy was performed and experimental bowel
segment was sampled. The mucosae (about 1 g each time)
were obtained, washed with cold normal saline, and stored
immediately at -20 ℃ for NOS and Na+-K+-ATPase activity
determination.
Assessment of serum NO and NOS, mucosal NOS and Na+-K+ATPase activity
The assay kits of NO, NOS, and Na+-K +-ATPase activity
were supplied by Nanjing Jiancheng Bioengineering
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Table 1 Serum NO contents (mol/L) at different time points of IR (mean±SE)
n

Pre-IR

EG

5

75.6±16.2a

CG

5

72.5±12.4

a

1h post-IR

24 h post-IR

48 h post-IR

72 h post-IR

152.2±61.4

82.2±24.0a

74.2±21.9a

95.6±25.7

60.8±31.6c

54.0±24.3c

58.6±24.1

74.8±35.0

P<0.05 vs 1 h post-IR in the experimental group (EG); cP<0.05 vs the value at the same time point in EG.

Table 2 Serum NOS activity (U/mL) at different time points of IR (mean±SE)
n

Pre-IR

1h post-IR

24 h post-IR

48 h post-IR

72 h post-IR

EG

5

1.93±0.91

2.53±1.43

1.39±0. 42

1.49±0.40

1.31±1.01

CG

5

1.86±0.93

2.62±1.07

2.37±1.37

1.59±0.62

1.63±0.57

Table 3 Mucosal NOS activity (U/mg) at different time points of IR (mean±SE)
n
EG
CG
a

5
5

Pre-IR
0.79±0.04
0.72±0.12

1h post-IR
0.46±0.12
0.60±0.07

24 h post-IR

b

0.61±0.11

c

0.64±0.17

0.57±0.14

c

0.58±0.18

48 h post-IR

a

a

72 h post-IR
0.63±0.12a
0.62±0.17

P<0.05 vs pre-IR in EG; bP<0.01 vs pre-IR in the experimental group (EG); cP<0.05 vs pre-IR in control group (CG), respectively.

Institute (Nanjing, China). The serum NO content and NOS
activity were monitored according to the manufacturer’s
instructions. The stored mucosae were homogenized and
centrifuged at 4 000 r/min for 20 min at 4 ℃. The mucosal
NOS and Na+-K+-ATPase activity were detected according
to the provider’s instructions.
Statistical analysis
All data were presented as mean±SE. Significance was
determined using t test. P less than 0.05 was considered
statistically significant.

RESULTS
Successful creation of new bowel autotransplantation model
in rats and pigs
In adult rat models, 16 of 20 rats sustained the procedure,
three died of hemorrhage shock and one of deep anesthesia.
In growing pig model, the viability of the small bowel graft
was remained for 72 h after cold IR in 8 of 10 pigs, 2 died
of either deep anesthesia or cold IR.
Serum NO contents and NOS activity
In experimental group, serum NO level at 1 and 24 h postreperfusion increased significantly when compared with
control group (152.2±61.4 mol/L vs 60.8±31.6 mol/L,
t = 2.802, P = 0.02<0.05; 82.2±24.0 mol/L vs 54.0±24.3
mol/L, t = 2.490, P = 0.04<0.05). Serum NO level increased
significantly at 1 h post-reperfusion when compared with
the same group before cold IR, 24 and 48 h post-reperfusion
(152.2±61.4 mol/L vs 75.6±16.2 mol/L, t = 2.820,
P = 0.02<0.05, 82.2±24.0 mol/L, t = 2.760, P = 0.03<0.05,
74.2±21.9 mol/L, t = 2.822, P = 0.02<0.05) as showed
in Table 1. Serum NOS activity at each time point had
no significant difference between two groups as shown in
Table 2.

Intestinal mucosal NOS and Na+-K+-ATPase activity
In experimental group, intestinal mucosal NOS activity at
1, 24, 48, and 72 h reduced significantly when compared
with pre-cold IR (0.79±0.04 U/mg vs 0.46±0.12 U/mg,
t = 3.460, P = 0.009<0.01, 0.57±0.14 U/mg, t = 2.380,
P = 0.04<0.05, 0.61±0.11 U/mg, t = 2.309, P = 0.04<0.05,
0.63±0.12U/mg, t = 2.307, P = 0.04<0.05). In control
group, NOS activity at 1 and 24 h post-reperfusion was
significantly lower than that in pre-cold IR (0.72±0.12 U/mg
vs 0.60±0.07 U/mg, t = 2.320, P = 0.04<0.05, 0.58±0.18
U/mg, t = 2.310, P = 0.04<0.05). But the difference of
mucosal NOS activity at the same time point between two
groups did not reach significance (Table 3). When compared
to the normal value, Na+-K +-ATPase activity increased
significantly at 48 and 72 h post-reperfusion in experimental
group (2.48±0.59 mol/mg vs 3.89±1.43 mol/mg, t = 3.202,
P = 0.04<0.05, 3.96±0.86 mol/mg, t = 3.401, P = 0.009<0.01)
and in control group (2.48±0.59 mol/mg vs 3.58±0.76
mol/mg, t = 2.489, P = 0.04<0.05, 3.67±0.81 mol/mg,
t = 2.542, P = 0.03<0.05). There was no significant difference
in Na+-K+ -ATPase activity between the two groups at the
same time point (Table 4).

Table 4 Mucosal Na+-K+-ATPase activity (mol /mg) at different time
points of IR (mean±SE)

EG
CG

n

24 h post-IR

48 h post-IR

72 h post-IR

5
5

3.29±0.79
3.17±0.64

3.89±1.43a
3.58±0.76a

3.96±0.86 b
3.67±0.81a

Note: Normal value of ileum at the same site sampled before IR (2.48±0.59
mol /mg, n = 5). a P<0.05 vs normal value; bP<0.01 vs normal value.

DISCUSSION
Intestinal transplantation, either alone or in combination
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with liver transplantation, is a preferred therapy for patients
with irreversible failure of the intestine. However, in
comparison with solid organ transplantations, such as
kidney and liver transplantation, there has been slower
progression from experimentation towards routine clinical
practice. Improved results are only expected with newer
immunosuppressive agents, better antiviral prophylaxis
and treatment, and improved preservation and surgical
techniques[9,12] . Patients with short-bowel syndrome and
secondary TPN-related hepatic dysfunction need smallbowel transplantation combined with a liver graft. Only a
few patients with short bowel syndrome are candidates for
non-transplant procedures, such as autologous gastrointestinal
reconstruction[13], bowel rehabilitation and combined trophic
therapy for intestinal adaptation using growth hormones[9,14].
Glycyl-glutamine-enriched long-term total parenteral
nutrition attenuates bacterial translocation and selectively
improves graft mucosal structure and function following
small bowel transplantation in pigs[9].
In recent years, several technical modifications in
experimental and clinical gut or liver transplantation have
been reported. Wu et al, adopted arterial anastomosis by
microvascular end-to-side anastomosis between the donor
aortic segment with superior mesenteric artery and the
recipient abdominal aorta, and performed a “cuff” vein
anastomosis between the donor portal vein and the recipient
left renal vein. This improved vascular anastomosis
technique simplifies the surgical procedure, reduces the
operation time, and increases the survival rate of small
intestinal transplantation in rats. Li et al[10], used endoscopic
monitoring instead of re-laparotomy to detect gut mucosal
changes after intestinal transplantation.
The main advantage of our model is that the operation
is simplified by inserting a fine catheter into the mesenteric
artery to accomplish cold irrigation and preservation. This
new technique may lead to a higher successful rate of
autotransplantation. However, a limitation of this model is
that only segmental jejunum or ileum rather than total small
bowel can be used for autotransplantation. In small animal
models, the incidence of massive hemorrhage during tube
inserting is relatively high (3/20, 15%). But in pig models,
no massive hemorrhage has occurred. It is suggested that
these surgical modifications are feasible and reliable.
Many factors, such as moderate hypothermia[15], matrine[16],
leflunomide[17], carbon monoxide at a low concentration[18],
adenosine[19], and exotic melatonin[20] have been investigated
to prevent intestinal or hepatic and cold IR. To elucidate
the effect of L-arginine on cold IR and preservation of the
small bowel graft in pigs, serum NO contents, NOS activity
and graft mucosal NOS and Na+-K+ -ATPase activity were
studied. When compared to the normal value, mucosal Na+K+-ATPase activity increased significantly at 48 and 72 h
post-reperfusion both in experimental group and in control
group. Intestinal mucosal NOS activity at 1, 24, 48, and 72 h
in experimental group reduced significantly when compared
with pre-cold IR. Meanwhile, the graft mucosal NOS activity
in control group at 1 and 24 h post-reperfusion was
significantly lower than that of pre-cold IR.
L-arginine in a storage solution to supplement the nitric
oxide synthesizing pathway (NOSP) protects the grafted
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liver during ischemia-reperfusion in orthotopic liver
transplantation. In liver transplantation, the NOSP may be
a critical determinant of successful organ transplantation,
thus providing a useful pharmacological approach to
enhancing liver preservation[8]. Our study showed that in
experimental group, serum NO level at 1 and 24 h after
reperfusion increased significantly when compared with the
control group at the same time point. Serum NO level
increased significantly at 1 h post-reperfusion when
compared with the same group before cold IR, 24 and 48 h
post-reperfusion.
In conclusion, the new intestinal autotransplantation
technique provides a potentially consistent and practical
model for experimental studies about intestinal graft cold
preservation. L-arginine administration during intestinal cold
IR immediately enhances serum NO production and
mucosal Na+ -K +-ATPase activity, reduces mucosal NOS
activity. L-arginine supplementation may act as a useful
adjunct to preserve intestinal grafts.
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Abstract
AIM: To investigate the vasculature of rabbit liver metastatic
lesions by color Doppler imaging and power Doppler imaging
(PDI) techniques.
METHODS: Eight New Zealand rabbits with implanted VX2
liver tumors were used. All ultrasound examinations were
performed with a HP 5500 color Doppler ultrasound scanner.
Before and after the injection of contrast agent, the changes
of gray scale and the periphery and intralesional blood
flow of the liver metastatic lesion were carefully observed
by B mode ultrasound, color Doppler flow imaging (CDFI)
and PDI.
RESULTS: Twelve lesions were found in the eight rabbits
with implanted VX2 liver tumors, whose diameter ranged
from 1.6 to 4.8 cm. Echoes of these lesions were not
characterized and has lack of specificity. After the injection
of contrast agent, the numbers of dot or strip-like flow
messages increased both at the periphery and inside of
these lesions under the mode of CDFI and PDI, and were
more pronounced under PDI. Morphology of intralesional
vessels extended, even branched and some signals were
clearly found encircling the lesion. And some vessels were
found penetrating into the center of the lesion.
CONCLUSION: PDI after injection of self-made echo
contrast agent can show a pronounced sensitivity than that
of B mode ultrasound and CDFI in diagnosis of vascularity
of a metastatic lesion.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Diagnostic imaging, such as CT and MRI depict tumoral
vascularity mainly through angiography of the tumoral
vessels, and the differential diagnosis of tumors is achieved
based on these results. Contrast-enhanced ultrasonography
is a recently and rapidly developed technique. Color Doppler
flow imaging (CDFI) and power Doppler imaging (PDI)
have been proved to have higher sensitivity and specificity
in detecting tumor vessels, especially when combined with
echo contrast agent[1,2] , and therefore they have greatly
increased the accuracy of diagnosis and may provide more
reliable basis for treatment of tumors.
MATERIALS AND METHODS
Preparation of animal models
Eight New Zealand rabbits weighing 2.6-3.2 kg on an
average 2.7±0.4 kg were anesthetized by Sumianxin (a
product of the Changchun Argo-Pastoral University) at
0.2 mL/kg through intramuscular injection. Hairs in the
abdominal region were molted by 80 g/L sodium sulfide,
and then the region was cleaned by saline water. Median
incision right beneath the metasternum was made to expose
the right lobe of liver. A tunnel about 3 cm deep at the lobe
was established with an ophthalmic nipper. Viable VX2 tumor
tissue masses about 2-3 mm3 were implanted into the tunnel,
locally stanched and then each layer of abdominal wall was
sutured accordingly. Two or three weeks later, these rabbits
were ready for the experiment. VX2 tumor is a kind of
dermatological squamous cancer induced by Shope virus,
viable VX2 tumor that can be transplanted and generated
through New Zealand rabbits, and therefore is used to
simulate metastatic hepatic tumor models.
Preparation of echo contrast agent
Self made echo contrast agent was made from 50 g/L human
albumin and 400 g/L Dextran in a ratio of 1:3 (v/v), the
mixture was then made to undergo electromechanical
sonication (Sonication machine JY92-2D was manufactured
by Ninbo Xinzhi Research Institute) for 90 s under mechanical
energy of 280 W. During the sonication process, perfluropropane gas was mixed into the mixture. Microbubbles
manufactured in this way were counted by a Coulter counter,
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which concentration was about 1.6×109 bubbles/L with an
average size 4.3±2.1 m.
Equipments
A transducer L11-3 connected to HP-5 500 ultrasound
system was used, whose fundamental wave frequency was
5-13 MHz. During the whole process of experiment, the
image depth, color gain and depth gain compensation were
kept constant.
Methods
Hepatic VX2 tumors were imaged with conventional B mode
US, CDFI, and PDI. Echo agent was intravenously injected
at a dose of 0.01 mL/kg through ear vein, and then the
venous passage was cleaned with sterilized saline. All images
were recorded real-timely by magnetic optics (MO), and
they were analyzed further by at least two independent
experienced sonographers.
In order to compare and analyze, scanning of CDFI
and PDI were recorded when the depiction of blood flow
sections was the richest. The vessel numbers of the same
section before and after echo-contrast injection was compared
and semi-quantified (spot-like, short bar-like and strip-like
blood flow signals were all considered as one vessel).
Standards for grading were as follows: Grade 0, no blood
signals; Grade I, less than three vessels inside the tumor;
Grade II, three to five vessels inside the tumor; Grade III,
more than five vessels inside the tumor.

RESULTS
Features of VX2 tumor under conventional B mode US
Total 12 lesions were found in the eight carrier rabbits, the
size of these lesions ranged from 1.6 to 4.8 cm respectively.
Among these lesions, seven lesions were even echoic, three
were hypoechoic, one was slightly hyperechoic and one was
of echogenecity mixed with hyperechoic and cystic areas.
They were oval or round in shape with a clear outline or a
hypoechoic halo at the margin of the lesions.
Changes of intralesional blood flow under CDFI and PDI
At the periphery of all these lesions, spot-like or short barlike flow signals could be revealed by CDFI, while at the
inside of these lesions, only spot-like flow signals could be
seen. And there were seven lesions which could be graded
as grade I, another five lesions as grade II. PDI could reveal
a clear bar-like flow signal at one side of the lesion, and
relatively more signals around and inside the lesions as
compared with CDFI. There were three lesions, which could
be graded as grade I and another nine lesions as grade II.
After the injection of contrast agent, it was found that eight
lesions were depicted with remarkable increased flow signals
under CDFI, four lesions without any obvious increase of
flow signals, and that two lesions could be graded as grade
I and 10 lesions as grade II. While comparing with CDFI, it
was found that 11 lesions were depicted with remarkable
increased flow signals under PDI, only one lesion without
any obvious increase of flow signals. After grading, no lesion
was graded as grade I, one lesion as grade II, 11 lesion as
grade III. The results of semi quantification on vessel
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numbers were listed in Table 1.

Table 1 Changes of depicted intratumoral vessel numbers
Grade

CDFI (number of vessels)

PDI (number of vessels)

Before CA

After CA

Before CA

0

0

0

0

0

I
II

7
5

2
10

3
9

0
1

III

0

0

0

12

After CA

CA: contrast agent.

Changes of the morphology of intralesional blood flow under
CDFI and PDI
After injection of contrast agent, the length of vessels
elongated and the numbers of vessels increased under both
CDFI and PDI, especially under the mode of PDI. Tumoral
vessels depicted by PDI were as elongated as a strip, and
some of them were even branched. At the periphery of the
lesions, some vessels were found encircling and even
penetrating into the center of the lesion (Table 2).

Table 2 Changes of vessel morphology inside or at periphery of
lesions
Blood flow

CDFI (number of vessels)

PDI (number of vessels)

Before CA

Before CA

After CA

After CA

No flow signals

1

0

0

0

Spot-like flow signals

9

14

17

21

10
2

15
4

13
5

16
7

0

0

0

2

Short bar-like flow signals
Strip-like flow signals
Penetrating flow signals
CA: contrast agent.

DISCUSSION
It was of great importance for both ultrasonographic diagnosis
and differential diagnosis to detect out the blood flow in
small hepatocellular carcinoma lesions, especially that in the
small metastatic liver lesions[3]. The growth and development
of microvascular net of tumor are absolutely necessary for
the growth of tumor cells. Malignant tumors usually grow
invasively and are not restricted by the development of
tumor vessels[1] . Tumor vessels own some biological and
morphological characteristics, and the growth of newly
formed vessels manifests as follows: (1) grows unrestrictedly
by itself; (2) the newly formed vascular net distributes around
the tumor margin twisted and disorderly, and trespassing
into the mass of the tumor radially; (3) the number of vessels
in the tumor is usually increased, therefore, malignant tumors
are often hypervascularized; (4) the patterns of these vessels
are usually prototype with a thin wall and lack of the layer
of smooth muscles, their inner layers are usually discontinuous
or only have some connective tissues and even covered
directly by tumor cells; (5) at the periphery of the tumor
nodules anastomosis of interfacing artery and vein could
be often seen[2-6]. The aforementioned features of the tumor

3612

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

vessels thus determine some of the hemodynamic characters
of CDFI and PDI during scanning. That is to say, we could
detect a very low flow velocity inside the tumors and a
relatively high flow velocity around the tumors, and a
turbulent flow signals at the site of arteriovenous anastomosis.
It has been already demonstrated that the imaging diagnosis
of metastatic liver lesions with B mode ultrasonography
has lack of specificity[7-9]. In those very small metastatic
lesions, both CDFI and PDI could not detect the Doppler
flow signals due to the relatively low sensitivity of machine
update[9]. However, to those lager lesions, CDFI and PDI
may find out arterial flow signals[7]. Some researchers reported
that PDI could reveal flow signals as low as 0.8 cm/s in a
diameter of only 0.7 mm, while CDFI could reveal flow
signals as low as 1.5 cm/s only[10-14]. Within the changing
variety of acoustic beam angles from 33° to 52°, the
sensitivity of PDI is not influenced, but the sensitivity of
CDFI is lowered at least four folds. Thus an effective
differentiation, between metastatic lesion and a benign lesion
(such as hemangioma) could not be made by a simple
scanning of B mode ultrasound, or CDFI or PDI[14]. Under
these situations, the application of contrast enhanced PDI
might provide us a new diagnostic way, which is not only
convenient to detect out lesions, but also helpful for the
qualitative diagnosis. Contrast bubbles may increase the
reflection of acoustic waves, and thus remarkably increase
the ultrasound signals for both B mode and Doppler
ultrasound. Using conventional imaging under fundamental
waves, tissues may bring out intensive scattering signals.
Receiving scattering signals from both contrast bubbles and
tissues after the application of contrast agent, conventional
B mode ultrasound could not tell the difference of the
scattering signals whether from contrast bubbles or from
tissues. However, contrast bubbles could help us realize the
diagnosis and differential diagnosis of tumor lesions through
the increase of Doppler effects. Second harmonic imaging
US technique involves transmitting at frequency f and
receiving at frequency 2f, thus it filters out the fundamental
signals from the liver parenchyma and extracts especially
the non-linear harmonic signals in the acoustic field to realize
a remarkable contrast effects[15-17]. It was demonstrated in
this study that both CDFI and PDI could reveal a marked
enhancement of Doppler flow signals at the periphery or
inside the metastatic lesions after the application of the
self-made contrast agent, which manifested as the clearly
visioned vessel numbers increased obviously, and especially
the focal lesions with vessels characterized as grade II and
III significantly increased. The morphologic features of flow
signals also changed obviously, shown as an increase of
spot-like and strip-like flow signals. All these changes were
shown most remarkably under PDI. PDI showed that both
the increase of vessel numbers and changes of morphological
features were remarkable, which were shown as the increase
of spot-like or strip-like vessels, sometimes a branched
vessel or a surrounding flow signal, or even a long strip-like
flow penetrating into the tumor center might be observed,
and these flow signals were complete and clear[18-23]. Within
the specific sample, CDFI could show whether there is a
flow signal, the flow velocity, its directions and its spatial
distribution, etc. Comparing with CDFI, PDI has obvious
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priority in the detection of tiny vessels, however, it could
not provide information such as flow velocity, flow directions
or turbulent signals. But it was very sensitive to low velocity
flow signals. This might be the main mechanism of why
PDI had some priority to CDFI in the detection of tumor
vessels after application of contrast agent[24,25].
PDI and CDFI could reveal characters of tumor vascularity, such as the number, the distribution and the directions
of tumor vessels, but the changes of tumor vessel numbers
and the morphological changes of flow signals may have
higher diagnostic values especially after the use of echocontrast agents[26-31]. Power Doppler contrast imaging technique
may also provide more reliable information for the diagnosis
and differential diagnosis of tumor lesions[32,33].
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Abstract
AIM: To improve competitively differentiated polymerase
chain reaction (CD-PCR) in detection of HBV basal core
promoter mutation.
METHODS: Recombinant plasmid of double point mutation
A1762T/G1764A in basal core promoter of HBV constructed
by site-directed mutagenesis was used as mutant control.
To reveal the deficiency mechanism of CD-PCR, relationship
between the circle number of PCR and the increased speed
of products of each competitive primer was comparatively
studied. Diversified amount of dNTPs and mutual primer
of the competitive primers were tried to optimize CDPCR. Optimized CD-PCR was evaluated by detecting
A1762T/G1764A mutation in recombinant plasmids and
clinical sera from patients with HBV infection.
RESULTS: The deficiency mechanism of CD-PCR was that
the products of mismatched competitive primer grew fast
when the amplification of matched primer entered into
plateau stage, which led to decrease in or disappearance
of the difference in the amount of their products. This
phenomenon could be eliminated by reducing dNTPs to
10 mol/L and mutual primer to about 100 nmol/L. Optimized
CD-PCR could detect both mutant and wild strain independent of the amount of templates and the number of PCR
cycles. Its detection limit was 10 3 copies/mL, about 50
copies/reaction. About 10% of mutant DNAs among wild
type DNAs could be detected. A1762T/G1764A mutant
was detected in 41.8% (51/122) of patients with HBV
infection, but not detected in controls with negative HBsAg.
CONCLUSION: Optimized CD-PCR can detect mutation
independent of the amount of initial templates and the
number of PCR cycles.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatitis B virus (HBV) is a significant cause of life-threatening
liver diseases, such as fulminant hepatitis, liver cirrhosis and
hepatocellular carcinoma[1-3]. HBV point mutations, including
precore stop mutation G1896A, immune escape mutations
K141E, P142S, D144E and G145R, basal core promoter
double point mutation A1762T/G1764A and lamivudineresistant mutation M552I or M552V, are very common and
have important implications in the pathogenesis, treatment
and prevention of chronic HBV infection[4-9] . Thus, to
demonstrate these mutants in time is very important in clinical
practice.
Many methods are used in detection of point mutations,
especially in laboratory researches. Most methods are based
on polymerase chain reaction (PCR). To analyze PCR products
using direct sequencing is gold standard, but cannot be used
in routine clinical examination. Thus, new methods are still
emerging, including fluorometric real time PCR methods[10,11],
PCR with elaborately designed primers [12,13] and other
methods to analyze PCR products using restriction fragment
length polymorphism and enzyme linked mini-sequence
assay (SMITEST)[14]. Fluorometric real time PCR is based
on the small differences in hybridization melting curve
kinetics of the probes and needs expensive apparatus[10] .
To analyze PCR products usually needs much additional
manipulation. PCR with elaborately designed primers, such
as allele specific-PCR (AS-PCR) and sequence specific-PCR
or amplification refractory mutation system[12,13], is usually
simple and rapid. However, its specificity is influenced by
the amount of initial templates[12]. Unfortunately, the amount
of HBV DNA in sera of patients with HBV infection varies
greatly and is uncontrollable.
For these reasons, a novel method of competitively differentiated PCR (CD-PCR) was developed in our laboratory,
which can rapidly and effectively demonstrate HBV precore
mutation G1986A. CD-PCR was established based on ASPCR. It employs competitive primers and a differentiation
stage to minimize the adverse influence of the amount of
initial templates and to stop the cross amplification between
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wild and mutant products in subsequent cycles. Theoretically,
the difference in PCR products between two competitive
primers is independent of the amount of initial templates.
However, CD-PCR only has an enlarged distinguishable
range (102-108 copies/mL) as compared with AS-PCR, and
clinical samples with high level of HBV DNA have to be
diluted before examination. In this study, the deficiency of
CD-PCR was investigated and its main components were
optimized based on analysis of the PCR products using enzyme
immunoassay (EIA).

MATERIALS AND METHODS
Reagents
Recombinant plasmid pTZ19U-HBV containing double
copies of HBV DNA (adw) was a present from Professor
Zhi-Min Huang, Zhongshan University. T4 DNA ligase and
pfu DNA polymerase were purchased from Promega Company
(USA). DNA gel extraction, plasmid isolation and serum DNA
extraction kits were purchased from Omega Company (USA).
Anti-digoxigenin and anti-fluorescein labeled with horseradish
peroxidase were purchased from Roche Company (USA).
Oligonucleotides
Primers and probes shown in Table 1 were designed with
the software Omega 2 and synthesized in Bioasia Biological
Engineering Company (Shanghai, China). The sequence of
BCP-c1 was in concordance with the A1762T/G1764A
mutant. BCP1-M and BCP1-W were competitive primers
for mutant and wild strain, respectively. PCA was the mutual
anti-sense primer of two competitive primers.
Serum samples and DNA extraction
One hundred serum samples with HBsAg (+), anti-HBe
(+) and anti-HBc (+), 60 serum samples with HBsAg (+),
HBeAg (+) and anti-HBc (+) and 40 serum samples without
HBV serum markers were collected. The serum markers
were demonstrated by enzyme-linked immunoadsorbent
assay. HBV DNA level in sera was detected using fluorescein
quantitative PCR (Taqmen, Roche). Total DNA from 200 L
serum was extracted using Omega kits, recovered in 50 L
of elution solution and then stored at -70 ℃ until detection.
Construction of mutant control using site-directed mutagenesis
To construct A1762T/G1764A mutant controls, pTZ19UHBV was used as template, BCP-c1 and BCP-c2 were used
as primers in PCR to obtain A1762T/G1764A mutant
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fragments. The mutant fragments were then cloned into
plasmid pUC19 to generate recombinant plasmid pHB-BCP2.
After the sequences were confirmed by DNA sequencing,
the recombinant plasmid was used as mutant control in
CD-PCR.
Basic CD-PCR for detection of A1762T/G1764A mutant
Principles of competitive primer design and CD-PCR for
detection of HBV G1896A mutation were previously
described. It was modified for detection of BCP mutation.
Briefly, 25 L PCR reaction was performed. The reaction
mixture contained 10 mmol/L Tris-HCl, pH 8.5, 50 mmol/L
KCl, 1.5 mmol/L MgCl2, optimized amount of dNTPs, 2U
pfu DNA polymerase, optimized amount of competitive
primers (BCP-M, BCP-W), PCA and 5 L plasmid or
extracted DNA. The cycling conditions were as follows:
two cycles (first set) at 94 ℃ for 60 s, at 53 ℃ for 120 s
and at 72 ℃for 120 s, followed by 38 cycles (second set) at
94 ℃ for 30 s, at 65 ℃ for 30 s, and at 72 ℃ for 60 s. The
PCR products were then hybridized with solidified biotinlabeled probe PCP in two different wells of microtiter plate.
Color reaction was obtained after captured PCR products
were reacted with horseradish peroxidase-labeled anti-DIG
or anti-FITC. The optical absorption density (A value) was
measured, and the ratio (Am/Aw) of A values in two wells
with horseradish peroxidase-labeled anti-DIG (Am) or antiFITC (Aw ) was used as criteria for the result analysis. The
amount and ratio of competitive primers were determined
as Am for mutant control and Aw for wild control were
almost similar when 105 copies/mL of recombinant plasmids
pHB-BCP2 and pTZ19U-HBV were used as mutant control
and wild control, respectively.
Optimization of CD-PCR
Two hundred, 50, 10 and 2 mol/L of dNTPs and 500,
250, 100 and 50 nmol/L of primer PCA were comparatively
studied. Two hundred microliters PCR reaction was
performed with three parallel tubes. The products were
analyzed at every five circles.
DNA sequencing
Fragments of HBV basal core promoter, precore and core
from 10 samples (five mutants, and five wild strains of HBV
according to CD-PCR) were analyzed by DNA sequencing
after they were amplified using primer PCSc and PCAc,
and cloned into plasmid pUC19.

Table 1 Primers and probe
Denomination

Sequences

PCSc

5’-CCCGAATTCCACCGTGAACGCCCATCAG-3’

PCAc

5’-CCCAAGCTTGCAGTATGGTGAGGTGAGCAATG-3’

BCP-c1

5’-CGGAATTCGAGGAGCTGGGGGAGGAGATTAGGTTAATGATC-3’

BCP-c2

5’-AGACTGCAGAGGATAGAATCTAGCAGGC-3’

BCP1-W

5’-FITC-CGTCCGTAGTGCCGAGGGAGGAGATTAGGTTAAAGG-3’

BCP1-M

5’-DIG -CGCTGAGATGCGACTGGGAGGAGATTAGGTTAATGA-3’

PCA

5’-CTCGCTGCACACTCTAAGGCTTCTCGATACAG-3’

PCP

5’-BIO-GACGGAAGGAAAGAAGTCAGAAGGCAAAA-3’

The underlined nucleotides were loci of restriction endonucleases. The italic characters had no relationship with HBV genome.
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RESULTS
Deficiency mechanism of CD-PCR
The deficiency mechanism of CD-PCR was that the products
of mismatched competitive primer grew fast when the
amplification of matched primer entered into plateau stage,
which led to decrease in or disappearance of difference in
the amount of their products (Figure 1).
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Figure 1 Optimization of the concentration of dNTPs. A: optical absorption
density, Am and Aw : A values of wells with horseradish peroxidase-labeled anti-DIG

3
2.5
2
1.5
1
0.5
0

Am/Aw

B

Am
Aw

0

C

2 4
6
8 10 12
Templates (10n copies/mL)

D
7
6
5
4
3
2
1
0

3.5
3.0
2.5
2.0
1.5
1.0
0.5
0.0

3.5
3.0
2.5
2.0
1.5
1.0
0.5
0.0

Am1
Am2
Aw2

0

10

20
30
40
Circle numbers

Am1
Am4
Aw4

0

10

20
30
40
Circle numbers

3
2.5
2
1.5
1
0.5
0

Aw

0

2 4
6
8 10 12
Templates (10n copies/mL)
100%

10

50%

2 4
6
8 10 12
Templates (10n copies/mL)

Figure 2 Detection of BCP mutation in recombinant plasmid DNA using optimized
CD-PCR. A: pHB-BCP2 as template, B: pTZ19U-HBV as template, C: Am /Aw ratio
as criteria for the result analysis, D: detection BCP mutation among mixture of pHB-
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Detection of BCP mutation in recombinant plasmid DNA using
optimized CD-PCR
The CD-PCR results of 10-fold dilution (101-1012 /mL) of
pHB-BCP2 and pTZ19U-HBV are shown in Figure 2. Both
mutant and wild DNA could be detected using optimized
CD-PCR independent of the amount of templates up to
1012 copies/mL, which was higher than the serum level of
HBV DNA in patients with chronic HBV infection. Its limit
of detection was 103 copies/mL, about 50 copies/reaction.
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inconvenient for the method to be used further. The
optimized concentration of dNTPs was about 10 mol/L.
Similar results were obtained when wild control pTZ19UHBV was used as template. The concentration of primer
PCA had an effect on CD-PCR similar to that of dNTPs
and its optimized concentration was about 100 nmol/L.
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Optimization of CD-PCR
When 107 copies/mL of pHB-BCP2 were used as template,
A value of the products of matched competitive primer BCPM (Am) decreased, but the difference from the mismatched
competitive primer BCP-W (Aw) was enlarged independent
of the number of cycles as the concentration of dNTPs was
gradually reduced (Figure 1). However, both Am and Aw
were greatly decreased at 2 mol/L dNTPs, which was
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In order to demonstrate co-infections of mutant and wild
HBV strains, the Am/Aw ratio was employed in this study
(Figure 2). About 10% of mutant DNA among wild DNA
could be detected. The preferable range for co-infection
detection was 103-7 copies/mL.
Detection of BCP mutant in clinical samples
HBV DNA was positive in 122 of 200 serum samples for
fluorescein quantitative PCR. The results of A1762T/
G1764A mutant are shown in Table 2. A1762T/G1764A
mutant was detected in 41.8% (51/122) of patients with
HBV infection, but not detected in controls with negative
HBsAg or in patients with negative HBV DNA. The DNA
sequencing results of 10 selected samples were in concordance
with those of CD-PCR.

Table 2 A1762T/G1764A mutant detection using optimized CD-PCR
in clinical sera
Cases(n)
HBsAg(+)/HBeAg(+)
HBsAg(+)/HBeAg(-)

60
100

HBsAg(-)/HBeAg(-)

40

HBV DNA n (%)
60 (100.0)
62 (62.0)1
0

for interferon-induced anti-HBe seroconversion[26].
In conclusion, HBV A1762T/G1764A mutant may be
responsible for HBeAg negative hepatitis, and should be
detected routinely in clinical practice. Optimized CD-PCR
can detect HBV mutation.
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Abstract
AIM: To investigate the inhibitory effect of Chinese herbal
medicine on the transcription of hepatitis C virus (HCV)
structural gene in Hela D cells.
METHODS: Hela cell line was transfected with recombinant
pBK-CMV-HCV containing HCV structural gene by Lipofectamine. RT-nested-PCR and Western blot assay were used
to testify the HCV gene expression in Hela cells. The Hela
cells expressing HCV structural protein were named Hela
D cells. Prescriptions of Xiao chaihu Decoction (XCHD),
Fufang Huangqi (FFHQ) and Bingganling (BGL) were
respectively added to Hela D cells in various concentrations.
Semi-quantitative RT-nested-PCR product analysis was
performed according to the fluorescent density between
HCV DNA band and GAPDH DNA band in gel electrophoresis
after screened.
RESULTS: Recombinant pBK-CMV-HCV could correctly
express the HCV structural gene in Hela D cells. After coculture of Hela D cells with three prescriptional different
concentrations for 48 h respectively, the transcription of
HCV gene decreased with increasing of the concentration
of each prescription. The lightness ratio of HCV product
bands to GAPDH product bands was 0.24, 0.10 and 0.12
in Hela D cells incubated with 0.1 g/mL of XCHD, FFHQ
and BGL respectively and the lightness ratio HCV product
bands to GAPDH product bands was 0.75, 0.67 and 0.61
respectively in the control cells.
CONCLUSION: The prescriptions of XCHD, FFHQ and BGL
partly inhibit the transcription of HCV structural gene in
Hela D cells.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatitis C virus (HCV) is the major cause of non-A, nonB viral hepatitis and 60% of patients infected with HCV
become chronic hepatitis C. Although the cloning of HCV
genome was discovered more than a decade ago and researchers
have made effects to find novel agents for prevention and
treatment of hepatitis C[1,2], there is no efficient method to
control or eradicate this disease yet, as investigation of the
HCV life cycle has been limited by lack of an efficient cell
culture system for HCV infection and replication[3]. Recently,
it was reported that prescriptions of XCHD, FFHQ and
BGL are potent in treating patients with hepatitis C[4–6] .
However, the mechanism of these Chinese herbal medicines
against HCV is not clear. Because of no economical and
suitable animal model for HCV infection research except
for chimpanzee, the cell model transfected with HCV genes
becomes necessary for screening drugs for HCV[7]. Traditional
Chinese herbal medicine is a great treasure-house. Using
modern experiment methods and traditional Chinese
medicine theory, it is possible to discover novel effect of
Chinese herbal medicine on hepatitis C.
In this investigation, we established model of Hela D
cells transfected with HCV structural genes and tried to
select Chinese herbal medicine for inhibition of HCV
transcription in Hela D cells in order to provide experimental
data for clinical therapy of hepatitis C.
MATERIALS AND METHODS
Cell line
Hela cell line was incubated at 37 ℃ in 50 mL/L CO2
atmosphere in RPMI1640 (Gibco-BRL, USA) supplemented
with 10% fetal bovine serum, 100 units/mL penicillin G
sodium and 100 µg/mL streptomycin sulfate.
Recombinant plasmid
Recombinant plasmid pBK-CMV-HCV containing HCV
structural genes (1-1 686 base pair, gene type 1b), was kindly
gifted by Dr. Chen Zhi in the Medical College of Zhejiang
University.
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Chinese herbal medicine
XCHD composed of Chaihu (9g), Huangqi (6g), banxia
(6g), Zheganchao (3g), shengjiang (6g) and Dazao (4pieces),
was purchased from Jiangsu Chinese Herbal Medicine
Storyhouse. These raw drugs were mixed in water for 30 min
and fried 1 h with small blaze on stove. The original fluid
drug was filtered through four layer gauzes and then stored
at 4 ℃ for use[8]. FFHQ was composed of Huangqi (45 g),
Chaihu (12 g), Dansheng (20 g), Cheshao (15 g), Yujing (12 g)
and Danpi (12 g). The original fluid drug was made as
XCHD. BGL supplied by Professor Xue Boyu in Nanjing
Traditional Chinese Medical University, was composed of
Shuiliujiao, Hu Zhang, Cheshao, Huangqi, Jujizi, Chaihu,
Chenpi, Fuling and Jiguchao.
Primers
All primers were synthesized by Shengon in Shanghai, China.
The sequence of the first PCR forward primer for HCV
structural gene was 5’CGC GCG ACT AGG AAG ACT TTC
3’ and that of reverse primer was 5’ATA TAC CCC ATG
ACC TCG GC 3’. The sequence of the second PCR forward
primer was 5’AGG AAG ACT TCC GAG CGG GTC3’
and that of reverse primer was 5’GAG CCA TCC TGC CCA
CCC CA3’. The sequence of the forward primer for housekeeping gene GAPDH was 5’ TCC CAT CAC CAT CTT
CCA 3’ and that of reverse primer was 5’CAT CAC GCC
ACA GTT TCC3’.
Transfection
Seventy percent confluent Hela cells in complete medium
were transferred to a six well plate for 24 h. Mixture of the
Lipofectamine 2000 reagent and HCV1b genotype
recombinant plasmid pBK-CMV-HCV was incubated for
20 min at room temperature and then mixture were directly
put into Hela cells after the medium was removed from plates
and then the plates were incubated at 37 ℃ in 50 mL/L
CO2. Growth medium was replaced after incubation for
4 h, followed by selection with 600 µg/mL of G418 after
24 h[9]. Hela cells were transfected with blank plasmid as
control. After seven days, G418-resistant clones were
selected, clonally isolated and screened for Western blot
assay, cytotoxicity assay and inhibition of transcription of
HCV structural gene, respectively. The Hela cells expressing
HCV structural protein were named Hela D cells.
Cytotoxicity to Hela D cells and inhibition effect of Chinese
herbal medicine on HCV gene transcription
Each kind of Chinese herbal medicine was put into Hela D
cell culture medium for 72 h separately and the final
concentration was 1.0, 0.8, 0.6, 0.4 and 0.2 g/mL, respectively.
The cytotoxicity of Chinese herbal medicine to Hela D
cells was observed under microscope and by MTT methods[10].
After Hela D cells were incubated for 10 h, 200 L of vsarious
concentrations of Chinese herbal medicine (0.1, 0.01,
0.001 g/mL) was respectively added to the culture medium
in a six well plate for an additional 48 h incubation and 200 L
PsBS was added to Hela D cells as control.
Total RNA extraction
Total RNA was isolated from Hela D cells with TRIzol
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reagent. Before extraction, 100 L reaction buffer (10 mmol/L
Mgcl2, 0.1 mmol/L DTT, 1 u/mL RNasin, RNase-free
DNaseI) was added to 2×106 Hela D cells and stored at 37 ℃
for 1 h to remove all contaminated DNA and then the
extraction process was performed according to the TRIzol
protocol[11].
RT-nested-PCR and semiquantitative RNA analysis
cDNA was prepared by reverse transcription of 2 g total
RNA and then was amplified by nested PCR with two
different primers to detect the transcriptions of HCV
structural and GAPDH gene. In PCR amplified products,
the GAPDH gene was used as an internal control of HCV
gene[12]. PCR products were checked by gel electrophoresis
and semiquantitative RNA analysis was perfor med
according to the fluorescent density between HCV DNA
band and internal control GAPDH gene band in gel
electrophoresis.
Western blot
Whole cell extract was prepared by protein extraction buffer
(Novagen, Germany) according to the manufacturer’s
protocol. Western blot was performed after 12% SDSpolyacrylamide gel electrophoresis using Western Breeze
kit (Invitrogen, CA). Briefly, proteins (15 µg/lane) were
electrot-ransferred onto nitrocellulose membrane. The
membrane was blocked with blocking solution 30 min on
a rotary shaker and washed twice with water and subsequently
incubated with primary antibodies for 1 h. The membrane
was washed thrice for 5 min with antibody washing solution.
The rest of the steps were performed according to the kit’s
protocol.

RESULTS
Expression of HCV structural gene in Hela D cells
Total RNA was isolated from Hela D cells and Hela cells
respectively with TRIzol reagent and cDNA was then
amplified by nested PCR with two different primers. HCV
structural gene was expressed in Hela D cells because there
was a 144 bp band in the extracts from Hela D cells (Figure 1).
However, there was no band in the extracts from Hela
cells. Under similar conditions, there was no protein
expression in Hela cells transfected with blank plasmid or
Hela cells without any transfection.

A

1

2

3

←144 bp

B

1

2

3

←110 kd

Figure 1 HCV structural gene expression in Hela D cells determined by
RT-nested-PCR(A) and Western blot (B). Lane 1: DNA molecular standard;
lanes 1 and 3: Hela cells; lane 2: Hela cells; lane 2: Hela D cells; lane 3: Hela
D cells.
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Cytotoxicity to Hela D cells in various concentrations
When the concentration of Chinese herbal medicine gradually
decreased, its cytotoxicity to Hela D cells was also decreased
by degrees. When the concentration of Chinese herbal
medicine was maintained at 0.2 g/mL in Hela D cells culture
medium for 72 h, the survival rate of Hela D cells reached
more than 99% (Table 1).

Table 1 Survival rate of Hela D cells in different of Chinese herbal
medicine concentrations (%)
Herbs

1 (g/mL)

0.8 (g/mL)

0.6 (g/mL)

0.4 (g/mL)

0.2 (g/mL)

XCHD

22.57

48.63

73.25

89.86

99.97

FFHQ

25.36

57.34

76.28

92.57

99.98

BGL

21.67

47.35

79.24

94.31

99.97

Inhibitory effect of Chinese herbal medicine on HCV gene
transcription in Hela D cells
When the concentration of Chinese herbal medicine was
increased, the transcription of HCV gene gradually decreased
and its lightness of HCV band was weak, but the lightness
of GAPDH band had no change, suggesting that XCHD,
FFHQ and BGL could inhibit the transcription of HCV
gene and had no effect on GAPDH in Hela D cells (Figure 2).
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and may be useful in evaluating gene therapeutic strategies
against HCV[13,14]. Some researches have focused on Hela
cell in recent years[15,16]. Ide et al[17], established a Hela cell
model which can successfully express HCV NS 5A gene. It
was reported that Hela cells transfected with non-structural
gene and structural gene are used in research of the function
of HCV proteins[7,11]. Based on these research reports, we
used the Hela cell line as a cell model for selection of Chinese
herbal medicine against HCV.
XCHD, FFHQ and BGL are effective prescriptions of
Chinese herbal medicine in treating hepatitis C patients[4-6].
These prescriptions, however, lack laboratory evidence to
support their clinical therapeutic effect on HCV. We
employed molecular biological methods to establish Hela
D cell model by transfection of HCV structural gene, which
could stably express most HCV structural genes.
The cytotoxicity assay of XCHD, FFHQ and BGL to
Hela D cells showed that the concentration of 0.2 g/mL
Chinese herbal medicine had no cytotoxicity to Hela D cells
after incubated for 72 h. The inhibitory effect of Chinese
herbal medicine on HCV gene expression showed that the
three prescriptions can partly inhibit the transcription of
HCV structural gene because the transcription quantity of
HCV gene is decreased as their concentration is increased.
The efficient inhibitory effect was achieved at the highest
dose of 0.1 g/mL of different Chinese herbal medicine.
The mechanism of XCHD, FFHQ and BGL underlying
inhibition of HCV gene expression is still not clear. Based
on the traditional Chinese medicine theory, we consider
that Chinese herbal medicine can change the internal
environment of cells, where recombinant pBK-CMV-HCV
does not make use of synthetic enzymes and proteins for
HCV structural gene mRNA transcription. There might
be some pathways that inhibit HCV mRNA transcription
in Hela D cells.
In conclusion, Hela D cell model is very useful for
observation of HCV transcription, protein expression and
for screening new drugs against HCV.
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Abstract
AIM: To investigate the association between single nucleotide
polymorphism (SNP) in promoter of the DNA methyltransferase 3B (DNMT3B) gene and risk for development and
lymphatic metastasis of gastric cardiac adenocarcinoma (GCA).
METHODS: The hospital based case-control study included
212 GCA patients and 294 control subjects without overt
cancer. The DNMT3B SNP was genotyped by PCR and
restriction fragment length polymorphism (RFLP) analysis.
RESULTS: The C/C genotype was not detected in both
GCA patients and controls. In control subjects, the frequency
of T/T and C/T genotypes was 94.9% and 5.1% respectively,
and that of T and C alleles was 97.4% and 2.6%, respectively.
The genotype and allelotype distribution in the GCA patients
was not significantly different from that in controls (P = 0.34
and 0.33, respectively). When stratified by smoking status
and family history of upper gastrointestinal cancer, significant
difference in the genotype distribution was not observed
between GCA patients and controls. The distribution of
DNMT3B genotypes in GCA patients with or without lymphatic
metastasis did not show significant difference (P = 0.42).
CONCLUSION: The distribution of DNMT3B SNP in North
China is distinct from that in Caucasians. Although this
SNP has been associated with susceptibility to lung, head,
neck and breast cancer, it may not be used as a stratification
marker to predict susceptibility and lymphatic metastasis
of GCA, at least in the population of North China.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Aberrant DNA methylation is one of the most epigenetic
changes in human cancers. Generally, the overall level of
DNA methylation is lower in cancer cells than in normal
cells, while a number of tumor suppressor genes are silenced
by DNA methylation on CpG islands around their promoter
regions in cancer cells[1-5]. DNA methylation is mediated by
a family of DNA methyltransferases (DNMTs), three active
forms (DNMT1, DNMT3A and DNMT3B) of DNMT
have been identified in mammalian cells[6-8]. DNMT1 is required
for maintaining methylation whereas DNMT3A and DNMT3B
are responsible for de novo methylation[7,9]. DNMT3B plays
a crucial role in tumorigenesis. Significant overexpression
of DNMT3B has been observed in tumors while DNMT1
and DNMT3A are only modestly overexpressed with lower
frequency[10]. The DNMT3B gene located on chromosome
20q 11.2, contains a C→T single nucleotide polymorphism
(SNP) in the 149-base pair upstream of the transcription
start site of the promoter region (C46359T, GenBank
accession no. AL035071), which may result in a 30% increase
in promoter activity[11] . Few studies suggested that the DNMT3B
SNP may modify susceptibility to tumors, although conflicting
results are reported in different tumor types. Carriers of
the DNMT3B T allele, particularly of the heterozygous
genotype, have a significant increase in risk of developing
lung, head, and neck cancer[11,12]. However, genotypes with
the C allele are associated with increased risk of breast
cancer[13].
Gastric cardiac adenocarcinoma (GCA), one of the common
tumor types in some areas of North China, has drawn increasing
attention for its incidence elevation in recent years. Several
polymorphic genes have been correlated with modification
of susceptibility to GCA[14-17]. To our knowledge, the association
between the DNMT3B SNP and the risk of development
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of upper gastrointestinal carcinoma has not been reported.
In addition, the prevalence of DNMT3B SNP in Asian
population has not been documented so far. Since the SNP
may influence the function of DNMT3B, which plays an
important role in carcinogenesis of upper gastrointestinal
carcinoma, we hypothesized that DNMT3B SNP may
modify susceptibility and disease progression of GCA.
Therefore, a hospital-based case-control study was performed
in a population of North China with the aim of testing the
hypothesis.

MATERIALS AND METHODS
Subjects
The study recruited 212 patients with gastric cardiac cancer
and 294 control subjects without overt cancer. The cancer
patients were outpatients for endoscopic examination or
inpatients hospitalized for surgery in the Fourth Affiliated
Hospital of Hebei Medical University between 2001 and
2003. Histological tumor typing was carried out on the basis
of biopsies or resected specimens in the Department of
Pathology of the same hospital. Gastric cardiac carcinomas
were all adenocarcinomas with their epicenters at the
gastroesophageal junction, i.e., from 1 cm above to 2 cm
below the junction between the end of the tubular esophagus
and the beginning of the saccular stomach[18]. The healthy
subjects having no history of cancerous or genetic diseases,
visited the same hospital for regular physical examination
and volunteered to join the epidemiology survey in the same
period. All the cancer patients and control subjects were
unrelated Han nationality and from Shijiazhuang city or its
surrounding regions. Information on gender, age, smoking
habits and family history was obtained from cancer patients
and healthy controls by two professional interviewers. The
definition of smokers and family history of upper gastrointestinal cancer (UGIC) was described previously [17,19].
Informed written consent was obtained from all the recruited
subjects. The study was approved by the Ethics Committee
of Hebei Cancer Institute.
DNA extraction
Five milliliters of venous blood from each subject was drawn
in vacuum tubes containing EDTA and stored at 4 ℃.
Genomic DNA was extracted within one week after sampling
by using proteinase K digestion followed by a salting out
procedure[20].
DNMT 3B genotyping
The transition of C→T of DNMT3B SNP creates an Avr
II restriction site, which could be exploited for genotyping
by PCR and subsequent restriction fragment length
polymorphism (RFLP) analysis. PCR was performed in a
25-µL volume containing 100 ng of DNA template, 2.5 µL
of 10× buffer, 1 U of Taq-DNA-polymerase (BioDev-Tech.,
Beijing, China), 200 mol/L of dNTPs and 200 nmol/L
of sense primer (5’-TGCTGTGACAGGCAGAGCAG-3’)
and antisense primer (5’- GGTAGCCGGGAACTCCACGG-3’)[11]. For amplification, an initial denaturation
step at 95 ℃ for 5 min was followed by 35 cycles at 95 ℃
for 30 s, at 66 ℃ for 30 s, at 72 ℃ for 1 min, and a final

June 21, 2005

Volume 11

Number 23

step at 72 ℃ for 5 min to allow for the complete extension
of all PCR fragments. Subsequently, the PCR products were
digested overnight with 10 units of Avr II (TakaRa
Biotechnology Co., Ltd, Dalian, Liaoning, China) at 37 ℃
and separated on a 2% agarose gel. RFLP bands were visualized
by ethidium bromide staining under UV light. Depending
upon the existence of the Avr II recognizing site, the
DNMT3B T/T genotype was expected to show two DNA
bands at the positions of 207 and 173 bp, the C/C genotype
was expected to show a single band (380 bp), while the
heterozygote was expected to have three bands (380, 207
and 173 bp). For a negative control, distilled water was used
instead of template DNA in the reaction system in each
panel of PCR reactions. For 20% of the samples, the PCRRFLP reaction was repeated once for quality control.
DNA sequencing analysis
DNA sequencing analysis was used to confirm the result
of DNMT3B genotyping by PCR-RFLP analysis in 12
randomly selected representative samples. The PCR fragments
were recovered from agarose gel followed by purification
with DNA clean-up Kit (Wizard SV Gel and PCR clean-up
System, Promega). DNA sequences of the PCR products
were determined using the PCR sense primer with applied
biosystems model 377 sequencer (PE Applied Biosystems,
Warrington, UK).
Statistical analyses
Statistical analyses was performed using the SPSS11.5 software
package (SPSS company, Chicago, IL, USA). Hardy-Weingberg
equilibrium assumption was performed to compare the
observed and expected genotype frequencies using 2 test.
Comparison of the DNMT3B genotype and allelotype
distribution in the study groups was performed by means
of two-sided contingency tables using 2 test or Fischer’s
exact test. The odds ratio (OR) and 95% confidence interval
(CI) were calculated using an unconditional logistic regression
model and adjusted by age and gender accordingly. P<0.05
was considered statistically significant.

RESULTS
As shown in Table 1, the mean age of GCA patients was
comparable to that of healthy controls (P = 0.09). The
gender distribution in GCA patients was also similar to that
in healthy controls (P = 0.10). Information on smoking
status was not obtained from 56 control subjects and 16
GCA patients, and family history of UGIC from 129 control
subjects and 26 GCA patients was unclear or failed to be
recorded. The proportion of smokers in GCA patients
(58.2%) was significantly higher than that in healthy controls
(43.3%) (2 = 9.53, P = 0.002). In addition, the frequency
of individuals with positive family history of UGIC in GCA
patients (30.6%) was significantly higher than that in healthy
controls (5.5%) (2 = 36.34, P <0.0001). Thus, smoking
and family history of UGIC significantly increased the risk
of developing of GCA in this population (the age and gender
adjusted OR = 1.80 and 9.60, 95%CI = 1.17-2.77 and
4.34-21.22, respectively).
All the patients and controls were successfully genotyped
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Table 1 Demographic characteristics of GCA patients and healthy
individuals
Groups

Control n (%)

GCA n (%)

P

201 (68.4)

159 (75.0)

0.10

93 (31.6)
59.1 (10.2)

53 (25.0)
60.4 (8.4)

0.09

Ex- or current smoker

103 (43.3)

114 (58.2)

0.0025

Non-smoker
Family history of UGIC

135 (56.7)

82 (41.8)

A

C/T
170
180
G C C A G A C C C N AG G C C T C C A G

Sex
Male
Female
Mean age in years (SD)
Smoking status

Positive

9 (5.5)

57 (30.6)

Negative

156 (94.5)

129 (69.4)

B
<0.0001

for the DNMT3B polymorphism (Figure 1). The results of
re-genotyped samples consistently matched the original ones.
The genotyping by PCR-RFLP analysis was completely
confirmed by DNA sequencing analysis (Figure 2). The
genotype distribution in GCA patients and healthy controls
was consistent with that expected by Hardy-Weinberg
equilibrium. In addition, the DNMT3B genotype distribution
did not correlate with gender and age both in patients and
in controls (data not shown). The DNMT3B C/C genotype
was not detected either in GCA patients or in control subjects.
In healthy controls, the frequency of T/T and C/T genotypes
was 94.9% and 5.1%, respectively, and that of T and C
alleles was 97.4% and 2.6%, respectively.

1

2

3

4

5

6

7

8
bp
500
300
200
100

Figure 1 DNMT3B genotyping patterns by PCR-RFLP analysis. Lanes 1 and
8: 100 bp molecular marker; lane 2: negative control for PCR reaction; lane 3:
PCR product; lanes 3 and 4: C/T genotype; lanes 6 and 7: T/T genotype.

T/T
170
180
G C C A G A C C C T AG G C C T C C A G

Figure 2 C/T genotype (A) and T/T genotype (B) confirmed by sequencing.

The frequency of DNMT3B T/T and C/T genotypes
in GCA patients was 96.7% and 3.3% while that of T and
C alleles was 98.3% and 1.7%, respectively. The genotype
and allelotype distribution in the overall GCA patients was
not significantly different from that in healthy controls
(2 = 0.96 and 0.94, P = 0.33 and 0.33, respectively). When
stratified by smoking status and family history of UGIC,
the genotype distribution in GCA patients and healthy
controls still did not show any significant difference (Table 2).
Compared to T/T, in the study population, the C/T genotype
did not significantly modify the risk of developing of GCA
(the age and gender adjusted OR = 0.66, 95%CI = 0.26-1.67).
The similar trend was observed in stratification analysis
according to the smoking status and family history of UGIC
(Table 2).
To investigate the significance of DNMT3B genotyping
in the progression of GCA, influence of DNMT3B polymorphism on the occurrence of lymphatic metastasis was
analyzed in 131 GCA patients whose clinical information

Table 2 Influence of DNMT3B SNP on the risk of development and lymphatic metastases of GCA
Group

DNMT3B genotype T/T

n (%) C/T

aOR (95%CI)

P

0.66 (0.26-1.67)

0.38

1.43 (0.37-5.56)

0.61

Overall
Control

279 (94.9)

15 (5.1)

GCA
Nonsmoker

205 (96.7)

7 (3.3)

Control

130 (96.3)

5 (3.7)

78 (95.1)

4 (4.9)

Smoker
Control

98 (95.1)

5 (4.9)

GCA

111 (97.4)

3 (2.6)

0.61 (0.14-2.69)

0.51

82 (96.5)
97 (96.0)

3 (3.5)
4 (4.0)

0.40(0.05–3.14)
0.94 (0.35-2.50)

0.38
0.91

58 (93.5)
67 (97.1)

4 (6.5)
2 (2.9)

0.45 (0.08-2.63)

0.38

GCA

Family history of UGIC in
GCA patients
Positive
Negative
GCA with LM data
LM- (n = 62)
LM+(n = 69)
LM: lymphatic metastasis.
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was available. The distribution of DNMT3B genotype in
GCA patients with or without lymphatic metastasis was not
significantly different (2.9% versus 6.5%, Fisher’s exact test,
P = 0.42). The C/T genotype did not significantly influence
the risk of lymphatic metastasis compared to the T/T
genotype (the age and gender adjusted OR = 0.45, 95%
CI = 0.08-2.63). Thus, the effect of DNMT3B SNP on
lymphatic metastasis of GCA was not observed in this study.

DISCUSSION
The present study shows a distinct difference in distribution
of DNMT3B SNP between Chinese and Caucasians[11,13].
The C/C genotype in Chinese population is absent or rare,
as demonstrated by the frequency of zero in both the GCA
patients and healthy controls. Additionally, the frequency
of the C/T genotype is very low in Chinese population
(5.1% in the control group) compared to that in Caucasians.
The frequency of T/T, C/T and C/C genotypes has been
reported to be 23.2%, 41.8%, 35% in Americans[11] and
23.3%, 45%, and 31.8% in British population[13] respectively.
The significance of great diversity in DNMT3B SNP
distribution in different ethnic populations remains unknown.
It was reported that the C to T transition induces a 30%
increase in promoter activity of the DNMT3B gene[11,13]. If
the observation could be verified in in vivo studies, the
distinct prevalence of the T/T genotype in Chinese might
imply the high level of DNMT3B activity in this population,
which might result in a different methylation status between
Caucasians and Chinese. In this study, we designed experiments
to assess the association between DNMT3B genotypes and
DNMT3B transcription and expression in resected tumor
tissues and normal epithelia. Unfortunately, we could not
conduct the experiments due to the absence of C/C genotype
and the insufficient number of samples with C/T genotype.
Nevertheless, to understand the significance of the great
diversity in DNMT3B SNP distribution in different populations,
the correlation between genotype and phenotype in different
ethnic groups needs to be comparatively investigated.
The present study demonstrates that the association
between DNMT3B SNP and susceptibility to GCA may
not exist, at least in the study population. In addition, the
DNMT3B SNP appears not to be a stratification marker
for the risk of lymphatic metastasis of GCA. Although the
sample size in the present study may be too small to detect
the minor effects, the very similar distribution of DNMT3B
genotypes in cancer patients and healthy controls suggests
that DNMT3B SNP may not independently modify the risk
of development and lymphatic metastasis of GCA. The
present result, and those from lung and breast cancer which
are the only published data on association between DNMT3B
SNP and cancer development, can show the different possible
roles of DNMT3B in different cell types. In lung cancer,
the combined variant genotypes (CT+TT) of DNMT3B SNP
have been associated with a nearly two-fold increased risk
of cancer development compared to the C/C genotype[11].
In breast cancer, however, the combined genotypes of C/T
and C/C have shown significantly higher risk of developing
lung cancer compared to the T/T genotype[13] . Since the
different splice variants of DNMT3B which may alter
catalytic activity are expressed in a tissue specific manner[9],
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and repression of DNMT3B activity does not result in the
re-expression of all hypermethylated tumor suppressor genes
in some cell system[21,22], it is therefore important to explore
the complex interplay of DNMTs in different tumor types.
In addition, the absent association between DNMT3B SNP
and GCA may be explained by the infrequency of C allele
in the study population. To clarify the role of DNMT3B SNP
in the development and progression of GCA, investigations
in other populations need to be performed. Moreover,
discovery of other polymorphisms in DNMT genes may
facilitate further exploration of associations between genetic
alteration and function of DNMTs.
In conclusion, the distribution of DNMT3B C46359T
polymorphism in North China is distinct from that in
Caucasians, and DNMT3B SNP may not be used as a
stratification marker to predict susceptibility and lymphatic
metastasis of GCA.
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Abstract
AIM: To discuss the expression of human leukocyte antigen
(HLA) class I antigens in gastric cancer and correlate these
with pathologic type and TNM stage.
METHODS: The expression of HLA class I antigen was
detected by immunohistochemistry in 185 specimens of
gastric cancer, 20 gastric cancer specimens with lymphatic
metastasis and 22 controls of normal gastric mucosa using
four monoclonal antibodies.
RESULTS: The expression of HLA class I antigen (B/C
locus) was significantly downregulated in gastric cancer
and in lymphatic metastasis than that in normal gastric
mucosa (2 = 7.712, P<0.05). The expression of other
HLA class I antigens was also downregulated, but the
change was slight. There was no relationship between
the downregulation of HLA class I antigen and that of
2m and LMP2. The expression of HLA class I (B/C locus)
was statistically correlated with pathologic stage in gastric
adenocarcinoma (2 = 4.164, P<0.05).
CONCLUSION: The expression of HLA class I antigen (B/C
locus) was obviously downregulated in gastric cancer and
in lymphatic metastasis. This abnormal expression would
provide the tumor cells with a way to avoid immunological
recognition.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Gastric cancer is one of the most common forms of
malignancy and is the major cause of mortality in human
population of Jiangsu Province[1] . The development of
gastric cancer is a multi-stage and multi-factor process and
the host immune system plays an important role in defending
tumor occurrence and metastasis. Human leukocyte antigen
(HLA) is essential in anti-tumor immune response[2]. HLA
molecules bind antigenic peptides generated by antigen
processing machinery and present these peptides on the
cell surface to T-cell receptor. The recognition of these
peptides by CTLs triggers a series of events that can result
in tumor cell lysis[3]. Downr-egulated expression of HLA
class I molecules has been reported in many tumors of
different origin including gastric cancer[4]. HLA class I antigen
is a cell surface glycoprotein composed of heavy chain,
2m and a peptide. Any defect in the antigen processing
progress such as the transporter proteins associated with
antigen-processing TAP-1 and -2 [5], the low molecular
proteins LMP-2 and -7 [6] , and a TAP-associated protein
Tapasin can result in the downregulation or loss of HLA
class I antigen. In the present study, the expression of HLA
class I antigen, 2m and LMP2 gene was detected in
paraffin-embedded normal gastric mucosa, gastric cancer
and lymphatic metastasis by the standard material and
methods of international HLA work group[7]. The purpose
was to explore the expression of HLA class I in gastric
cancer and the relationship between the HLA class I
expression and its clinical significance.
MATERIALS AND METHODS
Tissue specimens
A total of 185 gastric cancer specimens (148 males and 37
females; age range 27-80 years), 22 normal gastric mucosa
samples and 20 lymphatic metastasis samples were obtained
from the Affiliated Hospital of Southeast University Medical
School and the No. 1 Hospital of Lianyungang. All the samples
were routinely fixed in 40 g/L formaldehyde solution,
embedded in paraffin, and cut into 4-m-thick sections.
Samples were selected according to the pathologic diagnosis
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and reviewed by a pathologist to confirm the diagnosis.
Immunohistochemical assays
Paraffin sections were deparaffinized with xylene and rehydrated
by passage through decreased concentration of ethanol
(from 100% to 70%). Endogenous peroxidase activity was
blocked by a 20-min incubation at room temperature with
3% H2O2. Sections were then microwaved in citrate solution
at 750 W for 10 min and preincubated with 2% normal
horse serum for 30 min at room temperature followed by
an overnight incubation at 4 ℃ with primary antibodies.
Sections were incubated with biotinylated secondary antibody
and then with ABC reagent at room temperature for 30 min.
Diaminobenzidine solution was added to each section until
desired stain intensity developed. Counterstain with
hematoxylin, clear and mount. Primary antibodies HC-A2
(anti-HLA A locus; working dilution 1:100), HC-10 (antiHLA B/C locus; working dilution 1:100), L368 (anti-2m;
working dilution 1:50) and SY-1 (anti-LMP2; working
dilution 1:100) were a kind gift of Dr. Soldano Ferrone
and Dr. Xin-Hui Wang (Department of Immunology,
Roswell Part Cancer Institute, Buffalo, NY, USA).
Review and scoring of the section
The standard evaluation method was established at the 12th
International Histocompatibility Conference[8]: The percentage
and the intensity of stained cells were evaluated independently
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by at least two investigators: the percentage of stained cells
in the whole section was scored as >75%, 25-75% and
<25%; the staining intensity was scored as intense, weak
and absent. The last scores combined by the precedent two
factors as +, ±, -. Lymphocyte and vascular endothelial cell
present within the section were considered as positive
control, while staining with the isotype matched irrelevant
monoclonal antibody MK2-23 was used as negative control.
Statistical analysis
2 test was adopted to examine the relationship between the
variables. A P value <0.05 was considered statistically significant.

RESULTS
The expression pattern of HLA class I molecules
The staining pattern was same in normal gastric mucosas,
gastric cancer, and lymphatic metastasis: the positive staining
of HLA class I antigens was located in membrane, while
the positive staining of 2m and LMP2 was located in
cytoplasm and membrane (Figure 1).
Downregulated expression of HLA class I antigens (B/C locus)
in gastric cancer tissue
Of the 22 normal gastric mucosa samples, 16 (73%) were
classified as HLA class I (B/C locus) positive. There were
55 cases (35%) with positive HLA class I (B/C locus)
expression in gastric cancer, while 5 cases (25%) in lymphatic

A

B

C

D

Figure 1 Expression of HLA class I molecule detected by immunohistochemistry
in normal gastric mucosa and gastric cancer (original magnification: ×400). A: In
normal gastric mucosa, the positive expression of HLA class I antigen (B/C
locus) was located in membrane; B: In gastric cancer, the positive expression

of HLA class I antigen (A locus) was located in membrane; C: In gastric cancer,
the expression of 2m gene was negative (in infiltrate lymphocyte, the expression
was positive); D: In gastric cancer, the positive expression of LMP2 was located
in cytoplasm and membrane.
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Table 1 HLA class I antigen (B/C locus) expression in normal gastric mucosa, gastric cancer and lymphatic metastasis, n (%)
Tissue

Normal gastric mucosa

HLA class I antigen (B/C locus) expression
+

±

-

Total

16 (72.7)

2 (9.1)

4 (18.2)

22

Gastric cancer
Histological grade
I

8 (42.1)

6 (31.6)

5 (26.3)

19

II

13 (39.4)

15 (45.5)

5 (15.1)

33

III
Other type

18 (26.1)
16 (44.4)

23 (33.3)
13 (36.1)

28 (40.6)
7 (19.4)

69
36

5 (25)

9 (45)

6 (30)

20

Lymphatic metastasis

metastasis. These results are shown in Table 1. The positive
ratio was significantly higher in normal gastric mucosa than
that in gastric cancer and in lymphatic metastasis (2 = 7.712,
P<0.05). The expression of HLA class I (A locus), 2m and
antigen processing molecular LMP2 was also downregulated,
but the change was slight (data not shown). There was no
relationship between the downregulation of HLA class I
antigen and that of 2m and LMP2.
Downregulation of HLA class I antigen (B/C locus) is correlated
with pathologic type
To further investigate the relationship between the expression
of HLA class I antigen and the clinical pathology, we sorted
the gastric carcinomas based on histological grades. Histological
grade I means well-differentiated adenocarcinoma, II means
moderately differentiated adenocarcinoma and III means
poorly differentiated. The results indicated that expression
of HLA class I (B/C locus) was statistically correlated with
pathologic stage in gastric adenocarcinoma (2 = 4.164,
P<0.05). We could not find any relationship between the
expression of HLA class I antigen (B/C locus) and clinical
TNM stage.

DISCUSSION
Recognition of tumor cells by cytolytic T lymphocytes depends
on cell surface MHC class I expression. As a mechanism to
evade T cell recognition, many malignant cancer cells, including
gastric cancer, downregulate MHC class I. Ferron[9], LopezNevot[10], Teh[11] have reported the expression of HLA antigen
in gastric cancer in 1980s. But the results were not consistent
because of different reagents and methods used by many
laboratories. The “HLA expression in cancer” group established
in the 12th International Histocompatibility Conference provided
a series of standard reagents and methods to several labs
that focus on HLA expression in cancer and its correlation
with disease progression. Using the same criteria, the research
teams could compare their data with others. At the International
“HLA Expression in Cancer” reference laboratory, we
investigated HLA molecule expression in gastric cancer,
which is one of the most common forms of malignancy in
Jiangsu Province by using the standard materials and
methods of international HLA work group, and correlated
these with pathologic type and TNM stage.
In this study, we first investigated the expression of HLA
class I antigen in normal gastric mucosa, gastric cancer and
lymphatic metastasis. The results indicated that HLA class
I antigen (B/C locus) was lowly expressed in gastric cancer

and in lymphatic metastasis compared with normal gastric
mucosa, which was similar to the report from Klein[12]. HLA
class I antigen is a cell surface glycoprotein composed of
heavy chain, 2m and a peptide. Any defect in the antigen
processing progress such as LMP2 can result in the downregulation or loss of HLA class I antigen. In gastric cancer,
we found that the change of 2m and LMP2 were relatively
slight and there was no statistical relationship between the
downregulation of HLA class I antigen and that of 2m
and LMP2. That is to say, other mechanisms may contribute
to this downregulation. In our observation it was the change
of HLA heavy chain at DNA and transcription level that
lead to HLA class I antigen downregulation (to be published).
We also found that the downregulation of HLA class I
antigen (B/C locus) was statistically correlated with pathologic
stage in gastric adenocarcinoma. The data shown in Table 1
demonstrated that the expression of HLA class I antigen
was higher in high-differentiated adenocarcinoma, while it
decreases at advanced stage. The low-differentiated adenocarcinoma, which had lower expression of HLA class I antigen,
may have more opportunity to escape from host immune
surveillance. This may contribute to its rapid progression
and poor prognosis.
In conclusion, the expression of HLA class I antigen
(B/C locus) was obviously downregulated in gastric cancer
and in lymphatic metastasis. This abnormal expression would
provide the tumor cells with a way to avoid immunological
recognition. Because recognition of tumor cells by cytolytic
T lymphocytes depends on cell surface MHC class I expression,
the downregulation might be an obstacle for T-cell-based
immunotherapy or peptide vaccination that is of great
interest at present[13,14]. For this reason, it is necessary to
select the patients who positively express HLA antigen before
clinical therapy[15] and it is important to find the mechanism
underlying this abnormal expression and a way to promote
it in gastric cancer.

REFERENCES
1

2

3

4

Sun X, Mu R, Zhou Y, Dai X, Qiao Y, Zhang S, Huangfu X,
Sun J, Li L, Lu F. 1990-1992 mortality of stomach cancer in
China. Zhonghua Zhongliu Zazhi 2002; 24: 4-8
Finke J, Ferrone S, Frey A, Mufson A, Ochoa A. Where have
all the T cells gone? Mechanisms of immune evasion by tumors.
Immunol Today 1999; 20: 158-160
Phan GQ, Wang E, Marincola FM. T-cell-directed cancer
va ccines: mec hani sms of immune esca pe and immune
tolerance. Expert Opin Biol Ther 2001; 1: 511-523
Garrido F, Ruiz-Cabello F, Cabrera T, Perez-Villar JJ, LopezBotet M, D uggan-Keen M, Stern PL. Impli c ations for

Shen YQ et al. HLA class I downregulation in gastric cancer

5

6

7

8

9

10

immunosurveillance of altered HLA class I phenotypes in
human tumours. Immunol Today 1997; 18: 89-95
Kageshita T, Hirai S, Ono T, Hicklin DJ, Ferrone S. Downregulation of HLA class I antigen-processing molecules in
malignant melanoma: association with disease progression.
Am J Pathol 1999; 154: 745-754
Chang CC, Campoli M, Ferrone S. HLA class I defects in
malignant lesions: what have we learned? Keio J Med 2003; 52:
220-229
Hicklin DJ, Marincola FM, Ferrone S. HLA class I antigen
downregulation in human cancers: T-cell immunotherapy revives an old story. Mol Med Today 1999; 5: 178-186
Kurokohchi K, Carrington M, Mann DL, Simonis TB, AlexanderMiller MA, Feinstone SM, Akatsuka T, Berzofsky JA. Expression of HLA class I molecules and the transporter associated
with antigen processing in hepatocellular carcinoma. Hepatology
1996; 23: 1181-1188
Ferron A, Perez-Ayala M, Concha A, Cabrera T, Redondo M,
Oliva MR, Ruiz-Cabello F, Garrido F. MHC class I and II
antigens on gastric carcinomas and autologous mucosa. J
Immunogenet 1989; 16: 413-423
Lopez-Nevot MA, Esteban F, Ferron A, Gutierrez J, Oliva
MR, Romero C, Huelin C, Ruiz-Cabello F, Garrido F. HLA
class I gene expression on human primary tumours and au-

3631

11

12

13

14

15

tologous metastases: demonstration of selective losses of HLA
antigens on colorectal, gastric and laryngeal carcinomas. Br J
Cancer 1989; 59: 221-226
Teh M, Lee YS. HLA-DR antigen expression in intestinaltype and diffuse-type gastric carcinoma. Cancer 1992; 69:
1104-1107
Klein B, Klein T, Nyska A, Shapira J, Figer A, Schwartz A,
Rakovsky E, Livni E, Lurie H. Expression of HLA class I and
class II in gastric carcinoma in relation to pathologic stage.
Tumour Biol 1991; 12: 68-74
Nie Y, Wu K, Yang J, Tian F, Li L, Chen B, Fan D. Induction
of T lymphocytes specific to human gastric cancer using HLAA matched allogeneic gastric tumor cells. J Immunother 2003;
26: 403-411
Sato Y, Shomura H, Maeda Y, Mine T, Une Y, Akasaka Y,
Kondo M, Takahashi S, Shinohara T, Katagiri K, Sato M,
Okada S, Matsui K, Yamada A, Yamana H, Itoh K, Todo S.
Immunological evaluation of peptide vaccination for patients
with gastric cancer based on pre-existing cellular response to
peptide. Cancer Sci 2003; 94: 802-808
Kono K, Takahashi A, Sugai H, Fujii H, Choudhury AR,
Kiessling R, Matsumoto Y. D endritic cells pul sed w ith
HER-2/neu-derived peptides can induce specific T-cell
responses in patients with gastric cancer. Clin Cancer Res
20 02; 8: 33 94-34 00

Science Editor Wang XL and Guo SY Language Editor Elsevier HK

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

EL SEVIER

World J Gastroenterol 2005;11(23):3632-3635
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• BRIEF REPORTS •

Fas ligand expression in colon cancer: A possible mechanism of
tumor immune privilege
Wei Zhang, Er-Xun Ding, Qiang Wang, Da-Qiao Zhu, Jin He, Yu-Li Li, Yuan-He Wang
Wei Zhang, Er-Xun Ding, Qiang Wang, Yuan-He Wang,
Department of General Surgery, Changzheng Hospital, Second
Military Medical University, Shanghai 200003, China
Jin He, Yu-Li Li, Department of Pathology, Changzheng Hospital,
Second Military Medical University, Shanghai 200003, China
Da-Qiao Zhu, Department of Clinical Nursing, Department of
Nursing, Second Military Medical University, Shanghai 200433,
China
Supported by the National Natural Science Foundation of China,
No. 39900143
Correspondence to: Dr. Wei Zhang, Department of General
Surgery, Changzheng Hospital, Second Military Medical University,
Shanghai 20003, China. zhangwei412@yahoo.com.cn
Telephone: +86-21-63610109-73312
Received: 2004-07-12 Accepted: 2004-08-30

Abstract
AIM: To detect the expression of Fas ligand (FasL) in colon
cancer tissues and cell lines and analyze the function of
FasL-expressing colon cancer cells in inducing Fas-sensitive
T lymphocyte apoptosis.
METHODS: Ninety surgically resected colon cancer tissues
and 15 hepatic metastasis specimens were investigated
by immunohistochemical method with normal colon mucosa
and colon adenoma as control. The relationship between
FasL expression and pathologic features was also analyzed.
FasL expression of 4 colon cancer cell lines, SW620, Lovo,
LS-174T and SW1116, were detected by Western blotting
assay. The function of FasL expressed on colon cancer
cells was determined by coculture assay with Jurkat T
lymphocytes, the apoptotic rate of which was detected
by flow cytometry assay.
RESULTS: Fifty-six (62.22%) cases of all the 90 colon
cancer tissues and all (100%) the liver metastasis specimens
expressed FasL, significantly higher than normal colon
mucosa and colonic adenoma. Higher expression of FasL
was found in more advanced stage of colon cancer and
in cancer tissues with lymphatic or hepatic metastasis.
All the colon cancer cell lines were found to express FasL.
After coculture with the SW1116 cells for 24 h with an
effector: target ratio 10:1, the rate of apoptosis of Jurkat
cells rose from 1.9% to 21.0%.
CONCLUSION: The expression of FasL is upregulated in
colon cancer and the functionally expressed FasL can
induce apoptosis of Fas-expressing T lymphocytes.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Immune escape of tumor cells and successful tumor outgrowth
may be due to the inability of the immune system to react to
the tumor. Antigenetically distinct cancer must overcome the
host’s antitumor immunity to develop. More evidence points
to the expression of Fas ligand (FasL) as a possible mediator
of tumor immune privilege[1,2]. FasL and its receptor (Fas)
are a set of regulatory components in the immune system.
Activation of the Fas by FasL results in apoptosis of many
cell types. FasL upregulation has been found in many types
of malignancy, including melanoma[3], lung cancer[4], breast
cancer [5,6], cholangiocarcinoma and ovarian cancer [7].
Furthermore, various cancer cell lines express FasL and
kill lymphoid cells by Fas-mediated apoptosis in vitro[13]. Thus,
the expression of FasL may play an important role in tumor
cell immune escape.
The aim of this study was to determine whether FasL
expression in human colon cancer cells was upregulated
and associated with increased apoptosis of lymphocytes.
MATERIALS AND METHODS
Cell lines and tissues
Human colonic cancer cell lines SW620, Lovo, LS-174T,
SW1116 and Jurkat human T leukemia cell line were
maintained in RPMI1640 supplemented with 100 mL/L
fetal bovine serum in a humidified 50 mL/L CO2 atmosphere.
Ninety human tissues of colon cancer and 15 hepatic metastasis
specimens were collected during surgical resections performed
at Changzheng Hospital. None of the patients received chemoor radiotherapy prior to resection. Normal colon mucosa
obtained during operation and colon adenoma resected under
colonoscope served as control.
Immunohistochemical detection of FasL protein
Paraffin-embedded tumor sections were deparaffinized in
xylene and rehydrated prior to analysis. Slides were washed
twice for 5 min in a wash buffer. Endogenous peroxidase
was quenched with 30 mL/L hydrogen peroxide in methanol
for 5 min. Slides were washed as before, blocked for 1 h in
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wash buffer containing 50 mL/L normal goat serum, then
incubated for 1 h at 37 ℃ with rabbit anti-human FasLspecific IgG. Biotin-conjugated goat anti-rabbit second
antibody was added and incubated for 20 min at 37 ℃.
Then SABC complex was added and the slides were stained
with DAB solution. A known sample from a patient with
breast cancer was used as a positive control, and a staining
for negative control was performed as above, except for
incubation with PBS instead of the primary antibody. Cells
with brown granule staining of the membrane/cytoplasm
and slides with more than 25% staining cells were considered
positive.
Western blot assay
Protein extracted from the colon cancer cells was separated
on 12% SDS-polyacrylamide gel and then transferred to
nitrocellulose membranes with a semi-dry apparatus. After
the membranes were transferred, they were blocked for 1 h
with 50 g/L nonfat milk in PBS. Membranes were incubated
with murine monoclonal antibody to human FasL (1:500
dilution, Transduction Lab) overnight at 4 ℃, washed thrice
for 5 min with PBS before addition of goat anti-mouse
HRP-conjugated secondary antibody (1:1 000 dilution, Gene
Company) for 1 h at room temperature. Membranes were
washed thrice for 5 min with TBS, and the peroxidase activity
on the nitrocellulose sheet was visualized on an X-ray film
with the ECL Western blotting detection system.
Flow cytometry assay
Jurkat cells and those cocultured with SW1116 cells were
assayed for DNA content using the propidium iodide staining
method. Briefly, cells (2×106) were collected, rinsed in PBS
twice and then incubated in 50 mg/L propidium iodide at 4 ℃
for 30 min in the dark. Cell cycle distribution at different
phases was analyzed with FACScan flow cytometry. More
than 10 000 events were acquired for analysis.

Statistical analysis
2 test was used to analyze the relationship between FasL
expression and clinical pathologic features of colon cancer.
P-values less than 0.05 were considered statistically
significant.

RESULTS
Expression of FasL in colon cancer tissues
No FasL expression was detected in all the normal colon
mucosae. Among the 20 colon adenomas, 5 (25.00%) were
considered positive. FasL expression was detected in 56
(62.22%) of the 90 colon cancer tissues and all (100%) of
the liver metastasis specimens, significantly higher than the
control group (P<0.05). The rate of FasL expression was
not correlated with macroscopic type, microscopic feature
and invasion depth of colon cancer. Higher expression of
FasL was found in more advanced stage of colon cancer
(P<0.05) and in cancer tissues with lymphatic or hepatic
metastasis (P<0.05) (Table 1 and Figure 1).
Expression of FasL in colon cancer cell lines
Cell lysate of four cancer cell lines was analyzed using
Western blot assay. All of them showed the FasL expression
with different levels at 37 ku, and SW1116 exhibited the
strongest signal (Figure 2).
Induction of lymphocyte apoptosis
Coculture test was performed between FasL-expressing
SW1116 cells and Fas-sensitive Jurkat cells to determine
whether FasL expressed in colonic cancer cell was functional.
The apoptotic rate was 1.9% in Jurkat cells. After being
cocultured with SW1116 cells for 24 h with an effector:
target ratio 10:1, a marked increase in the hypodiploid DNA
peak indicating the apoptosis of Jurkat cells was found.
The rate of apoptosis rose to 21.0% (Figure 3).

Table 1 Relationship between FasL expression and clinicopathologic features of colon cancer
Group

Cases

Positive

Negative

Macroscopic

Polypoid

26

15

11

type

Ulcerative

37

24

13

Infiltrative

27

17

10

Microscopic

Well differentiated

9

3

6

feature

Moderately differentiated

46

30

16

Poorly differentiated

22

15

7

Mucoid adenocarcinoma

13

8

5

Invasion

Whole layer

47

34

13

depth

Muscular layer

32

17

15

Mucosa and submucosa

11

5

6

Lymphatic

Positive

56

43

13

metastasis

Negative

34

13

21

Dukes’

A

11

5

6

stage

B

23

8

15

C

31

20

11

D

25

23

2

Liver

Positive

23

22

1

metastasis

Negative

67

34

33

a

P<0.05 vs others.

2 value
0.349

3.706

4.492

13.375 a
18.187 a

14.689a
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Figure 1 Expression of FasL in normal colon mucosae (A) and colon
cancer (B).
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Figure 2 Western blotting result of the expression of FasL in colon cancer cell
lines. Lane 1: SW620; lane 2: SW1116; lane 3: LS-174T; lane 4: Lovo.

DISCUSSION
FasL is a type-II transmembrane protein and belongs to the
tumor necrosis factor family. Fas-FasL system has been
implicated in the clonal depletion of autoreactive lymphocytes
in peripheral lymphoid tissue and in the elimination of
autoreactive lymphocyte population[8], thus contributing to
homeostasis of the immune system. FasL expression can
also induce potent inflammatory responses[9]. Its expression
in normal tissue is restricted to T lymphocytes, macrophages,
cornea, iris, ciliary bodies, retina, and Sertoli cells[10]. Through
its ability to suppress both cellular and humoral immunity[11],
FasL has been implicated in maintenance of the immuneprivileged status in the eye[10] and testis[12].
The possibility of non-lymphoid tumors expressing FasL
as a mediator of immune escape was initially raised by the
finding that colon cancer cells express FasL to induce
apoptosis of T lymphocytes and not of themselves[13]. The
upregulation of FasL expression is found in gastrointestinal
tract malignancy including esophageal cancer, stomach
cancer, pancreatic cancer, hepatocellular carcinoma and
colorectal cancer. Our result showed that most colon cancer
specimens expressed FasL, a potent mediator of immunological
privilege and immune response termination. The expression

64 128 192 256 320 384 448 512
DNA Content

Figure 3 Apoptosis of Jurkat cells (A) and apoptosis of Jurkat cells after
being cocultured with SW1116 cells (B).

of FasL in colon cancer was significantly higher than normal
colon mucosae and colonic adenoma, indicating that FasL
expression may play an important role in tumorigenesis[14].
But the relationship between FasL expression and pathologic
characteristics of colon cancer is still controversial[15,16]. In
our group, FasL expression was significantly related with
the Dukes’ stage, lymphatic and hepatic metastasis. Patients
with more advanced colon cancer and those with lymphatic
or hepatic metastasis have a more frequent FasL expression,
indicating that FasL-positive colon cancer cells have the
advantage of surviving from the immune clearance and
progressing or metastasizing.
All the cell lines of colon cancer detected in our experiment
also expressed FasL and showed the potential of killing Jurkat
T lymphocytes in coculture experiment, indicating that
tumor-expressed FasL is functional. FasL-expressing cell lines
of colon cancer can induce Fas-mediated apoptosis of Fassensitive lymphoid target cells in vitro, suggesting the Fas
counterattack model[13] as a mechanism of immune escape
in colon cancer. It shows that tumor cells may exploit an
intrinsic cell death program of activated T cells that infiltrate
them. Essentially the cancer cells counterattack the activated
cytotoxic T cells with one of the T cell’ s own principal
cytotoxic elements: FasL. This mechanism is analogous to
the established model of FasL in mediating immune privilege.
Tumor cells expressing FasL may induce apoptosis of Fassensitive antitumor immune effector cells[18,19] without
provoking inflammation reaction[17,20], thus rendering the
tumor immune privilege[1].
However, resistance to Fas-mediated apoptosis is a
prerequisite for “counterattack model” of cancer cells, as
autocrine tumor cell suicide or juxtacrine/paracrine cell death
could occur. Tumor cells can either downregulate the Fas
expression or have a disabled intracellular Fas apoptotic

Zhang W et al. Fas ligand expression in colon cancer

signal transduction pathway[22-24], thus rendering resistance
to Fas-mediated apoptosis. Since colon cancer cells and tumor
infiltrating lymphocytes can express both Fas and FasL, they
can act either as effectors or as targets in Fas/FasL-mediated
killing. The survival of tumor or host cells may depend on
which cells can accomplish the task more efficiently. Cancer
cells are resistant to Fas-mediated apoptosis, but can induce
Fas-sensitive tumor infiltrating lymphocytes to apoptosis. That
is the core of “counterattack model” which may explain the
mechanism of tumor cells escaping from immune surveillance.
We also found that all the liver metastases of colon
cancer expressed FasL, in accord with the results that FasL
is more frequently expressed in liver metastases than in
primary carcinomas[25]. This may indicate that FasL expressed
on the surface of colon cancer cells has an additional role
in malignancy, namely, FasL may be important in the
colonization of colon cancer cells in the liver [26], a major
target of metastasis. Metastasis cascade is a complex series
of processes including angiogenesis, intravasation of tumor
cells, transport by circulation, adhesive interaction with
endothelial cells, extravasation and colonization of the target
organ[27,28]. FasL expression in colon cancer cells may induce
apoptosis of tumor-infiltrating lymphocytes but not
themselves[21]. This can help tumor cells escape from immune
supervision. In addition, FasL may enhance liver colonization
competence through induction of apoptosis in Fas-expressing
hepatocytes at the metastatic foci which destroy the normal
liver tissue[21] and make enough space for the growth of
metastatic tumor cells.
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INTRODUCTION
Pancreatic fluid is a very frequent finding in acute
pancreatitis patients. Bradley[1] believed that peripancreatic
fluid often occurs at the early period of acute pancreatitis
because of necrosis of pancreas and peripancreatic tissue.
Some pancreatic fluid spontaneously disappear and can be
drawn with a fine needle guided by ultrasonogram or CT.
To observe the effect and security of EST and ENBD for
acute pancreatitis with fluid collection, we prospectively
analyzed 90 such cases of acute pancreatitis with fluid in
our hospital.

Abstract
AIM: To elucidate the role of endoscopic sphincterotomy
(EST) in the treatment of acute pancreatitis.
METHODS: Ninety patients with acute pancreatitis were
randomly divided into two groups: EST group and control
group. All the patients underwent pancreatitis routine
therapy, additionally the EST group was treated with EST
and endoscopic naso-bile drainage (ENBD).The time
of disappearance of abdominal symptoms and signs,
normalization of amylase, hospitalization and absorption
of acute fluid was recorded for all patients.
RESULTS: The time of disappearance of abdominal pain,
normalization of blood and urine amylase and hospitalization
was significantly shorter in EST group than in control
group. The ratios of disappearance of fluid in mild acute
pancreatitis patients was significantly higher in EST group
(51.52%, 84.85%, 90.91%,93.94%) than in the control
group (0%, 30.30%, 69.70%, 72.73%, P<0.01 or P<0.05).
When the ratios of reduction of fluid in severe acute
pancreatitis patients of the EST group were compared
(8.33%, 58.33%, 83.33%, 91.67%) with those in the
control group (0%, 8.33%, 25% and 41.67%), there were
significant differences.

MATERIALS AND METHODS
General data
Ninety patients were diagnosed with acute pancreatitis under
the diagnostic criteria set by surgical pancreatic group of
the Surgical Society of Chinese Medical Association. At the
same time, they were diagnosed as mild acute pancreatitis
with APACHE-II scores <8, Ranson criterions <3, Balthazar
CT graded as B or C, and severe acute pancreatitis with the
APACHE-II scores ≥8, Ranson criterions ≥3, Balthazar
CT graded as D or E. All patients were randomly divided
into two groups: EST group and control group. There were
45 cases in EST group, with average age of 52.52±15.96
years, 28 males and 17 females. In control group there
were 45 cases too, with average age of 49.12±14.31 years,
30 males and 15 females. No significant differences of
gender and age were found between two groups (P>0.05).
There were 33 cases of mild acute pancreatitis and 12 cases
of severe acute pancreatitis in EST group and in control
group respectively. The etiological diagnoses are summarized
in Table 1.
Pancreatic fluid was detected by computerized tomography
(CT). Balthazar CT grades in two groups are summarized
in Table 2.

CONCLUSION: The effect of EST+ENBD on acute
pancreatitis with fluid is rather good.
Table 1 Etiological diagnoses in EST group and in control group

© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Acute pancreatitis; Endoscopic sphincterotomy;
Endoscopic naso-bile drainage

Etiology

EST n (%)

Biliary

36 (80.00)

Control n (%)
35 (77.78)

Diet-induced

3 (6.67)

4 (8.89)

Chen WX, Li YM, Gao DJ, Xiang Z, Yu CH, Xu GQ, Ji F.
Application of endo scopic s phin cterotom y in acu te
pancreatitis with fluid collection: A prospective study. World
J Gastroenterol 2005; 11(23): 3636-3639

Alcohol-related

2 (4.44)

1 (2.33)

Strictures in intraduct of pancreas

1 (2.22)

0 (0)

Idiopathic

3 (6.67)

5 (11.11)

http://www.wjgnet.com/1007-9327/11/3636.asp

No significant differences were found between two groups (P>0.05).
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Table 2 Balthazar CT grades in EST group and in control group
Grades

ESTn (%)

Control n (%)

B

11 (24)

14 (31)

C

22 (49)

19 (42)

D

3 (7)

4 (9)

E

9 (20)

8 (18)

No significant differences were found between two groups (P>0.05).

Methods
All of the two groups received fasting, infusion, prophylactic
application of antibiotics and somatostatin. CT was done in
all patients 24 h after admission. The size, shape and fluid
of pancreas were recorded. And EST group received extra
treatment of ERCP, EST[2,3] and ENBD which were done
with side-viewing endoscope (Olympus-JF240). After the
endoscope was advanced into the descending duodenum,
the papilla was located and deep cannulation achieved, and
a diagnostic cholangiogram was obtained. Sphincterotomy
was done according to guidelines17 by pull spinchterotomy
knife, or by needle-knife. The sphincter muscle was cut at
the ampulla with a unipolar blended current. The landmark
that helps determine the safe extent of the cut is the
intraduodenal portion of the common bile duct. The incision
of the sphincterotomy stops when it reaches the transverse
fold located to the upper part of papilla. Within the zone
from 11:00 a.m. to 1:00 p.m. The cut is performed with short
bursts of current. The size of the sphincterotomy generally
from 1.5 to 2.5 cm is determined by the therapeutic
objectives. If one or more stones are identified in bile, stones
are removed by means of baskets, balloon-tipped catheters,
or both. ENBD is placed in bile and vacuum suction will be
connected for 7 d, then ENBD is removed. After operation,
the same drugs should be administrated. Observe abdominal
pain and sign, and recheck blood and urine amylase everyday.
Endoscopic naso-pancreatic drainage (ENPD) would be
undergone in case of noneffective ENBD. Disappearance
of fluid in mild acute pancreatitis, and decrease of fluid in
severe acute pancreatitis (Balthazar CT grades go down
one grade or more) can be detected by CT.
Statistical analysis
Put all data into SPSS computer system. The qualitative
data are done by the 2 method, the quantity data are
expressed as mean±SD, and t test is used. The significance
level is set at 0.05 for each analysis.

RESULTS
The ratio of success of diagnostic cholangiograms done by
cannulation or pull-spinchterotomes knife is up to 91.11%
(41/45). After diagnostic cholangiogram, sphincterotomy
is done by pull-spinchterotomes knife. In the rest of the
four cases, the papilla is straightly dissected by the needle
knife, then sphincterotomy is done according to guidelines17
by means of pull spinchterotomy knife for two patients,
and for the other two patients ,the papilla is pre-cut by pullspinchterotomes knife, then enlarged. EST was achieved in
100% patients in EST group. Among 45 cases under the

treatment of EST+ENBD, 1 patient with continued
abdominal pain received ENPD in 2 wk and then felt
painless.
Compared with the control group, the days of disappearance
of abdominal pain, the days of normalization of blood
and urine amylase and the hospitalization are significantly
shorter in the EST group than that in the control group
(P<0.001), particularly, the time of normalization of amylase
and hospitalization are 0.5-fold shorter in EST group than
in control group (Figure 1).
In EST group, the rate of pancreatic fluid disappearance
in mild acute pancreatitis is 51.52% for the 1st wk, 84.85%
for the 2nd wk, 90.91% for the 3rd wk and 93.94% for the
4 th wk checked by B ultrasonography. But the rate of
pancreatic fluid disappearance in control group is 0% for
the 1 st wk, 30.30% for the 2 nd wk, 69.70% for the 3 rd wk
and 72.73% for the 4th wk. EST group is superior to control
group (P<0.01 or P<0.05) (Figure 2).
The pancreatic fluid collection remission rate in severe
acute pancreatitis is 8.33%, 58.33%, 83.33% and 91.67%
respectively for the 1 st, 2nd , 3 rd, 4 th wk after EST. But it is
0%, 8.33%, 25% and 41.67% for the 1st, 2nd , 3rd, 4th wk in
control group. The pancreatic fluid collection remission
rate after 2 wk is significant difference between two groups
(P<0.05) (Figure 3).
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Figure 1 (1) The days of disappearance of abdominal pain; ( 2) the days of
normalization of blood amylase (d) ; (3) the days of normalization of urine
amylase (d) ; (4) hospitalization. bP<0.01 vs the control group.

DISCUSSION
Pancreatitis is often caused by gallstone, alcohol, diet,
gastroenteritis, wound and so on. The activation of
trypsinogen to trypsin within acinar cells is the initial step in
the pathogenesis of acute pancreatitis. Trypsin, in turn,
converts a variety of proenzymes into active enzymes,
pancreatic and peripancreatic tissue will be autodigested.
It is a type of chemical inflammation. Acute pancreatitis
is characteristic of interstitial edema associated with
inflammatory exudation or necrosis. If the pancreatic duct
is involved and pancreatic fluid could not drain unobstructed,
it could induce pancreatic duct dilatation and severe
disruption. Pancreatic fluid exudation will stimulate
peritoneum, and then inflammatory exudation accumulate
and form pancreatic fluid. Pancreatic fluid accumulate in
pancreas or spread to peripancreatic spaces. The shape and
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Figure 2 The pancreatic fluid collection remission rate (%) in mild acute
pancreatitis.(1) 1st wk; (2) 2nd wk; (3) 3rd wk; (4) 4th wk. aP<0.05 vs the control
group; bP<0.01 vs the control group.

Figure 3 The pancreatic fluid collection remission rate (%) in severe acute
pancreatitis. (1) 1st wk; (2) 2nd wk; (3) 3rd wk; (4) 4th wk. aP<0.05 vs the control
group.

size of pancreatic fluid are different in different anatomic
locations, and Siegelman[4] called it acute fluid collection
(AFC) in 1980. The international pancreas conference
accepted AFC in 1992.
AFC can occur in mild or severe acute pancreatitis. The
incidence of AFC is lower in mild acute pancreatitis whose
Balthazar CT grades is B or C and AFC is limited. Our data
show that EST+ENBD treating mild acute pancreatitis
associated with AFC can shorten AFC absorbing time
significantly. In some cases the AFC disappeared within
1 wk, while in most cases it disappeared within 2 wk. The
incidence of AFC is higher in severe acute pancreatitis
whose Balthazar CT grades is D or E and the AFC area is
more extensive, commonly with abdominal cavity free fluid.
Compared with control group, EST+ENBD greatly shortens
the AFC absorbing time, and the AFC alleviated 2 wk later.
So we can know it is effective that EST treats mild or severe
pancreatitis. The possible mechanism is as follows: (1)
pancreatic fluid collection may communicate with small
pancreatic duct[5,6] . Once sphincterotomy is done, pancreatic
and biliary fluid can drain unobstructively, the intraductal
pancreatic pressure will lessen and fluid will be absorbed
quickly; (2) After sphincterotomy is done, the pathogeny
of pancreatitis disappears, pancreatic exudation is reduced
and fluid will also be absorbed quickly.
In a majority of pancreatitis cases including non-biliary
acute pancreatitis, EST can alleviate the patients’ clinical
symptoms, assays and fluid collection. The reason could
be: (1) many cases of non-biliary pancreatitis are caused by
gallstones or cholesterol crystal too small to be visualized
by abdominal ultrasonography or CT[7-9], actually those cases
are biliary pancreatitis so the effect of EST is very evident;
(2) duodenal papilla edema, oddi sphincter jerking bile and
pancreatic fluid draining obstruction exist in any type of
pancreatitis, all of which can aggravate pancreatitis and
reduce inflammation permeance absorption. But after
EST+ENBD, Oddi sphincter jerking disappears, bile and
pancreatic fluid drains unobstructedly, ENBD makes
drainage more fluent so intraductal pancreatic pressure is
lessened, pancreatic fluid and AFC can be absorbed more
quickly. In EST group when sphincterotomy is done we
can see through endoscope that lots of exiguous solid matter
and bile effused. It reveals that pancreatitis is associated
with the common channel obstructing. If ERCP shows that

the pancreatic duct is obstructed or the effect of EST is
not good, it is necessary that endoscopic naso-pancreatic
drainage (ENPD) is carried out.
Most authors[10-13]claim that the effect of early endoscopic
sphincterotomy in treating patients with severe acute
pancreatitis is good in spite of etiology. But in our data,
those patients are mostly transferred from grass-rooted
hospitals to our hospital, the course of diseases are more
than 72 h delayed, but this trial shows that delayed
EST+ENBD can relieve pancreatitis quickly and accelerate
amylase normalization. The mechanism may be that EST
can relieve the pathogeny which may induce continued
injury.
Take patients with acute pancreatitis with fluid for
example, their duodenal papilla has edema and deviated
from normal location so we cannot make sure the direction
of cannulation. When gallstones impacted in the ampulla
of Vater, the duodenal papilla looks like an elliptoid ball
whose hatch is downward; the location of the papilla is
difficult to adjust and the deep cannulation or pullspinchterotomes knife cannot achieve easily, so the papilla
is dissected using a straight needle knife, and the operation
is more risky. ENBD can prevent recurrence of complications.
So ENBD can not only accelerate bile fluid and remnant
stones draining unobstructively but also reduce the risk of
EST[14].
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Abstract
AIM: To detect lymph nodes micrometastases and analyze
its correlation with clinicopathological parameters in Dukes’
A and B colorectal cancer patients.
METHODS: One hundred and fourteen patients with colorectal
cancer (Dukes’ A 16; Dukes’ B 98) undergoing curative
operation without histological lymph nodes metastases
were studied between 2001 and 2003. A total of 2 481
lymph nodes were analyzed using monoclonal cytokeratin
antibody AE1/AE3 (DAKO, Carpinteria, CA) for immunohistochemistry.
RESULTS: In total, 33 (29%) patients were positive for
cancer cell by immunohistochemistry. In 31 (94%) patients
of them positive nodes showed single tumor cell or small
groups of tumor cells; and tumor deposits measuring 0.2
and 0.37 mm in diameter in another 2 (6%) patients.
Micrometastases were mainly located in the subcapsular
sinus or paracortical sinus. There was no correlation between
the positive lymph nodes and gender, age, tumor site, tumor
size, histological type, histological grade, invasion depth,
Dukes’ staging and microsatellite instability (P>0.05).
CONCLUSION: Our findings suggest that immunohistochemical technique using monoclonal cytokeratin antibody
AE1/AE3 may be a sensitive and reliable method for detecting
lymph nodes micrometastases in Dukes’ A and B colorectal
cancer. The clinical significance of lymph nodes micrometastases is still not confirmed.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Metastasis to regional lymph nodes is an important prognostic
factor and is used for the staging of colorectal cancer. It
can help clinicians to select the most appropriate treatment
for patients. However, even without histological lymph nodes
metastases, 20-30% of patients die from a local tumor
relapse or distant metastases[1]. This might be explained by
the occult cancer metastasis (also termed as micrometastasis)
in lymph nodes, which cannot be detected with conventional
histological techniques. For example, with routine hematoxylin
and eosin (HE) staining sections, lymph node micrometastasis,
represented by single cell or small clusters of tumor cells,
may be missed. Thus, the application of serial sectioning
techniques could provide an improvement, but this procedure
is time-consuming. With the immunohistochemical techniques
using various antibodies, the possibilities to trace occult tumor
cells indicating micrometastatic spread have increased.
Therefore, micrometastasis could be detected using these
immunohistochemical methods from negative lymph nodes
detected with conventional histological techniques. In our
study, we aimed to detect lymph nodes micrometastases in
Dukes’ A and B colorectal cancer and analyze its correlation
with clinicopathological parameters using monoclonal
cytokeratin antibody AE1/AE3 in immunohistochemistry;
in an effort to find a sensitive and reliable method to detect
lymph nodes micrometastases in colorectal cancer patients.
MATERIALS AND METHODS
Patients
One hundred and fourteen patients with colorectal cancer
undergoing curative operation without histological lymph
nodes metastases were studied between 2001 and 2003.
They included 68 men and 46 women, ranging from 38 to
92 years old, with a median of 71 years. Seventy-eight tumors
were located in the colon and 36 in the rectum. According
to Dukes’ classification, 16 patients were classified as stage
A, 98 patients as stage B. Ninety-eight tumors had adenocarcinoma and 16 had mucous adenocarcinoma. Most patients
(92) had a moderately differentiated (G2) carcinoma, 17
had a poorly differentiated carcinoma (G3), and only five
patients had a well-differentiated (G1) carcinoma. The mean
tumor size was 4.67 cm (ranging from 1.10 to 12.00 cm) in
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diameter. The microsatellite instability (MSI) was detected
in 99 patients, among them 24 were positive, and 75 were
negative.
Immunohistochemistry
All formalin-fixed and paraffin-embedded lymph nodes were
retrieved from the histopathologic archives. A total of 2481
lymph nodes were analyzed. Two serial 3-m-thick sections
were prepared for HE staining and immunohistochemistry.
Monoclonal cytokeratin antibody AE1/AE3 (DAKO,
Carpinteria, CA) was used for immunohistochemistry. Briefly,
sections were deparaffinized, dehydrated, and incubated with
AE1/AE3 diluted at 1:200 at room temperature overnight.
After incubation with the primary antibody, the slices were
washed with phosphate buffered saline (PBS) and then
incubated with a rabbit anti-mouse secondary antibody
(DAKO, Carpinteria, CA) for 30 min at room temperature.
For immunohistologic labeling, the slices were incubated
with streptavidin peroxidase for 60 min. The sections were
finally counterstained with Mayer’s hematoxylin and
mounted. Positive controls consisted of lymph nodes from
patients with known metastatic disease; negative controls
were performed by omitting the primary antibody.
Evaluation
All slices were examined by two of the investigators and a
consensus was reached. Presence of single or group of
cytokeratin-positive cells and large tumor deposits (less than
1 mm) was interpreted as positive.
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sinus or paracortical sinus (Figure 1). In total, 33 (29%) patients
were positive for cancer cells by immunohistochemistry.
Among them, positive nodes showed single cells or small
groups of cells in 31(94%) patients (Figure 2); positive
staining showed tumor deposits measuring 0.2 and 0.37 mm
in diameter in two (6%) patients. The total number of positive
lymph nodes identified by immunohistochemistry was 52
(2.1%). The average number of positive lymph nodes per
case was 1.6. Four (25%) and 29 (29.6%) patients were positive
for cancer cells by immunohistochemistry in Dukes’ A and
Dukes’ B groups respectively. There was no correlation between
the positive lymph nodes and gender, age, tumor site, tumor
size, histological type, histological grade, invasion depth,
Dukes’ staging and microsatellite instability (all P>0.05).

A

B

Statistical analysis
SPSS 11.0 was used for statistical analysis. The 2 test or
Fisher’s exact test was used to examine differences in distribution
between groups, the correlation analysis was used to analyze
the correlation between the groups. P values of less than
0.05 were considered significant.

RESULTS
Occult cancer cells were strongly stained with anti-cytokeratin
antibody and showed morphological features of malignant
cells, such as a large nucleus and condensed nuclear small
body. Other components of the lymph nodes were not stained.
Stained tumor cells were mainly located in the subcapsular

A

B

Figure 2 Representative photographs of micrometastases detected by
immunohistochemistry using monoclonal cytokeratin antibody AE1/AE3. A:
arrowhead indicates a single cell in the positive node; B: arrowhead shows

Figure1 Representative photographs of micrometastases detected by
immunohistochemistry using monoclonal cytokeratin antibody AE1/AE3. A:
arrowhead indicates a cancer cell located in the paracortical sinus showing
morphological characteristics of malignant cells including a large nucleus and
condensed nuclear small body; B: arrowhead points to three cancer cells
located in subcapsular sinus. Original magnification: A, ×200 B, ×200.

C

small groups of cells in the positive node; C: arrowhead points to large tumor
deposits in the positive node. Original magnification: A, ×400 B, ×400 C, ×200.
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DISCUSSION
In the 1970s, single or groups of tumor cells were found in
the lymphatic and blood vessel (including the bone marrow)
in breast cancer patients. This phenomenon was called occult
metastasis or micrometastasis. In 1992, the International
Union Against Cancer (UICC)[2] recommended defining the
micrometastasis as metastatic single or groups of tumor
cells not larger than 2 mm in diameter. Natsugoe et al [3] ,
considered lymph nodes micrometastases to be metastatic
single or groups of tumor cells not larger than 0.5 mm.
Adell et al[4], described lymph nodes micrometastases to be
single cells or groups of tumor cells not more than 100. In
most published papers, lymph nodes micrometastases were
defined as the metastases detected by immunohistochemical
or molecular biological techniques, but not detected in
routine stained sections[5-8]. Recently, in 2003, Fisher et al[9],
preferred the term mini micrometastases. It comprised single
or groups of tumor cells measuring no larger than 1.0 mm,
regardless of whether they were detected in routine stained
sections, extended pathologic methods such as step or serial
sections, or immunohistochemically. Those micrometastases
measuring larger than 1.0 mm more accurately represented
“missed” or “overlooked” lesions. So far, there has been
no uniform standard for lymph nodes micrometastases. We
thought the standard brought forward by Fisher et al, was
more accurate, and in our study all micrometastases were
not larger than 1.0 mm in diameter.
At present, several methods are used to detect lymph
nodes micrometastases with their respective advantages and
disadvantages. (1) Serial sectioning technique: This method
can improve detection of the positive lymph nodes.
Gusterson[10] reported that up to 20% of patients who had
been diagnosed with lymph nodes negative on routine single
section examination could be found to contain micrometastases
after serial sections. This procedure is, however, time-consuming
and not used routinely. (2) Immunological techniques: These
include flow cytometer, radioimmunoassay and immunohistochemistry. Immunohistochemistry is a sensitive and commonly
used method, and is easy to perform. Many studies[11-13] reported
that detection of lymph nodes metastases with immunohistochemistry using various antibodies is more sensitive than
conventional histological techniques. But the sensitivity of
the antibody still needs to be improved. (3) Molecular
biological techniques: The reverse transcription-polymerase
chain reaction (RT-PCR) technique is often used, which is
more sensitive than other methods. Hayashi et al[14], reported
that a tumor cell or a mutated cell could be detected by RTPCR from 106-107 cells. But it can lead to false-positive or
false-negative results. Miyake et al [8], revealed that
fragmented DNA derived from the main tumor can be
detected even in the serum of patients with various types
of cancer. Therefore, there is concern that mutated DNA
found in the regional lymph nodes might be a fraction of
free tumor DNA rather than being derived from cancer
cells within the lymph nodes. It only indicates that there are
micrometastases or tumor cells in the blood circulation. It
is difficult to calculate quantitatively and the cost is high. In
our opinion, immunohistochemistry is a more appropriate
method to detect lymph nodes micrometastases. In our
study, we used monoclonal cytokeratin antibody AE1/AE3
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in immunohistochemistry to detect lymph node micrometastasis in Dukes’ A and B colorectal cancer patients.
These patients all underwent curative operation without any
discovery of lymph nodes metastases using conventional
histological techniques in the resected specimens. The results
showed that occult cancer cells were strongly stained with
anti-cytokeratin antibody. They were mainly located in the
subcapsular sinus or paracortical sinus. In total, 33 (29%)
patients were positive for cancer cells by immunohistochemistry.
This is consistent with those reported by others, 25-39%[4,11-13],
using antibodies directed against various cytokeratins. It
indicated that immunohistochemical technique using
monoclonal cytokeratin antibody AE1/AE3 is a sensitive
and reliable method for detecting lymph nodes micrometastases
in Dukes’ A and B colorectal cancer.
As yet, the prognostic relevance of lymph nodes micrometastases of colorectal cancer is not really elucidated.
Contradicting results are found in the literature[1,4,11-13,15-17].
It might be due to the difference of standards of the
micrometastasis and methods of studies. In 2003, Wittekind
et al, recommended that metastatic single or groups of
tumor cells not larger than 0.2 mm in either lymph nodes
or distant sites be classified as N0 and M0, respectively (in
other words, as non-metastases) in their book: TNM SupplementA Commentary on Uniform Use[9]. They might not influence
the prognosis of colorectal cancer patients. In our study, in
31 (94%) patients, positive nodes showed single cells or
small groups of cells; in 2 (6%) patients, they showed tumor
deposits measuring 0.2 and 0.37 mm in diameter. We analyzed
the relationship between the lymph nodes micrometastases
and clinicopathological parameters in colorectal cancer
patients. It showed that the lymph nodes micrometastases
detected by immunohistochemistry using monoclonal
cytokeratin antibody AE1/AE3 was not correlated with the
gender, age, tumor site, tumor size, histological type,
histological grade, invasion depth, Dukes’ staging and
microsatellite instability (all P>0.05). This indicated that the
lymph nodes micrometastases may not influence the
prognosis of colorectal cancer patients. Follow up study is
required to confirm this.
In conclusion, detection of lymph nodes micrometastases
in colorectal cancer patients is still difficult. Immunohistochemical technique using monoclonal cytokeratin antibody
AE1/AE3 may be a sensitive and reliable method. The
prognostic relevance of lymph nodes micrometastases of
colorectal cancer is yet to be clarified.
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INTRODUCTION
The 5-year postoperative recurrence rate of hepatocellular
carcinoma (HCC) is 60%. Transcatheter arterial chemoembolization (TACE) is usually performed to prevent recurrence,
but up to now there has been no report of large case capacity
about its outcome. We studied 1 630 postoperative cases
of HCC, whether they had undergone TACE or not, and
analyzed the value and limitation of postoperative TACE
in preventing recurrence of HCC.

Abstract

MATERIALS AND METHODS
Patients
Study group: Between June 1996 and June 2001, 3 781
patients with HCC confirmed by surgery and pathology
underwent preventative TACE treatment, from whom, we
selected 987 patients who had no demonstrable evidence
of residual disease on the first angiographs, but experienced
recurrence at different times of the follow-up period as the
study group.
Control group: Six hundred and forty-three patients with
HCC, who did not receive TACE after hepatectomy and
experienced recurrence in the follow-up period, were
selected as the control group.

AIM: To evaluate the value and limitation of postoperative
transcatheter arterial chemoembolization (TACE) in
preventing recurrence of hepatocellular carcinoma (HCC).
METHODS: In the first group, 987 postoperative patients
with HCC, who did not have any evidence of recurrence
in the first preventative TACE but were found to have
recurrence at different times during the follow-up survey,
were analyzed. In the second group, 643 postoperative
patients with HCC had no TACE for compared study. To
study the relationship between the recurrence time and
the number of TACE treatments was analyzed.
RESULTS: The 6-, 12-, and 18-mo recurrence rates in
the first and second groups were 22.2% (210 cases) vs
61.6% (396 cases), 78.0% (770 cases) vs 74.7% (480 cases)
and 88.6% (874 cases) vs 80.1% (515 cases). There were
significant differences between the recurrence rates of
the two groups at 6 mo (P<0.0001).
CONCLUSION: The principal role of TACE after HCC
operation is to suppress, detect early and treat micrometastasis. It has a good effect of preventing recurrence
of HCC in 6 mo, but such an effect is less satisfactory in a
longer period. When it is uncertain whether HCC is singlecentral or multi-central and if there is cancer residue or
metastasis after operation, TACE is valuable to prevent
recurrence.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Timing of interventional therapy
TACE was performed by DSA (Adventx EX, GE, USA)
in all cases. If the routine celiac or hepatic artery
angiography showed no explicit recurrence, the first
preventative TACE was performed by injecting emulsion
epirubicin hydrochloride mixed with 3-5 mL iodized oil in
the appropriate hepatic artery, with or without addition
of 10 mg hydroxycamptothecin. If recurrence foci were
detected in later follow-up and TACE treatment, the dosage
of antitumor drugs and iodized oil was determined by the
number, size, blood supply and liver function. Otherwise,
the dose was similar to the first time.
The first TACE treatment was performed usually 1-2 mo
after the operation, and the second TACE treatment was
carried on 3-5 mo after the first one. Whether more TACE
therapy was needed depended on the finding of follow-up
US or CT imaging.
Determination of recurrence time
Recurrence time was counted by months from the operation
date to the first time that recurrence was found, regardless
of how many preventive TACE therapies had been
performed for the patient. As for the control group, it was
counted from the operation date to the date when recurrence
was confirmed by any re-check.

Cheng HY et al. TACE for HCC

3645

RESULTS
Study group
No evidence of recurrence was found in the first angiography.
There were 219 patients (22.3%) who had viable cancer
tissue detected in the 2nd TACE, 289 (29.3%) in the 3rd, 262
(26.5%) in the 4th, 105 (10.5%) in the 5th and 113 (11.5%)
in later than 5th therapy. The 6- and 12-mo recurrence rate
was 22.3% (219 patients) and 78.0% (770 patients) respectively.
The 6- and 12-mo disease-free rate was 77.8% (768 patients)
and 21.99% (217 patients), respectively.
Control group
The 6- and 12-mo recurrence rate was 61.6% (396 patients)
and 74.7% (480 patients) respectively. The 1-, 2-, and 3-mo
recurrence rate was 10.1% (65 patients), 21.0% (135 patients)
and 13.2% (85 patients) respectively. The 6- and 12-mo
disease-free rate was 38.4% (247 patients) and 25.3% (163
patients), respectively (Table 1).
Statistical analysis
There were conspicuous discrepancies between the study
and control groups in recurrence and non-recurrence (2test, 2 = 1 462.725 and 299.0122, P<0.0001). There were
statistically significant differences between the two groups
during 6 and 18 mo (2-test, 2 = 257.229 and 22.106,
P<0.0001).

DISCUSSION
The high metastasis rate and recurrence rate are main factors
that affect HCC prognosis. It is reported that the 5-year
recurrence rate of HCC patients who received surgical
intervention is 60%, and it is higher than 40% in small
HCC patients who received radical resection. The recurrence
mainly happened 2 years after operation[1,2] and the peak is
at half or 1 year[3]. It is generally accepted that long-term
recurrence is primarily from multi-center growth of the
tumor, and short-term recurrence is from the intrahepatic
metastatic haplocenter that was not excised thoroughly.
Tumor cells and tissue could be dispersed into liver tissue
or blood circulation by press and crush in the operating
process. There may also be tiny lesions that are not detected
by preoperative or intraoperative examination. So, almost
all HCC have recurrence probability in theory.
At the present time, TACE is the main preventative
postoperative treatment. However its curative effect is of
much debate. Some researchers reviewed the literature from
1980 to 1999 and came to the conclusion that adjuvant
therapy had no evident efficacy when they compared the
TACE group with the control group[4]. Having studied two

series of patients (68-case and 49-case) respectively, other
researchers considered that TACE was effective in prevention
of recurrence and promotion of survival , and it was reported
that 6- and 12-mo recurrence rate was 1.5% and 5.9% in
the 68-case group study[5]. However, Ono et al.[6], studied
108 cases and concluded that, whether the patients had
chemotherapy or not, there was no obvious difference in
the survival rate.
Surgeons usually believe that tumors with daughter
nodules, portal vein tumor thrombi or without evident
envelops could not be totally resected and preventative
TACE should be performed 1-2 mo after operation. For
tumors that are limited with evident envelope and have no
tumor thrombi, monthly follow-up is indicated.
We[7] reported 142 patients who had no preventative TACE
and recurred after operation, where the 6- and 12-mo
recurrence rate was 69.7% and 83.8% respectively, and the
peak of recurrence was in 6 mo. In this study, the 6-mo
recurrence rate was 22.2% (219 patients), which was much
lower than the control group (61.6%). And the 12-mo
recurrence rate was comparable (78% vs 74.7%). The statistic
results indicate that the peak of recurrence was postponed
to 6-12 mo, while in the control group it was within 6 mo.
Although the effect of TACE is definite in preventing
postoperative recurrence within the first postoperative 6 mo,
it seems that TACE is unable to prevent recurrence
completely and its long-term effect of preventing recurrence
is limited. The recurrence rate of the control group was
even lower than that of the treatment group after 18 mo.
The metastasis and recurrence pathogenesis of HCC
are not perspicuous at present. It is likely that the tumor
cells penetrate surrounding vessels by chemotaxis, adhering,
dissolving matrix and basilar membrane, and disperse from
portal vein system, and become new foci by inducting vessel
formation after they arrive at some place. Simple postoperative
TACE treatment cannot disturb or arrest the movement
of tumor cells in any step above but embolize micro-vessels
of little lesions in existence that cannot display on images
yet. TACE helps in controlling micro intrahepatic metastasis
that remains after surgical removal of mono-center HCC,
but is almost useless for multi-center HCC; therefore, the
efficacy is limited. However, postoperative TACE can
discover recurrence earlier and help timely healing[8].
Both artery and vein feed HCC. Therefore, the therapy
for tumor cells in the portal vein system, which cannot be
solely achieved by TACE, must be given much attention.
Some researchers pointed out that treatment directed at
the hepatic artery and portal vein at the same time could
depress the postoperative recurrence rate.
In conclusion, the chief functions of postoperative TACE

Table 1 Recurrence time of TACE group and control group
Study group (987 patients)
Recurrence time (mo)

Control group (643 patients)

6

12

18

>24

6

12

18

>24

Recurrence cases

219

770

874

987

396

480

515

643

Recurrence rate (%)

22.2

78.0

88.6

100

61.6

74.7

80.1

100

Disease-free cases

768

217

113

0

247

163

128

0

Non-recurrence rate

77.8

22.0

11.4

0

38.4

25.3

19.9

0
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are restraining micro tumors, which transmitted or were
not cut off, preventing recurrence, also discovering and
treating them earlier, but such functions are limited in
preventing multi-center tumors. Although the preventive
efficacy of TACE is limited after 6 mo, when it is uncertain
whether the cancer is multi-central or mono-central and there
is remnant or micro metastasis, postoperative TACE is still
necessary and can obviously postpone the recurrence time.
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TO THE EDITOR
Desloratidine (Clarinex, Neoclarytin, Aerius, Azomyr, Opulis,
Allex), the principal active metabolite of loratadine is itself
a new oral antihistamine drug. Its main indications are for
the treatment of seasonal allergic rhinitis (SAR) and chronic
idiopathic urticaria (CIU). The pharmacologic profile of
desloratidine offers particular benefits, in terms of histamine
H1-receptor binding potency and H1 selectivity. It has a
half-life of 21-27 h, permitting a once-daily dose. No specific
precautions are required with respect to its administration
in renal or hepatic failure. No clinically relevant racial or
gender variations in the disposition of desloratidine have
been noted.
We present here a clinical case of acute reversible
idiosyncratic liver toxicity, related to its administration.
CLINICAL CASE
A 41 year old Peruvian female, with antecedents of acute
hepatitis A, hysterectomy for myoma 10 years ago, asthma,
recurrent nasal polyposis and chronic rhinitis. The patient
also reported having a drug-allergy to aspirin and other
NSAIDs. She had been taking desloratidine-5 mg on a daily
basis for the last month, for her recurrent rhinitis, when
she presented with an episode of acute abdominal pain in
the right upper quadrant, associated with abdominal
distension, nausea and vomiting.
The patient was admitted to the hospital with a clinical
diagnosis of biliary cholic. The hemogram, eosinophil count,
coagulation study and serum levels of lipids, glucose, creatinin,
amylase and lipase were normal. The liver enzymes were slightly

increased with values of AST = 54 IU/L (n<31) (1.5 x),
ALT = 170 IU/L (n<31) (5.5 x), Alkaline Phosphatase
= 169 IU/L (n<104) (1.5 x) and Gamma-glutamyl-transferase
(GGT) = 209 IU/L (n<39) (5 x). Total bilirubin, was normal
(0.8 mg/dL). Serologic markers of IgM Hepatitis A, B, C,
EB virus, CMV, measles and simple herpes virus were
negative. Anti-HAV IgG was positive, as a consequence of
the past hepatitis. Auto-antibodies were negative,
immunoglobulins, ferritin, ceruloplasmin and alpha-1
antitrypsin were also within normal range. Desloratidine was
withdrawn on the first day of hospitalization. An
ultrasonography was normal. No biliary stones or signs of
pancreatitis were noted. A magnetic resonance
cholangiography, an upper gastroduodenal endoscopy and
a total colonoscopy were also completely normal. The patient
received only analgesics on demand, as symptomatic
treatment and her clinical evolution was excellent, and the
patient was discharged 10 days after admission. She
remained asymptomatic and the liver function tests returned
to normal one month later. No liver biopsy was performed.
She had taken no other drug but desloratidine, and referred
to only sporadically taking inhalated salbutamol or
corticosteroids.

COMMENTS
Desloratidine, is the biologically active metabolite of the
second-generation antihistamine loratadine. It is a highly
selective peripheral H1 receptor antagonist that is significantly
more potent than loratadine. This drug also has a higher
affinity for histamine receptors, 25 to 100 times greater
than those of the usual antihistamines, coupled with a
capacity to inhibit the production of pro-inflammatory drugs.
Desloratidine also inhibits the expression of cell adhesion
molecules and the generation and release of inflammatory
mediators and cytokines, and decreases eosinophil chemotaxis
and superoxide generation[1].
In combination with the cytochrome P450 inhibitors,
ketoconazole and erythromycin, the AUC and Cmax of
desloratidine were increased to a small extent, but no clinically
relevant drug accumulation occurred. The therapeutic
recommended dose is 5 mg/o.d., and with the use of highdose treatment (45 mg/d for 10 d), no significant adverse
events were observed, despite the sustained elevation of
plasma desloratidine levels. Desloratidine is non-sedating
and free of antimuscarinic/anticholinergic effects in
preclinical and clinical studies. Novel antiallergic and antiinflammatory effects have also been noted with desloratidine,
a fact which may be relevant in relation to its clinical
efficacy[2] .
Studies in animals indicate that desloratidine does not
cross the blood-brain barrier and therefore does not cause
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sedation or impair cognition or psychomotor performance.
It has an excellent overall safety profile. It has no effect on
QRS and QTc intervals and does not cause arrythmias. In
clinical studies, oral desloratidine is rapidly absorbed and
bioavailability is not affected by ingestion with food or
grapefruit juice. This drug is not a substrate for Pglycoprotein or organic anion transport polypeptide and does
not appear to be metabolized to any significant extent by
the cytochrome P450-CYP3A4 pathway[3].
Once daily administration of 5 mg of desloratidine,
rapidly reduces the nasal and non-nasal symptoms of SAR,
including congestion. In patients with concomitant asthma,
desloratidine treatment is also associated with significant
reductions in the total asthma symptom score and use of
inhaled beta-2-agonists. Use of desloratidine in patients with
CIU, is associated with significant reduction in pruritus,
number and size of hives and interference with sleep and
daily activities. Due to its powerful action, coupled with an
excellent tolerance profile, desloratidine represents a real
therapeutic advance for allergic patients. Clinical experience
in over 2 300 patients has shown that the adverse effect
profile of desloratidine is similar to that of placebo[4,5].
The case presented here can be considered as a picture
of acute cholestasis and is similar to that produced by certain
antibiotics, such as amoxyciline/clavulanic or macroslides,
NSAIDs and phenotiacines (clorpromazine) amongst others.
The pain or sensation of discomfort in the upper right
quadrant of the abdomen, the presence of fever and
shivering are not rare and this form of presentation can be
easily confused with a picture of cholangitis secondary to a
biliary obstruction. In around 1% of the cases, the cholestasis
persists in spite of the removal of the causal agent, due to
a progressive destruction of the cholangiocytes resulting in
a ductopenia.
The underlying mechanism of this particular form of
hepatocanicular lesion is unknown, although it suggests a
phenomenon of autoimmunity directed against the cells of
the biliary epithelium after the initial episode of immunoallergy, and it has been suggested recently that it could be
related with a prolonged depletion of the intracellular levels
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of adenosine triphosphatine (ATP)[6].
The incidence of hepatotoxicity due to the new
antihistaminics is low, but we should bear in mind that it is
necessary to establish a narrow surveillance with all cases
and bear in mind the recent report by our group of a similar
case of acute hepatitis and skin eruptions related to cetirizine,
another drug belonging to this pharmacologic group[7].
There has been reported a case of severe hepatotoxicity
after application of desloratidine and fluconazol in a female
38-year-old, and the authors suggest that all H1 blockers
of the second generation should be avoided in patients
treated with azole antimycotic agents[8].
Additionally, three cases of severe liver damage have
been described in patients taking loratidine. Two patients
treated with loratidine and 1 patient, receiving loratidine
and ketoconazole, developed liver injury. Two of the patients
received a liver transplant[9].

REFERENCES
1

2
3

4

5
6

7

8

9

A gra wa l DK . Pharma c ol ogy a nd c l i nic a l effi c ac y of
desloratadine as an anti-allergic and anti-inflammatory drug.
Expert Opin Investig Drugs 2001; 10: 547-560
Geha RS, Meltzer EO. Desloratadine: A new, nonsedating,
oral antihistamine. J Allergy Clin Immunol 2001; 107: 751-762
Murdoch D, Goa KL, Keam SJ. Desloratadine: an update of
its efficacy in the management of allergic disorders. Drugs
2003; 63: 2051-2077
Farkas H. Multicenter study of the effectiveness and tolerability of desloratadine in seasonal allergic rhinitis. Orv Hetil
2003; 144: 1021-1024
Monroe EW. Desloratidine for the treatment of chronic
urticaria. Skin Therapy Lett 2002; 7: 1-2, 5
Doctor RB, Dahl RH, Salter KD, Fouassier L, Chen J, Fitz JG. ATP
depletion in rat cholangiocytes leads to marked internalization of
membrane proteins. Hepatology 2000; 31: 1045-1054
Sanchez-Lombrana JL, Alvarez RP, Saez LR, Oliva NP,
Martinez RM. Acute hepatitis associated with cetirizine intake.
J Clin Gastroenterol 2002; 34: 493-495
Schottker B, Dosch A, Kraemer DM. Severe hepatotoxicity
after application of desloratadine and fluconazole. Acta
Haematol 2003; 110: 43-44
Schiano TD, Bellary SV, Cassidy MJ, Thomas RM, Black M.
Subfulminant liver failure and severe hepatotoxicity caused
by loratadine use. Ann Intern Med 1996; 125: 738-740
Science Editor Guo SY Language Editor Elsevier HK

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

EL SEVIER

World J Gastroenterol 2005;11(23):3649
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• LETTERS TO THE EDITOR •

Erythropoietin in liver cirrhosis: Two questions without answers
Cosimo Marcello Bruno, Claudio Sciacca, Danila Cilio, Gaetano Bertino, Rinaldo Pellicano
Cosimo Marcello Bruno, Claudio Sciacca, Danila Cilio, Gaetano
Bertino, Department of Internal Medicine and Systemic Diseases,
University of Catania, Catania, Italy
Rinaldo Pellicano, Department of Gastro-Hepatology, Molinette
Hospital, Torino, Italy
Correspondence to: Professor Cosimo Marcello Bruno, Dip.
Medicina Interna e Patologie Sistemiche, Osp. S. Marta, via G.
Clementi 36, 95124 Catania, Italy. cmbruno@unict.it
Telephone: +39-95-7435677 Fax:+39-95-7435677
Received: 2004-10-19 Accepted: 2004-12-01

© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Erythropoietin; Liver cirrhosis
Bruno CM, Sciacca C, Cilio D, Bertino G, Pellicano R.
Erythropoietin in liver cirrhosis: Two questions without
answers. World J Gastroenterol 2005; 11(23): 3649

http://www.wjgnet.com/1007-9327/11/3649.asp

TO THE EDITOR
In a recent paper[1], and in a subsequent letter[2], Tacke et al
reported the investigation of plasma erythropoietin (Epo)
levels in patients affected by chronic liver disease of various
aetiologies. The authors also compared[2] their data to our
previous work[3]. The results show a substantial agreement
but also some important differences between the two works.
We would like to highlight, from our point of view, this
issue. Both the papers demonstrated increased Epo values
in anaemic cirrhotic subjects when compared to healthy
controls and non-anemic patients with liver disease.
Conversely, a correlation between serum Epo and markers
of liver dysfunction as well as between serum Epo and
Child’s stage of liver cirrhosis was shown by Tacke et al[1],
but not by our investigation[3]. Tacke et al [2], suggest that
these discordances could be due to different reasons: the
population sizes, the diverse etiology of liver disease, the
allocation of patients in subgroups, and the methods
performed for statistical analysis. We appreciated and we
agree with their considerations. In addition, diverse inclusion
criteria (cirrhotic patients with iron-deficiency and renal
impairment were excluded in our study) could contribute
to these divergent outcomes. Considering the articles by
Tacke et al [1,2] and Pirisi et al [4], we would like to underline
the importance of a multifactorial regulation of Epo levels.
Certainly, hemoglobin concentration, gastrointestinal
bleeding, impaired pulmonary function and cytokine
alterations can affect Epo levels in liver patients. Likely, the
degree of liver dysfunction is also involved in the regulation

of Epo values, even though our results do not support this
hypothesis. Nevertheless, we would stress the importance
of two questions. Firstly: is circulating Epo adequate to
quantify the degree of anemia in cirrhotic patients? Since
chronic anemia is a multifactorial complication of liver
cirrhosis and hemoglobin concentration is inversely related
to survivorship[5], this is not a secondary issue. To assess
adequacy of Epo levels, the finding of higher levels than in
normal individuals is not enough and values found must be
evaluated in comparison to reference anemic patients[6]. In
our study, we compared Epo levels observed in cirrhotics
to those of patients with iron-deficiency[3]. Statistical analyses
showed, in the former group, significantly lower values with
regard to hemoglobin concentration. Besides ours, only one
other paper[7] provided a reference anemic group and the
results were similar. Secondly: independently of factors
which are involved in regulating its levels, can the unsuitable
concentration of Epo play a role in the persistence of
anemic status, worsening the outcome of cirrhotic patients?
To date, there is not really an answer. Therefore, costeffectiveness of exogenous Epo administration in anemic
cirrhotic patients could be attentively considered. In the
near future, further investigations might be designed to
answer these essential questions. From the answers will stem
the assesibility of extending therapeutic options as well as
improving the prognosis of these patients.
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Nonstandard
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Notice

1
2
3
4
5
6
7
8
9
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11
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16
17
18
19
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21
22
23
24
25
26
27
28
29
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31
32
33
34
35
36
37
38
39
40
41
42
43
44

4 days
4 days
day
Four d
2 hours
2 hs
hr, hrs,
10 seconds
10 year
Ten yr
0,1,2 years
0,1,2 year
4 weeks
Four wk
2 months
Two mo
10 minutes
Ten min
50% (V/V)
50% (m/V)
1M
10 M
1N HCl
1N H2SO4
4rd edition
15 year experience
18.5 kDa
25 g.kg-1/d-1
6900
1000 rpm
sec
1 pg·L-1
10 kilograms
13 000 rpm
1000 g
Gene bank
Ten L
Ten mL
umol
30 sec
1 g/dl
OD260
One g/L
A260 nm
b
P<0.05

4d
four days
d
Four days
2h
2h
h
10 s
10 years
Ten years
0,1,2 yr
0,1,2 yr
4 wk
Four weeks
2 mo
Two months
10 min
Ten minutes
500 mL/L
500 g/L
1 mol/L
10 mol/L
1 mol/L HCl
0.5 mol/L H2SO4
4th edition
15- year experience
18.5 ku,18 500u or Mr18 500
25 g/(kg·d) or 25 g/kg per day
6 900
1 000 r/min
s
1 pg/L
10 kg
13 000 g
1 000 r/min
GenBank
Ten liters
Ten milliliters
mol
30 s
10 g/L
A260
One microgram per liter
A260 nm
a
P<0.05

In figures, tables and numerical narration
In text narration
After Arabic numerals
At the beginning of a sentence
After Arabic numerals
After Arabic numerals
After Arabic numerals
After Arabic numerals
In text narration
At the beginning of a sentence
In figures and tables
In figures and tables

45

*F=9.87, §F=25.9,
#
F=67.4
KM
CM
MM
Kg, KG
Gm, gr
nt
l
db
rpm
bq
amp
coul
HZ
w
KPa
p
ev
Jonle
J/mmol
10×10×10cm3
N·km
x±s
Mean±SEM
im
iv
Wang et al
EcoRI
Ecoli
Hp
Iga
igA
-70 kDa

1

46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

F=9.87,2F=25.9,
F=67.4
km
cm
mm
kg
g
N
L
dB
r/min
Bq
A
C
Hz
W
kPa
Pa
EV
J
kJ/mol
10 cm×10 cm×10 cm
KN·m
mean±SD
mean±SE
im
iv
Wang et al.
EcoRI
E.coli
H pylori
Iga
IgA
~70 ku

At the beginning of a sentence
In figures and tables
At the beginning of a sentence
At the beginning of a sentence

After Arabic numerals
High speed; g should be in italic and suitable conversion.
Low speed. g cannot be used.
International classified genetic materials collection bank
At the beginning of a sentence
At the beginning of a sentence
10-fold conversion
“OD” has been abandoned.
At the beginning of a sentence
A should be in italic.
In Table, no note is needed if there is no significance in statistics: aP<0.05, bP<0.01
(no note if P>0.05). If there is a second set of P value in the same table, cP<0.05 and
d
P<0.01 are used for a third set: eP<0.05, fP<0.01.
Notices in or under a table

3

kilometer
centimeter
millimeter
kilogram
gram
newton
liter
decibel
rotation per minute
becquerel, a unit symbol
ampere
coulomb
watt
kilo-pascal
pascal
volt (electronic unit)
joule
kilojoule per mole
moment
In figures, tables or text narration
In figures, tables or text narration
intramuscular injection
intravenous injection
Eco in italic and RI in positive. Restriction endonuclease has its prescript form of writing.
Bacteria and other biologic terms have their specific expression.
writing form of genes
writing form of proteins
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Abstract
AIM: To analyze the relationship between genetic polymorphisms of metabolizing enzymes CYP2E1, GSTM1 and
Kazakh’s esophageal squamous cell cancer in China.
METHODS: The genotypes of cytochromes P450 (CYP) 2E1
and glutathione S-transferase (GST) M1 were investigated
by polymerase chain reaction (PCR) and restriction
fragment length polymorphism (RFLP) following PCR in
104 Kazakh’s patients with esophageal cancer (EC) and
104 non-cancer controls.
RESULTS: The frequency of CYP2E1 c1/c1 genotype was
significantly higher in patients with cancer (77.9%) than
in control subjects (24.0%) (P<0.05; OR, 11.13; 95%CI,
5.84-21.22). The difference of GSTM1 null was significantly
more frequent in the cancer (34.6%) vs the control group
(3.8%) (P<0.05; OR, 13.24; 95%CI, 4.50-38.89). On the
other hand, the combination of GSTM1 presence and CYP2E1
c1/c1 genotypes increased the risk for cancer (P<0.05;
OR, 13.42; 95%CI, 6.29-28.3).
CONCLUSION: The CYP2E1 c1/c1, GSTM1 deletion
genotypes are genetically susceptible biomarkers for ESCC
in Kazakh population. Individuals with allele c1 of RsaI
polymorphic locus for CYP2E1 may increase the risk of ESCC.
Moreover, CYP2E1 wild type (c1/c1) increased the
susceptibility to ESCC risk in Kazakh individuals with GSTM1
presence genotype.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
It has been revealed that carcinogenesis may result from
mutations or deletions in cancer-related genes. In recent
years, a relatively new field of cancer research has focused
on the interaction between genes and environment to
understand the etiology of cancer[1]. Primary candidates for
gene-environment interaction studies are those which encode
enzymes related to the metabolism of established cancer
risk factors. It has been known that most carcinogens require
metabolic activation in the human body for the carcinogenic
effects. Two major enzyme systems can metabolize potential
carcinogens, either synthetic or naturally occurring in the
body, which have been classified as phases I and II. Generally,
phase I enzymes can activate the carcinogen directly and
produce more active metabolites. Phase II enzymes can
detoxify and process the activated metabolites for final
breakdown or excretion. Therefore, the genotypes with high
phase I enzyme activity and low phase II enzyme level are
considered to pose a high risk of cancer development[2] .
Cytochrome P450 (CYP) isoenzymes are one major kind
of phase I enzymes and play an important role in the
oxidation of chemical compounds, such as polycyclic aromatic
hydrocarbons (PAH), often resulting in the formation of highly
reactive compounds that are the ultimate carcinogens[3] .
Glutathione S-transferases (GSTs) are phase II enzymes
and responsible for catalyzing the biotransformation of a
variety of electrophiles, and have a central role in the
detoxification of activated metabolites of procarcinogens
produced by phase I reactions. GSTM1 conjugates xenobiotics
with glutathione[4] which promotes the removal of activated
carcinogens from the human body. Esophageal cancer (EC)
is one of the most common malignant diseases worldwide
with a sharp variation in its geographic distribution[5].
The ratio in incidence between high- and low-risk areas
could be as great as 13.4:1 in Xinjiang[6]. The high incidence
in special areas indicates the importance of environmental
factors in esophageal carcinogenesis. However, only a small
part of individuals in the high-risk area for EC develop
into EC, although all the residents in that area share very
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similar environment-related risk factors and life style,
suggesting that host susceptibility factors, such as the
polymorphisms of phases I and II enzymes, may play an
important role in increased risk for EC. Thus, the present
study was undertaken to assess the genetic polymorphisms
of CYP2E1 and GSTM1 in Xinjiang to correlate these
genetic polymorphisms and susceptibility to EC between
Kazakh’s esophageal squamous cell cancer and control group.

MATERIALS AND METHODS
Patients and controls
The primary Kazakh’s ESCC tissues were obtained from
63 patients who underwent surgery in the Department of
Surgery, 1st Teaching Hospital of Xinjiang Medical University,
from 1999 to 2003, and from 41 patients who underwent
surgery in the Department of Surgery, the People’s Hospital
of Uygur Autonomous Region, Xinjiang, China, between
1998 and 2000. None of the patients received prior treatment.
Other simultaneous malignancies were excluded in the 104
cases of ESCC, including 54 males with a mean age of 57 years
(57±8.9) and 50 females with a mean age of 54 years (54±9.0).
Meanwhile, 104 non-cancer subjects with matched age and
sex frequencies were randomly selected as control group
from the same region during the field surveys between 1998
and 2003, including 54 males with a mean age of 56 years
(56±8.5) and 50 females with a mean age of 55 years (55±8.8).
Cancer tissues obtained from surgically resected esophageal
SCC patients, which confirmed pathologically, were fixed
in 40 g/L formaldehyde and embedded by paraffin, genomic
DNA was prepared by proteinase K digestion and phenol/
chloroform extraction, followed by ethanol precipitation,
as described by Diffenbach[7]. Genomic DNA of non-cancer
control was isolated from peripheral blood.
GSTM1 genotyping
GSTM1 genotyping for gene deletion was performed by
PCR using primers 5’-GAACTCCCTGAAAAGCTAAAGC3’ and 5’-GTTGGGCTCAAATATACGGTGG-3’, which
produced a 219 bp product. At the same time, amplification
of the -globin gene was used as an internal control, which
produced a 350 bp product. PCR was performed in a 20 L
mixture containing 100 ng sample DNA, 10 mmol/L TrisHCl, 50 mmol/L KCl, 1.5 mmol/L MgCl2 pH 8.4, 0.1 mmol/L
of each dNTP and 1.25 U Taq polymerase. After initial
denaturation for 5 min at 94 ℃, 35 cycles were performed
at 94 ℃ for 30 s (denaturation), at 63 ℃ for 30 s (annealing)
and at 72 ℃ for 30 s (extension), followed by a final step
for 5 min at 72 ℃. The amplified products were visualized
by electrophoresis in ethidium-bromide-stained 1.5% agarose
gel in TBE buffer. For deletions of GSTM1, no amplified
product could be observed.
PCR-RFLP analysis of CYP2E1 gene polymorphism
Genes of the metabolizing enzymes CYP2E1 were amplified
by polymerase chain reaction (PCR). The CYP2E1 RsaI
polymorphism in the 5’ flanking region of the gene featured
a distinct base substitution that creates Rsa1 restriction sites[8].
The primers used are as follows: the forward 5’-CCA
GTCGAGTCTACATTGTCA-3’ and reverse 5’-TTCA-
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TTCTGTCTTCTAACTGG-3’. The genotypes of the
CYP2E1 gene were identified by restriction fragment length
polymorphism (RFLP)[8]. The PCR-amplified DNA fragments,
including the polymorphic site, were digested with RsaI, and
subjected to electrophoresis on 3.0% agarose gel.
Statistical analysis
The 2 test was used to examine the differences in genotype
distribution between patients and controls by SPSS 12.0
software. Odds ratios (ORs) with 95% confidence intervals
(95%CI) were also calculated. The difference was considered
significant in case of a two-tailed P value less than 0.05.

RESULTS
GSTM1 genetic polymorphism (Table 1)
Figure 1 shows the PCR-amplified fragment of GSTM1.
Table 1 shows the deletion of GSTM1. There was a
significant difference in GSTM1 between the controls
(3.8%) and ESCC (34.6%) (P<0.05; OR, 13.24; 95%CI,
4.50-38.89).
Table 1 Genotypes of GSTM1 in controls and subjects with cancer
n (%)
GSTM1 (+)
Control (n = 104)
ESCC (n = 104)
a

100 (96.2)
68 (65.4)

a

GSTM1 (-)

OR (95%CI)

4 (3.8)
36 (34.6)

1.0
13.24 (4.50-38.89)

P<0.05 vs ESCC group.

CYP2E1 genetic polymorphism (Table 2) and allele frequency
(Table 3)
DNA samples subjected to PCR and enzymatic digestion
with RsaI revealed the expected fragment lengths and
resulted in three genotypes of CYP2E1 5’ area (Figure 2).
The frequency of wild homozygous, heterozygous and
mutated homozygous variant genotype detected in the
controls and ESCC was 24.0% (25/104) and 76.0% (79/104);
77.9% (81/104) and 22.1% (23/104), respectively (Table 2),
the difference being significant (P<0.05; OR, 11.13; 95%
CI, 5.84-21.22). The c1 allele frequency was significantly
higher than c2 allele frequency in Kazakh’s population
(P<0.05; OR, 4.74; 95%CI, 2.89-7.78).

Table 2 Distribution of CYP2E1 genetic polymorphism in controls
and subjects with cancer n (%)

Control (n = 104)
ESCC (n = 104)
a

c1/c1

c1/c2+ c2/c2

OR (95%CI)

25 (24.0)
81 (77.9)a

79 (76.0)
23 (22.1)

1.0
11.13 (5.84-21.22)

P<0.05 vs control group.

Table 3 Distribution of CYP2E1 allele frequency in controls and
subjects with cancer n (%)

Control (n = 104)
ESCC (n = 104)
a

P<0.05 vs control group.

Allele c1

Allele c2

OR (95%CI)

124 (59.6)
182 (87.5)a

84 (40.4)
26 (12.5)

1.0
4.74 (2.89-7.78)
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Figure 1 PCR of the GSTM1 genes. Lane M: pUC19 molecular weight maker;
lanes 1 and 2: patients homozygously null for GSTM1; lanes 3 and 4: patient
with GSTM1 present genotype.
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Figure 2 Restriction analysis of CYP2E1 polymorphism, using 100 bp DNA
ladder marker. The PCR product is cleaved by RsaI, yielding two small fragments
(360 and 50 bp). Lane 1, mutated homozygous for c2/c2; lane 2, wild homozygous
for c1/c1; lane 3, heterozygous for c1/c2.

Combination of GSTM1 genotypes and CYP2E1 genetic
polymorphism (Table 4)
The frequency of the individuals carrying both GSTM1
presence and CYP2E1 c1/c1 genotypes was higher in
patients with cancer (52/68; 76.5%) than in the controls
(19/97; 19.6%) (P<0.05; OR, 13.42; 95%CI, 6.29-28.3).

Table 4 Combinations of GSTM1 present and CYP2E1 genetic
polymorphism in controls and subjects with cancer n (%)

Control (n = 97)
ESCC (n = 68)
a

c1/c1

c1/c2 + c2/c2

OR (95%CI)

19 (19.6)
52 (76.5)a

78 (80.4)
16 (23.5)

1.0
13.34 (6.29-28.3)

P<0.05 vs control group.

DISCUSSION
Under similar environmental carcinogens exposure, different
individuals responded differently to environmental exposures.
The different liability to cancer was called genetic susceptibility
to cancer. Genetic susceptibility can affect in every step of
carcinogenesis, including modifying the effect of environmental
carcinogens[9-13] . Cancer susceptible genes include types I
and II metabolism enzyme genes, DNA repair gene and
those affecting cell proliferation rate.
In recent years, the evidence has been accumulated to
support the hypothesis that cancer susceptible genes may
be of importance in determining individual susceptibility to
cancer[14-19]. EC is a disease determined by multi-factors,
including environmental risk factors and genetic factors.
However, little is known about the impact of GSTM1 and
CYP2E1 genetic polymorphisms on the susceptibility to EC
in the Kazakh population. This is the first study that
simultaneously evaluated the GSTM1 and CYP2E1
polymorphisms in Kazakh patients with ESCC.
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The gene of GSTM1, one of the most important phase
2 enzymes, has attracted much attention with reference to
EC. GSTM1 can detoxify a number of reactive electrophilic
compound substances, including the carcinogens PAHs. In
individuals with GSTM1 deletion genotype, the ability of
detoxifying the carcinogens decreased. The null genotype
leads to loss of enzyme activity and individuals with GSTM1
deletion could have increased risk of cancers[10,20,21]. In China
there were similar researches on GSTM1 deletion genotype
and the risks of lung cancer (OR = 2.56)[22], and stomach
cancer (OR 1.90, 95%CI 1.01-3.56)[23]. However, it was reported
that in Henan Province, a high incidence area of EC in China,
GSTM1 deletion genotype did not show significant relation
with EC susceptibility[24]. In the present study, dramatical
difference was found in GSTM1 null genotype between control
(3.8%) and ESCC (34.6%) (P<0.05). It indicated that GSTM1
deletion genotype was a genetic susceptibility risk factor for
EC (OR, 13.24; 95%CI, 4.50-38.89), which interacted
synergistically with CYP2E1 genetic polymorphism. The
proportions of GSTM1 genotypes in the control group were
similar to those in previous case-control studies[25].
CYP2E1 plays an important role in the metabolic
activation of various TSNAs, benzene, styrene, butadiene
and urethane, including several potent precarcinogens, such
as 4-methylnitrosamino-1,3-pyridyl-1-butanone and N’nitrosonornicotine[26,27]. In addition, it effectively reduces
dioxygen to give rise to radical species, thus contributing to
lipid peroxidation and oxidative inhibition[28]. Individuals with
the variant Rsa1 allele (c1/c2 or c2/c2) have a lower basal
CYP2E1 activity. Over-representation of the variant CYP2E1
Rsa1 alleles was reported in ESCC[29] and a lower frequency
of the Rsa1 variant allele was also found in ESCC patients
than in controls[30]. In agreement with the result, studies in
Japan and Brazil also found a significant increase in ESCC
risks associated with the wild type Rsa1 [31,32]. Similarly, two
studies in Chinese found an association between the CYP2E1
Rsa1 variant allele and decreased risk of ESCC [30,33].
However, two studies conducted in Brazil and Canada failed
to reproduce this observation[34,35] . Results in our study
indicated that CYP2E1 c1/c1 or c1 allele increased the
susceptibility to ESCC risk in Kazakh population (P<0.05;
OR, 11.13; 95%CI, 5.84-21.22 or P<0.05; OR, 4.74; 95%CI,
2.89-7.78), and that individuals with combined GSTM1
presence genotype and CYP2E1 wild type showed a
dramatically increased (OR 13.34) risk of ESCC, which is
higher than that due to the respective genotypes. These
findings indicate that GSTM1 presence genotype had
synergetic interactions with CYP2E1 c1/c1 of ESCC. Our
study was in accordance with the findings of Shi Yun et al
[30]
, who observed an association between the risk of ESCC
and CYP2E1 wild allele.
In conclusion, our study suggests that CYP2E1 Rsa1
wild allele or c1 allele, GSTM1 null genotype were genetically
susceptible risk factors for ESCC risk in the Kazakh
population. Moreover, we found that CYP2E1 wild type
increased the susceptibility to ESCC risk in Kazakh people
with GSTM1 presence genotype.
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Abstract
AIM: To investigate the anticancer effect of a traditional
Chinese medicine gambogic acid (GA) in human gastric
cancer line BGC-823 and further study the mechanism of
apoptosis induction of GA.
METHODS: Low differential human gastric cancer line
BGC-823 were treated with GA at different doses and
different times, the inhibitory rates were detected by MTT
assay. Apoptosis induced by GA in BGC-823 cells was
observed by Annexin-V/PI doubling staining flow cytometry
assay. And T/C (%) was chosen to detect the inhibition
of GA on human gastric adenocarcinoma BGC-823 nude
mice xenografts. Apoptosis on nude mice xenografts was
observed by Annexin-V/PI doubling staining flow cytometry
assay and DNA fragmentation assay. To further determine
the molecular mechanism of apoptosis induced by GA,
the changes on the expression of bcl-2 and bax genes
were detected by RT-PCR.
RESULTS: After incubation with GA, low differential human
gastric cancer line BGC-823 was dramatically inhibited in
a dose-dependent manner. After these cells were exposed
to GA for 24, 48 and 72 h, the IC50 value was 1.02±0.05,
1.41±0.20 and 1.14±0.19 mol/L, respectively. Apoptosis
in BGC-823 cells induced by GA was observed by AnnexinV/PI doubling staining flow cytometry assay. The apoptotic
population of BGC-823 cells was about 12.96% and
24.58%, respectively, when cells were incubated with
1.2 mol/L GA for 48 and 72 h. T/C (%) of human gastric
carcinoma adenocarcinoma BGC-823 nude mice xenografts

was 44.3, when the nude mice were treated with GA
(8 mg/kg). Meanwhile, apoptosis induced by GA was
observed in human gastric carcinoma adenocarcinoma
BGC-823 nude mice xenografts. The increase of bax gene
and the decrease of bc1-2 gene expressions were found
by RT-PCR.
CONCLUSION: The inhibition of GA on human gastric
cancer line BGC-823 was confirmed. This effect connects
with the inducing apoptosis in BGC-823 cells and the
molecular mechanism might be related to the reduction
of expression of apoptosis-regulated gene bcl-2, and the
improvement of the expression of apoptosis-regulated
gene bax. The result was also confirmed in vivo.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Gamboge is a dry resin secreted from garcinia hanburryi,
and gambogic acid (GA, C38 H44 O8, mol. wt 628)[1] is the
main active compound of gamboge. It is reported in
traditional Chinese medicine that gamboge is cold, acidic,
acerbic, and poisonous. Gamboge also has effects of
detoxification, hemostasis, and as a parasiticide. Early
investigations on GA from the 1960s were mainly on the
separation and the evaluation of its structure. In the 1980s,
the structure, anti-tumor activity in vitro, absorption,
distribution and excretion of GA in mice were studied[2] .
Later, the anti-tumor activity of gamboge’s crude extract in
ethanol in vitro and in vivo, as well as its absorption,
distribution and excretion in mice were researched by a
Cooperative Gamboge Antitumor Investigation (CGAI)[3,4].
The anticancer activity and the toxicity of the crude extract
were also researched clinically[5]. In the 1990s, its activity
and components by various separations were investigated
by Kong[6]. In 1996, 11 compounds extracted from gamboge
were reported by Japanese scholars. Recently, some foreign
scientists modified carboxylic to acidamide on GA to
discover other active compounds.
Recent observations from our studies in vitro and in vivo
indicated that GGA (general gambogic acids) exhibited
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inhibition on Heps, S180 and EC in Kunming strain of
mice[7], on human hepatocellular carcinoma cells SMMC7721 and BEL-7402, and on human pulmonary carcinoma
cell SPC-A1[7,8]. Results from our present study in vitro and
in vivo also showed GA had significant inhibition on cultured
human gastric carcinoma cells, and could induce apoptosis
in these tumor cells. This paper was undertaken to evaluate
this inhibition and apoptosis induction of human gastric
cancer line BGC-823, and the probable molecular mechanism.

MATERIALS AND METHODS
Materials
Medicine GA, supplied by the School of Pharmacy in
China Pharmaceutical University (Norms: 20 mg/bottle).
The sample was dissolved in RPMI-1640 medium (GIBCO,
the USA).
Tumor cells BGC-823 cells supplied by the Cell Bank
of Shanghai Institute of Cell Biology, were maintained in
RPMI-1640 medium supplemented with 10% heatedinactivated calf serum (Sijiqing, Hangzhou, China),
benzylpenicillin 100 KIU/L, and streptomycin 100 mg/L,
pH 7.4 in an incubator (Hirasawa, Japan) with a humidified
atmosphere of 95% air + 50 mL/L CO2 at 37 ℃.
Animal Six-week-old athymic nude mice (BALB/c, nu/nu),
used for in vivo experiment, were obtained from Shanghai
Laboratory Animal Center (SLAC, China). The nude mice
were handled according to aseptic techniques and maintained
in a specific pathogen-free environment on a 12-h light/
12-h dark cycle, with food and water supplied ad libitum.
The mice all weighed 18-22 g at the start of the study.
Reagents MTT purchased from Fluka (USA), was dissolved
in 0.01 mol/L PBS. PCR primers were synthesized by
Sangon Shanghai (China).
Methods
Cell growth inhibition 2×104 cells per well were seeded
onto a well of 96-well plates for 24 h, treated with various
concentrations of GA (100 L/well), and incubated for
24, 48, and 72 h, respectively. Then, 5 mg/mL MTT
solution (20 L/well) was added to each well, and cells were
incubated for an additional 4 h at 37 ℃. The supernatant
was aspirated, and 100 L of DMSO were added to the
wells to dissolve any precipitate present. The suspension
was placed on micro-vibrator for 5 min and the absorbance
(A) was then measured at 570 nm by an enzyme immunoassay
instrument (DJ-3200, Huadong Electron Tube Company).
Cell inhibitory ratio was calculated by the following formula:
Inhibitory ratio (%) = average absorbance of treated
group/(1-average absorbance of control group)×100%
IC50 was calculated by SAS statistical software.
Assessment of apoptosis on BGC-823 cells by Annexin-V/PI
double-staining assay
1×106 cells were seeded in 50 mL dishes and incubated for
24 h at 37 ℃. Then GA (1.2 mol/L) was directly added
to the dishes and incubated for an additional 24, 48, and
72 h, respectively. Cells were collected, washed with PBS
and resuspended in PBS. Apoptotic cell death was identified
by double supravital staining with recombinant FITC
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(fluorescein isothiocyanate)-conjugated Annexin-V and PI,
using the Annexin V-FITC Apoptosis Detection kit (Becton
Dickinson, the USA) according to manufacturer’s instructions.
Flow cytometric analysis was performed immediately after
supravital staining. Data acquisition and analysis were
performed in a Becton Dickinson FACS Calibur flow
cytometer using CellQuest software.
Inhibition of GA on BGC-823 nude mice xenografts[9]
5×106 BGC-823 cells were subcutaneously inoculated into
BALB/cA nude mice. The transplantation tumors were
ready to use after having been handed down three
generations in nude mice. After 12-14 d, the nude mice
with implanted tumor were screened for tumor volume.
Tumor-bearing mice in which the tumor had reached a
volume of about 100-300 mm3 were selected (mice with
tumors that are too large or too small were eliminated) and
randomly divide them into five groups. The animals should
be pair matched such that the median tumor volume for
each group is similar. Each therapy group receives the
following treatment regimen -0.9% NS (negative control
group), 3 mg/kg 5-FU (positive control group) and three
dosages of GA (8, 4, and 2 mg/kg). The day of first
treatment is set as d 1. Corresponding agent of each group
was administrated (iv) thrice per week (the animals in negative
group were given 0.9% NS at the same volume) and lasted
for 3 wks. Tumor size was measured twice per week in two
perpendicular dimensions also with vernier caliper and
converted to tumor volume (TV) as the following formula:
(a×b2)/2, where a and b refer to the longer and shorter
dimensions, respectively. At the same time the animals were
weighed twice per week and mortality was monitored during
the experimental period to assess toxicity of the treatments.
Relative tumor volume (RTV) was calculated according to
the equation: RTV = Vt/V0, where V0 is the tumor volume
at day 0 and Vt is the tumor volume at day t. And the
evaluation index for inhibition was of relative tumor growth
ratio T/C=T RTV /C RTV ×100%, where T RTV and C RTV
represented RTV of treated and Control groups, respectively.
Apoptosis on BGC-823 nude mice xenografts
Apoptosis on human gastric adenocarcinoma BGC-823 nude
mice xenografts were detected. BALB/cA nude mice were
inoculated with BGC-823 cells and fresh tumor tissue was
collected after the mice were given GA (8 mg/kg) six times
intravenously. The positive drug is 5-FU, with its dose of
25 mg/kg. Early apoptotic cell death was detected by
Annexin-V/PI double-staining assay, using the Annexin VFITC Apoptosis Detection kit (Becton Dickinson, USA)
according to manufacturer’s instructions. DNA fragmentation
assay was used to exam late apoptosis induced by GA on
BGC-823 nude mice xenografts. In this assay, DNA was
extracted by Genomic DNA Purification Kit (Fermentas),
and then the products were electrophoresed on a 1.5%
agarose gel and observed by EB staining using Gel-Pro
analyzer.
RT- PCR
1×10 6 cells were treated in the presence or absence of
0.8 mol/L GA for 24, 48, and 72 h, respectively, and total
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Assessment of apoptosis on BGC-823 cells by Annexin-V/PI
double-staining assay
The results of Annexin-V/PI double-staining assay
demonstrated that the apoptosis of BGC-823 cells was
observed after treatment with 1.2 mol/L GA for 48 and
72 h, respectively. As shown in Figure 2, untreated cells did
not show any significant apoptosis, as well as cells treated
with 1.2 mol/L GA for 24 h, whereas cells were becoming
apoptosis after treatment with 1.2 mol/L GA for 48 and
72 h, with the apoptotic populations of about 12.96% and
24.58%, respectively.

RNA was extracted by TriPure Isolation Reagent (Roche).
The primers for Bcl-2, Bax and GADPH were as follows:
bcl-2 (340 bp): 5’-TTCCCATCGCTGTCCTTCG-3’, 3’CGCTTAGATACAAATGTCCGTGTC-5’; bax (386 bp):
5’-GGATGCGTCCACCAAGAA-3’, 3’-AAACACCGCCCTCACG-5’; GADPH (450 bp): 5’-CTCAGACACCATGGGGAAGGTGA-3’, 3’-ATACTGTTGTCGGAGTTCTAGTA-5’. The following PCR conditions were used: at
94 ℃ for 5 min, 1 cycle; at 94 ℃ for 30 s, at 59 ℃ (bcl-2)
or 56 ℃ (bax) for 30 s, at 72 ℃ for 45 s, 35 (bcl-2) or 30
(bax) circle; at 72 ℃ for 7 min, 1 circle. The PCR products
were electrophoresed on a 1.5% agarose gel and observed
by EB staining using Gel-Pro analyzer.

Inhibition of GA on BGC-823 nude mice xenografts
The results showed that GA, as well as 5-FU, was observed
to inhibit the growth of BGC-823 nude mice xenografts.
The therapeutic effect reached the best on the 12th day after
the drug was given to the tested groups first. RTV of the
tested group treated with 8 mg/kg GA was 5.2 and T/C (%)
was 44.3; RTV of the group treated with 4 mg/kg GA was
8.4 and T/C (%) was 71.1. It suggested that GA (8.4 mg/kg)
can distinctly inhibit the growth of transplantation tumor
induced by BGC-823 in BALB/cA nude mice (P<0.05),
(Table 1 and Figure 3).

RESULTS
Cell growth inhibition
A time- and concentration-dependent inhibition of GA was
observed on the low differential human gastric cancer line
BGC-823 for 24, 48 and 72 h. IC50 at 24, 48, and 72 h were
2.30±0.26, 1.41±0.15, and 1.02±0.15 mol/L, respectively.
It indicated that when the concentration of GA was lower
than 0.74 mol/L, the inhibition was week; when the
concentration ranged from 0.74 to 4.40 mol/L, the
inhibitory effect became obvious, the higher concentration,
the better the effect; while the concentration was higher
than 4.40 mol/L, the inhibitory effect was no longer
changed. Data of three experiments were shown as
mean±SD (Figure 1).

Table 1 Inhibitory effect of GA on proliferation in BGC-823 cells

0.52
0.74
1.06
1.51
2.16
3.08
4.40
6.29
IC50

%

48 h
60

48 h

72 h

2.37±0.45
5.51±0.63
14.50±3.12
32.71±4.23
55.73±4.38
70.44±7.38
81.83±5.08
89.53±5.71
2.30±0.26

3.88±1.05
10.11±1.89
30.84±4.77
58.49±6.24
78.56±7.18
91.67±5.38
97.80±2.52
97.67±1.94
1.41±0.15

13.43±2.46
30.05±2.44
53.25±4.65
71.88±3.91
86.57±4.42
94.89±3.80
99.07±0.29
98.54±0.96
1.02±0.05
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Figure 2 Fluorescence-activated cell sorter analysis for Annexin-V and PI
staining of BGC-823 cells incubated with 1.2 mol/L GA for 24, 48, and 72 h,
respectively. A: control, LL: 91.34%, UR: 1.66%, LR: 2.79%; B: GA (1.2 mol/L,
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Apoptosis on BGC-823 nude mice xenografts
Annexin-V/PI staining assay and DNA fragmentation
assay were used to detect the apoptosis inducing by GA on
BGC-823 nude mice xenografts. Results by Annexin-V/PI
staining assay showed that the early apoptotic population
was of about 25% after treatment with GA (8 mg/kg), as
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Figure 3 Inhibition of GA on transplantation tumor induced by BGC-823 in
BALB/cA nude mice (control, n = 12; GA and 5-FU, n = 6).

Figure 5 DNA fragmentation assay was used to confirm the late apoptotic
change of nuclei on BGC-823 tumor tissue after treatment of GA.

(Figure 6D) The results demonstrated that GA could downregulate the expression of bcl-2 gene and up-regulate the
expression of bax gene. And when the cells were treated
with GA (0.8 mol/L) for 48 h, the regulation was the
most distinct.

Expression of bcl-2 and bax gene
It was confirmed that the expression of bcl-2 and bax gene
could be regulated by GA. As shown in Figure 6 A-C, after
incubation with 0.8 mol/L GA for 24, 48, and 72 h
respectively, the expression of bcl-2 mRNA decreased
dramatically, while, on the contrary, the expression of bax
mRNA increased. And the value of bax/bcl-2 increased[10,11].

DISCUSSION
In recent years, gamboge acid, as a new anticancer drug,
has attracted more and more attention, and its effects of
anticancer are gradually confirmed, and its work mechanism
is still under observations.
In this study, we analyzed effects of GA on proliferation
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shown in Figure 4. At the same time, DNA fragmentation
assay provided the evidence of DNA fragmentation of
morphological changes of nuclei in BGC-823 cells induced
by GA (Figure 5).
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Figure 4 Fluorescence-activated cell sorter analysis for Annexin-V and PI
staining of BGC-823 tumor tissue incubated with GA and early apoptotic cells
were localized in the lower right quadrant of a dot-plot graph. A: control, LL:
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and apoptosis of a human gastric cancer line BGC-823 in vitro
and in vivo. The dramatically growth inhibition of GA on
BGC-823 cells was observed by MTT assay and the biggest
inhibitory rate was 99.07%. The further experiments
(Annexin-V/PI double-staining assay) demonstrated that the
death was partly caused by the apoptosis induced by GA.
In addition, we got the same results by the experiments in vivo.
The result of growth inhibition assay on BGC-823 nude
mice xenografts demonstrated that the inhibitory effect of
GA (8 mg/kg), as well as 5-FU, was dramatically better
than the negative control. Apoptosis on human gastric
adenocarcinoma BGC-823 nude mice xenografts was
detected and the apoptotic population of tumor cells
reached 25%, and “DNA ladder” was obvious. So the results
confirmed that GA can strongly inhibit the proliferation of
human gastric cancer line BGC-823 in vitro and in vivo by
inducing apoptosis. To further discuss the exact mechanism
of apoptosis induced by GA, we detected the changes on
expression of bcl-2 gene and bax gene by RT-PCR. The
results showed that GA can down-regulate the expression
of bcl-2 mRNA and up-regulate the expression of bax
mRNA. It was concluded that inhibitory effect of GA
connected with its apoptosis induction by regulation of
expression of bcl-2 gene and bax gene.
Apoptosis represents a major protective mechanism
against cancer[12], and our observation demonstrated that
GA can induce apoptosis on BGC-823 cells. So we can
deduce that the high inhibition of GA on BGC-823 cells
was partly caused by its apoptosis induction. To further
discuss the exact molecular mechanism of apoptosis
induced by GA, apoptosis-regulating gene bcl-2 and bax
were detected. It is confirmed that bcl-2 gene acts to inhibit
apoptosis[13,14], while bax gene induces apoptosis[15,16]. Our
results from RT-PCR showed that after treatment with GA
(0.8 mol/L) for 48 h, bcl-2 expression was dramatically
decreased and bax expression was slightly increased at
mRNA level and the value of bax/bcl-2 increased, thus,
apoptosis occurred[17]. We concluded that GA induces
apoptosis by up-regulating bax gene and down-regulating
bcl-2 gene. And we supposed that the up-regulation of bax
gene induced by GA led to the increase of the expression
of bax, and the latter not only inhibited the function of
bcl-2 in apoptosis by forming heterodimers[11] , but also
increased the release of cytochrome C [18,19] from the inter
membrane space to the cytosol, and then the “intrinsic”
pathway[20-23] of apoptosis was activated.
In summary, the anticancer effect of GA may be
connected with its ability to regulate the expression of
apoptotic-related genes.
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Abstract
AIM: To prepare a kind of magnetic iron-dextran nanoparticles
that was coated with anti-E.coli O157:H7 IgG, analyze its
application conditions, and try to use it to isolate E.coli
O157:H7 from foods.
METHODS: Magnetic iron-dextran nanoparticles were
prepared by the reaction of a mixture of ferric and ferrous
ions with dextran polymers under alkaline conditions. The
particles were coated with antiserum against E.coli O157:
H7 by the periodate oxidation-borohydride reduction
procedure. The oxidation time, amount of antibody coating
the particles, amount of nanoparticles, incubation time
and isolation time were varied to determine their effects
on recovery of the organisms. Finally, the optimum
conditions for isolating E.coli O157:H7 from food samples
were established.

application in rapid isolation of E.coli O157:H7 from foods.
World J Gastroenterol 2005; 11(24): 3660-3664
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INTRODUCTION
The enterohemorrhagic E.coli (EHEC) O157:H7 is recognized
as an important human pathogen. The outbreaks of EHEC
infections have been attributed to a variety of sources,
mainly raw meat and drinking water. Illnesses caused by
E.coli O157:H7 can range from self-limited watery diarrhea
to life-threatening manifestations such as hemolytic uremic
syndrome or thrombotic thrombocytopenic purpura. The
lack of efficient selective enrichment medium for this
particular strain of E.coli reduces the sensitivity and specificity
of the conventional cultural method. However, the technique
immunomagnetic separation (IMS) presents a physical
selective enrichment procedure. When magnetic particles
are covalently coupled with antibody specific to E.coli O157:
H7, it is possible to easily achieve the aim of rapid isolation
of the target organisms. The objective of the research was
to prepare a kind of immunomagnetic nanoparticles, analyze
its application conditions and try to use it to isolate E.coli
O157:H7 from foods.

Key words: Magnetic iron; Dextran; Immunomagnetic
nanoparticles; Isolation; E.coli O157:H7

MATERIALS AND METHODS
Materials
The polymer sample used in this study was commercial
dextran with a molecular weight of 40 000 (T-40) obtained
from Pharmacia, Uppsala, Sweden. Sephacryl S-300 gel was
available from Sigma Corporation. Ferric chloride hexahydrate,
ferrous chloride tetrahydrate and other chemicals were from
local suppliers and were of analytical grade. All the aqueous
solutions were prepared by distilled water and filtered
through 0.22-µm membrane.
Anti-O157:H7-specific antibody was prepared and
purified in our laboratory.
Fifty-nine bacterial strains were used in this experiment.
E.coli O157:H7 (strain 882364) was obtained from Institute
of Epidemiology and Microbiology, Academy of Preventive
Medical Sciences of China. Nineteen strains of other serotypes
of E.coli, 6 strains of S.aureus, 16 strains of Salmonella, 14
strains of Shigella and 3 strains of Y.enterocolitica were all
supplied by China Center for Type Culture Collection
(CCTCC).

Duan HL, Shen ZQ, Wang XW, Chao FH, Li JW. Preparation
of imm unomagnetic iron-dextran nanoparticles and

Synthesis of magnetic iron-dextran nanoparticles
Ferromagnetic iron-dextran particles were prepared by the

RESULTS: E.coli O157:H7 can be isolated from samples
within 15 min with the sensitivity of 101 CFU/mL or even
less. In the presence of 108 CFU/mL of other organisms,
the sensitivity is 101-102 CFU/mL. Nonspecific binding of
other bacteria to the particles was not observed. Two
and a half hours of enrichment is enough for the particles
to detect the target from the food samples inoculated
with 1 CFU/g.
CONCLUSION: Isolation of target bacteria by immunomagnetic nanoparticles is an efficient method with high
sensitivity and specificity. The technique is so simple that it
can be operated in lab and field even by untrained personnel.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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reaction of a mixture of ferric and ferrous ions with dextran
polymers under alkaline conditions[1-4]. Routinely, under
N2 purging, 20 mL of 500 g/L dextran T-40 in distilled
water was mixed with the iron solution containing 16 mL
of 0.7 mol/L FeCl3·6H2O and 4 mL of 1.6 mol/L FeCl2·
4H2O, and kept at 60 ℃ for 15 min. With vigorous stirring,
40 mL of 5 mol/L ammonia solution was then added
dropwise to the iron-polymer mixture, keeping at 60 ℃ for
a further 15 min, with N2 protecting from oxidation. The
resulting suspension was neutralized with acetic acid. The
aggregates in the outcome were removed by centrifugation
at 600 r/min for 15 min. Unbound dextran was separated
from iron-dextran nanoparticles by gel filtration chromatography
on a Sephacryl S-300 column, which was equilibrated with
0.01 mol/L phosphate buffer at pH 7.4 [5-7]. Particles
collected had a concentration of 8 mg/mL as determined
by dry weight analysis.

PBS pH 7.4 with the addition of 0.05% Tween-20) was
added to remove nonspecific attachment. The particles were
then separated again. As there existed the possibility that
several bacteria could attach to one particle simultaneously
and appear as one colony on the plate, the particle-bacteria
complex in 50 µL of papain-PBS buffer (concentration of
papain was 1.08 mg/mL) was resuspended and placed at
4 ℃ for 24 h, which helped antigen detach from antibody[14].
The suspension containing bacteria was transferred onto
plates restrictive for E.coli O157:H7 (SMAC) to determine
CFU (colony forming unit) by plate counting after an 18-h
incubation at 37 ℃. At the same time, the initial number of
the bacteria in 1 mL samples was counted by standard
procedure. Recovery could be obtained from their ratio.
For further confirmation of the isolated micro-organism,
biochemical or molecular biological method can be used
regularly[15-20].

Oxidation of dextran
In order to couple the particles with antibody, oxidation of
dextran must be under a mild condition, generally using
NaIO4 as the oxidant with a final concentration of about
5 mmol/L[8]. In this experiment, 0.25 mL of 25 mmol/L
NaIO4 was used to oxidize 1 mL of Fe3O4-dextran nanoparticles.
The reaction was kept away from light and oxygen, with a
regular rotation of 150 r/min for a period of time. After
that, 0.2 mL of 2 mol/L ethylene glycol was added and
rotated for another half an hour to terminate oxidation.
The excess periodate was removed by dialyzing the
suspension for 24 h against 0.01 mol/L phosphate-buffered
saline (PBS) at 4 ℃.

RESULTS
Properties of magnetic iron-dextran nanoparticles
Magnetic iron-dextran nanoparticles were black suspension.
They were roughly spherical in shape with a diameter ranging
from 40 to 60 nm when observed under laser scattering
system, and contained an electron dense core of 5 nm which
enabled them to be seen by transmission electron microscopy
(Figure 1). After purification, particle suspension with a
concentration of 8 mg/mL was obtained. They were stable
in physiological buffers and suspension over a pH range of
4-10 was maintained. The particles could be aggregated in
the presence of a magnetic plate, and had no magnetic
moment in the absence of magnetostatic field, that is, they
possessed superparamagnetic properties.

Preparation of Fe3O4-dextran-antibody conjugates
After oxidation, part of hydroxyl groups had become
aldehyde group, which displayed strong interactions with
the amino groups of various compounds to form Schiff’s
bases[9-11]. A different amount of antibody was added to the
particle suspension, mixed thoroughly, and placed in dark
at 4 ℃ for 8 h. Reduction with 0.5 mol/L NaBH 4 for
30 min would contribute to form stable configuration.
Uncoupled antibody was separated from the conjugates also
by gel filtration chromatography on Sephacryl S-300 column
as above.
Isolation and detection of E.coli O157:H7
E.coli O157:H7 suspension that was enriched in broth for
18 h followed by being diluted to 102 CFU/mL was chosen
as the sample. Certain amount of magnetic nanoparticles
were dispensed into 1.5 mL eppendorf tubes, and then
1 mL of the samples was added[12,13]. The tubes were closed
and inverted several times. The samples were incubated
for some time at room temperature, and rotation of about
20 r/min might bring the samples and the particles into
closer contact. The particles were separated by placing a
magnetic plate to the side wall of the tubes and the sample
was kept for some time to concentrate the particles into a
pellet on the side of the tubes. The tubes were opened
carefully, aspirated and the sample supernatant as well as
the remaining liquid in the cap was discarded. The magnetic
plate was removed and 1 mL washing buffer (0.01 mol/L

100 nm
Figure 1 Transmission electron micrograph of magnetic iron-dextran
nanoparticles. The electron dense core was about 5 nm. Scale bar = 100 nm.

Determination of oxidation time
Oxidation time is one of the important factors to determine
the efficiency of linkage of antibody. In this paper, the
nanoparticles were oxidized for 0.5-12 h (i.e., 0.5, 1, 2, 4, 6,
8, 10, 12 h), then connected with enough antibody (surplus
antibody was removed by filtration). Now the particles could
be used for detection (added enough particles into the
sample, incubated for 30 min and magnetically separated
for 5 min). Proper oxidation time could be determined by
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comparison of the recovery (Table 1).
The results indicated that relatively high recovery could
be obtained when the particles were oxidized for 4-12 h,
with the concentration of particles of 8 mg/mL, and oxidation
for 6 h could recover the most colonies.

Determination of amount of nanoparticles
Five, 10, 15, 20, 25, 30 µL of particle suspension was added
into 1 mL samples separately, and then incubated for 30 min
followed by 5 min of magnetic separation. The recovery
showed that almost the same results could be gained though
the amount of particles added was different (Table 3).

Table 1 Effect of oxidation time on recovery (n = 5, mean±SD)

Determination of incubation time
Five microliters of particles was added to 1 mL samples,
and the mixture was incubated for 5, 10, 15, 20, 30, 40, 50,
60 min. In order to detect the targeted bacteria as fast as
possible, 10 min of incubation time was enough to obtain
relatively high recovery (Table 4).

Oxidation time
(h)

Colony forming unit
(CFU/mL)

Recovery1
(%)

0.5

9.60±1.82

9.80±1.85

1.0

17.80±2.68

18.16±2.74

2.0
4.0

26.60±3.78
61.60±6.47

27.14±3.86
62.86±6.60

6.0b

89.60±4.93

91.43±5.03

8.0

70.20±5.76

71.63±5.88

10.0
12.0

65.00±5.39
60.20±4.32

66.33±5.50
62.24±4.41

b
P<0.01 vs other oxidation time. 1There were 98 CFU/mL in the dilution (mean
of five samples).

Determination of amount of antibody
When the particles were oxidized for 6 h, different amount
of antibody (5, 10, 15, 20, 25, 30, 35, 40, 45, 50 µg
immunoglobulin per mg of magnetic nanoparticles) were
added into the particle suspension (this time the excess
antibody was not removed). The proper amount of antibody
was defined also by recovery (Table 2). It could be seen
from the results that the recovery increased followed by
decrease, and had the highest recovery at the antibody of
25 µg/mg nanoparticles.
Table 2 Effect of amount of antibody on recovery (n = 5, mean±SD)
Amount of antibody
(µg/mg particles)

Colony forming unit
(CFU/mL)

Recovery1
(%)

Table 4 Effect of incubation time on recovery (n = 5, mean±SD)
Incubation time
(min)

Colony forming unit
(CFU/mL)

Recovery1
(%)

5

45.80±5.63

41.26±5.07

10b

96.80±7.26

87.21±6.54

15

101.40±9.94

91.35±8.95

20

98.00±8.37

88.29±7.54

30

98.40±8.05

88.65±7.25

40

101.00±7.14

90.99±6.43

50

99.80±8.61

89.91±7.76

60

98.80±7.29

89.01±6.57

b
P<0.01 vs 5 min of incubation time. 1There were 111 CFU/mL in the dilution
(mean of five samples).

Magnetic separation time
The samples were magnetically separated for 1, 2, 3, 4, 5 min
(Table 5) adopting the above results from the other factors.
Two minutes of separation could draw almost all the
particle-bacteria complex to the side wall of the tube, when
1.5 mL eppendorf tube was used and the intensity of
magnetic field was 0.23 T.

5

32.20±5.54

33.54±5.77

10

48.00±5.34

50.00±5.56

15

49.20±7.36

51.25±7.67

20

68.80±4.09

71.67±4.26

25b

89.60±4.16

93.33±4.33

30

75.00±6.75

78.13±7.03

35

64.80±4.87

67.50±5.07

40

54.00±4.64

56.25±4.83

1

40.80±6.91

42.50±7.19

45

47.80±6.06

49.79±6.31

2b

88.20±6.30

91.88±6.56

50

33.80±6.83

35.21±7.12

3

90.00±5.70

93.75±5.94

4

91.00±6.89

94.79±7.18

5

90.40±5.59

94.17±5.83

b

1

P<0.01 vs other amount of antibody. There were 96 CFU/mL in the dilution
(mean of five samples).

Table 5 Effect of magnetic separation time on recovery (n = 5,
mean±SD)
Magnetic separation
time (min)

Colony forming unit
(CFU/mL)

Recovery1
(%)

b
P<0.01 vs 1 min of magnetic separation time. 1There were 96 CFU/mL in the
dilution (mean of five samples).

Table 3 Effect of amount of nanoparticles on recovery (n = 5,
mean±SD)
Amount of nanoparticles
(µL)

1

Colony forming unit
(CFU/mL)

Recovery1
(%)

5
10

88.60±4.93
87.60±4.04

92.29±5.13
91.25±4.21

15

88.20±6.06

91.88±6.31

20

88.40±4.04

92.08±4.21

25
30

90.20±4.32
89.00±5.61

93.96±4.50
92.71±5.85

There were 96 CFU/mL in the dilution (mean of five samples).

Sensitivity
From the above figures, we could see that the recovery
remained at the level of more than 90% when the bacteria
suspension was diluted to 102 CFU/mL in water. Further
experiments tested that even if there were only 10 bacteria
in the samples, the particles still could capture 7-8 organisms.
The sensitivity was 10 1-10 2 CFU/mL in the presence of
108 CFU/mL of other organisms.

Duan HL et al. Immunomagnetic isolation of E.coli O157:H7

Specificity
Five microliters of immunomagnetic nanoparticles (specific
to E.coli O157:H7) with 1 mL of other bacteria suspension
was mixed separately, which included other serotypes of
E.coli, S.aureus, Salmonella, Shigella, and Y.enterocolitica. After
magnetic separation, the particle-bacteria complex was
transferred onto selective plates specific to different strains.
As a result, colony of other serotypes of E.coli were not
found on the SMAC plates, and at the same time, there was
no bacterial growth on their own selective plates. This
indicated that the magnetic nanoparticles had high specificity
and no cross reactivity and nonspecific binding were
observed.
Food sample preparation and immunomagnetic separation
We fetched some foods such as ham, liver, ground beef,
rice, steamed bun and milk from local supermarkets. Food
samples were prepared according to the reports of some
documents[21,22]. A 1-g food samples were added to 0.1 mL
of an O157 suspension (101 CFU/mL). After various hours
of enrichment culture, 1 mL of samples were detected as
above. We gladly found that the target micro-organisms
could be isolated from food samples after 2.5 h of
enrichment (but for milk, it had to take 4 h), much shorter
than regular enrichment time, in the presence of at least
108 CFU/mL background bacteria. Food granules showed
little interference with IMS.

DISCUSSION
Food safety has attracted increased attention of the
government and general public. Some microbiological
detection technique have been used to identify the infection
of gastrointestinal tract[23,24]. Traditional methods for the
detection of trace amount of bacteria require amplification
or enrichment of the target bacteria in the sample[25-27]. These
methods tend to be laborious and time-consuming because
of the complicated assay procedures. Strategies based on
molecular biology, such as PCR have been made to improve
the sensitivity of detection, and gene chip to be adaptable
to high-throughput bioanalysis for multiple pathogens. But
these strategies are trapped by pre-enrichment and isolation
of target bacteria from the samples. In order to shorten
the process of enrichment, effective measure of concentration
must be taken to sufficiently increase the cell density.
IMS was a technique emerged in the 1980s. Magnetic
microspheres (MMS) were a kind of solid particles that
had a core of metal ions covered with macromolecule
polymer. Attracted by magnetic field, MMS could separate
from other components in the liquid. When coupled with
specific antibody, they got the ability to capture antigen even
when there were a lot of background bacteria. Compared
with other isolation methods, IMS was a physical separation
that sublethally injured cells might be recovered more
efficiently by IMS from foodstuffs and hence reduced the
number of false negative results. Magnetic iron-dextran
nanoparticles are an improvement over previously prepared
MMS; in that they are extremely stable and do not aggregate
during mild protein coupling reactions or bacteria isolating
procedures. This is largely due to their small size and the
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substantial dextran coating which surround the iron oxide
core.
In this paper, immunomagnetic nanoparticles were used
to facilitate the separation and concentration of E.coli O157:
H7 from other components in foods. The magnetic irondextran nanoparticles are easily synthesized within 30 min,
and purified by conventional biochemical separation
techniques. In order to isolate target bacteria, we have
coupled specific antibody to the nanoparticles, which had
been oxidized with periodate under mild conditions. The
Schiff’s base linkage produced between an aldehyde group
of dextran and an amino group of antibody was further
stabilized to a secondary amine by borohydride reduction.
Appropriate oxidation time must be confirmed to ensure
the final function. If it is short, the amount of the aldehyde
group was too small to couple enough antibody. On the
other hand, over oxidation would change aldehyde group
into carboxyl, and also influence the linkage of antibody.
Antibody specificity is also an important condition when
using immunomagnetic nanoparticles in positive selection
of bacteria. But the amount of antibody should not be too
much, because the excess antibody would occupy the antigen
site of the bacteria, and the competition between free
antibody and combined antibody would occur. As several
bacteria might get attached to one particle, papain was used
to let antigen detach from antibody. But some particles and
bacteria may have been lost in the washing procedure,
reducing the number of CFU recovered.
In summary, we have developed a fast and sensitive
immunological method for bacteria isolation that uses
antibody-conjugated magnetic nanoparticles. The reliable
detection of trace amounts of E.coli O157:H7 in inoculated
food samples demonstrates the practical usefulness of this
method. This technique could be adapted in research using
antibodies specific for various bacterial pathogens for the
detection of a wide variety of bacterial pathogens. This
study clearly exhibits the excellent properties of bioconjugated
nanomaterials in applications in bioanalysis and biodetection.
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Abstract

RESULTS: After cholecystectomy, there were parallel falls
in duration of phase I, II, III and MMC cycle duration but
increase in amplitude in the guinea pigs with normal
gallbladder function, and in the guinea pigs with
cholesterol stones. However, There were not significantly
differences. On the other hand, the bile acid pool was
definitely small in the GS guinea pigs compared to normal
guinea pigs and became slightly smaller after cholecystectomy.
Similarly, bile acid in gallbladder bile, fecal bile acid was
slightly increased in GS guinea pigs after cholecystectomy,
to the same degree as normal. These differences,
however, were not significant.

INTRODUCTION
It is generally accepted that cholecystectomy as an alternative
means to treat gallbladder diseases. However, recently more
attention has been focused on removal of a gallbladder
might result in change of enterohepatic circulation of bile
acids (EHC) and whether or not there is abnormal of
gastrointestinal myoelectric activity.
Interdigestive gastrointestinal motility is characterized
by a typical cycling complex of myoelectric activity (MMC).
Enterohepatic circulation of bile acids is essential for regular
cycling of MMC. The bile acid pool may be defined as the
total mass of bile acids in the enterohepatic circulation.
Therefore, it is necessary to make clear relationship between
bile acid pool size and MMC characteristics. However,
because of technical difficulties in measuring of bile acid
pool size in human being before cholecystectomy, the role
of the bile acid pool has less investigated, the exact
mechanism of change gastrointestinal myoelectric activity
and relationship between MMC characteristics and bile acid
pool size after cholecystectomy has not yet been clear.
The current study is conducted to investigate (1) the
effects of cholecystectomy on changes of gastrointestinal
myoelectric activity and bile acid pool size in normal and
GS guinea pigs; (2) whether a correlation exists between
interdigestive MMC and bile acid pool size.

CONCLUSION: It is concluded that in the guinea pigs
with normal gallbladder function, and in the guinea pigs
with cholesterol stones: (1) Cholecystectomy produce a
similar but less marked trend in bile acid pool; and (2)
MMC are linked to enterohepatic circulation of bile acids,
rather than surgery, which is consistent with changes of
the bile acid pool size. As a result, gastrointestinal

MATERIALS AND METHODS
Materials
[3H] Taurocholic acid (radiochemical purity >97%; specific
activity 3.5Ci/mmol) was purchased from Perkin-Elmer Life
Sciences (Boston, MA). Scintillation liquid was obtained
from Sigma-Aldrich (St. Louis, MO).

AIM: To investigate the bile acid pool size after
cholecystectomy whether or not correlated to the
gastrointestinal migrating myoelectric complex (MMC) in
guinea pigs.
METHODS: Gallbladder motilities were assessed before
cholecystectomy. Furthermore, we continuously monitored
interdigestive gastrointestinal motilities using bipolar
electrodes in conscious guinea pigs before and after
surgery at 4 wk in standard diet group and high
cholesterol diet (cholesterol gallstone) group. Total bile
acid pool sizes were measured by isotope dilution method
at meantime.

3666

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

Animal and feeding procedures
Sixty female Hartley guinea pigs weighing 350-400 g were
purchased from Animal Care Committee of Xi’an jiaotong
University. Animals were randomly allocated to four groups
(15 in each group). They were fed control diet and 1%
(high) cholesterol diet (about 0.3 g/d) for 8 wks, respectively.
There were not any differences in the diets apart from the
cholesterol content in all groups. Two groups of guinea
pigs (B group: half of the controls and D group: half of
the cholesterols) were had surgical resection of the gallbladder performed as described below. Nor did the remaining two groups (A group and C group). There were no significant differences in weight gain or final weight of guinea
pigs fed with the different diets. All guinea pigs were housed
in a light cycle room (light from 7:00 AM to 7:00 PM) at
22 ℃. Diet and water were provided ad libitum.
Gallbladder motility
Gallbladder emptying was assessed by monitoring fasting
and postprandial course of gallbladder volumes. The guinea
pig gallbladder volume was estimated using a real-time
ultrasonographic scanner equipped with a 7.5 MHz convex
probe (Esaote-AU5 Italy). After an overnight fast, the fasting
gallbladder volume (FV) was measured thrice within 5 min,
with the guinea pigs lying supine or turned partially on their
sides. Sagittal and transverse scans of the gallbladder at its
largest dimension (maximum long diameter, L; maximum
wide diameter, W; maximum high diameter, H) were
obtained. Then, the residual gallbladder volume (RV) would
not measured by the same method until 30 min after the
guinea pigs were given a liquid fatty meal orally (2 mL of
milk) containing protein 0.09 g, fat 0.1 g and carbohydrate
0.1 g, with a total of 1.70 kcal[1]. All measurements were
carried out by the same ultrasonographer.
The fasting and residual gallbladder volumes were
calculated as the mean of three values from frozen
sonographs assuming a sum-of-ellipses method as described
by Dodds et al[2].
V = /6×(L×W×H)
Gallbladder ejection fraction (E) can be calculated from
the following formula:
E = (FV-RV)/FV×100%
Migrating motor complex (MMC)
Animal experiments After being fasted for 12 h, guinea
pigs underwent cholecystectomy via a 3 cm transverse
incision 0.5 cm below the right costal margin under anesthesia
(ketamine, 50 mg/kg; xylazine, 4 mg/kg, and acepromazine,
0.5 mg/kg, administered intramuscularly) in B group and
D group. The peritoneal cavity was entered through a
midline incision and four bipolar insulated silver electrodes
were implanted into the muscular layer of the bowel with a
needle as a trocar on the gastric antrum, the proximal
duodenum 1-2 cm from pylorus; on the duodenum, jejunum,
and ileum 1-2, 25-30, 95-100 cm distal to the pylorus,
respectively in all groups. The bundled electrode wires were
grasped by the clamp through a silastic tube, which then
passed through the subcutaneous tunnel and then the
abdominal wall was closed. Guinea pigs recovered from
the surgery were similar to those of the controls. During
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this period, feces were collected daily to determine fecal
bile acids.
Motility recordings One month after the cholecystectomy,
the experiments were performed in conscious guinea pigs
after being fasted for 16 h. The gastrointestinal myoelectric
activity was continuously recorded by using an electrical
swivel mechanism to a computerized, eight-channel
recorder (RM-6280C, Chengdu, China) at least for 8 h for
each animal, and during this period at least 2 or 3 MMCs
appeared. Myoelectric activity was sampled at a rate of
1 kHz. The signals were amplified and bandpass filtered
(frequencies above 0.3 Hz and below 100 Hz were cut
off). After the conversion from analog to digital, the signals
were stored on optical disk for later analysis.
MMC definition The different phases III of the MMC
were defined as follow: Phase I = quiescence; Phase II =
irregular contractions; and phase III = regular contractions
with a duration of at least 2-3 min and migrating downwards
in the gastrointestinal tract. The cycle length of the MMC
was defined from the end of one phase III activity to the
end of the following phase III activity.
Bile acid pool size
An isotope dilution method for measurement of the bile
acid pool size was described previously[3]. Each guinea pig
of all groups was intraperitoneally injected [3H] Taurocholic
acid 0.25 Ci. After the fasting 12 h period, guinea pigs
were anesthetized under ketamine and the abdomen was
opened. Bile was obtained via gallbladder or common bile
duct puncture and amount of fasting bile was measured.
The gallbladder bile was examined for cholesterol gallstones
and for cholesterol crystals under regular and polarized light
by light microscopy as previously described[4]. For storage,
bile samples were mixed with an equal volume of ethanol
and refrigerated at 4 ℃.
For deter mination of bile acid concentration of
radioactivity, an aliquot of bile-ethanol solution was extracted
with equal volume of petroleum ether. The petroleum ether
was discarded, and an aliquot of the ethanol phase was
evaporated. Eleven microliters of scintillation liquid was added
to 0.5 mL of bile sample in scintillation vial. After complete
mixing, the mixture was stored at 4 ℃ overnight. The mixture
was counted with a liquid scintillation counter (GJRT, Xi’an,
China) and cpm value was obtained. (dpm = cpm/E%)
Using external standardization to correct for quenching.
The rest of bile-ethanol solution was used for analyzing
concentration of total bile acids by capillary gas chromatography
method as previously described[5].
Because the isotopic taurocholic acid is distributed
randomly in the entire bile acid pool, total bile acid pool
size can be calculated from the following formula:
PT = dpm A (BT /dpm T )
Where P T is the total bile acid pool, dpm A is the
number of disintegrations per minute administered, BT is
the concentration of total bile acids, and dpm T is the
concentration of radioactivity.
Statistical analysis
Data are presented as mean±SD and analyzed by one-way
analysis of variance (ANOVA) and t test. P values less than
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0.05 were considered statistically significant. The SPSS 11.0
Statistical Soft-ware was used for statistical evaluations.

RESULTS
Gallstone incidence
Fresh gallbladder bile samples from animals in normal diet
group (A group and B group) were clear. There were no
visible precipitates. In contrast, solid cholesterol crystals
were observed in 27 of 30 animals in cholesterol fed animals
(C group and D group) and macroscopic cholesterol
gallstones were observed in the rest of animals.
Gallbladder motility
Fasting gallbladder volume (FV), Residual volume (RV),
Fasting gallbladder bile (FB), and Ejection fraction (E) were
not different between A group and B group, C group and
D group (Table 1). In contrast to above, FV, RV, and FB,
were significantly increased in C group (P<0.05) and D
group (P<0.05) compared with A group and B group,
respectively whereas cholesterol feeding inhibited gallbladder
empting, the ejection fraction falling 61.84% in C group
(P<0.05); 61.23% in D group (P<0.05, Table 1).

Table 1 Condition of gallbladder motility before cholecystectomy
(mean±SD)
Group

FV (cm3)

RV (cm3)

FB (mL)

E (%)

A

0.92±0.26

0.35±0.11

0.71±0.20

59.86±15.50

B
C

0.94±0.26
1.65±0.35 a,c

0.34±0.11
1.26±0.22 a,c

0.73±0.21
1.58±0.40 a,c

60.95±14.15
22.84±8.26 a,c

D

1.69±0.37 a,c

1.28±0.23 a,c

1.62±0.41 a,c

23.36±7.31 a,c

a

P<0.05 vs A group cP<0.05 vs B group.

Bile acid pool size and bile acid output in gallbladder bile and
feces
After cholesterol feeding, bile acid pool size (PT ) declined
57.23% (P<0.05) in C group and 55.24% (P<0.05) in D
group. Bile acid in gallbladder bile (BA) was found in lower
concentrations in C group (P<0.05) and D group (P<0.05)
compared with control animals. Further, total fecal bile acid
(FBA) outputs that reflect new bile acid synthesis were
significantly raised 1.3 times (P<0.05) in B group, 3.3 times
(P<0.05) in C group, 3.6 times (P<0.05) in D group compared
with control group, respectively (Table 2). Although there
were slight changes in PT, BA and FBA, these changes were
not significant before and after surgery in normal and GS
guinea pigs (Table 2).

Table 2 Change of bile acid pool size after cholecystectomy
(mean±SD)
Group

PT
(µmol)

BA
(mmol/L)

A

84.24±4.44

12.27±1.37

9.53±1.24

B
C

87.09±5.83
36.03±3.90 a,c

13.06±1.50
6.64±0.77 a,c

12.15±1.58
31.25±3.61 a,c

D

37.71±4.72 a,c

6.89±0.73 a,c

34.61±3.29 a,c

a

P<0.05 vs A group cP<0.05 vs B group.

FBA
(µmol/d)

MMC characteristics
The typical pattern of MMCs was observed in all but one
guinea pig, where no phase III activity was recorded. The
total number of MMCs cycles recorded was 130. The mean
MMC cycle duration in antrum (82.02±5.66 min),
duodenum (83.07±5.59 min), jejunum (84.28±6.00 min),
and ileum (90.41±7.39 min) in control group (Table 4). In
total, phase III activities were observed with 46 (35%) of
antral origin and 84 (65%) of duodenal origin and were
propagated caudad in all animals.
Effects of cholecystectomy on myoelectric activity
See in Figures 1-4. The results were expressed graphically to
increase duodenum origin of MMC in C group (78.79%),
in D group (80.95%), whereas 50% in control group. The
prolonged MMC cycle length due to increased duration of
phase II with lower contractile incidence from antrum to
ileum in C group and D group. More pronounced
fluctuations in duration of phase III appeared with
significantly lower values in GS formation animals compared
to normal animals. Furthermore, The frequency of phase
III was remained unchanged whereas the amplitude was
reduced by approximately 50% in all gastrointestinal
recording sites in GS formation animals (Table 3). Slight
parallel falls in duration of phase I, II, III, and MMC cycle
duration but increase in amplitude, although not significant,
were also seen in cholecystectomized guinea pigs compared
to the intact guinea pigs either normal diet or cholesterol
diet (Tables 3, 4).
It was surgery not cholesterol diet that affected the MMC
frequency in guinea pigs (Figure 5). The frequency of MMC
was increased from 13.21±1.04 /min to 15.23±1.25 /min in
antrum, 15.09±1.10 /min to 17.16±1.33 /min in duodenum,
12.97±1.19 /min to 14.21±1.12 /min in jejunum, and
13.65±1.03 /min to 14.98±1.20 /min in ileum (all P<0.05)
in normal guinea pigs. Furthermore, postoperative frequency
rose 15% (13.34±1.06 /min vs 15.30±1.19 /min, P<0.05) in
antrum, 14% (15.13±1.13 /min vs 17.22±1.35 /min, P<0.05)
in duodenum, 12% (12.86±1.14 /min vs 14.37±1.15 /min,
P<0.05) in jejunum, and 10% (13.74±1.08 /min vs
15.07±1.24 /min in ileum, P<0.05) in GS guinea pigs.
There was no significant difference in the other parameters
of MMC before and after cholecystectomy.

Antrum

↓III

↓III

Duodenum
↓III

↓III

Jejunum ↓III

↓III

Ileum

↓III

↓III

Figure 1 A typical phase III complex in one guinea pig in A (control) group. The
migrating motor activity was most prominent in the duodenum. In duodenum
phase III consisted of 28-53 spike bursts occurring and each spike bursts
consisted of 9-18 action potentials. The duration of each duodenal spike burst was
very regular (1.3-1.8 s) as was the interval between successive spike bursts
(2.5-3.4 s). (Small arrow indicates origination and termination of phase III.).
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↓III

Ileum

↓III
↓III

D group

14
13
12
Antrum

↓III

C group

15

Figure 2 Recording of MMC activity from antrum to ileum in one guinea pig in
B group.

Ileum

↓III

B group

16

Jejunum

Jejunum

↓III

17

Duodenum

Duodenum
↓III

Number 24
Group
A group

18
↓III

Frequecy (/min)

Antrum
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Figure 5 Change of MMC frequency after cholecystectomy in normal and GS
guinea pigs.

Antrum

↓III

Duodenum

↓III

Ileum

Group

Antrum
(µv)

Duodenum
(µv)

Jejunum
(µv)

Ileum
(µv)

A

654±60

1210±155

705±76

498±52

B

664±61

1221±166

713±77

507±54

C

279±29a,c

482±59 a,c

223±26a,c

233±19a,c

D

288±31a,c

490±61 a,c

235±28a,c

242±23a,c

↓III

↓III

Jejunum

Table 3 Change of MMC amplitude after cholecystectomy (mean±SD)

↓III

↓III
↓III

↓III

a

Figure 3 Recording of MMC activity from antrum to ileum in one guinea pig in
C group.

Antrum

↓III

↓III

Duodenum
↓III

↓III

Jejunum
Ileum

↓III

↓III

↓III

↓III

Figure 4 Recording of MMC activity from antrum to ileum in one guinea pig in
D group.

P<0.05 vs A group; cP<0.05 vs B group.

DISCUSSION
In enterohepatic circulation of bile acids, bile acids are
synthesized in the liver and then secreted into the biliary
tree. They enter the lumen of the proximal small intestine.
Ultimately, they reach the distal small intestine and are
reabsorbed into the portal circulation to return to the liver,
thus completing the cycle. Theoretically, both necessary
steps of enterohepatic circulation-intestinal reabsorption
and hepatic synthesis could influence the size of the bile
acid pool.
Previous study indicated that an important factor
influencing MMC was enterohepatic circulation of bile
acids. The intact enterohepatic cycle is essential for initiation
of regular duodenal MMC. Under normal conditions,

Table 4 Change of MMC cycle duration after cholecystectomy (mean±SD)
MMC (min)
Antrum

Duodenum

A

B

C

D
a,c

Cycle duration
Phase I
Phase II
Phase III
Cycle duration
Phase I
Phase II
Phase III

82.02±5.66
20.69±2.24
57.85±5.05
3.47±0.36
83.07±5.59
19.79±2.04
59.56±5.84
3.73±0.39

80.25±5.20
20.56±2.20
56.26±4.68
3.44±0.34
82.21±5.90
19.68±1.97
58.86±5.71
3.66±0.37

114.19±7.82
22.79±2.72
88.65±8.57 a,c
2.74±0.25 a,c
119.46±8.02 a,c
21.23±2.79
95.40±9.72 a
2.83±0.31 a,c

112.70±10.38 a,c
22.58±2.59
87.44±8.64 a,c
2.67±0.25 a,c
118.05±10.55 a
21.14±2.65
94.14±9.58 a
2.78±0.29 a,c

Cycle duration
Phase I
Phase II
Phase III
Cycle duration
Phase I
Phase II
Phase III

84.28±6.00
21.27±2.38
58.84±6.03
4.17±0.43
90.41±7.39
19.77±2.15
66.22±6.75
4.42±0.45

83.47±6.20
21.18±2.30
58.17±5.75
4.12±0.42
88.37±7.01
19.56±2.03
64.46±6.38
4.35±044

118.54±10.14 a,c
22.34±3.11
92.38±9.35 a,c
3.82±0.37 a,c
434.00±21.57 a,c
21.79±2.88 a,c
409.04±20.20 a,c
3.16±0.33 a,c

117.36±9.49 a,c
22.21±2.52
91.41±9.03 a,c
3.75±0.36 a,c
430.53±17.57 a,c
21.60±2.71 a,c
405.81±18.29 a,c
3.12±0.31 a,c

Jejunum

Ileum

a

P<0.05 vs A group; cP<0.05 vs B group.
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Motilin, may be released as a consequence of the presence
of bile in the duodenum via stimulating duodenal mucosa,
induces phase III contractions of MMC [6]. During phase
III activity, bile entered the duodenum in single drops,
only in between two consecutive contractions, or as a series of
drops during transient inhibition of duodenal contractions[7].
Therefore, contractions of duodenal wall result in bile system
and junction of common bile duct and duodenum
contractions, which preventing bile flow.
After cholecystectomy, bile loses storage and Oddi
sphincter relatively relaxes, which result in bile acid flux
continually through intestine and consequently an increase
in the frequency of enterohepatic bile acid cycling. In this
study, a statistically significant two-fold increase in fecal bile
acids was also seen postoperatively. It implied short-term
regulation of bile acid pool size by affecting increased fecal
losses. Furthermore, 1 mo after removal of the gallbladder,
we observed that bile acid concentration was not change
because continuous transhepatic flux of bile acids probably
resulted in feedback inhibition of fluid secretion[8]. As a
result, we speculate that the entire small intestine is exposed
to rapid flux but normal concentration of bile acids.
Conceivably, no excess bile reaches and is incorporated into
the smooth muscle membranes of small intestine. This
modifies membrane fluidity and may not thereby affect
function of the membrane regulator proteins, such as the
receptors and ion channels that control electrical excitability
and influence the periodicity of events like the MMC. This
study shown that cycle length, duration of phase III, and
amplitude of MMC were not significantly altered in
removing gallbladder guinea pigs, which supported this
hypothesis. Another possible explanation is that some
receptors that have a threshold of bile acid concentrations
may exist between the portal vein and the intrahepatic
bile duct seems to be essential for a normal duodenal
MMC cycle [9]. After surgery, stimulation threshold of
bile acid is similar to those obtained from preoperative
animals result from unchanged bile acid concentration in
bile, which eventually do not alter MMC, as we observed.
In particular, it is thought that postcholecystectomy
syndrome has been linked to the decrease of gastrointestinal
motility[10]. In the contrary, this report has shown that
characteristics of MMC were not affected by surgery in
guinea pigs except for frequency of MMC. These results
agree with Per Vadgaard Andersen’[11] clinical observation
that cholecystectomy in patients with normal gallbladder
function do not alter characteristics in duodenal motility.
As a result, gastrointestinal dyskinesia is not involved in
occurrence of postcholecystectomy syndrome.
We observed that bile acid pool sizes were coincident
with changes of MMC in guinea pigs. Elimination of the
gallbladder, bile acid pool size was enlarged while cycle length
was shortened and amplitude was increased in MMC in
normal guinea pigs. These changes were not significant. On
the contrary, bile acid pool size was decreased approximately
50% in GS animals compared with normal animals, which
was consistent with prolonged cycle length and decreased
by 50% in amplitude of MMC in animal models that were
under investigation. Furthermore, alterations of MMC and
bile acid pool took place almost simultaneously. Therefore,
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no casual relationship could be demonstrated. One of the
driving forces of the enterohepatic circulation is intestinal
motility that provides the main propulsive force for bile
acids to reach the site of intestinal absorption, and therefore
has storage capacity for bile acid pool[12]. Thus, intestinal
rather than hepatic alterations of EHC help maintain bile
acid pool size. In the present study, bile acid pool size is
maintained relatively constant at about 80-90 µmoL in
control guinea pigs and 30-40 µmoL in GS guinea pigs by
mechanism EHC after cholecystectomy. As a final note,
we conclude that MMC might regulate bile acid pool through
EHC in guinea pigs.
A further interesting observation was that after
cholecystectomy, a increased, low amplitude, clustered
contractions was seen during phase II of the interdigestive
myoelectric complex in the ileum-analogous to the “discrete
clustered contractions” (DCC)[13], but with shortened duration
in three animals. These contractions propagated along
terminal ileum during the fasted pattern of motility. It is
likely that the occurrence of these waves were only in
postoperative earlier stage occasionally because the
recuperative time after the surgery was too short.
There was no information about preoperative gallbladder
function in cholecystectomized patients in previous
studies[10,11]. Therefore, guinea pigs with possible different
preoperative gallbladder motility recordings were not
excluded. The present study, however, no significant
differences in gallbladder function were found before surgery
in normal and GS guinea pigs, compensating this research
defect. Most importantly, our study is the first to measure
the bile acid pool sizes from preoperative and postoperative
animals. It is therefore certain whether or not changes in
the size of bile acid pool due to cholecystectomy.
In conclusion, we think that in cholecystectomized guinea
pigs: (1) gastrointestinal motility is not affected by rapid
frequency of cycling of the bile acid. (2) Intestinal bile acid
flux is increased because bile acids secrete into the intestine
is significantly increased. However, the former secondary
to can suppress its own hepatic synthesis by increasing bile
acid return through the liver in the end, bile acid kinetics
reaching a new steady state. Thus, the bile acid pools
eventually remain constant in guinea pigs. (3) There is a
close relationship between the characteristics of MMC and
bile acid pool size. These findings in this paper provide further
stronger, but still indirect, evidence that gastrointestinal
dyskinesia is not involved in occurrence of postcholecystectomy syndrome.
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CONCLUSION: Picroside II can evidently relieve hepatocyte
injuries induced by CCl4, D-GalN and AP, help scavenge
free radicals, protect normal constructions of mitochondria
membrane and enhance the activity of ATPase in mitochondria,
thereby modulating the balance of liver energy metabolism,
which might be part of the mechanisms of hepatoprotective
effects of picroside II.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Abstract
AIM: To investigate the anti-lipid peroxidation and protection
of liver mitochondria against injuries in mice with liver
damage by picroside II.
METHODS: Three animal models of liver damage
induced by carbon tetrachloride (CCl4 : 0.1 mL/10 g, ip),
D-galactosamine (D-GalN: 500 mg/kg, ip) and acetaminophen
(AP: 0.15 g/kg, ip) were respectively treated with various
concentrations of picroside II (5, 10, 20 mg/kg, ig). Then
we chose the continuously monitoring method (recommended
by International Clinical Chemistry League) to analyze
serum alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) values, Marland method to detect
the activity of manganese-superoxide dismutase (SOD)
in liver mitochondria, TBA colorimetry to determine the
content of malonicdialdehyde (MDA) in liver tissue, DTNB
method to evaluate the activity of glutathioneperoxidase
(GSH-Px) and Lowry method to detect protein level in
liver tissue. Meanwhile, effects of picroside II on the activity
of ATPase and swelling extent of mitochondria in hepatocytes
damaged by AP were also evaluated.
RESULTS: Picroside II could significantly prevent liver
toxicity in the three models of liver damage. It decreased
the high levels of ALT and AST in serum induced by the
administration of CCl4, D-GalN and AP, reduced the cellular
damage of liver markedly, and appeared to be even more
potent than the positive control drug of biphenyl dimethyl
dicarboxylate pilules (DDB). In groups treated with different
doses of picroside II, compared to the model group, the
content of MDA in serum decreased evidently, whereas
the content of SOD and GSH-Px increased in a dosedependent manner, and the difference was statistically
significant. Further, in the study of AP model, picroside II
inhibited AP-induced liver toxicity in mice, enhanced the
activity of ATPase, improved the swelling extent of
mitochondria and helped to maintain a normal balance of
energy metabolism.

Gao H, Zhou YW. Anti-lipid peroxidation and protection of
liver mitochondria against injuries by picroside II. World J
Gastroenterol 2005; 11(24): 3671-3674

http://www.wjgnet.com/1007-9327/11/3671.asp

INTRODUCTION
Picrorhiza scrophulariflora Pennell belongs to the crophularia
plants, whose active medicinal constituents are obtained
from its dried root and rhizomes. It has been traditionally
used to treat disorders of the liver, upper respiratory tract
diseases, fevers, dyspepsia, chronic diarrhea and scorpion
sting. Current researches on picroside II are focused on its
hepatoprotective, anticholestatic, antioxidant and immunemodulating activities[1]. However little is known about the
mechanisms of its pharmacological pathway. Picroside II is
the active constituent extracted from Picrorhiza scrophulariflora
Pennell.
MATERIALS AND METHODS
Animals and materials
Mice of Kunming strain (weighing 20-22 g) were supplied
by the Animal Center of Academy of Military Medical
Sciences, among which males and females accounted for
50% of the total mice.
Picroside II (C23H28O 13, molecular weight 512) was
supplied by Bescholor Research Center of Peking University.
Biphenyl dimethyl dicarboxylate pilules (DDB) and CCl4
were obtained from Beijing Union Pharmaceutical Factory.
D-GalN and AP were purchased from Sigma Chemical Co.
Detection kits for serum alanine aminotransferase (ALT)
and aspartate aminotransferase (AST), MDA, SOD, glutathioneperoxidase (GSH-Px) and inorganic phosphorus were
all domestic products.
Model establishment and treatment
Three kinds of mice models of acute liver damage were
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induced by CCl4, D-GalN and AP, respectively. Sixty mice
were divided randomly into six groups, including normal
group, model group, positive control group and groups treated
with picroside II 5, 10, 20 mg/mL. Normal and model groups
were treated with 0.9% NaCl, the others were intragastrically
(ig) administrated with various concentrations of picroside
II or the positive drug DDB 0.2 mL/10 g (200 mg/kg),
once a day for 7 d. On the 6 th d of drug administration,
except for the normal control group, the others were all
intraperitoneally (ip) injected with 0.1% CCl4 peanut oil
solution 0.1 mL/10 g, AP 0.15 g/kg or D-GalN 500 mg/kg
to establish experimental models of acute liver damage and
to observe effects of picroside II and DDB on these models.
Fifteen hours post-model establishment, picroside II and
DDB were administrated the last time. One hour later, blood
of each mouse was sampled through eye orbital veins. Serum
ALT and AST were then monitored. Liver tissue slices from
each mouse were prepared for pathology evaluation.
Meanwhile liver homogenates were prepared for detection
of protein level and suspensions of liver mitochondria were
obtained to analyze the activities of ATPase and the swelling
extent of mitochondria.
Preparation of suspension of liver mitochondria[2]
Murine liver was rinsed with ice cold 0.9% NaCl, then
mitochondria separating medium (0.25 mol/L saccharose,
EDTA 2 mmol/L, MOPS 5 mmol/L, KH2PO4 5 mmol/L,
bovine serum albumin 1 g/L, pH 7.4) was added to make
10% homogenates, centrifuged at 10 000 g (Beckman Avanti
J-25) for 20 min. Supernatant was centrifuged at 10 000 g
(Beckman Avanti J-25) for another 20 min, the pellets
were resuspended with pH 7.4 mitochondria separating
medium to make suspension containing mitochondria
proteins 5 mg/mL and then stored at -20 ℃.
Preparation of homogenates of murine liver
Murine liver was rinsed to get rid of the residual blood,
and 0.9 mL 1.5 g/L KCl solution was added to 100 mg liver
tissue to make 100 g/L homogenates of liver, then stored
at -20 ℃.
Biochemical observation
ALT and AST were detected according to the instructions
of the detection kits. TBA[3] colorimetry was used to detect
the content of MDA in liver tissue, o-phenyltriphenol selfoxidation method was used to analyze the activities of SOD[4],
DTNB method[5] was used to evaluate the activities of GSHPx (an active unit of enzyme decreases the concentration of
GSH 1 mol/mg protein within 1 min) and Lowry method
was used to analyze the protein level in hepatocyte suspension.
Detection of ATPase in liver mitochondria of mice[6]
Two hundred microgram protein of mitochondria was preincubated with the reaction buffer (50 mmol/L Tris-HCl,
pH 7.4, 75 mmol/L KCl, 0.4 mmol/L EDTA, 6 mmol/L
MgCl2) at 37 ℃ for 5 min. ATP at 6 mmol/L was added
to start the reaction. Fifteen minutes later, 50 g/L SDS
was added to stop the reaction. Then it was centrifuged at
3 000 r/min for 10 min at 4 ℃. The content of pi in 100 L
reaction supernatant was detected by an inorganic phosphorus
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detection kit. The quantity of pi produced represented the
activities of ATPase, with the active unit moL (pi)/(h·mg)
(protein).
Detection of swelling extent of liver mitochondria of mice[7]
CaCl2 3×10-4 mol/L was mixed with 1 mL swelling determination
buffer containing 0.5 mg mitochondria protein (0.25 mol/L
saccharose, 5×10-3 mol/L KH2PO4, 3×10-3 mol/L sodium
succinate), then 520 nm absorption (A) of the mitochondria
suspension was recorded continuously at 25 ℃ for 10 min.
The swelling extent of mitochondria was evaluated according
to the decreased values of 520 nm absorption.
Statistical analysis
All data were expressed as mean±SD. Data were assessed
by using t test, and P<0.05 was considered statistically
significant.

RESULTS
Effects of picroside II on serum ALT and AST of mice with
acute liver damage induced by CCl4, AP and D-GalN
Picroside II decreased the high serum ALT and AST levels
induced by the administration of CCl4, D-GalN and AP, as
well as the cellular damage of liver, and appeared to be
even more potent than the positive control drug of DDB
(Tables 1-3).
Table 1 Effects of picroside II on serum ALT and AST of mice with
acute liver injury induced by CCl4 (mean±SD)
Group
Normal
Model control
Positive control
Picroside II (5 mg/kg)
Picroside II (10 mg/kg)
Picroside II (20 mg/kg)
a

Mice (n)
10
10
10
10
10
10

ALT (U/L)

AST (U/L)
b

47.68±15.23
511.86±255.86
269.86±137.86b
404.15±21.10
293.69±177.40a
242.01±163.96b

130.10±74.17b
562.93±183.84
378.42±189.63 a
416.28±230.48
402.14±181.09 a
277.46±84.64b

P<0.05, bP<0.01 vs model control.

Table 2 Effects of picroside II on serum ALT and AST of mice with
acute liver injury induced by AP (mean±SD)
Group
Normal
Model control
Positive control
Picroside II (5 mg/kg)
Picroside II (10 mg/kg)
Picroside II (20 mg/kg)
a

Mice (n)
10
10
10
10
10
10

ALT (U/L)

AST (U/L)
b

56.53±11.52
508.91±220.93
328.67±143.06a
342.52±186.33
225.89±75.28 b
197.87±46.11b

151.22±15.87 b
711.77±151.27
335.84±257.02b
411.23±190.89 b
318.17±161.20b
283.40±140.76 b

P<0.05, bP<0.01 vs model control.

Table 3 Effects of picroside II on serum ALT and AST of mice with
acute liver injury induced by D-GalN (mean±SD)
Group
Normal
Model control
Positive control
Picroside II (5 mg/kg)
Picroside II (10 mg/kg)
Picroside II (20 mg/kg)
a

Mice (n)

ALT (U/L)

10
10
10
10
10
10

46.59±14.18b
1 036.67±588.34
548.32±254.35a
635.93±266.90a
495.3±260.70a
250.69±142.19b

P<0.05, bP<0.01 vs model control.

AST (U/L)
140.77±11.85 b
800.82±418.75
502.42±192.43a
523.56±184.12
491.90±116.35a
368.61±121.79 b
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Effects of picroside II on MDA, SOD and GSH-Px of mice with
acute liver damage induced by CCl4, AP and D-GalN
Picroside II could reverse the increase of MDA and the
decrease of SOD resulted from CCl4, AP and D-GalNinduced liver injuries. The content of serum MDA was
markedly decreased, whereas SOD and GSH-Px were
increased in groups treated with different concentrations
of picroside II in a dose-dependent manner compared with
model group (Tables 4-6).

Table 4 Effects of picroside II on MDA, SOD, and GSH-Px of mice
with acute liver damage induced by CCl4 (mean±SD)
Group

M (n)

MDA
(nmol/L)

SOD
(NU/mL)

GSH-Px
(µmol/g)

Normal

10

4.24±0.46b

264.82±14.8b

96.42±8.2b

Model control
Positive control

10
10

8.48±0.56
5.46±1.06b

218.41±14.4
244.54±12.6a

64.22±5.4
80.63±7.2b

Picroside II (5 mg/kg)

10

6.88±1.12b

238.63±14.6a

66.46±6.2

Picroside II (10 mg/kg)

10

5.22±0.38b

250.22±15.2b

70.82±8.4a

Picroside II (20 mg/kg)

10

4.46±0.88b

254.26±16.6b

88.66±9.8b

a

P<0.05, bP<0.01 vs model control.

Table 5 Effects of picroside II on MDA, SOD, and GSH-Px of mice
with acute liver damage induced by AP (mean±SD)
Group

M (n)

MDA
(nmol/L)

SOD
(NU/mL)

GSH-Px
(µmol/g)
86.42±4.2b

Normal

10

1.74±0.32b

288.61±11.8b

Model control

10

5.48±0.24

202.42±10.4

54.67±3.4

Positive control

10

2.46±0.36b

236.35±14.6b

70.63±3.2a

Picroside II (5 mg/kg)
Picroside II (10 mg/kg)

10
10

2.88±0.42b
2.24±0.28b

216.62±11.6a
250.21±15.2b

59.64±2.2
68.82±2.4a

Picroside II (20 mg/kg)

10

2.02±0.12b

278.23±14.2b

81.62±6.8b

a

P<0.05, bP<0.01 vs model control.

Table 6 Effects of picroside II on MDA, SOD, and GSH-Px of mice
with acute liver damage induced by D-GalN (mean±SD)
Group

M (n)

MDA
(nmol/L)

SOD
(NU/mL)

GSH-Px
(µmol/g)

Normal

10

2.24±0.22b

302.28±16.8b

82.24±3.22b

Model control
Positive control

10
10

6.64±0.32
3.48±0.16b

246.62±15.2
284.25±12.2b

58.32±2.22
72.28±3.01a

Picroside II (5 mg/kg)

10

4.88±0.42a

254.64±14.4

61.24±2.64

Picroside II (10 mg/kg)

10

3.22±0.26b

268.28±14.2a

70.26±2.86a

10

b

b

78.24±3.12b

Picroside II (20 mg/kg)
a

3.02±0.24

286.24±16.2

P<0.05, bP<0.01 vs model control.

Effects of picroside II on activities of ATPase and swelling
extent of mitochondria of mice with acute liver damage induced
by AP
Picroside II could markedly inhibit the activities of ATPase
in mitochondria and could decrease the swelling extent of
mitochondria of mice with liver damage induced by AP in
a dose-dependent manner, thus helping maintain a normal
energy metabolism (Table 7).

DISCUSSION
There is a certain quantity of oxygen free radicals in normal
state in human body. Excess free radicals could be scavenged
by endogenous enzymes, such as SOD, GSH-Px, which
help maintain a normal oxidation-reduction balance. Tissues
and cells would be subjected to oxidative injuries when
large quantities of inner free radicals are generated or the
activities of antioxidant system deteriorate. Mitochondria
have membranes rich in polyunsaturated fatty acids, and
several kinds of electron transport systems and are sensitive
to the attack of free radicals. Polyunsaturated fatty acid is
ready to be oxidized by free radicals to generate products
of lipid peroxidation such as MDA, meanwhile, the quantity
of polyunsaturated fatty acid reduces during the procedure
of oxidation, thereby lowering the membrane fluidity. In
addition, lipid peroxidation could impair the normal
membrane constructions of mitochondria, increase its
permeability and thus swell it[8]. CCl4-induced hepatotoxicity
is mainly caused by its active product CCl3, which could
induce unsaturated fatty acid to undertake lipid oxidation[9],
thereby decreasing the content of cellular GSH, altering
protein thio, disordering the transport and storage of Ca2+
in mitochondria, endoplasmic reticulum and cell membrane,
increasing the content of plasmic Ca2+, and ultimately causing
death of cell[10]. ALT and AST in plasma are then released
into the blood. D-galactosamine (D-GalN) is an indirect
hepatotoxicity-inducing chemical, whose act might be related
to its metabolism in liver and the subsequent effects on
nucleic acid synthesis. It was reported that the liver function
and morphological changes of liver tissue induced by DGalN were similar to those of viral hepatitis[11]. AP is a widely
used antipyretic and anodyne. It could cause liver poisoning
and hepatocyte necrosis[12], which resulted from the products
of transformed AP-semiquinone free radicals (NAPQI)[13,14].
Because the power of oxidation-respiration in mitochondria
could be inhibited by many quinone chemicals, AP’s metabolite
NAPQI could affect the function of liver mitochondria

Table 7 Effects of picroside II on activities of ATPase and swelling extent of mitochondria of mice with acute liver damage induced by AP
(mean±SD)
Group

Mice (n)

Activities of ATPase
mol (pi)/(h·mg) (protein)

Swelling extent of mitochondria
0-5 min A520

Swelling extent of mitochondria
5-10 min A520

Normal

10

24.24±0.26a

0.528±0.004 b

Model control

10

20.18±0.16

0.462±0.002

0.432±0.001

Positive control

10

23.48±0.16a

0.495±0.001 b

0.476±0.001a

Picroside II (5 mg/kg)

10

21.01±0.42

0.474±0.002

0.450±0.002b

Picroside II (10 mg/kg)

10

23.22±0.26a

0.496±0.001 a

0.484±0.002a

Picroside II (20 mg/kg)

10

25.02±0.24a

0.512±0.006 b

0.502±0.004b

a

P<0.05, bP<0.01 vs model control.

0.520±0.002b
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and lead to mitochondria injuries[15]. Energy utilization in
mitochondria could be evaluated by total ATPase activities
in it. When mitochondria are damaged, energy generation
in them is inevitably inhibited, ATPase activities and the
energy ready to be utilized in cells simultaneously are
decreased, and a disorder of liver energy metabolism and
morphological changes of mitochondria ultimately happen.
According to Chinese traditional medicine theory, Picrorhiza
scrophulariflora Pennell is of Indian and Sitsang origins. They
have similar chemical constituents and virtues[16-18]. Researches
revealed[19] that picroside I and picroside II were the key
elements accounting for the effects of antitoxicity on
hepatocytes. Picroside II used in the present study was
extracted from Picrorhiza scrophulariflora Pennell of Sitsang
origin, with a purity of over 94% determined by HPLC. It
showed that picroside II significantly prevented the liver
from toxicity in the three models of liver damage. It decreased
the high levels of serum ALT and AST induced by the
administration of CCl4, D-GalN and AP, as well as cellular
pathological damage of liver markedly, and appeared to be
even more potent than the positive control drug-DDB.
Values of SOD decreased, while MDA increased in model
group compared to normal group, with a significant difference
(P<0.01). In groups treated with different doses of picroside
II, compared to the model group, the content of serum
MDA decreased evidently, with significant differences
(P<0.01). Whereas the content of SOD and GSH-Px increased
in a dose-dependent manner, and the differences still had a
markedly statistical significance (P<0.05 or P<0.01). All of
the above suggested that picroside II could protect normal
constructions of mitochondria membranes and enhance the
activity of ATPase in mitochondria, thereby modulating
the balance of liver energy metabolism, which might be
part of the mechanisms of hepatoprotective effects of
picroside II.
In a word, picroside II can relieve hepatocyte injuries
induced by CCl4, D-GalN and AP, help scavenge free radicals
and protect normal constructions of mitochondria membranes.
Our study provides theoretic bases of hepatoprotective
effects of picroside II. Other mechanisms concerning the
effect of picroside II remain to be investigated in the future.
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Abstract
AIM: To establish a simplified and reliable animal model
of insulin resistance with low cost in Wistar rats.
METHODS: Wistar rats were treated with a high fat
emulsion by ig for 10 d. Changes of the diets, drinking
and body weight were monitored every day and insulin
resistance was evaluated by hyperinsulinemic-euglycemic
clamp techniques and short insulin tolerance test using
capillary blood glucose. Morphologic changes of liver, fat,
skeletal muscles, and pancreatic islets were assessed
under light microscope. mRNA expressions of GLUT2 and
-glucosidase in small intestine epithelium, GLUT4 in
skeletal muscles and Kir6.2 in beta cell of islets were
determined by in situ hybridization.
RESULTS: KITT was smaller in treated animals (4.5±0.9)
than in untreated control Wistar rats (6.8±1.5), and so
was glucose injection rate. Both adipocyte hypertrophy
and large pancreatic islets were seen in high fat fed rats,
but no changes of skeletal muscles and livers were
observed. mRNA levels of GLUT2, -glucosidase in small
intestinal epithelium and Kir6.2 mRNA in beta cells of islets
increased, whereas that of GLUT4 in skeletal muscles
decreased in high fat fed group compared with normal
control group.
CONCLUSION: An insulin resistance animal model in
Wistar rats is established by ig special fat emulsion.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Epidemiological studies suggest that insulin resistance is not
only an independent risk factor that induces type 2 diabetic
mellitus, but also the common cause of hypertension,
coronary heart disease, and cerebral vessel disease, thus the
key to cure and prevent heart and cerebral vessel disease.
It is of paramount importance to establish an insulin resistance
animal model, in order to have a better understanding of
the pathological process of insulin resistance and to develop
therapeutic drugs. Several insulin resistance animal models
are available, including hereditary ob/ob mice and SD or
Wistar rat models developed by either injecting low-dose
dexamethasone (2 g/d) into abdominal cavity or feeding
food rich in fructose and sucrose[1-7]. The major disadvantages
of all these animal models are the long experimental cycles
(4-30 wk) and the less relevant pathologic status of insulin
resistance induced by a sole factor as opposed to the natural
multi-factoral process. The present study was to establish
an insulin resistance animal model using Wistar rats with
more clinically relevant pathophysiological characteristics
of insulin resistance based on glucose utility of the body
and alterations of various cellular and molecular events
related to insulin resistance.
MATERIALS AND METHODS
Animals and reagents
Male Wistar rats weighing 180-220 g were obtained from
Department of Animals, Harbin Medical University. Insulin
was purchased from the First Biochemical Drug Company
of Shanghai. The kit for in situ hybridization of smallintestine GLUT2, -glucosidase, Kir6.2 in islet beta cells
and GLUT4 in skeletal muscles was purchased from BOSD
Biotech, Wuhan, China.
Preparation of fat emulsion
A constant volume of 100 mL fat emulsion containing 20 g
lard, 1 g thyreostat, 5 g cholesterol, 1 g sodium glutamate,
5 g sucrose and 5 g saccharose, 20 mL Tween 80, 30 mL
propylene glycol was prepared by adding distilled water and
stored at 4 ℃.
Animal treatment
Twenty-four Wistar rats were randomly divided into normal
control group and high fat emulsion group, 12/group. Rats
in normal control group received common water, rats in
high fat emulsion group received fat emulsion for 10 d.
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Insulin resistance sensitivity assay by short insulin tolerance
test using capillary blood glucose[8]
Rats were weighed and placed into mouse cage after fasting
overnight. Blood sugar in rats was detected six times after
ip insulin (0.05 U/kg) using a blood sugar detector. Abscissa
indicates time and ordinate expresses nature logarithm of
blood sugar. Regression coefficient (r) or slope was determined
by linear regression and KITT was calculated by multiplying
r by 100. K value indicates insulin sensibility with smaller
K values for lower sensibilities.
Hyperinsulinemic-euglycemic clamp experiment
As described previously[9], food was withdrawn 12 h before
the experiment. The rats were then anesthetized by ip
amobarbital sodium (25 mg/kg) after they had been weighed.
Rats were cannulated in the jugular vein for infusion of
glucose and insulin (dual cannula) and in the carotid artery
for sampling. All cannulae were tunneled subcutaneously,
and encased in silastic tubing (0.08 cm) sutured to the skin.
After infusion of glucose (10%) and insulin (1 IU/mL)
from dual cannula (constant velocity), blood sugar was
measured. To keep the blood sugar in a relatively steady
state, the rate of glucose infusion was continuously adjusted.
Glucose injection rate (GIR) was measured under homeostasis
six times during the experiment.
Morphological alterations of rats with insulin resistance
After rats were fasted for 3 h, perirenal fat, gastrocnemius
muscle, liver, and pancreas were dissected. The tissues were
then fixed with 4% paraformaldehyde, embedded in paraffin
wax, sectioned, and stained with eosin by sappan wood.
Morphological alterations were examined under a light
microscope. The procedure for mRNA levels was described
previously. The positive expression of -glucosidase and
Kir6.2 showed brown staining signals in villi of small intestine
and in pancreatic islet -cells. GLUT2 mRNA was expressed
in the incisurae between two villi of small intestine and in
cytoplasm of skeleton muscle. Expression level was assayed
by the degree of color.
Statistical analysis
Data were analyzed by Student’s t-test. The results were
expressed as mean±SD.

RESULTS
Changes of diet, drinking, body weight, and visceral fat in
Wistar rats fed with fat emulsion
Compared with normal control group, the drinking, body
weight, and visceral fat increased markedly 10 d after ig fat
emulsion (Table 1, P<0.05). In contrast, no changes were
observed in diet group.
Table 1 Changes of diet, drinking, body weight, and visceral fat in
W istar rats fed with fat emulsion (mean±SD, n = 12)
Groups

n

BW (g)

Diet (g)

Drink (mL)

NC
FD

12
12

202.9±22.7
229.4±23.4a

77.3±6.5
81.5±7.4

152.0±20.0
247.0±26.5b

a

Visceral fat (g)
9.2±4.1
16.3±5.4a

P<0.05, bP<0.01 vs control. BW: body weight; NC: control group; FD: fat
emulsion group.
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Insulin resistance sensitivity assay by short insulin tolerance
test using capillary blood glucose and hyperinsulinemiceuglycemic clamp experiment in Wistar rats
The results of short insulin tolerance test using capillary
blood glucose revealed that KITT decreased to 4.5±0.9 in
rats treated with fat emulsion (ig, 10 d) (P<0.05, n = 12).
Our hyperinsulinemic-euglycemic clamp test indicated that
the GIR for keeping homeostasis of blood sugar in rats of
high fat emulsion group was decreased in fat treated group
(Figure 1A).
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Figure 1 Results of insulin resistance sensitivity assay in hyperinsulinemiceuglycemic clamp test (A) and changes of glucose induced by insulin injection
(B). NC: control diet group; FD: fat emulsion diet group; GIR: glucose injection
rate. aP<0.05, bP<0.01 vs NC.

Morphological alterations of skeletal muscle, liver, fat, and
pancreas islets in rats with insulin resistance
No morphological changes were observed in skeletal muscle
and liver, but in larger adipocytes and pancreas islets when
the tissues were stained with HE in high fat emulsion group
compared to control group (Figure 2).
mRNA expression assay of GLUT2 and -glucosidase in small
intestinal epithelium, Kir6.2 mRNA in beta cells of islets and
GLUT4 in skeletal muscles of rats with insulin resistance
Both GLUT2 and -glucosidase mRNAs in small intestinal
epithelium were increased in fat emulsion group compared
to control group (Figures 3A-D). The number of cells
expressing -glucosidase mRNA in high fat emulsion group
was 50±6 and 40±5 in control group (P<0.05, n = 12).
GLUT2 mRNA was diffused in the incisurae between two
villi of small intestine. In the sight of 100 cm2, the expression
area of GLUT2 mRNA in high fat emulsion group was
increased to 3.8±0.6 cm2 from 3.0±0.4 cm2 in control group
(P<0.05, n = 12). In cytoplasm of skeleton muscle of fat

Ai J et al. Wistar rat model of insulin resistance
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A

B

C

D

Figure 2 Morphological observation of fat and pancreas islets stained HE in rats
with insulin resistance (60×). A: Fat cells in control group; B: fat cells in high fat

emulsion group; C: pancreas islets in control group; D: pancreas islets in high
fat emulsion group.

emulsion group, the expression of GLUT4 mRNA was
lower, as indicated by the brighter brown color, than in
control group (Figures 3E and F). Kir6.2 mRNA in -cells
showed a tendency to increase in fat emulsion group because
its positive expression density did not change but the volume
increased compared to control group.

Insulin resistance refers to the insensitivity of tissues
(such as skeletal muscle, liver, kidney, and adipose tissue)
to insulin action, i.e., the weaker glucose utilization of body
after insulin action that results in hyperglycemia. The classical
test used to evaluate insulin resistance is hyperinsulinemiceuglycemic clamp experiment[10,11]. We determined the insulin
resistance using hyperinsulinemic-euglycemic clamp
technique that is known to be the most reliable method for
verifying whether or not insulin resistance is achieved in
rats after feeding fat emulsion. According to negative
feedback mechanism, if we want to keep blood sugar in
the basal level by changing injection rate of exogenous
glucose, we should regulate the injection rate of exogenous
insulin. The exogenous GIR is equal to the glucose utilization
rate of peripheral organs because the endogenous glucose
production (from liver) could be completely inhibited when
the plasma insulin level is excessively high. Hence, GIR can
be considered as an index for evaluating the action of insulin
on peripheral organs.
Our data showed that the GIR was indeed decreased in
rats treated with high fat emulsion, indicating that insulin
resistance is achieved in fat emulsion group.
Diabetes mellitus is a pathological process affecting the
whole body system. Skeletal muscle, fat, and liver are
considered as the insulin-sensitive tissues[12-16]. Alterations
of the functional status of these tissues may result in insulin
resistance of the body. The main manifestation is the
dysfunction of glucose absorption and utilization,
metabolism disturbance of glucose in liver cells and lipo-

DISCUSSION
In the present study, we developed a new formula of fat
emulsion based on the insulin-resistant animal models
established by other laboratories. The formula for preparing
fat emulsion is to combine high fat diets with fructose and
sucrose. Moreover, the fat emulsion was administered to
rats by ig but not by food feeding so as to control the daily
fat intake. The possible imbalance of fat intake due to
decreased appetite as a result of high fat diets was avoided.
Increased drinking accompanying an increase in body weight
and visceral fat was observed though the rats were
administered high fat emulsion for 10 d. This is typical of
the clinical phenotype.
In order to clarify if the insulin-resistant animal model
was established in our study, we detected the dynamic
characteristics of blood sugar after insulin injection by short
insulin tolerance test using capillary blood glucose. The result
demonstrated that the KITT value decreased markedly after
ig fat emulsion for 10 d compared to control group,
indicating that the rats are insensitive to exogenous insulin,
i.e., insulin resistance.
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Figure 3 mRNA expression assay of GLUT2 and -glucosidase in small
intestinal epithelium and GLUT4 in skeletal muscle in rats with insulin resistance
(30×). A: GLUT2 in control group; B: GLUT2 in high fat emulsion group; C:

-glucosidase in control group; D: -glucosidase in high fat emulsion group;
E: GLUT4 in control group; F: GLUT4 in high fat emulsion group.

metabolism disturbance in adipose cells[15,17]. Several papers
have reported increases in adipose cell volume and number
accompanied with redistribution of these cells over the body
in insulin-resistant animals and humans. Nevertheless, it is
more important that adipose cell volume increases when
insulin resistance occurs[14]. Our experiments demonstrated
that insulin resistance could be induced in rats after being
treated with high fat emulsion by ig. However, we still do
not know if morphological changes occur as a result of
dysfunction. We therefore carried out histopathological assay
by HE staining of insulin-sensitive tissues, such as fat,
skeletal muscle, and liver. We found no morphological
changes in both skeletal muscle and liver, but adipose cell
volume was markedly enlarged in rats of fat emulsion group.
In high fat emulsion group, pancreatic islets enlarged but
no changes in the other part of pancreas were seen. The
morphological changes in both fat cells and pancreatic islets
in high fat emulsion group confirmed the success of our
insulin-resistant animal model.
Glucose is an important substance that keeps the balance
of energy metabolism and life. Glucose is a polarity molecule
that cannot pass the lipid bilayer of cell membrane by free
diffusion. Small intestine and renal tubule can absorb glucose
and other tissues must intake glucose by facilitating diffusion
with glucose transporter proteins in cell membrane. Among
the various glucose transporter proteins, GLUT2 and
GLUT4 have been more intensively studied.
GLUT2 is an important glucose transporter protein
which distributes in hepatocytes, pancreatic islet -cells, small
intestine, and kidney[18-20] . People pay close attention to
GLUT2 because it is related to pathogenesis of diabetes
mellitus. GLUT2 expression in pancreatic islet -cells
decreases in BB rats and Zuker obesity rats with autoimmune

diabetes mellitus. Some studies reported that GLUT2 mRNA
and protein expressions are enhanced in the liver of diabetes
mellitus rats induced by streptozotocin, but others found
no changes. Studies on expression of GLUT2 in epithelial
cells found that GLUT2 protein expression in sarcolemma
of small intestine increases in both STZ-induced diabetes
mellitus rats and high sugar feeding rats, but no changes
occurred in hyperglycemia rats caused by glucose filling, while
glucose transporter activity increases in these conditions[21-23].
Until now, study on mRNA expression of GLUT2 in small
intestine of insulin-resistant rats has not been reported.
GLUT4 is an insulin reaction protein transporter which
mainly distributes in adipose cells and striated muscles[24].
On the one hand, GLUT4 is the richest protein transporter
in both adipose cells and striated muscles. On the other
hand, GLUT4 expression level is coincident with glucose
utilization ability of various types of adipose cells. Almost
all the glucose absorbed by muscles gets converted into
glycogen in high insulin condition. Glucose transport of
muscular tissues is very important for the glucose utility of
body because glucose transport is the rate-limiting step of
glucose utility of muscle tissue. To date, studies have evidenced
that not only the protein expression of GLUT4 decreases
in insulin-resistant condition, but also the translocation of
GLUT4 from cytoplasm to cell membrane is defected[25].
Based on the above reasons, we measured mRNA
expression of GLUT2 in small intestinal epithelial cells and
GLUT4 in gastrocnemius muscle in our insulin-resistant
rat model. On the one hand, we detected mRNA expression
of GLUT2 in small intestinal epithelial cells. On the other
hand, we further verified at molecule level that we successfully
established the insulin-resistant animal model. Our study
demonstrated that mRNA expression of GLUT2 in small

Ai J et al. Wistar rat model of insulin resistance

intestinal epithelial cells increased in high fat emulsion group
compared with normal control group. In contrast, GLUT4
mRNA expression decreased. The results reveal that the
insulin-resistant animal model is successfully established.
In order to ensure that sugar can be absorbed in small
intestine, polysaccharide must be divided into monosaccharide
by -glucose glycosidase of small intestine. In our experiments,
mRNA expression of -glucose glycosidase in small intestine
increased in fat emulsion group. The mRNA expression of
-cell Kir6.2 in pancreatic islets did not change in fat
emulsion group, but the total expression level increased
because of the enlargement of pancreatic islet volume.
In conclusion, an insulin-resistant rat model is established
by ig special fat emulsion.
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Abstract
AIM: To study the protective effect of eukaryotic expression
plasmid encoding augmenter of liver regeneration (ALR)
on acute hepatic injury and hepatic failure in rats.
METHODS: The PCR-amplified ALR gene was recombined
with pcDNA3 plasmid, and used to treat rats with acute
hepatic injury. The rats with acute hepatic injury induced by
intraperitoneal injection of 2 mL/kg 50% carbon tetrachloride
(CCl4 ) were randomly divided into saline control group
and recombinant pcDNA3-ALR plasmid treatment groups.
Recombinant pcDNA3-ALR plasmid DNA (50 or 200 g/kg)
was injected into the rats with acute hepatic injury intravenously, intraperitoneally, or intravenously and intraperitoneally
in combination 4 h after CCl4 administration, respectively.
The recombinant plasmid was injected once per 12 h into
all treatment groups four times, and the rats were decapitated
12 h after the last injection. Hepatic histopathological
alterations were observed after HE staining, the expression
of proliferating cell nuclear antigen (PCNA) in liver tissue
was detected by immunohistochemical staining, and the
level of serum aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) was determined by biochemical
method. The recombinant plasmid DNA (200 g/kg) and
saline were intraperitoneally injected into the rats with
acute hepatic failure induced by intraperitoneal injection
of 4 mL/kg 50% CCl4 after 4 h of CCl4 administration,
respectively. Rats living over 96 h were considered as
survivals.
RESULTS: The sequence of ALR cDNA of recombinant
pcDNA3-ALR plasmid was accordant with the reported
sequence of rat ALR cDNA. After the rats with acute hepatic
injury were treated with recombinant pcDNA3-ALR plasmid,
the degree of liver histopathological injury markedly

decreased. The pathologic liver tissues, in which hepatic
degeneration and necrosis of a small amount of hepatocytes
and a large amount of infiltrating inflammatory cells were
observed, and they became basically normal in the most
effective group after four times of injection of recombinant
pcDNA3-ALR plasmid. The indexes of PCNA significantly
increased in the recombinant pcDNA3-ALR plasmid treatment
groups compared to model group. The level of serum AST
and ALT remarkably reduced in recombinant pcDNA3-ALR
plasmid treatment groups compared to model group. The
results showed that the effect of 200 g/kg recombinant
pcDNA3-ALR plasmid in the rats with acute liver injury
was stronger than that of 50 g/kg pcDNA3-ALR DNA.
The effect of intravenous injection of recombinant pcDNA3ALR plasmid was better. After the rats with acute hepatic
failure were treated with recombinant pcDNA3-ALR plasmid,
the survival rate (40%) significantly increased in treatment
groups compared to control group (15%, P<0.01).
CONCLUSION: The ALR gene may play an important role
in relieving acute hepatic injury and hepatic failure by
promoting hepatic cell proliferation and reducing level of
AST and ALT in CCl4-intoxicated rats.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatocytes have strong ability to regenerate, which may
be stimulated by a lot of factors. Hepatocyte growth factor
(HGF) promotes regeneration of liver cells by stimulating
the DNA synthesis of hepatocytes[1]. The augmenter of liver
regeneration (ALR) which was cloned by Hagiya et al[2], from
the weanling rat liver in 1994, is another factor stimulating
the hepatocyte regeneration. The length of rat ALR cDNA
is 1.2 kb, and contains a 375-bp open reading frame encoding
a protein consisting of 125 amino acids. It was found that
ALR is different from other stimulating factors of hepatic
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regeneration in structure, but is similar to the hepatic
stimulator substance found by LaBrecque and Bachur[3] in
physical and chemical characteristics, which could stimulate
hepatic generation in vivo. The mouse and human ALR
cDNA has been cloned, and the mapping of mouse and
human ALR genes on their chromosomes has also been
completed. It was found that rat, mouse, and human ALR
genes (and protein products) are highly conserved and
preferentially expressed in testis and liver[4]. Recombinant
human ALR enhances the survival rate, decreases the LDH
release rate of hepatocytes injured by CCl4 in vitro, increases
the survival rate of liver failure animals, promotes hepatocyte
proliferation and decreases the serum level of alanine
aminotransferase (ALT) and LDH in vivo[5]. We cloned the
rat ALR cDNA in our laboratory and the expression of
ALR cDNA in prokaryotes has been studied[6]. In this study,
the recombinant eukaryotic expression plasmid of ALR was
constructed and the protective effect of the naked recombinant
eukaryotic expression plasmid of ALR on rat acute hepatic
injury and failure induced by CCl4 was studied.

acute hepatic injury group (36 rats) induced by intraperitoneal
injection of 2 mL/kg 50% CCl4. The rats with acute hepatic
injury were randomly divided into six groups: model group
and five treatment groups which received intravenous
injection of 50 g/kg recombinant plasmid, intravenous
injection of 200 g/kg recombinant plasmid, intraperitoneal
injection of 50 g/kg recombinant plasmid, intraperitoneal
injection of 200 g/kg recombinant plasmid and intravenous
combined with intraperitoneal injection of 200 g/kg
recombinant plasmid (100 g/injection) after 4 h of CCl4
administration, respectively. The recombinant plasmid was
injected once per 12 h in all treatment groups four times,
and the rats were decapitated 12 h after the last injection.

MATERIALS AND METHODS
Materials
E. coli DH5 was kindly provided by Dr. Yu-Huai Jin (Department of Microbiology of Hebei Medical University) and
pcDNA3 vector was provided by Dr. Lin Wei (Department
of Immunology of Hebei Medical University). Restriction
endonucleases used in the experiment were purchased from
Promega Co. (USA) and the primers were synthesized by
Sangon Biological Technology Co. (Shanghai, China) according
to the reported sequence[2]. Wistar rats were provided by
Experimental Animal Center of Hebei Medical University,
China. The proliferating cell nuclear antigen (PCNA) detection
kit was purchased from Boshide Biological Co. (Wuhan, China).

Immunohistochemical assay of PCNA
The expression of PCNA in hepatocytes was determined
using streptavidin-biotin peroxidase complex (SABC) method
which was performed according to the technical manual of
the company. The formalin-fixed tissues were embedded
in paraffin and sectioned at a thickness of 4 m. The sections
were deparaffinized and hydrated gradually in alcohol and
graded alcohol/water mixture. After being incubated with
3% H2O2 for 10 min at room temperature and unmasked
antigens in a microwave oven at 100 ℃ for 10 min, the
sections were blocked with animal serum for 20 min.
Specimens were then incubated with mouse anti-rat PCNA
monoclonal antibodies (Calbiochem Co., USA) at 37 ℃
for 2 h and further treated with SABC kits for 20 min at
37 ℃. They were visualized by diaminobenzidine color
development and counter-stained with hematoxylin. When
the cell nuclei were dyed into brown yellow, they were
considered to be positive cells. The percentage of positive
cells with PCNA staining in six 400×fields was counted as
proliferation index under microscope[7].

Construction of eukaryotic expression plasmid of rat ALR
The ALR cDNA was amplified by PCR using pBV220ALR constructed[6] as template and primer 1, 5’-GCGAAGCTTATGCGGACCCAGAAGC-3’ and primer 2, 5’GCTGAATTCTTAGTCACAGGAGCCCTT-3’ (restriction
endonucleases of HindIII and EcoRI are boldfaced, respectively),
and then digested with HindIII and EcoRI. The PCR product
digested by HindIII and EcoRI was ligated with pcDNA3
vector digested by the same restriction endonucleases in
the presence of T4 DNA ligase at 16 ℃ overnight. The
recombinant plasmid was transducted into E. coli DH5 and
positive clones were screened by color reaction of the
colony. The length of insert of recombinant plasmid was
determined by electrophoresis on 1.2% agarose gel.
Detection of nucleotide sequence
The nucleotide sequence of insert of the recombinant pcDNA3ALR plasmid was determined using dideoxynucleotide chain
termination method by Sangon Biological Technology Co.
(Shanghai, China), and compared to the reported ALR
sequence[2].
Animal experiment of acute hepatic injury
Forty-two male Wistar rats, weighing 180-200 g, were
randomly divided into normal control group (6 rats) and

Histopathological alterations of liver tissue
After the rats were killed, one part of the right lobe of liver
was taken, fixed in formalin, embedded in paraffin, and
sectioned. The injury conditions of liver tissue were observed
under microscope after HE staining, which was performed
according to the standard procedure.

Detection of liver function
The activities of serum aspartate aminotransferase (AST)
and ALT were determined by the biochemical method using
Beckman auto-biochemical instruments after the rats were
decapitated and serum was isolated.
Animal experiment of acute hepatic failure
Forty male Wistar rats, weighing 180-200 g, were used to
induce acute hepatic failure model by intraperitoneal injection
of 4 mL/kg 50% CCl4. The rats were randomly divided into
model group and treatment group, and then intraperitoneally
treated with 500 L saline and 500 L recombinant pcDNA3ALR plasmid (200 g/kg) 4 h after administration of CCl4,
respectively. The number of dead rats was observed every
day and the rats living over 96 h were considered as survivals.
The survival rate of the two groups was compared.
Statistical analysis
Data were analyzed with SPSS software. Quantitative data
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were presented as mean±SD and compared by one-way
ANOVA. Survival data were compared by 2 test. P<0.05
was considered statistically significant.

RESULTS
Clone of rat ALR cDNA
The PCR-amplified rat ALR cDNA from pBV220-ALR
plasmid was digested by HindIII and EcoRI from recombinant
pcDNA3-ALR plasmid, and then determined by electrophoresis
on 1.2% agarose gel. The result showed that one clear band
with about 400 bp was found as expected (Figure 1). The
nucleotide sequence of the insert in recombinant pcDNA3ALR plasmid was as that reported by Hagiya et al[2].
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Figure 1 Electrophoresis pattern of recombinant pcDNA3-ALR plasmid digested
by HindIII and EcoRI. Lane 1: PCR products of ALR cDNA; lanes 2 and 3:
pcDNA3-ALR recombinant plasmid digested by HindIII and EcoRI; lanes 4 and
5: undigested pcDNA3-ALR recombinant plasmid; lane 6: DNA marker.

Histopathological changes of liver tissue
The liver tissue of normal control group showed normal
structure under microscope. Specimens, however, from the
liver tissue of model group showed massive necrosis of
hepatocytes around the central vein of all hepatic lobules
and a few of relatively normal hepatocytes remained around
hepatic lobules. After administration of different doses of
recombinant pcDNA3-ALR plasmid, the histopathological
alterations of hepatic injury were relieved. About one third
of the necrotic hepatocytes were found around the central
vein of hepatic lobules and the other hepatocytes became
normal after intraperitoneal injection of 50 g/kg recombinant
pcDNA3-ALR plasmid. Degeneration and necrosis of few
hepatocytes, eosinophilic substances, and infiltration of
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inflammatory cells were found in the liver tissue after
intravenous injection of 50 g/kg recombinant pcDNA3ALR plasmid. Degeneration and necrosis of a small amount
of hepatocytes, and large amount of infiltrating inflammatory
cells were observed in the liver tissue of intravenous
combined with intraperitoneal injection of 200 g/kg
recombinant pcDNA3-ALR plasmid. A large amount of
infiltrating inflammatory cells were observed around the
central vein of hepatic lobules, but obvious degeneration
and necrosis of hepatocytes could not be found in the
tissue intraperitoneally injected with 200 g/kg recombinant pcDNA3-ALR plasmid. However, the therapeutic
effect of intravenous injection of 200 g/kg recombinant
pcDNA3-ALR plasmid was most remarkable because most
pathologic hepatocytes became normal. Degeneration and
necrosis were found in a small amount of hepatocytes,
while infiltrating inflammatory cells were found in hepatic
tissue (Figure 2).
PCNA index of liver tissue
Only few PCNA positive cells were found in the specimens
of normal control group. The number of PCNA positive
cells increased in the specimens of model group. However,
the number of PCNA positive cells spreading all over the
liver tissue increased remarkably in the specimens of each
recombinant pcDNA3-ALR plasmid treatment group
(Figure 3). The PCNA index was higher in model group
than in normal group (P<0.01) and much higher in each
treatment group than in model group (P<0.01). However,
the indexes of PCNA significantly increased in intravenous
injection and combined injection groups compared to
intraperitoneal injection group (P<0.01), and enhanced in
200 g/kg recombinant pcDNA3-ALR plasmid DNA
treatment groups compared to 50 g/kg recombinant plasmid
DNA treatment groups (P<0.01, Table 1).
Alterations of serum AST and ALT level
The level of serum AST and ALT markedly increased in
the model group of acute hepatic injury, but remarkably
decreased after administration of 50 g/kg recombinant
pcDNA3-ALR plasmid by intraperitoneal or intravenous
injection. In the groups receiving intraperitoneal or intravenous
injection of 200 g/kg recombinant pcDNA3-ALR
plasmid, the reduction of serum AST and ALT level became
more remarkable. The results showed that the therapeutic
effect of intravenous injection was better than that of the
other two injections of recombinant plasmid (Table 1).

Table 1 Effects of recombinant pcDNA3-ALR plasmid on AST, ALT, and PCNA in rats with acute hepatic injury (mean±SD)
Group

n

AST (U/L)

ALT (U/L)

PCNA

Normal control group

6

181.8±14.9

43.3±5.1

6.4±1.3

Model group of hepatic injury

6

3 936.2±685.1b

2 590.0±350.2b

19.7±2.0b

IV injection (50 µg/kg)

6

2 626.2±404.2d

1 579.6±330.1d

54.8±5.3d

IV injection (200 µg/kg)

6

921.6±458.2

d

d

66.5±5.3d

IP injection (50 µg/kg)

6

2 717.0±1 069. 8d

1 589.2±581.6d

40.0±4.9d

IP injection (200 µg/kg)

6

1 890.3±610.6d

1 495.3±169.3d

45.8±2.6d

Combined injection (200 µg/kg)

6

2 135.5±401.1d

1 457.8±418.2d

61.1±3.8d

b

P<0.01 vs normal control group, dP<0.01 vs model group of hepatic injury.

572.0±254.2
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Figure 2 Histopathological alterations in rat liver tissue. A: Normal control
group; B: model group of hepatic injury; C: IP injection group of 200 g/kg
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pcDNA3-ALR; D: IV injection group of 200 µg/kg pcDNA3-ALR.
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B
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D

Figure 3 Expression of PCNA in rat hepatic tissue. A: Normal control group;
B: model group of hepatic injury; C: IP injection group of 200 g/kg pcDNA3-

ALR; D: IV injection group of 200 µg/kg pcDNA3-ALR.

Survival rate of rats with acute hepatic failure
The survival rate of rats was observed after 200 g/kg
recombinant pcDNA3-ALR plasmid was intraperitoneally
injected into the rats with acute hepatic failure induced by
injection of 4 mL/kg 50% CCl4. The results (Table 2)
showed that the survival rate of recombinant pcDNA3ALR plasmid treatment group (40%) was much higher than
that of the saline group (15%, P<0.01).

DISCUSSION
Acute hepatic injury (failure) is a kind of serious and lifethreatening clinical syndrome of hepatic function damage
due to necrosis of a large amount of hepatocytes. Many
substances, such as hepatitis virus, drugs[8-10] , and some
chemicals[11-13], can give rise to acute hepatic injury or failure
due to massive hepatocytic necrosis. The clinical treatment
of acute hepatic injury or failure is an urgent problem to be
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Table 2 Effect of recombinant pcDNA3-ALR plasmid on survival
rate of CCl4-induced acute hepatic failure in rats in 96 h
Group

n

Number of survival

Survival rate (%)

Saline

20

3

15

PcDNA3-ALR

20

8

40 b

b

P<0.01 vs saline.

solved. Because liver tissues possess many functions of complex
metabolism, biological synthesis, biological transformation,
detoxification and excretion, rapid development of massive
hepatic necrosis, and apoptosis may give rise to severe
metabolic disorder and accumulation of poisons, and often
leads to the failure of other organs. The disease has a poor
prognosis with a mortality of 65-85%, and the death rate is
about 95% if the patients with fulminant hepatic failure
are complicated by stage IV hepatic encephalopathy[14].
ALR is a novel cytokine which specifically stimulates
hepatic cell proliferation and is able to promote hepatic cell
regeneration by inhibiting hepatic natural killer cells[15] and
liver-resident mononuclear leukocytes[16] in acute liver injury.
In addition, it was found that the ALR protein increases
mitochondrial gene expression, cytochrome content and
oxidative phosphorylation of liver-derived mitochondria,
but reduces interferon- in the liver-resident natural kill
cells[17,18]. Data have demonstrated that administration of
exogenous ALR protein can stimulate proliferation of liver
cells[4,5,19,20].
In this paper, the therapeutic effect of naked recombinant
pcDNA3-ALR plasmid on acute hepatic injury was demonstrated
by histopathological changes of liver tissue, PCNA index
and serum level of AST and ALT. After naked recombinant
pcDNA3-ALR plasmid was administrated to the rats with
acute hepatic injury, the liver pathology remarkably reduced.
After four times of injection of recombinant pcDNA3-ALR
plasmid, the pathologic liver tissues in which degeneration
and necrosis of few hepatocytes and infiltrating inflammatory
cells were observed, became normal in the most effective
group. PCNA is a nuclear protein and its expression is relative
to the duplication of DNA and regeneration of cells.
Therefore, PCNA is usually used to assay the DNA synthesis
and proliferation of hepatocytes[21] . It was demonstrated
that PCNA is induced in acute hepatic injury stage (6 h)
and liver regeneration stage (36 h) by intraperitoneal injection
of CCl4 into model animals[22]. In this experiment, we used
immunohistochemical method of SABC to assay the expression
of PCNA in liver tissue. The results showed that a certain
degree of hepatocyte proliferation was observed in the liver
tissue of model group of acute hepatic injury induced by
CCl4, but the expression of PCNA significantly increased
in each treatment group compared to model group, suggesting
that the products encoded by ALR gene in vivo can remarkably
promote the proliferation of hepatocytes. Yang et al[23], found
that the recombinant human ALR expressed by E. coli
increases the incorporation of (3)H-TdR into liver DNA of
test animals and also has a potent antihepatitis effect. In
addition, the administration of recombinant pcDNA3-ALR
plasmid significantly decreases serum ALT and AST, suggesting
that the ALR gene in recombinant pcDNA3-ALR plasmid
plays an important role in the recovery of acute hepatic
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injury by stimulating the hepatic regeneration in vivo and the
method of naked recombinant plasmid administration is a
new and effective method for the treatment of acute hepatic
injury. In this study, we found that the therapeutic effect
of intravenous injection of recombinant pcDNA3-ALR
plasmid was better than that of the other two injections
and the therapeutic effects of the three ways of injection
were dose dependent. The reasons why the effect of
intravenous injection is superior to that of combination
injection are still unknown.
Hwang et al [24], found that the mice infected with
adenovirus carrying cDNA of human HGF (Ad.hHGF)
show a dramatic resistance to thioacetamide-induced acute
hepatic failure. The survival rate remarkably enhanced in
the mice infected with Ad.hHGF. Wang et al[25], demonstrated
that -melanocyte-stimulating hormone (-MSH), a potent
anti-inflammatory peptide, can prevent fulminant hepatic
failure induced by thioacetamide in mice. The mortality in
the -MSH-treated mice was significantly lower compared
to the vehicle group 3 d after injury. Liver histology
significantly improved and TUNEL-positive hepatocytes
decreased in the treated mice. Thus, ALR gene therapy may
be potentially useful for the treatment of patients with acute
hepatic injury and hepatic failure.
The pcDNA3 plasmid is a mammalian expression vector
used widely in experimental studies of gene therapy. The
pcDNA3 plasmid carrying purpose gene can nonspecifically
transfect tissues of heart, kidney, liver, and prostate by
intramuscular or intravenous injection in vivo[26-29], as well as
cell lines such as hepatoma cell line HepG2, human gastric
cancer cell line SGC7901 and pancreatic carcinoma cell
strain PC-II in vitro[30,31]. Though the pcDNA3-ALR plasmid
exhibits therapeutic effect on acute hepatic injury and hepatic
failure, but the molecular mechanisms of pcDNA3-ALR
mediated hepatic regeneration still need to be established.
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Abstract
AIM: To evaluate the killing effect of double suicide gene
mediated by adenovirus and regulated under kinase
domain insert containing receptor (KDR) promoter on
human umbilical vein endothelial cells.
METHODS: By PCR technology, human KDR promoter gene,

Escherichia coli (E. coli) cytosine deaminase (CD) gene
and the herpes simple virus-thymidine kinase (TK) gene
were cloned. Plasmid pKDR-CDglyTK was constructed with
them. Then, a recombinant adenoviral plasmid pAdKDRCDglyTK was constructed in a “two-step transformation
protocol”. The newly constructed plasmids were transfected
to 293 packaging cells to grow adenoviruses, which were
further propagated and purified. Human umbilical vein
endothelial cells (HUVEC) were infected with a different
multiplicity of infection (MOI) of resultant recombinant
adenovirus, the infection rate was measured with the
aid of (GFP) expression. Infected cells were cultured in
culture media containing different concentrations of
(GCV) and/or 5-(FC), and the killing effects were
measured.
RESULTS: Recombinant adenoviruses AdKDR-CDglyTK
were successfully constructed, and they infected HUVEC
cells efficiently. Our data indicated that the infection rate
was relevant to MOI of recombinant adenoviruses. HUVEC
cells infected with AdKDR-CDglyTK were highly sensitive
to the prodrugs, their survival rate correlated to both the
concentration of the prodrugs and the MOI of recombinant
adenoviruses. Our data also indicated that the two prodrugs
used in combination were much more effective on killing
transgeneic cells than GCV or 5-FC used alone.

CONCLUSION: Prodrug/KDR-CDglyTK system is effective
on killing HUVEC cells, its killing effect correlates to the
concentration of prodrugs and recombinant adenovirus’ MOI.
Combined use of the two prodrugs confers better killing
effects on transgeneic cells.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
It has long been established that blood supply is required
for a tumor to progress in excess of 1-2 mm3[1,2] . Antiangiogenic therapy has been proved to be a rational
approach in the treatment of solid tumors[3-8]. Gene therapy
is a novel technology that might lead to improved treatments
of some types of cancer[9]. Both approaches are promising
in tumor therapy. But how about a combination of these
two methods, using suicide genes to abrogate the tumor
vasculature?
A suicide gene is a gene encoding an enzyme that converts
nontoxic prodrugs into toxic forms. Researches indicated
that apart from direct killing effects of a suicide gene, which
kills its host cells only, its “bystander effects” could offer
death to cells nearby. These characteristics allow a therapeutic
application of suicide genes to tumors. TK gene is one of
the most widely studied suicide genes[10], and CD enzyme
gene is also widely studied[11-13]. But both of them have their
shortcomings. The fusion genes of TK and CD are proposed
to be new suicide genes with a better therapeutic action[14-17].
Human umbilical vein endothelial cells (HUVEC) are
primary cells that can be used to investigate the mechanisms
related to the role of endothelial cells[18]. KDR gene is strictly
expressed only in vascular endothelial cells. The activity of
the KDR promoters in endothelial cells is similar to that of
the potent SV40 promoter/enhancer and this high level
activity is specific to endothelial cells, while the activity of
KDR promoters in other cell types is markedly diminished[19].
We constructed a recombinant adenovirus to transfer KDR
promoter controlled double suicide gene into HUVEC cells.
Prodrug sensitive experiments were performed to value the
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killing effects of the fusion double suicide gene under regulation
of KDR promoters and mediated by an adenovirus vector
on HUVEC cells.

MATERIALS AND METHODS
Materials
Shutter plasmid pAdtrack, adenoviral backbone plasmid
pAdEasy-1 and E. coli BJ5183 were provided by Dr. Belt
Vogelstein of Johns Hopkins Oncology Center, Howard
Hughes Institute of Medicine. pMD18-T vector was
purchased from TaKaRa Biotechnology (Dalian) Co., Ltd.
293 cells and HUVEC cells were obtained from American
Type Culture Collection (ATCC). All sorts of exonuclease
enzyme, T4 DNA ligase, Taq DNA polymerase were
purchased from New England Biolabs Co. DMEM, fetal
bovine serum (FBS), transfection reagents, Lipofectamine
2000 were products of Gibco Co. Primers of KDR
promoter, CD, TK genes were synthesized and sequenced
by Sangon Biotechnology (Shanghai) Co., Ltd.
Plasmid pAdtrackKDR-CDglyTK construction
Primers for polymerase chain reaction (PCR) amplifying
KDR promoter gene (including the minimus core of the
gene sequences-226-+268) were designed according to the
sequences provided by GenBank X89776. The upstream
primer sequence 5’-GGAAGATCTAGTTGCTCAGCGCCCGTTAC-3’, the downstream primer sequence 5’CCCAAGCTTGGCGAAATGCCCAGAACTCG-3’, and
BglII, HindIII cutting sites were added on 5’ end or 3’ end,
respectively. Human blood genome was extracted and used
as a template, the products were linked to a pMD18-T
vector to construct pMD-18KDR.
CD and TK genes were also cloned (the upstream primer
sequence of CD: 5’-AAGCTTAGGCTAGCAATGTCGAATAACGCT-3’; the downstream primer sequence of
CD: 5’-GGATCCTCCACGTTTGTAATCGATGGCTTC3’; the upstream primer sequence of TK: 5’-GGATCCGGCGGGGGCGGTGGAGGAGGGGGTATGGCTTCGTAC3’; the downstream primer sequence of TK: 5’-TCTAGATTAGTTAGCCTCCCCCATCTC-3’) using the chromatosome
DNA of E.coli JM109 and plasmid pREP8-TK as templates.
Some transforms were made to make the initiation codon
of the resulting CD gene to be ATG, termination code on
TAG to be GGA which was to encode glycine, and its 5’
end, 3’ end to have BglIIand HindIII cutting sites, respectively.
The two amplified segments were inserted into the pcDNA3
vector generating pcDNA3-CDglyTK.
pMD-18KDR, pcDNA3-CDglyTK were digested with
BglII and HindIII. The resulting KDR, pcDNA3-CDglyTK
fragments were purified and linked to each other to construct
pcDNA3-KDR-CDglyTK, which was digested with BglII
and PvuII after amplified in E. coli Top 10 bacteria to get
KDR-CDglyTK fragments. After being digested with BglII
and PvuII, pAdtrack was linked to KDR-CDglyTK fragments
and pAdtrackKDR-CDglyTK was constructed.
Construction and identification of recombinant adenovirus
vector plasmid
pAdEasey-1 plasmid was transformed into E. coli BJ5183,
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then transformants were grown on LB agar plates containing
ampicillin and strepolin. The transformed bacteria were
named “AdEasey-1 bacteria”.
pAdtrackKDR-CDglyTK was linearized and transformed
into AdEasey-1 bacteria, transformants were selected on
LB agar plates containing 25 g/mL kanamycin. Plasmid
DNA was prepared from individual colonies, and agarose
gel electrophoresis was performed. The correct recombinants
could be clearly identified by size, as only the 11.2-kb
pAdtrackKDR-CDglyTK plasmid and the 37-kb recombinant
were selectable by kanamycin resistance.
Propagation, purification and titer determination of
recombinant adenoviruses
The recombinant adenoviruses digested with PacI enzyme,
were transferred into 293 cells mediated by a Lipofectamine2000 vector. Propagations of the recombinant viruses
were visualized under a fluorescence microscope by GFP
expression of transgenes, adenovirus supernate was
ultracentrifuged in CsCl gradient to purify the viruses, and
the titration of AdKDR-CDglyTK was measured with plaque
formation assay.
Identification of recombinant adenoviruses
The recombinant viruses were boiled and used as templates,
two PCRs were performed, one was to make sure there
were CDglyTK genes in the viruses, in which the upstream
primer sequence of CD and the downstream primer sequence
of TK were used, the other was to make sure if there were
KDR promoter genes in them, primers of KDR promoter
were used.
Cell culture and virus infection rate
HUVEC cells were cultured in Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 10% fetal bovine
serum (FBS) and maintained in calorstat at 37 ℃, 50 mL/L
CO2. Cells (2×10 5/well, six-well plates, inoculated a day
before) were infected with AdKDR-CDglyTK at a different
multiplicity of infection (MOI). Percentages of cells expressing
GFP were counted under a fluorescence microscope for
3 d.
Prodrug sensitivity assays
HUVEC cells (1×104 cells/well, 96-well plates, inoculated
a day before) were infected with AdKDR-CDglyTK at MOI
of 100. Sixteen hours later, the medium was replaced with
a fresh medium containing different concentrations of 5FC and/or GCV, cells were cultured in the presence of
prodrugs for 72 h. Cell viability was determined by 3-(4,5dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay according to the manufacturer’s protocol.
Killing effect at different MOI of recombinant viruses
HUVEC cells (1×104 cells/well, 96-well plates, inoculated
a day before) were infected with AdKDR-CDglyTK at
different MOI. Sixteen hours later, the medium was replaced
with a fresh medium containing GCV (100 µg/mL) and 5FC (1 000 µg/mL), cells were cultured in the presence of
prodrugs for 72 h. Cell viability was determined by MTT
assay.
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Statistical analysis
Statistical analyses were made by ANOVA and LSD test.
The values were calculated as mean±SD. P<0.05 was
considered statistically significant.

RESULTS
Construction of pAdtrackKDR-CDglyTK
The products of PCR amplifying KDR promoter genes,
CD and TK genes were sequenced and verified by Sangon
Biotechnology (Shanghai) Co., Ltd. These segments were
subcloned into pAdtrack. Figure 1 is a map of the resulting
pAdtrackKDR-CDglyTK plasmid digested by BglII+Xba1.
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Figure 1 Restriction analysis of pAdtrackKDR-CDglyTK 1. pAdtrackKDRCDglyTK/(BglII+Xba1); 2. 1kb DNA ladder (products of Dingguo Biotechnology
Development Center Co., Ltd.).

Recombinant adenovirus plasmid and virus
The transformant of transforming AdtrackKDR-CDglyTK
plasmid into Adeasey-1 bacteria was selected on LB agar
plates containing ampicillin and strepolin, 17 clones were
selected, 16 of which were proved to have been correctly
recombined. The correct rate was 94.1% (16/17).
Three days after transferring pAdKDR-CDglyTK into
293 cells, we found that most transferred 293 cells expressed
GFP. The titer of purified viruses after being sufficiently
propagated was 4.2×1012 pfu/L.
The products of PCR protocols using the recombinant
viruses as a template were proved to be correct by size comparison (Figure 2), while KDR promoter was 580-bp and
CDglyTK 2.5-bp.
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Figure 2 PCR amplification of CDglyTK and KDR promotor gene from the
recombinant adenovirus DNA. 1. PCR products of the recombinant adenovirus
DNA using the upstream and downstream primers of CDglyTK gene; 2. PCR
products of the recombinant adenovirus DNA using the upstream and downstream
primers of KDR promoter genes; 3. 1 kb DNA ladder (products of Dingguo
Biotechnology Development Center Co., Ltd.).
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Infection rate of viruses
HUVEC cells infected with viruses at different MOI were
observed in 3 d after infection (Figures 3 and 4). It indicated
that the cell infection rate increased with the increase of
MOI of the viruses: MOI = 1, only a few cells expressed
GFP; MOI = 100, 97.8% cells expressed GFP; MOI = 200,
almost all cells expressed GFP.
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Figure 3 Infection rate of AdKDR-CDglyTK to HUVEC cells.

Killing effect of prodrugs
HUVEC cells infected with AdKDR-CDglyTK at MOI of
100 were maintained in culture medium containing different
concentrations of GCV and/or 5-FC for 3 d, and survival
rates were measured (Figure 5). The data indicated that transgene
cells were highly sensitive to prodrugs, 93.7% transgene
cells were killed when they were treated with 100 µg/mL
GCV, 92.2% were killed when treated with 1 000 µg/mL
5-FC, and 98.5% were killed when treated with GCV
(100 µg/mL)+5-FC(1 000 µg/mL). The cell survival rate
decreased with the increase of concentration of prodrugs.
The two prodrugs showed similar toxicities, however, a
marked decrease in cell survival was observed when GCV
and 5-FC were used in combination (P<0.05).
Multiplicity of infection of the virus also played an
effective role in the killing. Combined GCV and 5-FC
achieved a greater killing effect with increasing MOI, and
the data of the control group (infected cells were maintained
in culture medium without prodrugs) indicated that the virus
itself had no high toxicity (Figure 6).

DISCUSSION
CD and TK are two competent suicide genes, but the results
of numerous investigations aiming at eradicating tumors
employing either CD or TK demonstrated limitations.
Whether the limitations stemmed from unfavorable pharmacokinetics, loss of transgene expression or biochemical
resistance is not certain. On the other hand, the fusion genes
of CD and TK presented an exciting superiority in many
former studies [14-17]. CDglyTK encodes a bifunctional
enzyme possessing both CD and TK specific activities,
cytotoxicity could be enhanced by concurrently treating
CDglyTK-expressing cells with 5-FC and GCV, resulting in
a slight synergistic effect. More than that, studies indicated
that limitations placed upon single suicide gene therapy by
cell-specific prodrug sensitivities, such as TK which is far
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infected with AdKDR-CdglyTK. A-D: HUVEC cells infected with the recombinant
adenoviruses at MOI of 1, 50, 100, and 200, respectively.
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Figure 4 Recombinant adenovirus infected HUVEC cells GFP expression
was visualized by fluorescence microscopy 3 d after HUVEC cells were
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Figure 5 Survival rate of transgeneic cells after prodrug administration.

Figure 6 Influence of MOI of the recombinant viruses on the killing effect of prodrugs.

less effective than CD in killing pulmonary adenocarcinoma
cells[20], might be overcome by use of bifunctional CDglyTK
enzyme because it could act through whatever prodrugmediated cytotoxic pathway existing in a given cell type[21].
As it has been established that the “bystander effect” of a
suicide gene is cell-type-specific[20,22], it also may be overcome
by use of CDglyTK fusion genes of the same mechanism,
and if both CD and TK mediated bystander killing pathways
are available within the same tumor cell type, both can
be utilized by the fusion genes. A further benefit of the
fusion genes is its ability to circumvent the acquired drug
resistance[14,15]. Acquired prodrug resistance could be easily
overcome through the use of CDglyTK gene because it is
highly improbable that tumor cells would develop
biochemical resistance to both 5-FC and GCV, except via
loss of fusion gene expression.
Vascular endothelial growth factor (VEGF) is a potent
and specific mitogen for endothelial cells. It plays a major
role in angiogenesis and vasculogenesis. KDR and Flt-1 are

the two receptor tyrosine kinases that regulate the actions
of VEGF and are expressed in endothelial cells, while the
related receptor Flt-4, has been found on lymphatic
endothelium. The expression pattern of Flt-4 suggested it
might play a role during lymphangiogenesis[23,24]. KDR was
critically involved in the regulation of angiogenesis, both in
developing and adult animals[25]. Vascular endothelial cells
were renewed at a low speed in normal conditions, and its
KDR expression level was very low, while tumor vascular
endothelial cells proliferated quickly and its KDR expression
level was 500× higher than that of vascular endothelial
cells of normal tissues[26]. Herein, the targeted expression
of therapeutic genes in tumor vascular endothelial cells by
transcriptional regulation of KDR promoter, can markedly
reduce the toxicity and side effects of gene therapy targeting
vascular endothelial cells of tumors.
Adenovirus vector system has many advantages. Adenovirus
vectors can be prepared at much higher titres than retroviral
vectors and have a high efficiency of gene transfer regardless
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of the proliferative state of tissues whereas retroviral
vectors insert their genes only into dividing cells. Adenovirus
genomes usually do not integrate into the host cell chromosomes.
Although the duration of in vivo gene expression with an
adenovirus vector is short, the level of therapeutic gene
expression is much higher, which is of much importance in
suicide gene therapy because the therapeutic effect of
suicide genes is to kill the transgene cells and cells nearby, a
transient and high level expression would be enough, as
once its killing effect realizes that the gene would be
inactivated due to the death of the host cells, and a long
expression duration would be meaningless.
In our experiment, recombinant adenoviruses infected
HUVEC cells effectively, 97.8% cells were infected and
expressed GFP when infected with viruses at MOI = 100.
Almost all cells expressed GFP when MOI = 200. Transgene
cells were highly sensitive to both 5-FC and GCV, and both
prodrugs showed a similar toxicity. However, a marked
decrease in cell survival was observed when GCV and
5-FC were used in combination when we treated the transgene
cells with all concentrations of prodrugs. This phenomenon
existed when we treated the transgene cells. The data also
indicate that cell survival rate decreased with increasing either
the concentration of prodrugs or MOI of the virus. In addition,
the results of survival rate detected 3 d after HUVEC cells
were infected with recombinant adenoviruses at different
MOI showed no significant difference, indicating that the
recombinant virus itself is not much toxic to HUVEC cells.
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CONCLUSION: Embryonic hepatocytes are capable of
differentiating into mature hepatocytes in vivo . After
transplantation, the hereditary abnormalities of copper
metabolism in TX mice could be corrected partially by
intrasplenic transplantation of homogeneous embryonic
hepatocytes.

Abstract

http://www.wjgnet.com/1007-9327/11/3691.asp

AIM: To observe the therapeutic effect of intrasplenic
transplantation with embryonic hepatocytes on amelioration
of hereditary copper accumulation in toxic milk (TX) mouse
modeling Wilson disease.
METHODS: Donor hepatocytes were harvested from 14-d
fetal liver of a pregnant homogeneous DL mouse. These
cells were successively cultured, labeled with fluorescein
dye Hoechst 33342 for 24 h, and sequentially infused into
the spleen parenchyma of the recipient TX mice. No host
immunosuppression measures were taken. Two and four
weeks after transplantation, the recipients were killed for
routine histologic investigation and immunohistochemistry
study up to 4 wk after transplantation. The serum copper
and ceruloplasmin concentrations of the recipient mice
were determined by graphite furnace atomic absorption
spectroscopy.
RESULTS: In the following 2nd and 4th wk after transplantation, the donor hepatocytes could be visualized in the
livers of 47.3% recipients. The serum ceruloplasmin and
copper concentrations increased by 1.6-fold after 2 wk
and 2.0-fold times after 4 wk respectively, which ultimately
rose from about 30% of the normal level to nearly 60%
(P<0.01). The hepatic copper concentration decreased
7.2%, 4 wk after transplantation. Pathologic examination
showed that there were many actively proliferative
hepatocyte precursor cells with specific embryonic
hepatocyte marker AFP migrated into hepatic sinusoids
of the recipients. A large number of cells carrying hepatocytes
marker and albumin were observed in the recipient spleen
tissues.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Wilson disease (WD), also known as hepatolenticular
degeneration, is an autosomal recessive inherited disease
characterized by impaired biliary copper excretion. The gene
responsible for WD has been cloned and located to 13q14.3,
encoding a copper transporting P-type ATPase ATP7B,
which functions to transport copper across hepatocyte
membranes. The mutant WD gene, which has lost the
normal function of excreting copper, will result in toxic
accumulation of copper in liver. The manifestations of WD
include low serum ceruloplasmin, liver cirrhosis, extrapyramidal symptoms, kidney lesion and cornea K-F ring[1].
D-penicillamine, a copper-chelating agent, plays the most
important role in current therapeutic strategy for WD. The
lesser the damage caused by copper toxicity, the greater the
recovery following therapy[2]. But D-penicillamine has a long
list of side effects and toxicities, and must be maintained
for life-long [3]. Consequently, it is necessary to explore a
more favorable therapy.
Orthotopic liver transplantation (OLT) is a choice of
treatment for WD, which not only supplies patients with an
alternative healthy liver but also helps to ameliorate copper
metabolism disturbance[4,5]. Unfortunately, the number of
patients who have benefited from OLT is very limited,
because of the shortage of healthy donor livers, expensive
cost and high risks for operation and immunological rejection
following OLT. Hepatocyte transplantation is considered
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as a bridge to OLT and can provide patients with some
hepatic function supports[6]. Nevertheless, mature hepatocytes
are fully differentiated cells and hard to survive the required
time for transplantation. Besides, the treatment still requires
donor livers and needs invasive surgical procedure. Recently,
with tremendous progresses in the field of stem cell research,
much attention has been paid to another attractive alternative,
progenitor hepatocytes, especially embryonic hepatocytes[7] .
Toxic milk (TX) mouse is accepted widely as a valid animal
model of WD bearing a WD gene mutation of Met1356Val[8].
The characteristics of copper metabolism and liver histopathology of TX mouse are coincident with those of WD
patients. The current study was performed to explore whether
transplanted embryonic hepatocytes are able to integrate
into the liver tissue of recipient TX mice, proliferate there
and subsequently ameliorate copper metabolism disorder
in TX mouse.

MATERIALS AND METHODS
Animals
DL and homologous TX mice were kindly donated by Dr.
Julian Mercer (Deakin University, Australia) and used
respectively as hepatocyte donors and recipients. All animals
were bred in Special Animal Experimental Center of Sun
Yat-Sen University and maintained at 18-25 ℃ in a 12-h
light/12-h dark cycle. They had free access to food and water.
Thirty TX mice (female:male = 1:1) were randomly
assigned to two experimental groups, 20 mice in T group
underwent embryonic hepatocytes transplantation, 10 mice
in C group were used as control. Animals from each group
were killed at 2 or 4 wk after transplantation for histologic
examination of the liver and spleen.
Harvest and fluorescence labeling of embryonic hepatocytes
The isolation procedure was based on collagenase digestion
techniques and adapted for use with embryonic livers. The
pregnant 14-d DL mouse was anesthetized and subjected
to midline laparotomy. The fetuses were removed and the
embryonic livers were chopped up, washed twice with Ca++
and Mg++ free PBS, and then incubated with 0.05% collagenase
type I. The final suspension was incubated in DMEM/F12
culture medium with 5% FBS for 24 h at 37 ℃, in 50 mL/L
CO2. Then debris of tissue and cells were washed out and
serial static culture was performed until monolayer cells
covered about 80% of the bottom of the flask. The fluorescein
dye Hoechst 33342 was added to a final concentration of
10 g/mL. These cells were incubated for 8 h at 37 ℃ and
then washed twice with PBS. Fluorescence of labeled cells
was verified by fluorescent microscopy. Before transplantation
the number and viability of cells were estimated by trypan
blue exclusion.
Surgical procedures
Under pentobarbital anesthesia (25-30 mg/kg intraperitoneally),
the peritoneal cavity of recipient was accessed through a
midline laparotomy under sterile conditions. Transplantation
was carried out by direct injection into the spleen pulp of
two million hepatocytes suspended in 100 L PBS for the
transplantation group (n = 20). Control group (n = 10)
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received the same procedure except for the blank 100 L
PBS.
Histologic examination
Transplanted animals were killed 2 or 4 wk after transplantation
respectively. Left lateral liver lobe and spleen were dissected
and processed for routine histopathologic examination using
standard techniques. Paraffin embedded 5-m sections were
stained with hematoxylin-eosin. Several other parts of
dissected organs were snap frozen at -70 ℃, 10-m cryostat
was sectioned and examined by fluorescent microscopy to
identify Hoechst 33342-labeled donor hepatocytes.
Immunohistochemical staining
To investigate the distribution and differentiation process
of grafted embryonic hepatocytes in spleen of recipient
mice, immunohistochemical staining of the recipient spleen
tissue was employed. Sections of paraformaldehyde-fixed
tissue were deparaffinized in xylene and rehydrated in graded
alcohol. Antigen retrieval was carried out by microwave
citrate buffer method and digested by trypsin at 37 ℃ for
30 min. Endogenous peroxidase activity was blocked with
3% hydrogen peroxide in methanol. The primary antibodies
(rabbit polyclonal albumin antibodies from DAKO Company,
goat polyclonal AFP antibodies from Santa Cruz Company)
were diluted in PBS plus 0.2% non-fat dried milk and applied
at 4 ℃ overnight. After rinsing, secondary antibodies (goat
anti-rabbit IgG(AP) and rabbit anti-goat IgG(Cy3)) were
added and incubated at room temperature for 1 h. For
each antibody, negative controls were performed by omitting
the primary antibody from the protocol.
Tissue and serum copper and holoceruloplasmin level
Fresh liver samples were dehydrated overnight in a vacuum
oven and solubilized in nitric acid immediately before
analysis. Copper concentration was measured by graphite
furnace atomic absorption spectroscopy. The serum
ceruloplasmin level was determined by measuring the pphenylenediamine dihydrochloride oxidase activity of
ceruloplasmin. Age and sex-matched DL mice were used as
normal controls.
Statistical analysis
The values were presented as mean±SD. Differences were
analyzed with Student’s unpaired t test. P<0.05 was considered
statistically significant.

RESULTS
Isolation of embryonic hepatocytes
Twenty-four hours after primary culture, most cell clusters
attached to the substrates of plastic flask. Two days later,
phase-contrast microscope revealed that lots of spherical
or oval shaped cells migrated outside the mass. These cells
were predominantly mononuclear, bearing a high nucleusplasma ratio with an average diameter of about 10 m. As
a result of migration and proliferation, an outgrowth around
the tissue mass came into shape with some epithelioid cells
and fibroblasts. After incubation for 2-3 wk, embryonic
hepatocytes grew into block and attached tightly to each
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other. Once the embryonic hepatocytes were subcultured,
these cells would irreversibly differentiate into fully differentiated adult hepatocytes with typical epithelium morphology.

ophages in spleen. In liver, marked donor cells appeared more
frequently, and most of them aggregated into nodules
containing 5-6 cells.

Histologic examination
All animals survived following intrasplenic injection until
they were killed. Under optical microscope, the hepatocytes
of TX mouse liver arranged in coarse nodules and lost the
normal structure of hepatocyte cords. Some parenchymal
hepatocytes contained swollen cytoplasm and enlarged,
vacuoles-like nuclei with rare lipid droplets and frequent
diploid nuclei. Another noteworthy characteristic was the
extensive infiltration of lymphocytes in hepatic sinusoid. In
animals treated with hepatocyte transplantation, although
some monocytes infiltrated in the markedly altered lobule
area, more diploid nuclei were observed. In addition, there
appeared many more active proliferating oval cells with
smaller nuclei, which were about one-fourth volume of the
normal hepatocytes. No vessel distension, blockage or liver
parenchyma necroses were observed.

Tissue and serum copper and holoceruloplasmin levels
Copper and holoceruloplasmin levels were determined in
plasma samples from all experimental mice in the following
4 wk after transplantation. On the 14th d after transplantation,
10 TX mice from T group were killed. Liver and spleen
tissues and serum were taken for tissue and serum copper
determination and holoceruloplasmin level assay. Donor
cells with intact morphology were observed in 4 of 10 mice.
On the 28th d, the other 10 mice were killed and successful
transplantation was achieved in five mice. The copper
concentrations and holoceruloplasmin activity values in all
study groups are outlined in Figure 1.
Immunohistochemistry for engrafted cells
The spleen sections were stained with antibodies to embryonic
hepatocyte maker AFP and specific mature hepatocyte
marker albumin to observe the differentiating process of
engrafted embryonic hepatocytes in vivo. Although
morphometric analysis was not performed, the number of
immature hepatocytes carrying AFP decreased significantly
2 wk after transplantation. At the same time hepatocytes
with specific mature hepatocyte marker albumin increased
significantly.

A

B

17.1

15
1

10
5

10.9

12.4

14.5

Control
Transplantation

8.6

-3.4

-3.9

3

5

7

-5.6

-8.1

0

mg/100 g dry weight

C

20

800
700
600
500
400
300
200
100
0

705.2 688.7

14

Serum copper

DISCUSSION
Recently, the possibility to treat hepatic inborn errors of
metabolism with hepatocyte transplantation rather than with
whole liver transplantation has been demonstrated in more
and more animal experiments and clinical trials, such as
hereditary tyrosinemia type I, Crigler-Najjar syndrome,
dextrinosis and 1a, and hereditary hypercholesterolemia[9-13].
Mature hepatocytes transplantation had been carried out
to treat LEC rats, another WD animal model of inborn
copper metabolic disturbance by Malhi et al [13]. Of the
recipients, 9 rats out of all 14 rats were confirmed as
successful repopulation by RT-PCR. The biological analysis
also showed amelioration of copper metabolic disturbance.

Ceruloplasmin

Fluorescence microscopy
To determine the distribution and proliferation of transplanted
embryonic hepatocytes in recipient liver, we utilized Hoechst
33 342 to label donor cells. The animals with integrated
appearance of engrafted modified hepatocytes in their liver
sections were regarded as successful transplantation. Fluorescence
microscopy revealed the presence of fluorescence-labeled
donor cells 4 wk after transplantation in both liver and spleen
sections. Two weeks after embryonic hepatocyte transplantation,
a great deal of labeled embryonic hepatocytes with normal
morphology distributed throughout the red pulp of the
recipient spleen. In contrast, the number of fluorescent
cells in liver parenchyma sections was small and only some
isolated hepatocytes could be observed, and only occasionally
2 or 3 cells were aggregated together. These hepatocytes
were found predominantly in small branches of the hepatic
sinusoid. After 4 wk, many intrasplenically implanted cells
migrated from spleen to liver through portal vein, concentrating
in hepatic sinusoids. The donor cells in spleen still located
in the red pulp with a few cells phagocytosed by the macr-
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Figure 1 Changes in ceruloplasmin activity (A), serum copper concentration

(B), and hepatic and spleen copper concentrations (C) after transplantation.
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However, mature hepatocytes are highly differentiated
somatic cells with limited capability of proliferating in vitro
and immunogenicity. These disadvantages hindered the wide
use of hepatocyte transplantation clinically.
In recent years, hepatic progenitor cells, also known as oval
cells, are of interest in the field of liver cell transplantation
and stem cell transplantation[14]. Some studies have demonstrated
that oval cells in rats are bone marrow-derived cells and
share some common cell surface markers with hematopoietic
cells[15,16]. However, some experiments revealed that bone
marrow-derived cells do not contribute significantly to oval
cell or hepatocyte population in some specific setting [17] .
Although the precise source of oval cells in mature liver
needs to be investigated further, it has been widely accepted
that there are a large amount of hepatic progenitor cells in
embryonic liver. Embryonic hepatocytes originate from
endodermal cells that form the so-called hepatic diverticulum
detectable on d 10-12 after gestation on the ventral side of
frontal endoderm. The process of embryonic hepatocyte
differentiation is reversible. Hepatoblasts could become
ductal cells that in turn differentiate into oval cells. Oval
cells are undifferentiated cells that could give rise to mature
hepatocytes or biliary cells, demonstrating high proliferative
capacity[18]. Besides, embryonic hepatocytes possess greater
resistance to chemical damage. Furthermore, these cells are
still immature cells bearing incomplete MHC II surface
antigen, thus possessing lower immunogenicity. Therefore,
embryonic hepatocytes might be an ideal candidate donor
cells for hepatocyte transplantation.
The current study addressed whether homogeneous
engraftment of embryonic hepatocytes could be translated
into greater liver population in vivo, and subsequently replaces
the missing function of WD protein to excrete copper toxin
from liver. Within 4 wk after transplantation, the donor
embryonic hepatocytes initially transplanted into the recipient
spleen could migrate to liver, colonize, proliferate there and
develop into adult hepatocytes. Successful transplantation
was achieved in 9 of 20 cases, accounting for 45%. Although
fluorescence microscopy revealed that the labeled donor
cells predominantly located in the red pulp of spleen, there
were more labeled hepatocytes in liver parenchyma after
4 wks. Most of them aggregated into nodules containing
4-6 cells. The inborn copper metabolic disturbance was
ameliorated in accordance to these pathologic changes. The
level of serum ceruloplasmin and copper increased gradually
and ultimately rose to about 60% of the normal level in
syngeneic DL mice. Previous investigators favored the
intrasplenic route of hepatocytes transplantation and suggested
that transplanted hepatocytes could infuse into the portal
vein and ultimately migrate to the hepatic sinusoid. When
these cells accommodated the microenvironment, they
proliferated there, integrated into the normal liver lobule
structure and exert to correct the inborn errors of impaired
copper excretion[19].
In our study, the ceruloplasmin activity began to rise
from the 5th d after transplantation. Packman et al[20], studied
the distribution of murine copper transporting ATPase
during mouse embryonic development and reported that
ATP7A (another copper transporting ATPase responsible
for Menkes disease), but not ATP7B, is the predominant

June 28, 2005

Volume 11

Number 24

copper transporting factor in embryonic hepatocyte copper
metabolism. In fetal liver, ATP7A does not involve in the
synthesis of ceruloplasmin, but has the basic function to
excrete copper. While ATP7B, playing the most important
role in copper excretion of adults, gradually takes dominant
position in postnatal liver development. Immunohistochemical
staining in the present study revealed that some transplanted
embryonic hepatocytes transplanted into the recipient spleen
developed into mature hepatocytes bearing albumin, the
typical marker of hepatocytes. It seems that the time for
amelioration of ceruloplasmin might be in agreement with
the time required for embryonic hepatocyte maturation.
Therefore, these cells in recipient spleen contribute to the
synthesis of ceruloplasmin.
Liver is the central organ of copper homeostasis. Under
physiologic circumstances, bile excretion represents the sole
mechanism for copper excretion and thus only those cells
lodged in recipient liver have the practical ability to excrete
copper. In the present study, the donor hepatocytes were
present as small foci and seemed to grow by clonal population
expansion within host parenchyma 4 wk after transplantation.
To address whether these cells possess the ability to excrete
copper into bile canaliculus, hepatic copper concentrations
were evaluated. As expected, hepatic copper concentration
decreased slightly 2 wk after transplantation, and showed a
significant difference after 4 wk. It was reported that, shortly
after transplantation, the transplanted cells become stacked
at the portal vein radicles[14,21]. Although the majority of the
donor cells are cleared, a portion of cells start to translocate
into the space of Disse by disrupting the sinusoidal endothelium
and finally join adjacent host hepatocytes. Therefore,
transplanted embryonic hepatocytes might participate in the
reconstitution of new functional biliary system and restore
effective copper excretion.
This study showed that hereditary abnormalities of copper
metabolism in TX mice could be corrected partially by
intrasplenic transplantation of normal embryonic hepatocytes.
Generally speaking, at least 15% of the liver parenchyma
is needed to retain the physiological functions such as
metabolism, coagulating and detoxification. What still needs
to be investigated further include the number of engraft
cells, the way of transplantation and long-term evaluation.
Although the above data might be too preliminary for
unambiguous conclusions, we believe that the accurate and
long-term laboratory investigation, as well as clinical followup, will eventually benefit a broader use of embryonic
hepatocyte transplantation in patients with WD.

ACKNOWLEDGMENTS
The authors wish to thank Professor Ju Lian Mercer for
donating TX and DL mice. The author also thanks colleagues
and collaborators for providing information and discussion
in this article.
REFERENCES
1

2

Prashanth LK, Taly AB, Sinha S, Arunodaya GR, Swamy
HS. Wilson’s disease: diagnostic errors and clinical implications.
J Neurol Neurosurg Psychiatry 2004; 75: 907-909
J a b lo ns k a - K a s z e w s ka I , D ro bl n sk a - Ju r ow i e c ka A ,

Shi Z et al. Embryonic hepatocyte transplantation in TX mice

3
4

5

6
7
8

9
10

11

12

Dabrowska E, Trocha H. Results of treatment of Wilson’s
disease-own observations. Med Sci Monit 2003; 9 Suppl 3: 914
Ferenci P. Review article: diagnosis and current therapy of
Wilson’s disease. Aliment Pharmacol Ther 2004; 19: 157-165
Emre S, Atillasoy EO, Ozdemir S, Schilsky M, Rathna Varma
CV, Thung SN, Sternlieb I, Guy SR, Sheiner PA, Schwartz ME,
Miller CM. Orthotopic liver transplantation for Wilson’s
disease: a single-center experience. Transplantation 2001; 72:
1232-1236
Podgaetz E, Chan C. Liver transplantation for Wilson s
disease: our experience with review of the literature. Ann
Hepatol 2003; 2: 131-134
Hodgson H. Liver cells: biology to therapeutics. Clin Med
2003; 3: 161-165
Fox IJ, Roy-Chowdhury J. Hepatocyte transplantation. J
Hepatol 2004; 40: 878-886
Theophilos MB, Cox DW, Mercer JF. The toxic milk mouse is
a murine model of Wilson disease. Hum Mol Genet 1996; 5:
1619-1624
Grompe M. Liver repopulation for the treatment of metabolic diseases. J Inherit Metab Dis 2001; 24: 231-244
De Vree JM, Ottenhoff R, Bosma PJ, Smith AJ, Aten J, Oude
Elferink RP. Correction of liver disease by hepatocyte transplantation in a mouse model of progressive familial intrahepatic cholestasis. Gastroenterology 2000; 119: 1720-1730
Muraca M, Gerunda G, Neri D, Vilei MT, Granato A, Feltracco
P, Meroni M, Giron G, Burlina AB. Hepatocyte transplantation
as a treatment for glycogen storage disease type 1a. Lancet
2002; 359: 317-318
Mitchell C, Mignon A, Guidotti JE, Besnard S, Fabre M,
Duverger N, Parlier D, Tedgui A, Kahn A, Gilgenkrantz H.
Therapeuti c l i ver repopula tion in a mouse model of

13

14

15

16

17

18

19

20

21

3695
hypercholesterolemia. Hum Mol Genet 2000; 9: 1597-1602
Malhi H, Irani AN, Volenberg I, Schilsky ML, Gupta S. Early
cell transplantation in LEC rats modeling Wilson’s disease
eliminates hepatic copper with reversal of liver disease.
Gastroenterology 2002; 122: 438-447
Sukhikh GT, Shtil AA. Stem cell transplantation for treatment of liver diseases: from biological foundations to clinical
experience (review). Int J Mol Med 2003; 11: 395-400
Petersen BE, Bowen WC, Patrene KD, Mars WM, Sullivan
AK, Murase N, Boggs SS, Greenberger JS, Goff JP. Bone marrow as a potential source of hepatic oval cells. Science 1999;
284: 1168-1170
Wang J, Clark JB, Rhee GS, Fair JH, Reid LM, Gerber DA.
Proliferation and hepatic differentiation of adult-derived progenitor cells. Cells Tissues Organs 2003; 173: 193-203
Wang X, Foster M, Al-Dhalimy M, Lagasse E, Finegold M,
Grompe M. The origin and liver repopulating capacity of
murine oval cells. Proc Natl Acad Sci USA 2003; 100 Suppl 1:
11881-11888
Gupta S, Rajvanshi P, Irani AN, Palestro CJ, Bhargava KK.
Integration and proliferation of transplanted cells in hepatic
parenchyma following D-galactosamine-induced acute injury
in F344 rats. J Pathol 2000; 190: 203-210
Notenboom RG, van den Bergh Weerman MA, Dingemans
KP, Vermeulen JL, van den Eijnde S, Reutelingsperger CP,
Hut H, Willemsen R, Offerhaus GJ, Lamers WH. Timing and
sequence of differentiation of embryonic rat hepatocytes along
the biliary epithelial lineage. Hepatology 2003; 38: 683-691
Kuo YM, Gitschier J, Packman S. Developmental expression
of the mouse mottled and toxic milk genes suggests distinct
functions for the Menkes and Wilson disease copper transporters.
Hum Mol Genet 1997; 6: 1043-1049
Malhi H, Gupta S. Hepatocyte transplantation: new horizons
and challenges. J Hepatobiliary Pancreat Surg 2001; 8: 40-50
Science Editor Wang XL Language Editor Elsevier HK

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

EL SEVIER

World J Gastroenterol 2005;11(24):3696-3700
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• BASIC RESEARCH •

Expression of tissue inhibitor of matrix metalloproteinases-1
during aging in rat liver
Yu-Mei Zhang, Xiang-Mei Chen, Di Wu, Suo-Zhu Shi, Zhong Yin, Rui Ding, Yang Lü
Yu-Mei Zhang, Xiang-Mei Chen, Di Wu, Suo-Zhu Shi, Zhong
Yin, Rui Ding, Yang Lü, Department of Nephrology, General
Hospital of PLA, Beijing 100853, China
Supported by the Major State Basic Research and Development
Program of China, 973 Program, No. G2000057000; Creative Research
Group Fund of the National Science Foundation of China, No.
30121005; the Postdoctor Foundation of China, No. 2004035048
Correspondence to: Xiang-Mei Chen, Department of Nephrology,
General Hospital of PLA, Beijing 100853,
China. xmchen@public.bta.net.cn
Telephone: +86-10-66935462 Fax: +86-10-68223803
Received: 2004-06-08 Accepted: 2004-07-11

Abstract
AIM: To investigate the expression and role of tissue
inhibitor of matrix metalloproteinases-1 (TIMP-1) during
natural aging in rat liver and to detect the expression of
matrix metalloproteinase-2 (MMP-2) and MMP-9.
METHODS: The rats were divided into 3-mo-old group
(n = 5), 10-mo-old group (n = 5) and 24-mo-old group
(n = 5). Histopathologic changes of liver were observed with
HE and Masson stain. The location and protein expressions
of TIMP-1 were determined by immunohistochemistry and
Western blot; message RNA (mRNA) levels were measured
in livers from rats of various ages by semi-quantitative
reverse transcriptional polymerase chain reaction (RTPCR). In addition, the expression of MMP-2 and MMP-9
was assessed by RT-PCR and Western blot.
RESULTS: Histologic examination showed that the aging
liver had excessive fatty degeneration and collagen deposition.
Immunohistochemical staining showed that TIMP-1 related
antigen in livers was located in cytoplasm. The protein
expression of TIMP-1 was significantly higher in the oldest
animals and the mRNA expression was increased significantly
in the 24-mo-old rats (t = 4.61, P = 0.002<0.05, 24-vs
10-mo-old rats; t = 4.31, P = 0.003<0.05, 24- vs 3-mo-old
rats). The expression of MMP-2 and MMP-9 had no change
during aging; the ratios TIMP-1/MMP-2 and TIMP-1/MMP-9
in aging liver were significantly higher than those in
maturation and young livers.
CONCLUSION: TIMP-1 may play an important role in the
process of liver aging.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Aging affects organs, tissues, and cell types of the same
organism in different ways. Aging is the most complex
phenotype and can affect physiology, impairs function and
increases susceptibility to all major chronic diseases[1]. In liver,
age-related morphologic changes are the variable degrees
of fibrosis and deposition of extracellular matrix (ECM).
There is evidence that the change of ECM is mainly regulated
by MMPs. Hepatic fibrosis is formed because specific TIMPs
inhibit ECM degradation[2-4]. TIMP-1 is a very important
promoting factor in the process of hepatic fibrosis[5]. The
expression of TIMP-1 is also related to the aging of many
organs, but few data are available on the changes of TIMP-1
during liver aging. We conducted this study to determine
whether TIMP-1 was related to liver aging.
MATERIALS AND METHODS
Animals
Wistar rats (both sexes) provided by the Experimental Animal
Center of General Hospital of PLA were studied at the
age of 3, 10 and 24-mo (five animals per age group).
All studies were performed with the approval of Experimental Animal Committee in our hospital. The animals
were fed under standard conditions and fasted for 4 h,
then killed using pentobarbital sodium anesthesia. The liver
was removed, immediately frozen in liquid nitrogen and
stored at -80 ℃, except for a portion cut out for histology.
Histopathological examination
Liver samples from each rat were fixed in 40 g/L formaldehyde,
embedded in paraffin, stained with hematoxylin-eosin (HE)
and Masson trichrome collagen stain and then examined
under an optical microscope.
TIMP-1 immunohistochemical staining
The location and expression of TIMP-1 were detected by
immunocytochemical staining with the ABC kit. Serial paraffin
sections of liver samples at 4 m thickness were deparaffinized
in xylene and gradually rehydrated in alcohol. After retrieval
of the antigens, nonspecific binding sites were blocked with
normal serum for 20 min. The sections were incubated with
polyclonal antibody against TIMP-1 (Santa Cruz) at 4 ℃
overnight, then with secondary antibody at 37 ℃ for 30 min,
avidin-peroxidase at 37 ℃ for 20 min. The positive stains
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Table 1 Primer sequences and sizes of TIMP-1 and MMP-2, MMP-9 in expected PCR products for RT-PCR
Genes

Primer sequences

TIMP-1

Sense:5’-GCCCCAACCCACCCACAGA-3’
Antisense: 5’-TTTGCAAGGGATGGCTGAACAG-3’
Sense: 5’-GAGAAAAGCGCAGCGGAGTGACG-3’
Antisense: 5’-TTCCCCCGCAAGCCCAAGTG-3’
Sense:5’-CCACCGAGCTATCCACTCAT-3’
Antisense: 5’-GTCCGGTTTCAGCATGTTTT-3’
Sense: 5’-GGCATCCTGACCCTGAAGTA-3’
Antisense: 5’-GCCGATAGTGATGACCTGACC-3’

MMP-2
MMP-9
-actin

were shown as brown color by peroxidase substrate solution
DAB. The sections were finally counterstained with hematoxylin, dehydrated, and mounted. As a negative control,
PBS was used instead of the primary antibody.
RT-PCR of TIMP-1 and MMP-2, MMP-9
We examined the expression of TIMP-1 and MMP-2,
MMP-9 in liver from rats of various ages. Total RNA was
extracted from livers using TRIzol reagent according to the
manufacturer’s instructions, then reversed by transcribing it
into cDNA. Total RNA (5 µg) and random primer (2 µg) in
DEPC water were denatured at 80 ℃ for 5 min, then 5 µL
5× reverse transcriptase buffer, 2 µL 20 mmol/L dNTPs,
1 µL M-MLV reverse transcriptase (200 U) and DEPC
water were added to the total volume of 15 µL. The reaction
was performed at 37 ℃ for 1.5 h and at 100 ℃ for 5 min
to inactivate the reverse transcriptase. PCR was performed
in a 25 µL reaction mixture containing 1 µL reactant, 2.5 U
Taq DNA polymerase and 20 pmol primers, and heated for
5 min at 95 ℃ for pre-denaturation, and then subjected to
35 PCR cycles, each cycle consisting of denaturation at 95 ℃
for 45 s, annealing at 60 ℃ for 45 s and extension at 72 ℃
for 45 s. TIMP-1 and MMP-2, MMP-9 genes were amplified
with specific primers, the gene for -actin was used as an
internal control (Table 1). The amplified products were
electrophoresed on 12 g/L agarose gel containing 0.5 g/L
ethidium bromide and visualized under UV light. The density
and area of each band were analyzed using the Gelworks
system (UVP, USA). The ratios of TIMP-1/-actin, MMP2/-actin and MMP-9/-actin were regarded as the
expression levels of TIMP-1 and MMP-2, MMP-9.
Western blot for TIMP-1 and MMP-2, MMP-9
TIMP-1 and MMP-2, MMP-9 protein extracts from rat
livers were subjected to Western blot analysis. Liver samples
were homogenized in ice-cold extraction buffer RIPA and
freshly added protease inhibitors (aprotinin 1 µg/mL,
leupeptin 1 µg/mL, PMSF 10 mmol/L). The homogenates
were centrifuged (4 ℃, 10 min, 1 500 r/min), the supernatant
was decanted and saved on ice. Protein concentrations were
measured using the Bio-Rad method. The proteins were
separated on SDS-polyacrylamide gel and transferred
electrophoretically onto nitrocellulose membrane using a
mini electroblotter (Bio-Rad). The nitrocellulose membrane
was blocked with 100 g/L defatted milk in TBST (20 mmol/L
Tris-HCl buffer, 9 g/L NaCl, 1 mL/L Tween-20) for 1 h at
room temperature, and then incubated overnight at 4 ℃ in
primary antibody to TIMP-1 or MMP-2, MMP-9 (Santa

Product size (bp)
405
145
159
565

Cruz). After washing with TBST, the membrane was incubated
for 1 h at room temperature with horseradish-peroxidase
secondary antibody (Santa Cruz). Immunoreactive bands were
visualized with enhanced chemiluminescence (ECL,
Amersham). -actin was used as the internal control.
Statistical analysis
Statistical analysis was performed using the SPSS statistical
software program. Values were expressed as mean±SD. The
significance of the difference was calculated by two-tailed
Student’s t test. P<0.05 was considered statistically significant.

RESULTS
Histopathologic changes of liver
The mature and young livers showed normal lobular
architecture with central veins and radiating hepatic cords
and a normal distribution of collagen (Figure 1). The aging
liver also showed a normal lobular architecture with central
veins and radiating hepatic cords, but had excessive fatty
degeneration and collagen deposition extending from central
veins or portal tracts (Figure 2).
TIMP-1 expression and localization
Immunohistochemical staining showed that the TIMP-1
antigen in livers was located in cytoplasm but not in nuclei.
Its expression in aging liver was much stronger than that in
mature and young livers (Figure 3).
mRNA expression of TIMP-1, MMP-2 and MMP-9
We examined the mRNA expression of TIMP-1 and
MMP-2, MMP-9 in liver from rats of various ages with
semi-quantitative RT-PCR (Table 2). The expression of
TIMP-1 mRNA tended to increase in the 24-mo-old rats
(t = 4.61, P = 0.002<0.05, 24- vs 10-mo-old rats; t = 4.31,
P = 0.003<0.05, 24- vs 3-mo-old rats). The expression of
MMP-2 and MMP-9 mRNA remained unchanged throughout
the observation time. The ratios of TIMP-1/MMP-2 and
TIMP-1/MMP-9 in aging liver were significantly higher
than those in mature and young livers.
Table 2 Expression of TIMP-1 and MMP-2, MMP-9 mRNA in rat liver
(mean±SD)
Age (mo)
3
10
24
a

TIMP-1/-actin

MMP-2/-actin

0.29±0.08
0.35±0.01
0.89±0.28a

0.52±0.04
0.59±0.08
0.66±0.02

P<0.05 vs 3-mo, 10-mo rats.

MMP-9/-actin
1.48±0.14
1.50±0.09
1.51±0.05
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Figure 1 Normal lobular architecture of mature and young liver (A) and normal

A

distribution of collagen in mature and young liver (B).

B

Figure 2 Severe fatty degeneration (A) and collagen deposition (B) in aging liver.

A

B

Figure 3 Expression of TIMP-1 in mature and young liver (A) and aging liver (B).

TIMP-1
MMP-2
MMP-9

-actin
3

10
24
Time (mo)

Figure 4 Protein expressions of TIMP-1 and MMP-2, MMP-9 in rat livers
(Western blot).

Protein expression of TIMP-1, MMP-2 and MMP-9
Western blot analysis revealed a progressive age-dependent

protein expression of TIMP-1 (Figure 4). TIMP-1 level
increased in 24-mo-old rats compared with the mature and
young livers (P<0.05). In contrast, MMP-2 and MMP-9
remained almost unchanged at all the considered ages.

DISCUSSION
Fibrosis is a hallmark of aging of various organs, including
heart, kidney and liver[6-8]. Fibrosis impairs liver function[9]
and changes in liver function are important because they
may promote susceptibility to adverse drug reactions,
neurotoxicity, atherosclerosis and other important diseases
in older people[10] . Fibrosis is pivotal in the modification
of blood flow leading to portal hypertension[11]. Fibrosis
reflects increased deposition of the physiological
components of ECM. The liver ECM is a passive structural
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support since it plays key roles in providing a structural
framework and maintaining the differentiated phenotype
and normal function of hepatocytes, sinusoidal endothelial
and stellate cells[12,13].
A major group of enzymes responsible for ECM
degradation is the MMP family, including collagenase,
gelatinase, and stromelysin[14,15]. MMPs are a group of zincand calcium-dependent enzymes that regulate cell-matrix
composition by degrading components of the ECM. After
activation, MMPs are secreted into the extracellular medium
except for the membrane type (MT)-MMPs[16] . TIMPs,
specific inhibitors of matrix metalloproteinases, have been
found to be the key regulators of MMP activity and ECM
degradation[17,18]. MMPs and TIMPs play an important role
in various fibrotic diseases[19,20]; expression of TIMP-1 is
increased in hepatic fibrosis and reflects the changes of
liver fibrosis[21-24]. Gelatinase is comprised of gelatinase A
(MMP-2) and gelatinase B (MMP-9) and can degrade main
components of the ECM [25,26]. TIMP-1 is a natural tissue
inhibitor of gelatinases and can inhibit the gelatinolytic
activities of gelatinases[27].
The expression of TIMP-1 is related to aging of many
organs. Increase of total fibrillar collagen content is related
to increased myocardial TIMP-1 levels[28]. Aged human
microvascular endothelial cells increase expression of TIMP1 [29] . Gagliano provides a comprehensive description of
hepatic collagen expression and metabolism during natural
aging in rats[30]. Interstitial collagen accumulates significantly
in the oldest animals and TIMP-1 seems to be a major
regulating factor.
Immunohistochemical staining showed that TIMP-1
antigen in livers was located in cytoplasm, and its expression
in aging liver was much stronger than that in mature and
young livers. We found that TIMP-1 expression was higher
in the aging liver and the transcription activity of this gene
was upregulated. TIMP-1, TIMP-1/MMP-2, and TIMP1/MMP-9 significantly increased while no change was
observed in expression of MMP-2 and MMP-9, suggesting
that MMP inactivation is increased by TIMP-1 in aging
liver.
These findings suggest that a disturbed TIMP-1/MMP
ratio may reflect the imbalance of extracellular homeostasis.
The data further support that age-dependent liver fibrosclerosis
is related to TIMP-1.

REFERENCES
1
2

3

4

Vijg J, Suh Y. Functional genomics of ageing. Mech Ageing
Dev 2003; 124: 3-8
Yoshiji H, Kuriyama S, Miyamoto Y, Thorgeirsson UP, Gomez
DE, Kawata M,Yoshii J, Ikenaka Y, Noguchi R, Tsujinoue H,
Nakatani T, Thorgeirsson SS, Fukui H. Tissue inhibitor of
metalloproteinases-1 promotes liver fibrosis development in
a transgenic mouse model. Hepatology 2000; 32: 1248-1254
Murphy FR, Issa R, Zhou X, Ratnarajah S, Nagase H, Arthur
MJ, Benyon C, Iredale JP. Inhibition of apoptosis of activated
hepatic stellate cells by tissue inhibitor of metalloproteinase1 is mediated via effects on matrix metalloproteinase inhibition:
implications for reversibility of liver fibrosis. J Biol Chem 2002;
277: 11069-11076
Dudas J, Kovalszky I, Gallai M, Nagy JO, Schaff Z, Knittel T,
Mehde M, Neubauer K, Szalay F, Ramadori G. Expression of
decorin, transforming growth factor-beta 1, tissue inhibitor
metalloproteinase 1 and 2, and type IV collagenases in chronic

3699

5

6

7

8

9

10

11
12

13

14

15

16

17

18

19

20

21

22

hepatitis. Am J Clin Pathol 2001; 115: 725-735
Flisiak R, Maxwell P, Prokopowicz D, Timms PM, Panasiuk
A. Plasma tissue inhibitor of metalloproteinases-1 and transforming growth factor beta 1-possible non-invasive biomarkers
of hepatic fibrosis in patients with chronic B and C hepatitis.
Hepatogastroenterology 2002; 49: 1369-1372
Boluyt MO, Converso K, Hwang HS, Mikkor A, Russell MW.
Echocardiographic assessment of age-associated changes in
systolic and diastolic function of the female F344 rat heart. J
Appl Physiol (1985) 2004; 96: 822-828
Chen RQ, Chen XM, Cui SW, Cai GY, Shi SZ, Xie YS, Lu Y, Peng
LX. Significance of imbalance between matrix metalloproteinases
and tissue type inhibitor of metalloproteinases in renal
tubulointerstitial lesions of aging rats. Zhonghua Yixue Zazhi
2004; 84: 937-942
Gagliano N, Arosio B, Santambrogio D, Balestrieri MR,
Padoani G, Tagliabue J, Masson S, Vergani C, Annoni G. Agedependent expression of fibrosis-related genes and collagen
deposition in rat kidney cortex. J Gerontol A Biol Sci Med Sci
2000; 55: B365-B372
Issa R, Zhou X, Trim N, Millward-Sadler H, Krane S, Benyon
C, Iredale J. Mutation in collagen-1 that confers resistance to
the action of collagenase results in failure of recovery from
CCl4-induced liver fibrosis, persistence of activated hepatic
stellate cells, and diminished hepatocyte regeneration. FASEB
J 2003; 17: 47-49
McLean AJ, Cogger VC, Chong GC, Warren A, Markus AM,
Dahlstrom JE, Le Couteur DG. Age-rela ted
pseudocapillarization of the human liver. J Pathol 2003; 200:
112-117
Bissell DM. Chronic liver injury, TGF-beta, and cancer. Exp
Mol Med 2001; 33: 179-190
Schuppan D, Ruehl M, Somasundaram R, Hahn EG. Matrix
as a modulator of hepatic fibrogenesis. Semin Liver Dis 2001;
21: 351-372
Pinkse GG, Voorhoeve MP, Noteborn M, Terpstra OT, Bruijn
JA, De Heer E. Hepatocyte survival depends on beta1-integrinmediated attachment of hepatocytes to hepatic extracellular
matrix. Liver Int 2004; 24: 218-226
Bodey B, Bodey B, Siegel SE, Kaiser HE. Immunocytochemical detection of the expression of members of the matrix
metalloproteinase family in adenocarcinomas of the pancreas.
In Vivo 2001; 15: 71-76
Soo C, Shaw WW, Zhang X, Longaker MT, Howard EW, Ting
K. Differential expression of matrix metalloproteinases and
their tissue-derived inhibitors in cutaneous wound repair. Plast
Reconstr Surg 2000; 105: 638-647
Roelle S, Grosse R, Aigner A, Krell HW, Czubayko F,
Gudermann T. Matrix metalloproteinases 2 and 9 mediate
epidermal growth factor receptor transactivation by gonadotropin-releasing hormone. J Biol Chem 2003; 278: 47307-47318
Jiang Y, Goldberg ID, Shi YE. Complex roles of tissue inhibitors of metalloproteinases in cancer. Oncogene 2002;
21: 2 245-2 252
Mannello F, Gazzanelli G. Tissue inhibitors of metalloproteinases
and programmed cell death: conundrums, controversies and
potential implications. Apoptosis 2001; 6: 479-482
Okazaki I, Watanabe T, Hozawa S, Arai M, Maruyama K.
Molecular mechanism of the reversibility of hepatic fibrosis:
with special reference to the role of matrix metalloproteinases.
J Gastroenterol Hepatol 2000; 15 Suppl: D26-D32
Ulrich D, Lichtenegger F, Eblenkamp M, Repper D, Pallua N.
Matrix metalloproteinases, tissue inhibitors of metalloproteinases,
aminoterminal propeptide of procollagen type III, and
hyaluronan in sera and tissue of patients with capsular contracture after augmentation with Trilucent breast implants.
Plast Reconstr Surg 2004; 114: 229-236
Yata Y, Takahara T, Furui K, Zhang LP, Jin B, Watanabe A.
Spatial distribution of tissue inhibitor of metalloproteinase-1
mRNA in chronic liver disease. J Hepatol 1999; 30: 425-432
Lichtinghagen R, Michels D, Haberkorn CI, Arndt B, Bahr M,
Flemming P, Manns MP, Boeker KH. Matrix metalloproteinase

3700

23

24

25

26

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

(MMP)-2, MMP-7, and tissue inhibitor of metalloproteinase1 are closely related to the fibroproliferative process in the
liver during chronic hepatitis C. J Hepatol 2001; 34: 239-247
Vaillant B, Chiaramonte MG, Cheever AW, Soloway PD,
Wynn TA. Regulation of hepatic fibrosis and extracellular
matrix genes by the th response: new insight into the role of
tissue inhibitors of matrix metalloproteinases. J Immunol 2001;
167: 7017-7026
Ninomiya T, Yoon S, Nagano H, Kumon Y, Seo Y, Kasuga M,
Yano Y, Nakaji M, Hayashi Y. Significance of serum matrix
metalloproteinases and their inhibitors on the antifibrogenetic
effect of interferon–alfa in chronic hepatitis C patients.
Intervirology 2001; 44: 227-231
John A, Tuszynski G. The role of matrix metalloproteinases
in tumor angiogenesis and tumor metastasis. Pathol Oncol
Res 2001; 7: 14-23
Kanoh Y, Akahoshi T, Ohara T, Ohtani N, Mashiko T, Ohtani

27

28

29

30

June 28, 2005

Volume 11

Number 24

S, Egawa S, Baba S. Expression of matrix metalloproteinase2 and prostate-specific antigen in localized and metastatic
prostate cancer. Anticancer Res 2002; 22: 1813-1817
Liu H, Zang C, Fenner MH, Possinger K, Elstner E. PPARgamma
ligands and ATRA inhibit the invasion of human breast cancer cells in vitro. Breast Cancer Res Treat 2003; 79: 63-74
Sivasubramanian N, Coker ML, Kurrelmeyer KM, MacLellan
WR, DeMayo FJ, Spinale FG, Mann DL. Left ventricular remodeling in transgenic mice with cardiac restricted overexpression
of tumor necrosis factor. Circulation 2001; 104: 826-831
Reed MJ, Corsa AC, Kudravi SA, McCormick RS, Arthur
WT. A deficit in collagenase activity contributes to impaired
migration of aged microvascular endothelial cells. J Cell Biochem
2000; 77: 116-126
Gagliano N, Arosio B, Grizzi F, Masson S, Tagliabue J,
Dioguardi N, Vergani C, Annoni G. Reduced collagenolytic
activity of matrix metalloproteinases and development of liver
fibrosis in the aging rat. Mech Ageing Dev 2002; 123: 413-425

Science Editor Wang XL and Guo SY Language Editor Elsevier HK

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

EL SEVIER

World J Gastroenterol 2005;11(24):3701-3709
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• BASIC RESEARCH •

Tumor necrosis factor-alpha induces apoptosis of enterocytes in
mice with fulminant hepatic failure
Hong-Li Song, Sa Lu, Pei Liu
Hong-Li Song, Sa Lu, Pei Liu, Department of Infectious Diseases,
The Second Affiliated Hospital, China Medical University, Shenyang
110004, Liaoning Province, China
Supported by Research Foundation of Ministry of Public Health,
No. 97100252
Correspondence to: Pei Liu, Department of Infectious Diseases,
The Second Affiliated Hospital, China Medical University, No. 36
Sanhao Street, Shenyang 110004, Liaoning Province,
China. syliupei2003@yahoo.com.cn
Telephone: +86-24-83956962 Fax: +86-24-83956451
Received: 2004-07-31 Accepted: 2004-08-25

GalN/TNF administration were 169.54±52.62/905.79±
111.84, 11 350.67±2 133.26/28 160.37±4 601.67, 25 781.00
±2 277.75/122 352.30±49 412.40, 5 241.53±3 007.24/
49 157.93±9 804.88, 7 086.13±1 031.15/3 283.45±127.67,
respectively, compared with those in control groups (with
NS, LPS and GalN administration, respectively). IOD level
of TNFR1 changed significantly at 6, 9 and 12 h after
GalN/LPS and GalN/TNF administration. The expression
of TNFR1 protein was significantly higher at 9 h after
GalN/LPS and GalN/TNF administration than that in
control groups. Protein expression of TNFR1 was positively
correlated with enterocyte apoptosis.

Abstract

CONCLUSION: TNF can induce apoptosis of enterocytes
in mice with FHF. Anti-TNF IgG can inhibit this role.

AIM: To explore the alterations of intestinal mucosa
morphology, and the effects of tumor necrosis factor 
(TNF) on enterocyte apoptosis in mice with fulminant
hepatic failure (FHF).
METHODS: Liver damage was induced by lipopolysaccharide
(LPS)/TNF- in D-galactosamine (GalN) sensitized BALB/c
mice. There were 40 mice in normal saline (NS)-treated
group, 40 mice in LPS-treated group, 40 mice in GalN-treated
group, 120 mice in GalN/ LPS-treated group and 120 mice
in GalN/ TNF-treated group. Each group was divided
into five subgroups of eight mice each. Serum samples and
liver, intestinal tissues were respectively obtained at 2,
6, 9, 12 and 24 h after administration. Anti-TNF monoclonal
antibody was injected intravenously into GalN/LPS-treated
mice. Serum TNF levels were determined by enzymelinked immunosorbent assays (ELISA). Serum ALT levels
were determined using an automatic analyzer. The intestinal
tissues were studied under light microscope and electron
microscope at 2, 6, 9, 12 and 24 h in mice with fulminant
hepatic failure, respectively. Enterocyte apoptosis was
determined by terminal deoxynucleotidyl transferasemediated dUTP nick-end labeling (TUNEL) method. The
expression of tumor necrosis factor receptor 1 (TNFR1)
in intestinal tissue was tested by immunohistochemistry
Envision Two Steps.
RESULTS: Gut mucosa was morphologically normal at all
time points in all groups, but typical apoptotic cells could
be seen in all experimental groups under electron microscope. Apoptosis rate of gut mucosal epithelial cells were
significantly increased at 6, 9 and 12 h, peaked at 12 h
in mice with fulminant hepatic failure. TNF induced
apoptosis of enterocytes in mice with FHF. The integrated
OD (IOD) levels of TNF receptor 1 protein expressed in
the intestine of mice with GalN/LPS and GalN/ TNFinduced FHF at 2, 6, 9, 12 and 24 h after GalN/LPS and

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Tumor necrosis factor  (TNF) is a key cytokine with a
broad-spectrum of physiopathological effect, and secreted
mainly by monokaryons and macrophages. Besides participating
in humoral and cell immunity, TNF also plays an important
role in many diseases such as severe hepatitis, septic shock
and inflammatory bowel disease[1-5].
Patients with severe hepatitis are at high risk for serious
complications such as spontaneous bacterial peritonitis (SBP),
which is an important cause of death in patients with severe
hepatitis[6-8]. SBP is related with the changes of intestinal
permeability, bacterial translocation, etc.[9-12], as well as the
production of inflammatory mediators such as TNF, IFN-
and IL[13,14]. However, whether there is a relationship between
acute liver necrosis and barrier function of intestinal mucosa
injury is still unknown.
No study has reported the important role of intestinal
function in patients with fulminant hepatic failure (FHF)
complicated by SBP. Additional studies are needed to clarify
the degree of mucosal damage and gut barrier dysfunction
induced by FHF, and if possible, to explore the potential
mechanisms. Therefore, we performed a series of studies
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on intestines of mice with FHF. The purpose of this study
was to explore the alterations of intestinal mucosa morphology,
and the effects of TNF on apoptosis of enterocytes in
mice with FHF.

MATERIALS AND METHODS
Mice models of acute liver necrosis and specimens
Six-week-old male BALB/c mice (provided by Laboratory
Animal Center in China Medical University, China) were housed
at a constant room temperature and humidity with free access
to food and water, and subjected to a 12-h light/dark cycle.
Food was withdrawn overnight before experiments. Mice with
fulminant hepatic failure (FHF) were given an intraperitoneal injection of D-galactosamine (GalN) (800 mg/kg
body weight, Sigma), followed by lipopolysaccharide (LPS)
(100 g/kg body weight, Sigma). For preparation of mice
with GalN/TNF-treated induced fulminant hepatic failure
mice were given an intraperitoneal injection of GalN
(80 0 mg/kg body weight, Sigma), followed by TNF
(10 g/kg body weight, Sigma). In control groups, mice were
given an intraperitoneal injection of GalN (800 mg/kg body
weight, Sigma), LPS (100 mg/kg body weight, Sigma), NS
(equal volume GalN and LPS, body weight), respectively.
There were 40 mice in NS-treated group, 40 mice in LPStreated group, 40 mice in GalN-treated group, 120 mice in
GalN/ LPS-treated group and 120 mice in GalN/TNFtreated group. Each group was divided into five subgroups
of eight mice each. Serum samples and liver, intestinal tissues
were respectively obtained at 2, 6, 9, 12 and 24 h. AntiTNF monoclonal antibody (100 g/mouse, Fitzgerald)
was injected intravenously into GalN/LPS-treated mice 1 h
before GalN/LPS administration. Serum samples and liver,
intestinal tissues were respectively obtained at 9 h (5 mice)
after administration of GalN/ LPS.
Serum levels of alanine transaminase (ALT) were
deter-mined, liver and intestinal tissues were fixed for
histopathologic analysis. Intestinal tissues were fixed for
electron and light microscopy. Liver and intestinal
specimens were taken and stained with hematoxylin-eosin.
Morphological change was observed under transmission
electron microscope.
Blood Biochemistry and Serum Cytokine Assay
Serum alanine transaminase (ALT) levels were determined
using an automatic analyzer (HITACHI 7250; Hitachi, Japan).
Serum TNF (TNF mouse EIA kit; Genzyme, Cambridge,
MA) was determined by enzyme-linked immunosorbent
assays (ELISA) according to the manufacturer’s protocol.
Transmission electron microscopy
Samples for electron microscopy were fixed in phosphatebuffered glutaraldehyde (2.5%) and osmium tetroxide (1%).
Mucosa was dehydrated in acetone solution. The tissue was
embedded in an epoxy resin. One micrometer thick section
was made and stained with toluidine blue. Six hundred angstromthin sections were made from a selected area of tissue and
stained with lead citrate and uranyl acetate. Ultrastructures
of mucosa were observed under a transmission electron
microscope (H-600; Hitachi, Japan).
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Histopathologic analysis and detection of apoptosis using
the in situ labeling method
After liver and intestine tissues were fixed in 10% phosphate
buffered formalin and embedded in paraffin, 5-m thick
serial sections were stained with hematoxylin-eosin for
histopathologic analysis. Apoptotic enterocytes were detected
by the in situ terminal deoxynucleotidyl transferase-mediated
dUTP nick-end labeling (TUNEL) method according to the
test instructions of kit.
Immunohistochemistry for TNFR1
Sections were indirectly immunolabeled with an ABC kit
according to the manufacturer’s instructions. Sections were
deparaffined and diluted in normal goat serum for 20 min.
Following incubation with polyclonal antibody (rabbit antimouse TNFR1 diluted in phosphate-buffered saline (PBS)
1:100; Sigma) applied for 12 h in a humidified chamber at
4 ℃. These sections were then rinsed thrice for 10 min in
PBS, and the secondary antibody (goat anti-rabbit IgG),
diluted 1:100 in PBS was applied for 2 h at room temperature. Sections were rinsed in PBS as before and then rinsed
in distilled water. Fresh peroxidase reaction mixture containing
equal amounts of 0.02% hydrogen peroxide in H2O and
0.1% diaminobenzidine in PBS were prepared. Sections
were mounted on Uvinert mountant (BDH, UK). Positively
stained cells were expressed as integrated A value.
Judgment of positive standard in TUNEL and immunohistochemistry
We chose three fields of vision in microscopy at random, and
analyzed the positive rate of apoptotic cells and TNFR1 protein
expression using ‘multi-system color/RGB monitor’ computer
image processing system. Accounting formula was positively
cells stained (rate) = the area of brown cells/total area×100%.
Statistical analysis
Software SPSS 11.0 was used in statistical analysis. Each
parameter was expressed as mean±SE, and compared using
one-way ANOVA, followed by Tukey test. P<0.05 was
considered statistically significant.

RESULTS
Mortality of mice with GalN/LPS and GalN/TNF-induced FHF
Administration of lipopolysaccharide (LPS, 10 g/kg body
weight/ TNF 100 g/mouse) and D-galactosamine (GalN,
800 mg/kg body weight) respectively induced acute liver
necrosis. Nine hours after GalN/LPS or GalN/TNF
administration, the mortality of mice reached 60% (72/120)
and 60.83% (73/120). However, the mortality of mice with
acute liver necrosis induced by GalN/LPS did not increase
after 12 h. The total mortality was 66.6% (80/120) and
73.3% (87/120).
Serum ALT levels in mice after treatment
Serum ALT levels in LPS, GalN, and NS-treated mice were
almost normal at different time points. But serum TNF
levels in GalN/LPS and GalN/TNF-treated mice began
to increase at 6 h after GalN/LPS administration (2 513.15±
874.18 U/L) and (204.1±82.05 U/L), 9 h (6 235.45±912.43
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U/L) and (4 774.82±1 117.95 U/L), and reached a maximal
level at 12 h (10 215.75±967.71 U/L) and (6 177.84±
1 280.96 U/L). It began to decrease after 12 h (10 251.94
±104 581 U/L).
Anti-TNF IgG significantly reduced serum ALT levels
in mice with fulminant hepatic failure at 9 h after GalN/
LPS administration (6 235.45±912.43 U/L vs 257.1±
83.17 U/L, P<0.01) (Figure 1A).
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Figure 1 Serum ALT (A) and TNF (B) levels in mice after treatment with GalN,
LPS, anti-TNF IgG, GalN/LPS. bP <0.01 vs GalN, LPS and anti-TNF IgG groups.
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Serum TNF levels in mice after treatment
Serum TNF levels in LPS, GalN and NS-treated mice
were almost normal at different time points. But serum
TNF levels in GalN/LPS-treated mice began to increase
and reached a maximal level at 12 h (201.12±81.73 ng/L)
after treatment with LPS, GalN, NS and GalN/LPS. It
began to decrease at 24 h (22.37±12.03 ng/L) (Figure 1B).
Assessment of liver and intestinal injury with hematoxylin–
eosin staining
Nine hours after injecting GalN/LPS and GalN/TNF,
liver tissues from most mice with acute liver necrosis/FHF
presented severe hemorrhage and hepatic necrosis, but
acidophil degeneration or formation of apoptotic bodies
was found in some residual hepatocytes. The hepatic cord
disappeared and the structure of liver leaflet deranged. Fatty
degeneration and swelling were observed in LPS-treated
group. However, degeneration or spotty necrosis of hepatocytes,
congestion, acidophil degeneration and dilatation of hepatic
sinusoids were found in GalN-treated group. Nine hours
after anti-TNF monoclonal antibody was injected
intravenously into GalN/LPS-treated mice, liver tissues
in most mice did not present severe hemorrhage and hepatic
necrosis, but some residual hepatocytes appeared as spotty
and focal necrosis. Cloudy swelling of hepatocytes was
seen in central veins.
The degrees of liver injury in mice with acute liver
necrosis were increased remarkably as compared with
control group (Figure 2).
Intestinal samples at different time points were taken
for hematoxylin-eosin (HE) staining. Pathomorphology of
intestinal mucosa was not remarkably altered in mice with
acute liver necrosis compared with that in control groups.
Epithelial cells shed normally from the top of villi and villi

A

B

C

D

E

F

Figure 2 Liver injury stained with hematoxylin-eosin. A: NS-treated group
100×; B: LPS-treated group 400×; C: GalN-treated group 400×; D: GalN/LPS-

treated group100×; E: GalN/TNF-treated group 100×; F: anti-TNF IgG-treated
group 100×.
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were arranged 9 h after treatment (Figure 3).
Ultrastructural observations
TEM analysis of apoptosis in colon and small intestinal epithelia
of acute liver necrosis and control was performed.
In transmission electron microscopy (TEM), well-developed
structure of intestinal epithelial apoptosis was clearly observed
in small intestine and colon of experiment groups. There
were significant differences in the appearance and number
of apoptosis cells between liver necrosis and control groups.
In GalN/LPS-treated group, the nuclei of epithelial
cells were irregular, but their membranes were still intact.
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Obvious ultrastructural alterations were found, including
reduction of matrix of mitochondria and disruption of their
cristae, ruptured, distorted and sparse microvilli, apoptosis
bodies in cytoplasms, disrupted and wider tight junction
between epithelial cells, swollen and degenerated vascular
endothelial cells. The ultrastructure of intestinal epithelium
was almost normal. In anti-TNF IgG-treated group, the
ultrastructural alterations were small (Figure 4).
Enterocyte apoptosis
In this study, we examined the effects of TNF on apoptosis
in the intestine of NS, GalN, LPS, anti-TNFIgG, GalN/

A

B

C

D

E

F

a

b

c

d

e

f

Figure 3 Morphology of large (A-F) and small (a-f) intestinal samples stained
with hematoxylin-eosin; A, a: NS-treated group; B, b: LPS-treated group; C, c:

Volume 11

GalN-treated group; D, d: GalN/ LPS-treated group; E, e: GalN/TNF IgGtreated group; F, f: anti-TNF-treated group.
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Figure 4 Structure of apoptotic enterocytes with transmission electron microscopy.

LPS and GalN/TNF-treated mice. Few TUNEL-positive
cells were found in the intestine specimens of NS, GalN,
LPS-treated mice 2 h after treatment. There were a few
TUNEL-positive cells in GalN/LPS and GalN/TNFtreated mice 2 h after treatment (Figure 5). A small number
of apoptotic enterocytes were seen in the intestines of GalN/
LPS and GalN/TNF-treated mice 6 and 9 h after treatment.
A large number of TUNEL-positive enterocytes were seen
in the intestine of GalN/LPS and GalN/TNF-treated
mice 12 h after treatment. In NS, LPS, GalN, and antiTNF IgG-treated groups, a few TUNEL-positive cells
were found in the intestine specimens 9 h after treatment
(Figure 6). These findings indicate that anti-TNF
antibody could inhibit enterocyte apoptosis in GalN/LPStreated mice.
Expression of TNFR1 protein with immunohistochemistry
The changes of TNFR1 protein expression are shown in
Figure 7. At 9 h, in LPS and DalN-treated groups, the
expression was less than that in GalN/LPS-treated groups.
But in anti-TNF IgG-treated group, the expression was
decreasing.
We analyzed the TNF related to TNF-induced apoptotic
pathways by means of computer image processing system
assays. The IOD levels of TNFR1 protein expression in
the intestine of mice with FHF at 2, 6, 9, 12, and 24 h after
treatment with GalN/LPS and GalN/TNF, were compared
with those of control mice (Figure 8). However, IOD value
of TNFR1 changed significantly at 6, 9, and 12 h after
treatment with GalN/LPS and GalN/TNF. The expression
of TNFR1 proteins was significantly higher at 9 h after
GalN/LPS and GalN/TNF treatment than other control
groups. Anti-TNF IgG inhabited the expression of TNFR1
proteins in mice with acute liver necrosis. There was a slight

difference in IOD level of TNFR1 between large intestine
and small intestine tissues (the peak time point was at 9 h in
small intestine, but at 12 h in large intestine).

DISCUSSION
The pathogenesis of severe hepatitis complicated by SBP
still remains obscure. Intestinal tract is not only an important
organ of digestion and absorption of nutrients, but also
prevents bacterial penetration[15]. The function of the intestinal
tract in monitoring and preventing intruders is called the
gut barrier. A variety of specific and nonspecific mechanisms
are in operation to establish the host barrier[16,17]. Recent
study showed that acute hepatic failure results in intestinal
endotoxemia (IETM), and increases intestinal mucosal
permeability[18]. The intestinal mucosal barrier is composed
of mucosal fluid, microvilli, epithelium mucosae cell tight
junction and special structure[19] . Maintaining the stability
of epithelial mucosa depends on the balance between
proliferation and apoptosis of epithelial cells[20]. Once some
changes occur in components, it can result in dysfunction
of the barrier.
Many scholars have discovered that the level of serum TNF
is obviously increased in patients with severe hepatitis[21] .
We made the animal model of FHF induced by GalN/LPS
or GalN/TNF. The clinical manifestation, biochemistry
analysis and liver histopathology are coincident with FHF[22,23].
We clearly demonstrated that anti-TNF antibody could
prevent the necrosis of liver in mice with fulminant hepatic
failure induced by GalN/LPS.
Recent studies showed that TNF binds to the soluble
tumor necrosis factor receptor, (sTNFR), sTNFR 1(55 P)
and sTNFR 2(75P) are expressed in intestinal epithelial cells[24] .
Members of TNF and TNF receptor families play important
roles in inducing apoptosis. TNF induces apoptosis of
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Figure 5 Morphology of enterocyte apoptosis in large (A-F) and small (a-f) intestine.

enterocytes[25,26] and increases the permeability[27-29]. TNF
causes cell apoptosis by activating caspases-3 in cells, but
TNF-induced apoptosis of enterocytes in mice is mediated
by TNF receptor 1[30]. The empirical study on TNF-induced
apoptosis of enterocytes demonstrated that TNFinduced apoptosis requires activation of ICE caspase
family whereas complete inhibition of the caspase cascade
leads to necrotic cell death[31] . At the same time, TNF
has cytotoxic action, which directly causes edema and destroys
tissues. Apoptosis accounts for about half of TNF-induced
permeability [32]. Corredor [33] found that a physiological
TNF level (1 g/L) enhances migration through TNFR2,
whereas a pathological TNF level (100 g/L) inhibits

wound healing through TNFR1. TNF is a prominent
cytokine in the pathogenesis of severe hepatitis, yet its
effects on intestinal epithelium in mice with severe hepatitis
remain poorly understood.
In our studies we observed apoptosis of large and small
intestinal tissues at different time points in the mice model
of FHF. The result of electron microscopy confirmed the
occurrence of apoptosis in intestine of mice with FHF.
But the apoptosis enterocytes in large and small intestine
dramatically decreased in anti-TNF IgG group. Therefore
we suggest that TNF can induce apoptosis of enterocytes
in mice with FHF, and anti-TNF IgG can inhibit its action.
Apoptosis is not only a physiologic phenomenon of death,

Apoptosis rate (%)

Song HL et al. Effects of TNF on enterocyte apoptosis in mice with FHF
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Figure 6 Enterocyte apoptosis rate of mice at different time points after GalN/
LPS injection. A: large intestinal tissues. B: small intestinal tissues bP <0.01 vs
other time points in the same group.

but also involves many processes of disease. In common,
in a 24 h period, there may be 960-1 200 apoptotic bodies
per villus, which are approximately equal to the villus influx
to maintain the physiological function of intestinal tract
barrier[34].
Regulation of the cells in adult tissues is determined by the
balance between cell production and loss. In the gastrointestinal
tract, where there are well-defined zones of proliferation
and migration of both epithelial cells and associated fibroblasts,
cell loss occurs by shedding into the gut lumen. Taking the
absolute number of apoptotic bodies into consideration,
the rapid clearance and the size of small intestinal villi and
colonic crypts indicate that the cell loss in normal murine
intestine can largely be explained by the observed apoptosis.
Though being inconspicuous in histological material,
apoptosis probably accounts for the bulk of cell loss in the
gut and is a central feature of the regulation of cell number
in intestinal tissues.

Figure 7 Changes of TNFR1 protein expression.
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The biological action of TNF is brought into full play
through two distinct cell surface receptors, TNFR1 (55 ku)
and TNFR2 (75 ku), and both of them could combine
with TNF and TNF. TNFR2 only plays a role in signal
transmission[35]. TNF binding to its receptor enters cells by
receptor mediating endocytosis, and induces cytolysis and
cytotoxic action[36,37]. In contrast to the rapid onset of apoptosis
seen after bacterial infection of mouse monocyte-macrophage
cell lines, the commitment of human intestinal epithelial cell
lines to undergo apoptosis is delayed for at least 6 h after
bacterial infection, and the ensuing phenotypic expression
of apoptosis is delayed for 12-18 h after bacterial entry.
TNF and nitric oxide produced as components of the
intestinal epithelial cell proinflammatory program in the early
period after bacterial invasion, play an important role in the
later induction and regulation of the epithelial cell apoptotic
program[38]. Apoptosis in response to bacterial infection
might function to delete infected and damaged epithelial
cells and restore epithelial cell growth regulation and
epithelial integrity that are altered during the course of
enteric infection. In our study, immunohistochemistry analysis
indicated that the expression of TNFR1 protein was
significantly higher at 9 h after GalN/LPS and GalN/
TNF administration, than that in control groups. Protein
expression of TNFR1 is positively correlated with enterocyte
apoptosis. The time of TNF-induced apoptosis of enterocytes was coincident with that of hepatocytes in FHF[22] .
Therefore, TNF could induce apoptosis of enterocytes
in mice with GalN/LPS-induced fulminant hepatic failure.
This apoptosis is mediated by a positive apoptotic signal
leading to activation of the caspase (ICE family of proteases) cascade via TNFR1-associated death domain protein
and additional apoptotic signals via receptor-interacting
proteins.

IOD value of TNFR
protein expression
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Figure 8 IOD level of TNFR1 in mice at different time points after GalN/LPS
treatment. A: large intestinal tissues. B: small intestinal tissues. aP<0.05; bP <0.01
vs 2 h time point.
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In conclusion, apoptosis of enterocytes occurs with high
serum level of TNF in severe hepatitis complicated by
SBP, and the regulation of intestinal cell apoptosis by TNF
seems to be mediated by TNFR1, and anti-TNF IgG can
inhibit intestinal cell apoptosis by reducing the expression
of TNFR1.
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Abstract
AIM: An increase in bile ductular structures is observed
in diverse human liver diseases, especially in primary
biliary cirrhosis (PBC). These structures harbor the
progenitor cell component of the liver. Caveolins are
cholesterol-binding proteins involved in the regulation of
several intracellular processes including cholesterol
transport. This study aims to examine the role of caveolin
in PBC.
METHODS: Immunohistochemical and Western blotting
studies were performed on human liver specimens obtained
from patients with PBC and normal liver samples. The
expression of caveolin (CAV)-1 and -2 was determined using
specific antibodies.
RESULTS: In normal liver, scanty immunostaining for CAV1 and -2 was observed in bile ductules. In PBC liver samples,
the expression levels of CAV-1 and -2 were increased on
proliferating bile ductules especially in stage 3 cases, but
was sparse on interlobular bile duct in stage 1 specimens.
Especially, the regenerating bile ductules at the interface
of portal tracts and necrotic areas were immunostained
intensely for CAV-1 and -2. These phenomena were confirmed
by Western blot.
CONCLUSION: The present results demonstrate increased
expression of caveolins in proliferating bile ductules in
PBC, which may be related to the homeostasis of cholesterol
transport in regenerating bile ductules in PBC liver.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Due to the resemblance of “little caves” by transmission
electron microscopy, Yamada [1] first coined the term
“caveolae intracellulares” in 1955 to describe conspicuous,
50-100 nm invaginations of the plasma membrane found
in gallbladder epithelial cells. A few years earlier, Palade[2]
also described the presence of such structures in vascular
endothelium, although he preferred the term plasmalemmal
vesicles to describe the newly discovered cellular organelle
“caveolae”.
Caveolin-1 (CAV-1) is a 21-24 ku protein that decorates
the cytoplasmic surface of caveolae. CAV-1 was the first
discovered member of the caveolin family, and serves as
the primary structural component of caveolae[3]. In fact,
along with cholesterol and sphingolipids, CAV-1 appears to
play a direct role in caveolar biogenesis. The two other
members of the caveolin family, caveolin-2 (CAV-2) and
caveolin-3 (CAV-3), also target exclusively the caveolar
microdomains[4,5]. The expression levels of CAV-1, -2, and 3 fully correlate with the presence of caveolae in cells and
tissues. Interestingly, the expression patterns of CAV-1 and
-2 are largely distinct from that of CAV-3. While CAV-1 and
-2 are expressed at the highest levels in adipocytes, endothelial
cells, pneumocytes, and fibroblasts, CAV-3 expression is
limited to muscle cells of all types (cardiac, skeletal, and
smooth muscle cells)[5,6]. The three proteins overlap in their
expression in a few cell types, including smooth muscle cells.
Since their discovery, the caveolins have been seen to be
intimately involved in all aspects of caveolar function.
Razani et al[7], went on to dissect these effects in primary
mouse embryonic fibroblasts and found that CAV-2 is indeed
trapped in the golgi compartment and that its expression
can be rescued and its localization returned to the plasma
membrane following re-introduction of CAV-1. And, this
strategy was therefore used to assess the effects of CAV-1
on cellular proliferation and the cell cycle.
Proliferating bile ductular reactions are identified in
various human liver diseases, especially in primary biliary
cirrhosis (PBC)[8]. The aim of the present study was to
clarify the roles of caveolins on the proliferating bile
ductules in PBC by conducting immunohistochemistry and
Western blotting on liver biopsy specimens obtained from
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PBC patients.

MATERIALS AND METHODS
Surgical liver biopsy specimens were obtained from 11
female patients with PBC, mean age 54.2 years, range 3168 years; five cases of Scheur’s stage 1, and six cases of
stage 3. PBC was diagnosed clinically and histologically
according to the criteria proposed by the Japanese Joint
Research Group for Autoimmune Hepatitis[9].
As controls, wedge biopsy specimens from normal portions
of the liver were obtained from 10 patients (8 males and 2
females; aged from 44 to 73 years with a mean of 57.3 years)
who underwent surgical resection for metastatic liver carcinoma
(four colonic carcinoma and four gastric carcinoma).
Immunohistochemistry
Immunostaining was performed on serial sections. Fourmicrometer sections were cut from paraffin blocks of
formalin-fixed tissue, deparaffinized with xylene, and
dehydrated by graded ethanol (70-100%). Deparaffinized
sections were autoclaved (120 ℃, 2 atm, 15 min) in 10
mmol/L citrate buffer (pH 6.0). Endogenous peroxidase
activity was quenched by incubating with 0.3% hydrogen
peroxidase. The samples were washed with phosphate buffer
saline, and blocked for 10 min with diluted normal goat
serum (1:100). Immunostaining was performed using primary
antibodies as follows: anti-CAV-1 (polyclonal; Santa Cruz
Bio., Santa Cruz, CA) at 1:500 dilution, anti-CAV-2 (monoclonal;
Transduction Laboratories, Lexington, KY) at 1:40 dilution.
The tissue was incubated with each primary antibody
overnight at 4 ℃, and then processed by the EnVision
method (DAKO, Inc., Tokyo, Japan) at room temperature
for 60 min. After repeated washing with PBS, the sections
were reacted with diaminobenzidine (DAB) solution
containing 0.01% H2O2, and counterstained with hematoxylin
for light microscopic study.
Moreover, we conducted double staining with cytokeratin
7 to label the bile ducts. In brief, after DAB reaction, sections
were incubated in microwave for 5 min in citrate buffer.
Immunostaining was performed by incubating with anticytokeratin 7 monoclonal antibody (DAKO, Inc.) at 1:100
dilution for 1 h at room temperature and then processed
by EnVision method. After repeated washing with PBS, the
sections were reacted with the AEC kit (DAKO) for 2 min.
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Bedford, MA). The blots were blocked with 50 g/L dried milk
in PBS for 30 min, incubated with anti-CAV-1 (1:5 000)
and anti-CAV-2 (1:200) antibodies, washed with 0.1% Tween
20 in PBS, and incubated with 1:5 000 diluted goat antirabbit or 1:1 000 diluted goat mouse IgG conjugated with
horseradish peroxidase (Amersham-Pharmacia, Biotek,
Buckinghamshire, UK). Both primary and secondary
antibodies were diluted with 0.1% Tween 20 in PBS, and
incubation was at room temperature for 1 h. The
immunoreactive bands were visualized with the ECL Plus
detection system (Amersham-Pharmacia)

RESULTS
Light microscopic distributions of CAV-1 and -2 in control and
PBC liver
In control liver specimens, immunoperoxidase-positive
substances showing the presence of CAV-1 were observed
sparsely on hepatic sinusoidal lining cells and a little
immunostaining of CAV-1 and -2 was observed on bile ducts
(Figures 1A-H).
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Western blotting
Western blotting was conducted using fresh control and PBC
liver tissues. Briefly, liver tissues were homogenized in 10
volumes of homogenization buffer (20 mmol/L Tris-HCl;
pH 7.5, 5 mmol/L MgCl2, 0.1 mmol/L PMSF, 20 mol/L
pepstatin A, and 20 mol/L leupeptin) using a polytron
homogenizer at setting 7 for 90 s. The homogenates were
centrifuged at 100 000 g for 45 min. The membranes were
washed twice, resuspended in 10 volumes of homogenization
buffer, homogenized using a Teflon/glass homogenizer, and
centrifuged. The membrane proteins thus obtained were
used for immunoblotting. Proteins were separated on SDS/
PAGE (4-20% gel) (Daiichi-kagaku, Tokyo, Japan) and
transferred onto vinylidene difluoride membranes (Millipore,

B

C

H

Figure 1 Light microscopic distributions of immunohistochemically stained
CAV-1 and -2 in human control liver tissue. A: CAV-1, ×100; B: CAV-2, ×100; C:
double staining of CAV-1 and cytokeratin 7, ×100; D: double staining of CAV-2
and cytokeratin 7, ×100; E: CAV-1, ×400; F: CAV-2, ×400; G: double staining of
CAV-1 and cytokeratin 7, ×400; H: double staining of CAV-2 and cytokeratin 7,
×400. Hematoxylin counterstain. Immunoperoxidase-positive substances
showing the presence of CAV-1 and -2 are observed sparsely on hepatic
sinusoidal lining cells and a little immunostaining of CAV-1 and -2 on bile ducts.
A: artery, P: portal vein, C: central vein. Arrow denotes bile duct.
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Figure 2 Light microscopic distributions of immunohistochemically stained
CAV-1 and -2 in PBC stage 1 liver tissue. A: CAV-1, ×100; B: CAV-2, ×100; C:
double staining of CAV-1 and cytokeratin 7, ×100; D: double staining of CAV-2
and cytokeratin 7, ×100. Hematoxylin counterstain. Immunostaining of CAV-1

and -2 is observed to some degree on interlobular bile ducts, intense
immunostaining on proliferative bile ductules, and some immunostaining on
hepatic sinusoidal lining cells. Asterisks denote interlobular bile ducts.

In PBC stage 1 liver specimens, there were some immunostaining of CAV-1 and -2 on interlobular bile ducts and some
staining on hepatic sinusoidal lining cells (Figures 2A-D).
In PBC stage 3 liver specimens, reaction products
showing CAV-1 and -2 were localized abundantly on hepatic

sinusoidal lining cells and proliferating bile ductules.
Regenerating bile ductules at the interface of portal tracts
and necrotic areas were immunostained intensely for CAV1 and -2, showing significant increase compared to control
liver (Figures 3A-D).

A

B

C

D

Figure 3 Light microscopic distributions of immunohistochemically stained CAV1 and -2 in PBC stage 3 liver tissue. A: CAV-1, ×100; B: CAV-2, ×100; C: double
staining of CAV-1 and cytokeratin 7, ×100; D: double staining of CAV-2 and
cytokeratin 7, ×100. Hematoxylin counterstain. Reaction products showing CAV-

1 and -2 are localized abundantly on hepatic sinusoidal lining cells and proliferative
bile ductules. Regenerating bile ductules at the interface of portal tracts and
necrotic areas are immunostained intensely for CAV-1 and -2, showing significant
increase compared to control liver. Arrow denotes proliferative bile ductule.
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Western blot analysis of CAV-1 and 2 proteins in control and
PBC liver tissues
To confirm the immunohistochemical results, we investigated
protein expression of CAV-1 and -2 by Western blotting in
normal and PBC liver tissues. CAV-1 and -2 were found in
abundance in PBC stage 3 liver specimens and were
undetectable in normal liver tissue (Figure 4).

Caveolin 1
Caveolin 2

significantly increased in cirrhotic liver compared to normal
liver. CAV-1 expression may be associated with LPS signaling
or internalization [14]. In another study, CAV-1 protein
expression was increased in liver tissue exposed to bacterial
endotoxin, and was localized primarily to vascular tissues in
both the pericentric and the periportal areas of the liver[15].
Therefore, inflammatory mediators such as LPS in PBC
may stimulate bile ductule proliferation as discussed above[10]
and also induced expression of caveolins.
Further elucidation of the cellular mechanisms of
caveolin in regulating bile ductule functions in the liver may
advance the understanding of cholestatic liver.
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Figure 4 Western blot analysis of the expression of CAV-1 and -2 proteins in
human control and PBC liver tissues. Lane 1: normal liver; lane 2: PBC stage
1 liver; lane 3; PBC stage 3 liver. CAV-1 and -2 are found in abundance in PBC
stage 3 specimens, less intensely in PBC stage 1, and is undetectable in normal
liver tissue. Samples containing 50 g of membrane protein were subjected to
electrophoresis on SDS/PAGE gel (CAV-1 and -2: 4-20%) and analyzed by blotting.

4

5

DISCUSSION
Proliferating bile ductular reactions are identified in various
human liver diseases. In chronic cholestatic liver diseases,
reactive ductules form a labyrinth at the edge of the portal
tracts and were thought to form a reservoir in which toxic
bile can accumulate[8] . The mechanism of bile ductular
proliferation remains unclear. Cholangiocyte proliferation
is known to occur in the presence of lipopolysaccharide
(LPS). The proliferative response of cholangiocytes to
inflammatory mediators such as LPS involves IL-6-mediated
activation of the p44/p42 MAPK pathway[10].
Recombinant human CAV-1 and -2 adenoviruses infected
mice exhibited a 10- and 7-fold increase in hepatic CAV-1
and -2 protein expression, respectively. Hepatic CAV-1 and/
or CAV-2 overexpression significantly increased bile flow
and secretion of all biliary lipids[11]. These findings suggest
an association between caveolins and bile function.
Caveolins are the defining protein components of
caveolae. Interestingly, caveolins bind cholesterol directly.
In addition, cholesterol binding may stabilize the formation
of caveolin homo-oligomeric complexes. Since liquid-ordered
domains are dramatically enriched in cholesterol, caveolins
may be attracted or partitioned into the liquid-ordered
domains through a direct interaction with cholesterol[12]. The
activity of caveolae in free cholesterol homeostasis can be
considered as a mechanism of protection against free
cholesterol accumulation [13]. Thus, the areas of high
expression of caveolin on proliferating bile ductule may be
the sites that are protected against cholestasis in PBC.
In this study, caveolins were overexpressed on hepatic
lining cells in PBC stage 3 liver tissue. Previously, we reported
that CAV-1 expression on sinusoidal lining cells were
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Abstract
AIM: To report the clinical experiences in the application
of clip-assisted endoscopic method for nasoenteric feeding
in patients with gastroparesis and patients with
gastroesophageal wounds, and to compare the efficacy
of nasoenteric feeding in these two indications.
METHODS: From April 2002 to January 2004, 21 consecutive
patients with gastroparesis or gastroesophageal wounds
were enrolled and received nasoenteric feeding for
nutritional support. A clip-assisted method was used to
place the nasoenteric tubes. Outcomes in the two groups
were compared with respect to the successful rate of
enteral feeding, percentage of recommended energy
intake (REI), and complication rates.
RESULTS: The gastroparesis group included 13 patients
with major burns (n = 7), trauma (n = 2), congestive heart
failure (n = 2) and post-surgery gastric stasis syndrome
(n = 2). The esophageogastric wound group included eight
patients with tracheoesophageal fistula (n = 2) and wound
leakage following gastric surgery (n = 6). Two study
groups were similar in feeding successful rates (84.6% vs
75.0%). There were also no differences in the percentage
of REI between groups (79.4% vs 78.6%). Additionally,
no complications occurred in any of the study groups.
CONCLUSION: Nasoenteric feeding is a useful method
to provide nutritional support to most of the patients with
gastroparesis who cannot tolerate nasogastric tube
feeding and to the cases who need bypass feeding for

esophageogastric wounds.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The maintenance of appropriate nutrition in patients with
acute and chronic illness is well recognized as a fundamental
part of medical and surgical care. Malnourished patients
have poor clinical outcomes, more complications and
infections, and use more resources than well-nourished
patients[1-3]. Although parenteral nutrition may improve
clinical outcomes in patients with short bowel syndrome
and in post-operative patients with esophageal or gastric
cancers, its complications such as catheter sepsis, venous
thrombosis, hyperglycemia, catheter embolism, and
pneumothorax are the major disadvantages. Thus, enteral
nutrition should be employed in preference to parenteral
nutrition whenever possible because of its lower cost, less
complications, and lower rates of infection[4,5].
Gastric feeding has a number of advantages. It is more
physiological, easier to begin, and more convenient.
Nonetheless, the main disadvantages of gastric feeding are
encountered in patients with delayed gastric emptying and
those at risk for aspiration, and tracheoesophageal fistula[6].
The incidence of intolerance to nasogastric feeding in
critically ill patients had been reported up to 60%[7] . An
alternative to nasogastric feeding is post-pyloric nutrition
because small bowel function is often preserved in critically
ill patients[8,9]. Unfortunately, besides, blind placements of
post-pyloric feeding tubes have variable success rates, ranging
from 35% to 100% depending on the method used and the
experience of the operator [10-17], and none has gained
widespread acceptance. Therefore, we developed a clip-assisted
endoscopic method whereby nasoenteric tube can be reliably
delivered into the distal duodenum or proximal jejunum[18].
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The aims of this study were to report the clinical
experiences in the application of nasoenteric feeding in
patients with gastroparesis and patients with esophageogastric
lesions, and to compare the efficacy of nasoenteric feeding
in these two major indications.

MATERIALS AND METHODS
Patients
From April 2002 to January 2004, 21 consecutive patients
with gastroparesis or esophageogastric lesions were enrolled
in this study. The gastroparesis was defined as the residual
food in the stomach at 4 h after nasogastric feeding was
more than 50% of total initial feeding amount. The
esophageogastric wounds group included patients with
perforated esophageal or gastric lesions due to trauma or
operation. Nasoenteric feeding was performed in these
patients to bypass wounds and to provide adequate nutritional
support. Written informed consent was obtained from each
subject. This study was approved by the Human Medical
Research Committee of the Kaohsiung Veterans General
Hospital, Kaohsiung, Taiwan.
Clip-assisted endoscopic method for placement of feeding
tubes
Clip-assisted endoscopic method[18] was applied to place
feeding tubes in all the patients. A HX-5LR clip-fixing

Figure 1 Feeding tube has two side holes and an end hole which accepts a
3.0 silk suture ring.

Figure 2 A clip is fixed on a clip application device.
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device (Olympus Inc., Tokyo, Japan), and a front viewing
videoscope (Olympus GIF-XQ 40 and GIF-XQ 240) were
used. The feeding tube (FlexifloR, Abbott, USA) had a hole
on the tip and two adjacent side holes. A 3-0 silk suture was
sewn through the distal hole and one adjacent side hole
(Figure 1). The styleted feeding tube was then well lubricated
with lidocaine 2% jelly (XylocaineR, Astrazeneca, Sodertalje,
Sweden) and inserted into the stomach via nostril. The
endoscope was inserted through the oropharynx and
advanced into the stomach. A clip was fixed on a clip
application device (Figure 2) which was then passed through
the working channel of the endoscope. The clip was
projected from the plastic sheath of the clip application
device and grasped the 3-0 suture ring. The sheath was
then withdrawn into the distal tip of the endoscopic working
channel. The endoscope was advanced with the feeding tube
through the pylorus to the greatest achievable depth of
insertion. The clip was attached to the bowel wall by grasping
a mucosal fold (Figure 3). The endoscope was then
withdrawn from distal duodenum or proximal jejunum. Clip
attachment and tube position were confirmed radiographically
(Figure 4).
Outcome measurements
The recommended energy intake (REI) of each patient
was calculated by Ireton-Jones equation. Tube feeding was

Figure 3 Feeding tube is fixed on a mucosal fold in the distal portion of
duodenum.

Figure 4 A Post-procedure KUB demonstrated the tip of feeding tube and a fixed
clip in the distal duodenum.
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commenced at 20 mL/h and increased progressively to REI
over 48 h. Serum albumin was checked before enteral
feeding, every 3 d after enteral feeding and when the tube
was removed. During the course of feeding, tubes were
regularly flushed every 6 h to prevent clogging of tubes.
Data regarding age, sex, underlying diseases, indications
for nasoenteric feeding, daily intake of energy, daily body
weight and serum albumin levels were recorded. We
evaluated the following parameters: (1) successful rate of
nasoenteric feeding; (2) percentage of energy intake; (3)
change in body weight; (4) change in serum albumin level;
(5) tube migration; (6) tube occlusion; and (7) complications
of enteral feeding (e.g., bowel necrosis, bleeding, and
perforation). The success of nasoenteric feeding was defined
as the quantity of energy intake was more than 60% of
REI.
Statistical analysis
Statistical tests were performed using SPSS system. Onesample t-tests were used to compare the baseline characteristics.
Paired t-test was used to compare the pre- and post-feeding
serum albumin and body weight. 2 test was used to compare
between groups. Differences were considered significant at
P<0.05. The data were present as mean±SD.

RESULTS
The gastroparesis group included 13 patients with major
burns (n = 7), trauma (n = 2), congestive heart failure (n = 2),
and post-gastrtic surgery stasis syndrome (n = 2). The
esophageogastric wound group included eight patients with
tracheoesophageal fistula (n = 2) and wound leakage
following gastric surgery (n = 6).
Data on clinical characteristics of patients at study are
summarized in Table 1. The two groups were comparable
with regard to age, gender, pre-feeding body weight and
serum albumin levels. Endoscopic placement of feeding
tube was successfully achieved in all of the attempts in
both groups (successful rate of tube placement: 100% vs
100%).
Treatment results are shown in Table 2. There were no
differences in the quantities of energy intake between groups
(79% vs 79%). The feeding successful rates were 85% and
75% in the gastroparesis group and esophageogastric wound
group, respectively. Two out of eight patients in the bypass
wound group failed to be fed more than 60% of REI. The
two patients died from sepsis with multiple organ failure.
Two out of thirteen patients in the gastroparesis group failed
to be fed more than 60%, and they finally expired due to
sepsis with multiple organ failure. During follow-up, no
spontaneous tube migration was observed. The mean
durations of nasoenteric feeding were 15.2±10.5 and
22.0±14.1 d in the former and latter groups, respectively
(P = 0.369). There were no complications related to
nasoenteric feeding in both groups. However, tube occlusion
due to clogging occurred in six patients in the gastroparesis
group and one patient in the esophageogastric wound group.
The tube occlusion rates were similar between groups
(46.2% vs 12.5%, P = 0.174).
In the gastroparesis group, pre-feeding and post-feeding
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serum albumin were 3.0±0.4 and 2.4±0.4 g/dL, respectively.
There were no differences in albumin levels before and
after nasoenteric feeding. In the esophageogastric wound
group, the serum albumin levels also did not change following
nasoenteric feeding. Additionally, there were no differences
in pre-feeding and post-feeding serum albumin levels
between gastroparesis and esophageogastric wound group
(P = 0.840 and 0.227, respectively). Furthermore, no
significant differences in body weight between groups were
observed before and after nasoenteric feeding.

Table 1 Clinical characteristics of study patients
Gastroparesis
(n = 13)

Esophageogastric
wound (n = 8)

P

Age (yr) (SD)

60.7±22.1

70.1±14.0

Gender (m:f)

10:3

4:4

62.9±19.8

64.9±14.0

0.227

3.0±0.4

2.4±0.4

0.840

Body weight before
feeding (kg) (SD)
Serum albumin before

0.126

feeding (g/dL) (SD)

Table 2 Clinical outcomes of nasoenteric feeding in gastroparesis
group and esophageogastric wound group
Gastroparesis
(n = 13)

Esophageogastric
wound group (n = 8)

P

Energy intake
2 346.2±674.2

1 682.8±210.2

0.005

Provided energy support (kcal) 1 800.0±463.7

REI (kcal)

1 325.0±341.2

0.581

Quantity of energy intake
Feeding success rate

79±15%
85% (11/13)

79±18%

0.220

75% (6/8)

0.320

Body weight (kg)
Pre-treatment

62.9±19.8

64.9±14.0

0.227

Post-treatment

63.8±18.5

70.8±19.4

0.871

Pre-treatment

3.0±0.4

2.4±0.4

0.840

Post-treatment

3.1±0.5

2.6±0.3

0.227

13% (1/8)

0.174

Albumin level (g/dL)

Tube occlusion rate
Complication rate

46% (6/13)
0%

0%

Feeding time (d)

15.2±10.5

22.0±14.1

Procedure time (min)

26.8±7.4

25.0±6.6

0.588

50% (4/8)

0.646

Mortality rate

30% (4/13)

0.369

DISCUSSION
Adequate nutrition is important for clinical improvement
of the critically ill patients. However, malnutrition is a
common problem affecting up to 40% of hospitalized
patients[19] . Compared with parenteral nutrition, enteral
feeding is less expensive and is associated with fewer serious
complications[20]. Additionally, it may prevent gut mucosal
atrophy and increase gastrointestinal immune function.
Nasoenteric feeding is indicated in a number of medical
conditions, such as recurrent pulmonary aspiration due to
gastroesophageal reflux, complicated pancreatitis resulting
from burns or other acute stress conditions. Sefton et al[21],
reported that nasogastric feeding was successful in only 41%
of patients with major burns, with gastroparesis as the
major cause of feeding failure. Nonetheless, most of the
patients (80%) with failure of nasogastric feeding could
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be successfully fed by nasoenteric tubes. In the present
study, five out of seven patients with major burns in whom
nasogastric feeding failed were successfully fed by nasoenteric
feeding.
In addition to major burns, gastric stasis also occurred
in trauma, congestive heart failure and post-surgery gastric
stasis syndrome. In the present study, one patient with gastric
adenocarcinoma and another patient with jejunal tumor
developed post-surgery gastric stasis syndrome. The
gastroparesis of these patients were probably due to chronic
obstruction of gastrointestinal tracts and acute surgical stress.
Both of them could be successfully treated by nasoenteric
feeding. Weaning from nasoenteric feeding was successful
on 31 and 47 d following surgery, and oral feeding was
reintroduced successfully in both cases. Our experiences
suggest that nasoenteric feeding is a good choice for nutrition
support to patients with post-surgery gastric stasis syndrome.
In our hospital, we also applied nasoenteric feeding for
temporary nutritional support to patients with esophageogastric
lesions. In the present study, most of the esophageogastric
lesions resulted from wound leakage following surgery for
complicated peptic ulcer or gastrointestinal tumor. Nasoenteric
feeding could bypass esophageogastric wounds and provide
adequate nutrition in 75% of patients.
Several non-surgical methods have been designed for
placement of nasoenteric feeding tube beyond the pylorus.
One method involves blind placement of a tungsten weighted
nasoenteral tube into the duodenum[22]. However, this
method is time-consuming and unreliable. Fluoroscopy
facilitates the placement of jejunal feeding tubes, but required
radiologic support fluoroscopic machine at the side of the bed
or transportation of the patient to the radiology department
and exposure to radiations[23,24].
Endoscopically assisted intubation allows direct vision
and is, therefore, a more practical approach. However,
gastroenterologists are often frustrated in their efforts to
deliver a feeding tube into the duodenum or proximal
jejunum because of retrograde migration on withdrawal of
the endoscope. We therefore developed a new method to
fix the distal tip of the feeding tube in the duodenum or
proximal jejunum by a metallic clip. This allowed the
endoscope to be withdrawn without consequent retrograde
migration of the feeding tube. Additionally, no spontaneous
migration of tubes occurred after initial successful placement
of nasoenteric tube in the 21 patients with nasoenteric
feeding.
Hachisu et al[25], reported that the depth of the metallic
clip’s grasp was limited to the muscularis mucosa in the
human colon and esophagus. In this study, no bleeding or
perforation due to intentional or accidental removal of clips
was observed. Similar findings were also reported by
Ginsberg et al [26] . Therefore, direct removal of clip-fixed
nasoenteric tubes seems safe.
Tube clogging is one of the shortcomings of nasoenteric
feeding and can occur because of crushed medication,
inadequate flushing or precipitation of protein in the feeding
tube[19]. Dysfunction of feeding tube occurred in 7 of the
21 sessions, probably due to the fine pores of feeding tubes
and inadequate flushing.
In conclusion, clip-assisted endoscopic method is a
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reliable and safe modality for placing nasoenteric tubes into
distal duodenum or proximal jejunum. Nasoenteric feeding
is an useful method to provide nutritional support to most
of the patients with gastroparesis who cannot tolerate
nasogastric tube feeding and to the cases who need bypass
feeding for esophageogastric wounds.
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lower in Nevin I-III carcinoma than in Nevin IV-V carcinoma
(t = 1.42, P>0.05). Apoptosis of infiltrating lymphocytes
was not discovered in adenoma and chronic cholecystitis.
CONCLUSION: FasL expressed in gallbladder carcinoma
cells permits tumor cells to escape from immune surveillance
of organism by inducing apoptosis in infiltrating lymphocytes
of carcinoma tissues. Up-regulation of FasL expression
plays an important role in invasive depth, histological
classification and metastasis of gallbladder carcinoma.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Abstract
AIM: To study the role of Fas and Fas ligand (FasL) in
biological behaviors of gallbladder carcinoma, and their
correlated action and mechanism in tumor escape.
METHODS: Streptavidin-biotin-peroxidase immunohistochemistry technique was used to study the expression of
Fas and FasL protein in 26 gallbladder carcinoma tissues,
18 gallbladder adenoma tissues, 3 gallbladder dysplasia
tissues and 20 chronic cholecystitis tissues. Apoptosis of
the infiltrating lymphocytes in these tissues was studied
by terminal deoxynucleotidyl transferase (TdT)-mediated
dUTP nick-end labeling (TUNEL) method. Expression of
both proteins and apoptosis of the tumor infiltrating
lymphocytes in cancer tissues of primary foci was
compared with clinicopathological features of gallbladder
carcinoma.
RESULTS: The positive rates of Fas were not significantly
different among carcinoma, adenoma, dysplasia and
chronic cholecystitis. The positive rate of FasL in carcinoma
was significantly higher than that in chronic cholecystitis
(2 = 4.89, P<0.05). The apoptotic index (AI) in carcinoma
was significantly higher than that in adenoma (t’ = 4.19,
P<0.01) and chronic cholecystitis (t’ = 8.06, P<0.01). The
AI was significantly lower in well-differentiated carcinoma
and Nevin I-III carcinoma than that in poorly-differentiated
carcinoma (t’ = 2.63, P<0.05) and Nevin IV-V carcinoma
(t’ = 3.33, P <0.01). The confidence interval (CI) of
infiltrating lymphocytes in adenoma, chronic cholecystitis,
well-differentiated carcinoma and Nevin I-III carcinoma was
very significantly lower than that in carcinoma (t’ = 6.99,
P<0.01), adenoma (t’ = 3.66, P<0.01), poorly-differentiated
carcinoma (t’ = 5.31, P<0.01) and Nevin IV-V carcinoma
(t’ = 3.76, P<0.01), respectively. The CI of apoptosis of
infiltrating lymphocytes in well-differentiated carcinoma
was significantly lower than that in poorly-differentiated
carcinoma (t = 2.52, P<0.05), and was not significantly

Key words: Fas; Fas ligand; Immune escape; Gallbladder
carcinoma
Xu LN, Zou SQ, Wang JM. Action and mechanism of Fas and
Fas ligand in immune escape of gallbladder carcinoma. World
J Gastroenterol 2005; 11(24): 3719-3723
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INTRODUCTION
Gallbladder carcinoma is one of the most common
malignancies of the biliary tract[1-5]. It is difficult to diagnose
in its early phase and its prognosis is poor[6,7]. Previous studies
suggested that some carcinomas may escape from immune
surveillance of organism [8-11]. Apoptosis, or programmed
cell death, as a special type of physiologic cell death, is
involved in immune escape. Fas is called death molecular
receptor, FasL is called death molecule. When FasL crosslinks
with Fas, Fas-associated death domain (FADD) is activated,
after which cellular apoptosis is induced. The Fas/FasL
system has been suggested to play an important role in the
establishment of immune privilege status for tumors by
inducing Fas-mediated apoptosis in tumor-specific
lymphocytes[14-16]. The apoptosis of infiltrating lymphocytes
in tumor tissues permit cancer cells to escape from
elimination[8-13].
In this study, 26 cases of gallbladder carcinoma confirmed
by surgery and pathology were analyzed. The aim of the
prospective study was to evaluate the role of Fas and FasL
in biological behaviors of gallbladder carcinoma, and their
correlated actions and mechanisms in tumor escape.
MATERIALS AND METHODS
Subjects
Surgical specimens of 26 gallbladder carcinomas (11 well-
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differentiated carcinomas and 15 poorly-differentiated
carcinomas, 13 Nevin I-III carcinomas and 13 Nevin IV, V
carcinomas), 18 gallbladder adenomas and three gallbladder
dysplasiae were studied in Tongji Hospital of Huazhong
University of Science and Technology from 1991 to 2002.
Surgical specimens of 20 chronic cholecystitis were randomly
selected. None of the patients underwent radiotherapy or
chemotherapy before operation. All specimens were fixed
in 4% formaldehyde solution, embedded in paraffin and
cut into 4-m-thick sections.

June 28, 2005

Volume 11

Number 24

84.6% (22/26), 83.3% (15/18) and 100% (3/3), respectively.
The positive rate of FasL in chronic cholecystitis was 55%
(11/20), which was significantly lower than that in carcinoma
(2 = 4.89, P<0.05) (Table 1, Figures 1A and B).

A

Immunohistochemistry
The representative and consecutive sections from each
specimen were immunostained with streptavidin-biotinperoxidase immunohistochemistry technique. Anti-Fas
antibody (Santa Cruz) and anti-FasL antibody (Santa Cruz)
were both diluted in phosphate-buffered saline (PBS,
0.01 mol/L, pH 7.4) at the dilution ratio of 1:50. All
procedures were implemented according to the product
illustrations. For negative controls, sections were processed
as above with PBS instead of the primary antibodies. Colon
tissue of Fas+ and FasL+ tested were selected for positive
controls.

B

TUNEL
In order to examine the apoptosis of cancer cells and
infiltrating lymphocytes in cancer tissues of primary foci,
the representative and consecutive sections from each
specimen were immunostained with TUNEL technique
(TUNEL kit, Zhongshan Biotech). All procedures were
implemented according to the product illustrations.
Evaluation of Fas, FasL staining and apoptosis
The immunoreactivity to Fas, FasL and apoptosis was
localized in cytoplasm and cell membrane, which were
stained brown. One hundred tumor cells of each section
were counted from randomly selected representative fields,
and then their apoptotic index (AI) of tumor cells of primary
foci was calculated. Apoptosis quantity of the infiltrating
lymphocytes in cancer tissues of primary foci was counted
from 10 randomly selected representative fields (×400) of
each section, and then their confidence interval (CI) of the
mean was calculated.
Statistical analysis
Statistical evaluation was performed using 2 -test to
determine the rates of different groups and using t-test to
detect the quantities of different groups. The data of
apoptosis were expressed as mean±SE. P<0.05 was
considered statistically significant.

RESULTS
Fas and FasL expression in tissues of gallbladder carcinoma,
adenoma, dysplasia and chronic cholecystitis
The positive rates of Fas in carcinoma, adenoma, dysplasia
and chronic cholecystitis of gallbladder were 46.2% (12/26),
72.2% (13/18), 100% (3/3) and 80% (16/20), respectively,
there was no significant difference among them. The positive
rates of FasL in carcinoma, adenoma and dysplasia were

Figure 1 Positive expression in Fas (A) and FasL (B) in gallbladder carcinoma
(S-P×200).

Table 1 Fas and FasL expression in tissues of gallbladder carcinoma,
adenoma and chronic cholecystitis (mean±SE)
Pathological types

n

Fas+

FasL+

Gallbladder carcinoma

26

12

22a

3.88±0.88b

Well-differentiated

11

7

9

2.73±0.75c

Poorly-differentiated

15

5

13

4.73±1.29

13

5

10

2.62±0.68d

Apoptosis index

Grading

Staging
Nevin I–III

13

7

12

5.15±1.33

Gallbladder adenoma

Nevin IV–V

18

13

15

1.67±0.55

Gallbladder cholecystitis

20

16

11

0.20±0.18

a

P<0.05 (x2 = 4.89 vs chronic cholecystitis tissues); bP<0.01 (t’ = 4.19 vs gallbladder
adenoma tissues; t’ = 8.06 vs chronic cholecystitis tissues); cP<0.05 (t’ = 2.63, vs
poorly-differentiated gallbladder carcinoma tissues); dP<0.01 (t’ = 3.33 vs Nevin
IV-V gallbladder carcinoma tissues).

Apoptosis of tissue cells in carcinoma, adenoma, dysplasia
and chronic cholecystitis of gallbladder
AI of tissue cells in carcinoma, adenoma and chronic
cholecystitis of gallbladder were 3.88±0.88, 1.67±0.55 and
0.20±0.18, respectively, there was no apoptosis in dysplasia.
AI of tissue cells in well- and poorly-differentiated and Nevin

Xu LN et al. Fas and Fas ligand in gallbladder carcinoma

I-V carcinomas was 2.73±0.75, 4.73±1.29, 2.62±0.68, and
5.15±1.33, respectively. AI of tissue cells in carcinoma was
significantly higher than that in adenoma (t’ = 4.19, P<0.01)
and chronic cholecystitis (t’ = 8.06, P<0.01), while it was
significantly lower in well-differentiated and Nevin I-III
carcinomas than that in poorly-differentiated carcinoma
(t’ = 2.63, P<0.05) and Nevin IV-V (t’ = 3.33, P<0.01)
(Table 1 and Figure 2).

Figure 2 Apoptosis in gallbladder carcinoma (TUNEL ×400).

Quantities of infiltrating lymphocytes in tissues of carcinoma,
adenoma, dysplasia and chronic cholecystitis of gallbladder
The CI of infiltrating lymphocytes in carcinoma, adenoma,
dysplasia and chronic cholecystitis of gallbladder was
20.31±4.46, 3.89±1.13, 15.30±5.10, and 1.55±0.54,
respectively. The CI of infiltrating lymphocytes in well- and
poorly-differentiated carcinoma, and Nevin I-V carcinoma
was 11±2.98, 27.13±5.16, 13.38±4.28, and 27.23±5.81,
respectively. The CI of infiltrating lymphocytes in adenoma,
chronic cholecystitis, well-differentiated carcinoma, Nevin
I-III carcinoma significantly lower than that in carcinoma
(t’ = 6.99, P<0.01), adenoma (t’ = 3.66; P<0.01), poorlydifferentiated carcinoma (t’ = 5.31, P<0.01), Nevin IV-V
carcinoma (t’ = 3.76, P<0.01) (Table 2 and Figure 2),
respectively.
Table 2 Apoptosis quantities and total quantities of infiltrating lymphocytes in tissues of gallbladder carcinoma, adenoma and chronic
cholecystitis (mean±SE)
Pathological types

n

Total quantities

Apoptosis quantities

Gallbladder carcinoma

26

20.31±4.46b

3.96±0.84

Well-differentiated

11

11±2.98d

Poorly-differentiated

15

27.13±5.16

Nevin I–III

13

13.38±4.28f

3.38±1.23

Nevin IV–V

13

27.23±5.81

4.54±1.10

Gallbladder adenoma

18

3.89±1.13

0

Gallbladder cholecystitis

20

1.55±0.54h

0

Grading
2.82±1.15i
4.8±1.02

Staging

b

P<0.01 (t’ = 6.99 vs gallbladder adenoma tissues); dP<0.01 (t’ = 5.31 vs poorlydifferentiated gallbladder carcinoma tissues; fP<0.01 (t = 3.76 vs Nevin IV–V
gallbladder carcinoma tissues); hP<0.01 (t’ = 3.66 vs gallbladder adenoma tissues);
i
P<0.05 (t = 2.52 vs poorly-differentiated gallbladder carcinoma tissues).
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Apoptosis of infiltrating lymphocytes in tissues of carcinoma,
adenoma, dysplasia and chronic cholecystitis of gallbladder
The CI of apoptosis of infiltrating lymphocytes in
gallbladder carcinoma and dysplasia was 3.96±0.84 and
3.67±2.35, respectively, apoptosis of infiltrating lymphocytes
was not discovered in gallbladder adenoma and chronic
cholecystitis. The CI of apoptosis of infiltrating lymphocytes
in well- and poorly-differentiated carcinoma and Nevin
I-V carcinoma was 2.82±1.15, 4.8±1.02, 3.38±1.23, and
4.54±1.10, respectively. The CI of apoptosis of infiltrating
lymphocytes in well-differentiated carcinoma was significantly
lower than that in poorly-differentiated carcinoma (t = 2.52,
P<0.05), and was not significantly lower in Nevin I-III
carcinoma than in Nevin IV-V carcinoma (t = 1.42, P>0.05)
(Table 2 and Figure 2).

DISCUSSION
Fas (Apo-1/CD95) and FasL belong to tumor necrosis
factor (TNF) and nerve growth factor (NGF) receptor/
ligand kindred[14-16], which are comprehensively expressed
in various histocytes. Fas, a type I membrane protein, has
80 amino acid sequences homologous to TNF-R1. This
section induces cell death, and is named death domain. FasL,
a type II membrane protein, is Fas’s natural ligand. It induces
cell apoptosis which expresses Fas through crosslinks with
Fas[17]. Fas can bind to FasL and change the constitution of
cell surface. Therefore, it can transmit signals in cells to
switch on apoptosis mechanism, leading to apoptosis of
cells expressing Fas. The function of Fas and FasL is to
maintain immune stability of body and balance of body’s
apoptosis. The Fas/FasL system is likely to play an important
role in the regulation of apoptosis including apoptosis of
tumor cells.
Studies have demonstrated that tumor can induce
apoptosis of activated lymphocytes in tumor tissues, the
apoptosis of infiltrating activated lymphocytes in tumor
tissues permits tumor cells to escape from elimination. In
certain tumors, such as lung cancer[18], gastric cancer[19,20],
pancreatic cancer [21] , ovarian cancer [22], colon cancer [23,24] ,
and others[25], tumor cells may express apoptosis-inducing
molecules, FasL, on the cell surface that can bind to Fas
receptor (FasR) expressed on activated lymphocytes, thus
inducing apoptosis of lymphocytes. It has been proposed
that the expression of FasL in tumors may play an important
role in immune escape[26-31]. Experiments in vitro and in vivo
indicate that FasL expressed in various cancer cell strains
can induce apoptosis of lymphocytes, expressing Fas and
that tumor can express some antigens which can offset the
function of tumor infiltrating lymphocytes[13]. The quantities
of apoptotic lymphocytes and tumor infiltrating lymphocytes
increase with advanced tumor malignant degree, and the
ratio of apoptotic lymphocytes to tumor infiltrating
lymphocytes is gradually elevated. In this way, tumor tissues
protect tumor cells from lymphocyte attack, consequently
decrease the chance of being killed by lymphocytes, inducing
super-proliferation of tumor cells. In these processes, the
mechanism protecting normal tissues from immune attack
may be used by tumor tissues[32,33].
In our study, the positive rate of FasL in gallbladder
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carcinoma was significantly higher than that in chronic
cholecystitis (2 = 4.89, P<0.05), the apoptosis of infiltrating
lymphocytes in well-differentiated carcinoma was significantly
lower than that in poorly-differentiated carcinoma (t = 2.52,
P<0.05), apoptosis of infiltrating lymphocytes was not
discovered in adenoma and chronic cholecystitis. These
results indicate that expression of FasL protein in malignant
gallbladder tissue is significantly higher than that in benign
gallbladder tissue, and the quantities of apoptotic lymphocytes
of infiltrating lymphocytes in malignant tissues is significantly
higher than that in benign tissues. Up-regulation of FasL
expression permits tumor cells to escape from immune
surveillance of organism by inducing apoptosis of infiltrating
lymphocytes in gallbladder carcinoma tissues. FasL
participates in immune escape of gallbladder carcinoma,
and gallbladder carcinoma has the same immune escape
mechanism as other tumor tissues. In our study, the effect
of Fas on immune escape of gallbladder carcinoma was
not confirmed.
The quantities of infiltrating lymphocytes increases
with malignant degree of the tumor, indicating that tumor
has immunogenicity[31] . Recent experimental and clinical
studies have made it clear that tumor infiltrating lymphocytes
play a role in controlling tumor development, and many
tumor vaccines enhance the effect of tumor infiltrating
lymphocytes[33]. This mechanism has been proved in bile
duct carcinoma, hepatocarcinoma[8], bladder carcinoma[9], etc.
Our study indicates that there is no apoptosis of
infiltrating lymphocytes in tissues of gallbladder adenoma
and chronic cholecystitis, accordingly lymphocytes may not
be correlated with the mechanism of immune escape. We
observed not only infiltration of lymphocytes but also
apoptosis of infiltrating lymphocytes in specimens of
atypical gallbladder hyperplasia of cholecyst epithelia,
indicating that the organism may present different responses
to different pathological conditions of gallbladder, including
chronic inflammation, adenoma, atypical hyperplasia and
carcinoma. The response of organism to these pathological
conditions is a gradually accumulated process, which finally
results in malignant pathological changes. Formation of
gallbladder carcinoma is a complex multi-stage process,
which finally induces cell proliferation out of control.
In conclusion, FasL expressed in gallbladder carcinoma
cells permits tumor cells to escape from immune surveillance
of organism by inducing apoptosis of infiltrating lymphocytes
in gallbladder carcinoma tissues. Up-regulation of FasL
expression plays an important role in invasive depth,
histological classification and metastasis of gallbladder
carcinoma.
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Abstract
AIM: To investigate the relationships between the
expression of cyclooxygenase-2 (COX-2), vascular endothelial
growth factor (VEGF) and the degree of vascularization,
clinicopathologic feature, survival time of patients with
gallbladder carcinomas.

(P<0.01, 0.000, and 0.001, respectively). There was no
relation between VEGF, COX-2 expression, MVC and the
age and sex of patients. MVC and VEGF positive rate in
the COX-2 positive gallbladder carcinoma tissue was
higher than that in the COX-2 negative tissue (P<0.05,
0.000, and 0.032, respectively). Patients with VEGF,
COX-2 positive tumors had a significantly shorter survival
time than those with negative tumors (P<0.05, 0.004,
0.01, respectively).
CONCLUSION: Augmented tumor neovascularization
induced by VEGF may be one of the several effects of
COX-2 responsible for poor prognosis of human gallbladder
carcinoma. COX-2 inhibitor, either in combination therapy
with other agents, or for chemoprevention, may be effective
via suppression of angiogenesis in this fatal disease.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Gallbladder neoplasms; Neovascularization;
Cyclooxygenase; Vascular endothelial growth factor

METHODS: Sixty-four gallbladder carcinoma specimens
were evaluated for COX-2, VEGF expression by immunohistochemical methods. Microvessel counts (MVC) were
determined using CD34. The relationships between COX-2,
VEGF expression, CD34 -stained MVC, clinicopathologic
features and survival time were analyzed. The correlations
between COX-2 and VEGF expression, CD34-stained MVC
were also investigated.

Zhi YH, Liu RS, Song MM, Tian Y, Long J, Tu W, Guo RX.
Cyclooxygenase-2 promotes angiogenesis by increasing
vascular endothelial growth factor and predicts prognosis in
gallbladder carcinoma. World J Gastroenterol 2005; 11(24):
3724-3728

RESULTS: COX-2, VEGF immunoreactivity were observed
in 71.9% (46/64) and 54.7% (35/64) specimens,
respectively. The average MVC in 64 cases of gallbladder
carcinoma was 57±14 per high power vision field. The
status of MVC was closely correlated with Nevin staging,
tumor differentiation and lymph node metastasis (P<0.01,
0.002, and 0.003, 0.000, respectively). Increased VEGF
expression was significantly correlated with tumor
differentiation (poorly and moderately>well differentiated,
P<0.05, P = 0.016). Clinical stages had no relation with
the expression of VEGF (P>0.05, P = 0.612). There was
a positive correlation between COX-2 expression and
clinical stages. The positive rate of COX-2 was higher in
cases of Nevin stages S4-S5 (81.8%) than in those of Nevin
stages S1-S3 (50.0%) with a statistical significance (P<0.01,
P = 0.009). The expression of COX-2 did not vary with
differentiation (P>0.05, P = 0.067). Statistically significant
differences were also observed according to lymph node
metastasis, COX-2 expression and VEGF expression

INTRODUCTION
Most solid tumors require new blood vessels to provide the
nutrients necessary for growth and survival[1]. Neovascularization has been shown to correlate directly with the
expression level of several independent genes such as
vascular endothelial growth factor (VEGF) that promote
angiogenesis. Several proteins and enzymatic pathways also
take part in the complex process of angiogenesis. Cyclooxygenase
(COX-2) that catalyzes the formation of prostaglandin from
arachidonic acid contributes to the regulation of angiogenesis
by various genes, including fibroblast growth factor-,
VEGF, platelet-derived growth factor and tumor growth
factor-[2]. COX-2 seems to be involved at various steps in
the processes of malignant transformation and tumor
progression. Investigations have shown that COX-2
overexpression is associated with increased proliferation,
reduced apoptosis, and angiogenesis[3-5]. Chemoprevention
based on COX-2 has been achieved in a restricted group
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of patients and clinical enthusiasm has been expressed for
COX-2-based treatment to be extended as chemoprevention
in a wider range of patients or as adjuvant therapy of
established diseases[6,7].
Expression of COX-2 is responsible for enhanced tumor
growth and angiogenesis in various tumors. However, the
role of COX-2 in tumor neovascularization of human
gallbladder carcinoma is yet to be delineated.
To analyze the relationships between the expression of
COX-2, VEGF, microvessel counts (MVC), clinicopathologic
features and survival time of patients in gallbladder
carcinomas, 64 specimens were evaluated for COX-2, VEGF
expression and CD 34-stained MVC by immunohistochemical
methods.

MATERIALS AND METHODS
Clinical materials
Sixty-four surgically resected and paraffin-embedded
samples of gallbladder carcinoma in 1985-2001 were
collected. The mean age of patients was 57±5.2 years
and the ratio of male to female was 28-36 years. None of
them received any preoperative radiochemotherapy.
According to Nevin grading criteria[8], the clinical grade
distribution was grades S1, S2, S3 in 20 cases (31.2%), grades
S4, S5 in 44 cases (68.8%). Histologically, all of them were
adenocarcinomas, 21 were well-differentiated (32.8%), 17
moderately-differentiated (26.6%) and 26 poorly-differentiated
(40.6%) adenocarcinomas. In addition, the lymph node
status was known in 40 cases (62.5%), 52 cases were followedup (81.3%).
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percentages of positive staining areas in relation to the whole
carcinoma area. The sum of intensity and extent scores was
used as the final staining score (0-7) for COX-2[9,10]. Tumors
having a final staining score >2 were considered to be
positive. For MVC assessment, according to Weidner[11], the
areas containing a large number of microvessels or “hot
spots” were identified at low magnification (×40) under a
light microscope. Then counts were made under 200× field
in the densest area of microvessels. The average number
of microvessels in 10 fields was recorded as the MVC for
each tumor.
Statistical analysis
Statistical analysis was performed by 2 test and t test using
SPSS software (version 10.0). P<0.05 or P<0.01 was
considered statistically significant.

RESULTS
Expression of VEGF, COX-2 and MVC
VEGF and COX-2 were located at brownish yellow stained
granules in cytoplasm (Figure 1). The microvessels were
heterogeneously distributed in malignant tissues. The positive
expression of CD34 was mainly presented at brownish yellow
or brownish granules in cytoplasm of vascular endothelial
cells (Figure 2). The expression rate of VEGF and COX-2
in 64 cases of gallbladder carcinoma was 54.7% (35/64)
and 71.9% (46/64) respectively. MVC was 37 to 82 per
high power vision field with an average of 57±14.

A

Reagents and methods
Rabbit polyclonal antibody to VEGF (A-20) and COX-2
(H-62) was purchased from Santa Cruz Inc. Mouse
monoclonal antibody against CD34 (QBEnd/10) and SP
immunohistochemical reagent box UltraSensitiveTM S-P kit
(kit 9710) were purchased from Maixin-Bio Co., Fuzhou,
China. Four-micrometer-thick sections were cut from
formalin-fixed, paraffin-embedded surgical specimens from
64 cases of gallbladder carcinoma.
The expression of VEGF, COX-2, and CD34 was assessed
by SP immunohistochemical method. Briefly, slides were
deparaffinized, rehydrated, and treated with 3% H2O2 for
10 min to quench endogenous peroxidase activity. Slides
were treated with normal rabbit serum for 20 min to block
nonspecific bindings. The sections were incubated overnight
at 4 ℃ in moisture chambers with a battery of Abs including
anti-COX-2 and anti-VEGF and anti-CD34 , and those in
the control group were dyed with the first antibody
substituted by PBS. Positive control slides were always
included in each immunoassaying.
Evaluation of staining
The slides were evaluated under a transmission light
microscope by two separate investigators in a blind manner.
For COX-2 or VEGF assessment, staining intensity was
scored as 0 (negative), 1 (weak), 2 (medium), and 3 (strong).
Extent of staining was scored as 0 (0%), 1 (1-25%), 2 (2650%), 3 (51-75%), and 4 (76-100%) according to the

B

Figure 1 Expressed VEGF (A) and COX-2 (B) in gallbladder carcinoma
(S-P ×400).

Relationship between VEGF and COX-2 expression, MVC and
clinicopathological characteristics of gallbladder carcinoma
The status of VEGF, COX-2 and MVC is summarized in
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Table 1. The status of MVC was closely correlated with
Nevin staging, tumor differentiation and lymph node
metastasis. The patients with lymph node metastasis and
poorer differentiation or in Nevin stages S4-S5 had higher
MVC (P<0.01, 0.000, 0.003, and 0.002, respectively).
Increased VEGF expression was significantly correlated with
tumor differentiation (poorly and moderately>well
differentiated, P<0.05, P = 0.016). Clinical stages had no
relation with the expression of VEGF (P>0.05, P = 0.612).
A statistically significant correlation was observed between
COX-2 expression and clinical stages. The positive rate of
COX-2 was higher in cases of Nevin stages S4-S5 (81.8%)
than in those of Nevin stages S1-S3 (50.0%) with a statistical
significance (P<0.01, P = 0.009). The expression of COX-2
did not vary with differentiation (P>0.05, P = 0.067). Both
COX-2 and VEGF levels showed a positive correlation with
lymph node metastasis. COX-2 and VEGF levels were
significant in cases having lymph node metastasis higher
than in those having no lymph node metastasis (P<0.01,
0.000, and 0.001, respectively). The VEGF, COX-2 levels
and MVC did not correlate with the age and sex of patients
(P>0.05).

Table 1 COX-2, VEGF, and MVC status in relation to clinicopathological characteristics of patients
Pathological
characteristics

n

Positive
VEGF (%)

Positive
COX-2 (%)

MVC

Male

28

17 (60.7)

21 (75.0)

56±12

Female

36

18 (50.0)a

25 (69.4)a

58±16a

Sex
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Correlation between MVC, VEGF and COX-2 expression rate
As is shown in Table 2, MVC (62±13) in COX-2 positive
gallbladder carcinoma tissue was higher than that (45±10)
in COX-2 negative tissue (t = 5.424, P<0.01, P = 0.000). VEGF
positive rate (45.3%, 29/46) in COX-2 positive gallbladder
carcinoma tissue was higher than that (33.3%, 6/18) in
COX-2 negative tissue (2 = 4.608, P<0.05, P = 0.032),
suggesting that the expression of COX-2 was related to
increased VEGF and tumor angiogenesis.

Table 2 Correlation between MVC, VEGF and COX-2 expression
rate
Characteristics

VEGF expression
Positive

Negative

MVC

COX-2 expression

a

Positive

29

17

62±13

Negative

6

12a

45±10b

P<0.05, bP<0.01 vs control.

Relationship between expressions of COX-2 and VEGF and
prognosis of gallbladder carcinoma
Statistically significant differences in survival were observed
according to the expressions of COX-2 and VEGF. As is
shown in Table 3, the 3-year survival rate of patients with
COX-2 or VEGF positive tumors was significantly less than
that of patients with COX-2 or VEGF negative tumors
(2 = 6.656 and 8.276, P = 0.01, P = 0.004, respectively).

Age (yr)
≥60

30

16 (53.3)

22 (73.3)

54±13

<60

34

19 (55.9)a

24 (70.6)a

60±15a

S1, S2, S3

20

10 (50.0)

10 (50.0)

49±15

S4, S5

44

25 (56.8)a

36 (81.8)b

64±12b

Clinical stage

Table 3 Relationship between expressions of COX-2 and VEGF
and prognosis of gallbladder carcinoma
Characteristics

n

Survival time (yr)
<3

>3

Rate of 3-yr
survival (%)

Degree of differentiation
Well differentiated

21

7 (33.3)

12 (57.1)

50±14

Moderately and poorly

43

28 (65.1)c

34 (79.1)a

61±13b

VEGF expression

differentiated

35

25

10

28.6

17

5

12

70.6b

COX-2 expression

Lymph node metastasis

a

Positive
Negative

Positive

40

Negative

24

28 (70.0)
7 (29.2)b

35 (87.5)

65±12

Positive

38

26

12

31.6

11 (45.8)b

45±7b

Negative

14

4

10

71.4a

P<0.05, bP<0.01, cP<0.05 vs control.

Figure 2 Immunohistochemical staining of CD34 in gallbladder carcinoma tissue
(S-P ×200).

a

P<0.05, bP<0.01 vs control.

DISCUSSION
In 1971, Folkman et al [12], initiated a new field of research
about tumor angiogenesis and found that several factors
take part in the process of angiogenesis. The extent of
angiogenesis appears to be an important prognostic factor
for many solid tumors, and MVC correlates with stage and
survival of many cancers[13] . Our study showed that the
status of MVC was closely correlated with Nevin staging,
tumor differentiation and lymph node metastasis. The
patients with lymph node metastasis, poorer differentiation
or in later stage had higher level of MVC in gallbladder
carcinomas, indicating that MVC might be one of the most
important parameters in predicting the prognosis of
gallbladder carcinoma.

Zhi YH et al. COX-2 on gallbladder carcinoma angiogenesis

COX-2 is a key enzyme in prostaglandin biosynthesis.
Recent evidence indicates that COX-2 modulates angiogenesis
not only by increasing production of prostaglandins but also
by augmenting the release of angiogenic peptides such as
VEGF, basic fibroblast growth factor (bFGF), and nitric
oxide from tumor cells[14] . COX-2 is expressed in human
tumor neovasculature and neoplastic cells[15]. A large body
of evidence suggests that COX-2 is up-regulated in carcinoma
tissues and plays roles in promoting neovascularization,
cell proliferation, growth and metastasis of carcinoma
cells[16]. We found that some pathological variables such as
Nevin staging and metastasis had a significant correlation
with high COX-2 expression. Our study demonstrated that
the intensity of COX-2 expression correlated with metastasis
lymph nodes. Tsujii et al[17], found that induction of COX-2
expression in colon cancer cells activates membrane-type
metalloproteinases, which may explain the increased
invasiveness and greater metastatic potential of COX-2expressing tumors. We also found that COX-2 expression
had a significant impact on patient survival. Patients with
positive COX-2 tumors survived a shorter time than those
with negative COX-2 tumors. A similar survival time of
patients with negative COX-2 tumors has been reported by
Sheehan et al[18]. Interestingly, overexpression of COX-2 was
more common in moderately and poorly differentiated
gallbladder carcinoma as compared with well-differentiated
carcinoma, but without statistical significance. Results from
our research suggest that tumor invasiveness and metastasis
are responsible for the worse prognosis of patients bearing
COX-2 positive tumors.
The development, invasion, metastasis, staging of human
neoplasm have been shown to correlate directly with the
expression level of several angiogenesis regulating factors
such as VEGF and bFGF[19]. Studies have also shown that
VEGF is significant in the angiogenic process as a prognostic
factor [20]. The data of our studies indicate that VEGF
expression is strongly associated with poorer differentiation,
positive lymph node metastasis and worse prognosis of
gallbladder carcinoma, suggesting that VEGF plays a
significant role in tumor invasion and metastasis.
Experimental researches on COX-2 have shown that
COX-2 stimulates angiogenesis in colon cancer cell lines by
inducing angiogenic factors such as VEGF and bFGF [21] .
Jones et al [22], also demonstrated that COX-2 inhibitors
suppress angiogenesis by affecting three endothelial cell
lines and that COX-2 is important for the regulation of
angiogenesis in endothelial cells. Based on these findings,
we hypothesize that tumor-derived VEGF promotes
angiogenesis by inducing the production of COX-2. This
hypothesis is supported by our study finding that COX-2
expression was associated with VEGF expression in gallbladder
carcinoma and had a direct correlation with tumor MVC.
These results suggest that production of VEGF induced
by COX-2 is essential to neovascularization. Increased tumor
vascularity induced by COX-2 might be a significant cause
for the growth, invasion, metastasis and worse prognosis
of gallbladder carcinoma. These new findings suggest that
COX-2 expression is associated with augmentation of
neovascularization. Carcinoma of the gallbladder is the most
common and highly malignant tumor of the biliary tract
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with a poor 5-year survival rate. Whether a similar correlation
exists between COX-2 expression and angiogenesis in
gallbladder carcinoma is not clear.
Selective COX-2 inhibitors such as nonsteroidal antiinflammatory drugs (NSAIDs) have drawn much attention.
Clinical trials indicate that NSAIDs exhibit a significant
antitumor effect on animal models [23,24] and colorectal
carcinoma in humans[25,26].
Though the exact mechanism underlying neovascularization
is not clear, COX-2 overexpression causes increased VEGF
and angiogenesis, which may be the mechanisms underlying
the contribution of COX-2 to the angiogenesis of gallbladder
carcinoma. In addition, COX-2 inhibition in the presence
of growth factor VEGF should be a very significant therapy
for the fatal disease.
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Abstract
AIM: To investigate the clinicopathologic characteristics,
immunophenotype and TCR gene rearrangements of
hepatosplenic T-cell lymphoma in eight Chinese patients.
METHODS: Eight Chinese patients with hepatosplenic 
T-cell lymphomas were studied. Hematoxylin-eosin-stained
slides and clinical histories were reviewed. We also
carried out immunohistochemical staining for CD3, CD4,
CD8, CD20, CD43, CD56, CD79a, UCHL-1, and TCR .
Rearrangements of TCR gamma and delta chain genes
were also studied.
RESULTS: The spleens were enlarged and the cut
surfaces were homogeneous and red-purple in color
without identifiable gross lesions or enlarged hilar lymph
nodes. Histologically, lymphoma cells infiltrated the cords
of Billroth and often packed the sinuses. Liver biopsy
showed lymphoma cell infiltrations in the sinusoids, and
three cases showed involvements of the portal tracts.
Immunohistochemically lymphoma cells were positive for
CD3, CD43, and CD56 in all cases. Four of eight cases
were positive for CD8, and all cases were negative for CD4
(6/6). Monoclonal rearrangements of TCR  gene were
demonstrated by PCR analysis in five out of the eight
cases. TCR  gene rearrangements were detected in six
out of the eight cases, which demonstrated single bands
on PAGE gel, and the amplification products in two cases
were confirmed by sequencing.
CONCLUSION: The clinicopathology of hepatosplenic 
T-cell lymphoma in Chinese patients is similar to what
was previously reported except that the splenomegaly is
not so massive, and CD8 is positive.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatosplenic  T-cell lymphoma is a distinct clinicopathologic
entity, and now recognized in the revised EuropeanAmerican lymphoma and World Health Organization
classifications. It has uniform clinicopathologic characteristics:
predominant occurrence in young male adults, hepatosplenomegaly presentation without lymphadenopathy, and peculiar
sinusoidal pattern of infiltration of the spleen, liver, and
bone marrow by monomorphic small to medium-sized
tumor cells of TCR  immunophenotype[1].
There were few reports on hepatosplenic  T-cell
lymphoma in Chinese patients in the literature. In this
paper, we analyzed the clinicopathologic characteristics,
immunophenotype and TCR gene rearrangements of
hepatosplenic T-cell lymphoma in eight Chinese patients.
MATERIALS AND METHODS
Eight cases of hepatosplenic  T-cell lymphoma diagnosed
between 2000 and 2003 were found from the files of the
Department of Pathology of Peking Union Medical College
Hospital (PUMCH). Spleen and liver biopsies were obtained
from seven of the eight cases. Splenectomy was performed
on case 3 in another hospital, and the patient was admitted
to our hospital for further treatment who finally died.
Accessory spleen was found in autopsy. The jurkat cell line
(T-cell leukemia) was used as a positive control for the
detection of TCR  gene rearrangements.
Histopathologic studies
Pathological specimens were fixed in formalin. Hematoxylineosin-stained slides were prepared from paraffin blocks
according to the standard protocol. Immunohistochemical
staining was performed using DAKO EnVision and DAB
peroxidase detection systems (Dako, Glostrup, Denmark).
The antibodies to CD3, CD4, CD8, CD20, CD79a, CD43,
CD56, and UCHL-1 were purchased from DAKO (Dako,
Glostrup, Denmark) and TCR  antibody from Endogen
(Woburn, MA, USA). Normal human spleen tissue (ruptured
spleen of a young male adult caused by car accident) was
used as a positive control for TCR  immunostaining, and
target retrieval solution (pH 9.0) (Dako, Glostrup, Denmark)
was used for the best demonstration.

Key words: Immunophenotype; Hepatosplenic T-cell
Wei SZ, Liu TH, Wang DT, Cao JL, Luo YF, Liang ZY.

Rearrangements of TCR gamma and delta chain genes
Three to five 10 m formalin-fixed and paraffin-embedded
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tissue sections were prepared for each sample. After being
dewaxed with xylene and ethanol, tissue pellet was digested
by proteinase K. Jurkat cells (3×10 6) were collected and
cell pellet was also digested by proteinase K. Each DNA
sample was verified for its suitability for PCR amplification
by amplifying -actin.
PCR of TCR  gene rearrangements was performed
with the primers J1 and V1b that amplified a fragment
of about 120 bp[2].
Rearranged TCR  genes was amplified using a method
described by Signoretti et al[3]. PCR was carried out using
the primers VG1, VG2, VG9, JG12-a, and JGP12-a which
described by Muche et al[4]. T-cell leukemia cell line Jurkat
was used as a positive control for TCR  gene rearrangements.
Ten microliters of the reaction products was analyzed by
electrophoresis on 10% polyacrylamide gels, stained by
ethidium bromide and viewed under UV light.
All the amplifications were carried out in a Hermocycle
(HYBAID LIMITED, Middlesex, UK). Each sample was
amplified at least three separate times to confirm the
reproducibility of the results.
Because there was no positive control for TCR  gene
amplification, PCR products of TCR  gene from cases 6
and 8, which were confirmed to have single target bands,
were cut out and purified using a QIAEX gel extraction kit
(QIAGEN Inc, Valencia, CA, USA). The purified products
were then subjected to direct sequencing by an ABI377
sequencer (Perkin-Elmer Applied Biosystems, Foster City,
CA, USA).
Careful measures were taken to avoid contamination
during all steps of the analysis.

RESULTS
Clinical findings
The clinical features are summarized in Table 1.
Our study consisted of 6 men and 2 women with a
median age of 29 years (ranging from 12 to 52 years). The
ages of all the patients were under 36 years except one case
whose age was 52 years.
The patients were admitted to PUMC Hospital for fever
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and hepatosplenomegaly. Other features included weight
loss and abdominal pain, and jaundice. Liver tests of most
cases were abnormal, with elevated levels of serum glutamyl-transpeptidase (-GT), alanine aminotransferase
(ALT) and alkaline phosphatase (ALP) activities. Five cases
showed elevated serum lactate dehydrogenase (LDH) levels.
As shown in Table 1, anemia was found in six cases
(hemoglobin levels ranging from 79 to 107 G/L). Thrombocytopenia was present in five patients (platelet counts ranging
from 49 to 90/L).
All patients had splenomegaly and hepatomegaly at the
time of diagnosis. Physical examination revealed no enlarged
superficial lymph node. CT scan disclosed no mediastinal
or retroperitoneal lymphadenopathy except case 5, in whom
mediastinal lymphadenopathy was discovered.
All the patients had no significant past history, including
receiving long-term immunosuppressive therapy.
Four cases were followed-up. Three of them died within
1-6 mo after operation, and 1 case continued to receive
treatment a year-and-a-half after the diagnosis.
Pathological findings
Pathological feathers are summarized in Table 2. The spleens
were enlarged, weighing 445-1 155 g and the mean splenic
weight was 675 g. The cut surfaces were homogeneous and
red-purple in color without identifiable gross lesions or hilar
lymph node enlargement.
Histologically, there were marked expansion of the red
pulp and atrophy of the white pulp in the spleens. Lymphoma
cells infiltrated the cords of Billroth and often packed the
sinuses (Figures 1 and 2A). Lymphoma cells were usually
of small to medium sizes with round or oval nuclei showing
slightly dispersed chromatin, and scant to moderate
cytoplasm. Seven of eight spleens showed erythrophagocytosis
more or less (Figure 3).
Liver biopsy was performed in all the patients except
case 3, whose whole liver was available for examination.
Lymphoma cells infiltrated and distended the liver sinusoids
(Figures 1 and 2B), and three cases demonstrated involvement
of portal tract. Liver biopsies of five cases exhibited mild
to moderate fatty degeneration.

Table 1 Clinical features of hepatosplenic  T-cell lymphoma in eight Chinese patients
Case Sex
Number
1

M

Age
(yr)
12

Clinical symptoms
Fever, weight loss, hepatosplenomegaly,

ALT <40
(U/L)

ALP 27–107
(U/L)

-GT 10–50
(U/L)

LDH 97–270
(U/L)

Platelet count
Hemoglobin
100–350 ×109 /L >110 (G/L)

199

239

NE

899

104

79

died 4 mo after diagnosis
2

M

22

Fever, hepatosplenomegaly

NE

NE

NE

NE

NE

3

M

25

Fever, weight loss, hepatosplenomegaly,

775

563

214

775

88

103

NE

4

F

28

Fever, hepatosplenomegaly abdominal pain

55

246

66

Normal

108

100

5

M

30

Fever, weight loss, hepatosplenomegaly

71

506

169

358

49

95

6

F

30

Fever, weight loss, hepatosplenomegaly,

155

500

115

518

74

91

7

M

36

Fever, weight loss, hepatosplenomegaly,

409

350

121

389

90

143

Normal

159

82

Normal

64

107

jaundice, died 1 mo after diagnosis

abdominal pain
jaundice; died 4 mo after diagnosis
8

M

52

Fever, weight loss, hepatosplenomegaly,
abdominal pain, jaundice

NE, not evaluable; normal, within the normal range.
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Table 2 Pathological features of hepatosplenic  T-cell lymphoma in eight Chinese patients
Case No.

Spleen weight (g)

Gross appearance
(cut surface) of spleen

Microscopical findings

Lymphoid
involvement

Bone marrow
involvement

Lymphoma cells infiltrate
liver sinus, splenic sinusoids;
liver portal tract, liver fatty
degeneration
Lymphoma cells infiltrate liver
sinus, splenic sinusoids
Lymphoma cells infiltrate liver
sinus, splenic sinusoids; liver fatty
degeneration
Lymphoma cells infiltrate liver sinus,
splenic sinusoids
Lymphoma cells infiltrate liver sinus,
splenic sinusoids; liver fatty
degeneration
Lymphoma cells infiltrate liver sinus,
splenic sinusoids; liver portal tract,
liver fatty degeneration
Lymphoma cells infiltrate liver sinus,
splenic sinusoids; liver portal tract,
liver fatty degeneration
Lymphoma cells infiltrate liver sinus,
splenic sinusoids

NO

NO

NE

NE

NO

NO

NO

NO

Mediastinal
lymphadenopathy

NO

NO

NO

NO

Suspected
lymphoid cell

NO

Suspected
lymphoid cell

1

910

Homogeneous red-purple,
no nodule, soft

2

800

Homogeneous dull-red, firm

3

Part of accessory spleen

Homogeneous gray-red, firm

4

445 (body weight 45 kg)

Homogeneous gray-red,
no nodule
Homogeneous gray-red, firm

5

1 155

6

800

Homogeneous gray-red, soft

7

810

Homogeneous dull-brown,
no nodule

8

480 (body weight 45 kg)

Homogeneous dull-red, soft

NO, not involved; NE, not evaluable.

Table 3 Immunophenotypic features and TCR rearrangements of hepatosplenic lymphoma

1
2
3
4
5
6
7
8

CD20

CD79a

CD3

CD4

CD8

CD43

UCHL-1

-

-

+
+
+
+
+
+
+
+

NE
NE
-

+
+
+
+
-

+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+

CD56
+
+
+
+
+
+
+
+

TCR
NE
+
+
+
+
+
-

TCR  gene
rearrangement

TCR  gene
rearrangement

+
+
+
+
+

+
+
+
+
+
+

+, positive; –, negative; NE, not evaluable.

Bone marrow aspirate smears were performed in these
cases. But only two cases demonstrated abnormal findings
suggesting lymphoma infiltrates.
Immunophenotypic findings
As shown in Table 3, neoplastic cells in all cases expressed

A

Figure 1 Histology changes in case 8. A: medium-sized monomorphic
lymphoma cells into the red pulp cords and sinus of the spleen (10×); B: Distinct

T-cell associated markers, i.e., CD3 (Figure 2C), UCHL-1
and CD43, whereas B-cell associated markers including
CD20 and CD79A were negative. Tumor cells in all the
cases expressed CD56 antigen. Six cases were negative for
CD4 (6/6), whereas four cases expressed CD8 (4/8). Positive
TCR  immunostaining on routinely formalin-fixed and

B

hepatic sinusoidal infiltrates (20×).
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Figure 2 Histological changes and immunophenotypes in case 4. A: Infiltration of
lymphoma cells into the red pulp cords and sinus of spleen (40×); B: Distinct hepatic

sinusoidal infiltrates (40×); C: Sinusoidal infiltration of lymphoma cells in spleen
demonstrated by CD3 (10×); D: TCR  immunostaining of Golgi region (40×).

paraffin-embedded tissue sections was observed in Golgi
region of lymphoma cells in five cases (5/7) (Figure 2D).

consistent with the rearranged TCR  gene through the
search of BLAST in PubMed (Figure 6).

T-cell receptor gene rearrangements
Monoclonal rearrangements of TCR  gene were demonstrated
by PCR analysis in five of the eight cases (Table 3), which
were single fragments of about 200 bp (Figure 4).
Complete TCR  gene rearrangements were detected
using primers V1b and J1 which amplified fragments of
about 120 bp (Figure 5). Six out of eight cases demonstrated
single bands on PAGE gel. The amplification products of
TCR  gene in two cases (cases 6 and 8) were also subjected
to direct sequencing by an ABI377 sequencer (Perkin-Elmer
Applied Biosystems, Foster City, CA, USA). The results were

←200 bp

Control

5

8

Marker

2

Jurkat

3

7

Figure 4 TCR  gene PCR products in case 2; Jurkat, lanes 3 and 7: single
bands of about 200 bp on 8% PAGE gel; Control, lanes 5 and 8 have no
distinctive band.

←100 bp

1

Figure 3 Significant erythrophagocytosis in sinus of the spleen of case 6
(40×).

Control

5

Marker

3

6

7

4

8

Figure 5 TCR  gene PCR products in case 1. Lanes 5-8: single bands of
about 120 bp on 10% PAGE gel; control and lanes 3 and 4: no distinctive band
(the marker band is 100 bp, and the bands under 100 bp are regarded as
unspecific amplification).
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Fi gu re 6 F orward and rev erse s equenc ing result s of T CR  gene
rearrangements in case 8, verified as products of TCR  gene rearrangements

by searching in BLAST (PubMed).

DISCUSSION
In this study we analyzed eight hepatosplenic T-cell
lymphomas in Chinese patients. The results confirmed a
predilection for young male adults. Splenomegaly and
hepatomegaly were present in all cases and coexisted
lymphadenopathy was found in one case. The weights of
spleens from cases 4 and 8 were 445 and 480 g, respectively.
It seemed that the weights were lighter than those reported
in the literature, but these two patients were thin, weighing
45 and 47 kg respectively, and their spleens were evidently
enlarged, the lower edges were both at the level of umbilicus
in physical examination.
The pathological findings were similar to those previously
reported in the literature. Neoplastic cells were usually
monomorphic small to medium-sized lymphocytes. Tumor
cells were located preferentially in sinusoids of the liver,
cords and sinuses of the splenic red pulp. However, besides
sinusoidal infiltrates of the liver, portal tract involvements
were also present in three cases in this series, and liver biopsies
of five cases demonstrated mild to moderate fatty degeneration.
According to Gaulard et al[1] and Belhadj et al[5], a mild portal
and periportal lymphomatous infiltrate might also be
observed but was not predominant[1,5]. However, Weidmann
et al [6], indicated that marked or even exclusive portal
infiltration could be present. Lymphomatous infiltration
resulted in chronic liver injury, and most of our cases
revealed abnormal liver function. Perfetto et al, described a
case of hepatosplenic lymphoma whose clinical course
mimicked acute hepatitis. It reminded us that hepatosplenic
T-cell lymphoma should be included in the differential
diagnosis of acute hepatic dysfunction in young patients
who showed no evidence of viral, toxic, autoimmune or
metabolic liver diseases.
In previous reports most of TCR  immunophenotypes
were demonstrated on frozen sections and it was difficult
to detect these antigens on routinely formalin-fixed and
paraffin-embedded sections. In this study, we tried to

demonstrated the TCR  immunostaining on paraffinembedded sections using target retrieval solution (high pH)
(Dako, Glostrup, Denmark) following Macon’s protocol[7].
TCR  immunohistochemistry on formalin-fixed and
paraffin-embedded sections demonstrated Golgi region
staining in five cases. The failure of the rest three cases
may be due to the TCR  antigen denaturation caused by
formalin fixation. Our results confirmed that TCR 
immunostaining could be demonstrated on formalin-fixed
and paraffin-embedded sections, although not all the cases
revealed positive staining.
For detecting monoclonal TCR  gene, Southern blot
analysis for TCR  chain gene rearrangements remains a
reliable and reproducible technique with minimal false
positive results. PCR technique is also a reliable and reproducible
technique, but paraffin sample TCR  PCR testing is less
reliable than fresh or frozen tissue reported by most
laboratories, and the risk for false negative results in paraffinembedded tissues should be recognized[8]. In this study, five
of the eight cases demonstrated monoclonal rearrangements
of TCR  gene.
TCR  gene consists of at least six V  gene segments.
Over 95% of  T-cells express either V1 or V2 gene.
Interestingly, normal  T lymphocytes in spleen, thymus,
and intestinal epithelium predominantly express the V1
gene, whereas the majority of  T-cells in peripheral blood,
tonsils, and skin express the V2 gene. Grzegorz et al
demonstrated usage of V1 gene and V2 gene were found
in hepatosplenic  T-cell lymphoma (10/11 cases) and in
 subcutaneous panniculitis-like  T-cell lymphoma (4/4
cases), respectively.
In our study, V1 and J1 gene rearrangements were
demonstrated in six of eight cases. The result further support
hepatosplenic  T-cell lymphoma is preferentially derived
from the V1 subset of  T lymphocytes.
It seemed that the results of rearrangements of TCR 
and TCR  genes were not accordant. There were two
reasons for this discordance. First, in this study, we used
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formalin fixed and paraffin embedded samples to perform
immunohistochemistry and to extract DNA for PCR
amplification because of lack of fresh or frozen tissue.
Archival formalin-fixed and paraffin-embedded samples
could frequently lead to protein denaturation and DNA
degradation. Second, we only employed the most commonly
used primers to detect the rearrangements of TCR  and TCR
 genes. Maybe there were uncommon gene rearrangements
in the remaining cases.
In conclusion, the clinicopathology of hepatosplenic 
T-cell lymphoma in Chinese patients is similar to what was
previously reported in the literature.

3

4

5

6
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Abstract
AIM: To identify the risk factors for postoperative pulmonary
complications (PPC) after gastrointestinal surgery.
METHODS: A total of 1 002 patients undergoing gastrointestinal surgery in the Second Affiliated Hospital, Sun
Yat-Sen University, during December 1999 and December
2003, were retrospectively studied.
RESULTS: The overall incidence of PPC was 22.8% (228/
1 002). Multivariate logistic analysis identified nine risk
factors associated with PPC, including age odds ratio
(OR = 1.040) history of respiratory diseases (OR = 2.976),
serum albumin (OR = 0.954), chemotherapy 2 wk before
operation (OR = 3.214), volume of preoperative erythrocyte
transfusion (OR = 1.002), length of preoperative antibiotic
therapy (OR = 1.072), intraoperative intratracheal intubation
(OR = 1.002), nasogastric intubation (OR = 1.050) and
postoperative mechanical ventilation (OR = 1.878).
Logistic regression equation for predicting the risk of PPC
was P(1) = 1/[1+e-(-3.488+ 0.039×Y+1.090×Rd+0.001×Rbc–0.047×Alb+0.002×Lii+
0.049×Lni+0.630×Lmv+0.070×Dat+ 1.168×Ct)
].
CONCLUSION: Old patients are easier to develop PPC.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Postoperative pulmonary complications (PPC) following
gastrointestinal surgery are frequent and closely associated
with increased mortality and length of hospital stay[1,2].
Identifying the risk factors of PPC is very important for
the prevention and treatment of PPC. The incidence of
PPC following gastrointestinal surgery varies widely in the
literatures, 20-69% for postoperative atelectasis and 9-69%
for postoperative pneumonia, which is due to the difference
in type of pulmonary complication included, clinical diagnostic
criteria and the target population[2]. Many risk factors for
PPC have been studied. The importance of some factors
has been established, such as advanced age, obesity, smoking,
history of respiratory disease, American Society of Anesthesiologists (ASA) classification and incision site[3-5]. However,
the predictive value for PPC of some factors remains
controversial, including preoperative pulmonary function,
arterial blood gas analysis and postoperative analgesia[6-9].
And the role of some other factors receives little attention,
such as preoperative serum albumin and globulin, preoperative
lipidemia, chemical therapy, intratracheal intubation, volume
of intraoperative fluid transfusion and blood transfusion,
nasogastric intubation and antacids therapy. Thus, to
determine the risk factors for PPC after gastrointestinal
surgery, we retrospectively studied 1 002 cases undergoing
gastrointestinal surgery in the Second Affiliated Hospital,
Sun Yat-Sen University, during December 1999 and December
2003.
MATERIALS AND METHODS
Subjects
A total of 1 002 consecutive patients who received gastrointestinal surgery in the Second Affiliated Hospital, Sun YatSen University, during December 1999 and December 2003,
were enrolled in the study. Inclusion criteria were as follows:
those who received gastrointestinal tract but not anal canal
and appendix operation, those who received intra-abdominal
but not laparoscope operations, those patients whose age
was ≥ 18 years and those gastrointestinal tumor cases that
had metastasis to lungs were excluded.
Among 1 002 patients who enrolled in our study, 649
were males and 353 were females. The average age was
56.69±15.26 years (ranging from 18 to 96 years).
Five hundred and eight patients received gastroduodenal
surgery. Among them, 240 cases underwent surgery due to
benign diseases, including 215 cases of gastric and duodenal
ulcer, 7 cases of duodenal diverticulum, 7 cases of duodenal
fistula, 4 cases of duodenal polyp, 3 cases of gastric stromal
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tumor, 3 cases of gastric leiomyoma, and 1 case of duodenal
leiomyoma. Among the patients with gastric and duodenal
ulcer, 120 cases had gastric perforation, 19 cases had massive
hemorrhage, and 7 cases had pyloric obstruction. Meanwhile,
268 cases underwent surgery due to malignant diseases.
Among them, 255 cases had gastric carcinoma, including 1
case of gastric perforation, and 13 cases had gastroduodenal
metastatic tumor. Radical gastrectomy was performed in
223 cases, subtotal gastrectomy in 202 cases, repair of peptic
ulcer perforation in 77 cases, and gastrostomy in 6 cases.
Four hundred and ninety-four patients received intestinal
surgery. Among them, 89 cases underwent surgery due to
benign diseases, including 19 cases of intestinal obstruction
(6 cases of complete intestinal obstruction), 16 cases of
intestinal hemorrhage (2 cases of massive hemorrhage), 12
cases of intestinal diverticulum, 11 cases of splenic flexure
syndrome, 6 cases of small intestinal leiomyoma, 6 cases
of intestinal fistula, 6 cases of hernia, 4 cases of megacolon,
4 cases of Crohn’s disease, 3 cases of intestinal polyp, and
2 cases of intestinal stromal tumor. Meanwhile, 405 cases
underwent surgery due to malignant diseases, including 188
cases of colon cancer, 168 cases of rectal cancer, 16 cases
of intestinal lymphoma, 9 cases of small bowel cancer, 1
case of intestinal sarcoma, and 23 cases of intestinal
metastatic tumor. Radical colectomy was performed for
colon cancer in 170 cases, radical rectectomy for rectal
cancer in 170 cases, partial resection and anastomosis of
small bowel in 74 cases, partial transverse colectomy in 69
cases, lysis of intestinal adhesions in 9 cases, and total
colectomy in 2 cases.
Preoperative comorbid diseases included 80 cases of
diabetes mellitus, 51 cases of heart disease (including 41
cases of angina pectoris, 8 cases of old myocardial infarction
and 2 cases of rheumatic heart disease), 29 cases of cerebral
disease (including 13 cases of cerebral hemorrhage, 11 cases
of cerebral infarction and 5 cases of cerebral atrophy or
others), 128 cases of hypertension, and 73 cases of respiratory
disease (including 37 cases of chronic bronchitis, 5 cases
of emphysema, 25 cases of old pulmonary tuberculosis, 5
cases of bronchial asthma and 1 case of bronchiectasis).
Three hundred and seventy-six cases had abnormal
electrocardiograph and 204 cases had abnormal chest
radiograph in preoperative examinations.
Variables in logistic analysis
Dependent variable Y-Y0 represented no PPC during 30 d
after operation. On the contrary, Y1 represented the occurrence
of PPC during 30 d after operation. PPC was defined as
pneumonia, tracheobronchitis, respiratory failure, pleural
effusion, pneumothorax, atelectasis, acute respiratory distress
syndrome or pulmonary infarction. The diagnosis of PPC
was made by the same doctor, based on the clinical manifestations, radiologic examination, blood routine, arterial blood
gas analysis and other laboratory tests.
Independent variable X-X 1 gender, X 2 age (year), X 3
body mass index (BMI, kg/m2), X4 smoking history (grades:
0-never smoking, 1-ex-smoker having quitted smoking more
than 8 wk before operation, 2-current smoker <20/d×
20 years, 3-current smoker ≥ 20/d×20 years), X5 diabetes
mellitus, X6 heart diseases (including angina pectoris, old

June 28, 2005

Volume 11

Number 24

myocardial infarction and rheumatic heart disease), X 7
hypertension, X 8 cerebral diseases (including cerebral
hemorrhage, infarction and atrophy, meningitis and sclerosis
of cerebral vessels), X 9 respiratory diseases (including
chronic bronchitis, obstructive emphysema, old pulmonary
tuberculosis, bronchial asthma, and bronchiectasis), X 10
abnormal electrocardiogram (including myocardium strain,
hypovoltage of limb lead, chronic insufficiency of coronary
artery, incomplete/complete right/left bundle branch block,
left ventricular hypervoltage/ventricular hypertrophy, sinus
bradycardia/tachycardia, atrioventricular block, paroxysmal
supraventricular tachycardia, atrial/ventricular premature
beats, pre-excitation syndrome, atrial fibrillation and old
myocardial infarction), X 11 abnormal chest radiograph
(including chronic bronchitis, emphysema, pulmonary
tuberculosis, lung cancer/lung metastatic tumor, and pleural
thickening), X 12 hemoglobin (g/L), X 13 alanine
aminotransferase (ALT, U/L), X 14 serum albumin (g/L),
X15 serum globulin (g/L), X16 blood urea nitrogen (BUN,
mmol/L), X17 creatinine (mol/L), X18 total cholesterol (TC,
mmol/L), X19 high density lipoprotein cholesterol (HDL-C,
mmol/L), X20 low density lipoprotein cholesterol (LDL-C,
mmol/L), X21 triglyceride (mmol/L), X22 preoperative forced
expiratory volume in 1 s (FEV1, L), X23 preoperative forced
vital capacity (FVC, L), X24 preoperative FEV1 to FVC ratio
(FEV1/FVC%), X25 preoperative FVC percent of predicted
value (FVC%), X 26 preoperative maximum ventilatory
volume percent of predicted value (MVV%), X 27 volume
of preoperative erythrocyte transfusion (mL), X28 volume
of preoperative whole blood transfusion (mL), X29 volume
of preoperative plasma transfusion (mL), X 30 volume of
preoperative platelet transfusion (U), X 31 length of
preoperative antibiotic therapy (days), X 32 duration of
preoperative antacids therapy (days), X33 chemotherapy in
2 wk before operation, X34 deep vein puncture, X35 length
of preoperative stay (days), X 36 history of respiratory
infection in 2 wk before operation (cured), X 37 type of
diseases for operation (gastric and duodenal ulcer, duodenal
diverticulum, gastric leiomyoma, gastric stromal tumor,
duodenal fistula, duodenal polyp, duodenal leiomyoma,
gastric carcinoma, gastroduodenal metastatic tumor,
intestinal obstruction, intestinal diverticulum, small intestinal
leiomyoma, intestinal fistula, splenic flexure syndrome,
intestinal polyp, intestinal stromal tumor, hernia, megacolon,
Crohn’s disease, small bowel cancer, colon cancer, rectal
cancer, intestinal sarcoma, intestinal lymphoma, intestinal
metastatic tumor), X 38 benign or malignant diseases, X 39
ASA classification (class as 1-5), X40 site of surgical incision
(upper abdominal incision, lower abdominal incision,
combined upper and lower abdominal incision), X41 length
of surgical incision (cm), X 42 duration of operation (min),
X 43 type of operation (subtotal gastrectomy, radical
gastrectomy for gastric cancer, gastrostomy, repair of peptic
ulcer perforation, partial resection and anastomosis of small
bowel, radical colectomy for colon cancer, radical rectectomy
for rectal cancer, partial transverse colectomy, lysis of
intestinal adhesions, total colectomy), X 44 duration of
anesthesia (min), X 45 type of anesthesia (intravenous
anesthesia combined with continuous epidural anesthesia,
intravenous anesthesia combined with continuous epidural
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anesthesia and endotracheal anesthesia, continuous epidural
combined with endotracheal anesthesia, endotracheal
anesthesia combined with intravenous anesthesia, continuous
epidural anesthesia), X 46 volume of blood loss during
operation (mL), X 47 total volume of intraoperative fluid
transfusion (mL), X 48 volume of intraoperative isotonic
solution transfusion (mL), X49 volume of intraoperative colloid
solution transfusion (mL), X 50 volume of intraoperative
glucose solution transfusion (mL), X 51 total volume of
intraoperative blood products transfusion (mL), X52 volume
of intraoperative erythrocyte transfusion (mL), X53 volume
of intraoperative whole blood transfusion (mL), X54 volume
of intraoperative plasma transfusion (mL), X55 volume of
intraoperative cryoprecipitate transfusion (u), X56 length of
intraoperative intratracheal intubation (min), X 57 pH of
arterial blood after operation, X58 PaO2 of postoperative
blood gas analysis (kPa), X59 PaCO2 of postoperative blood
gas analysis (kPa), X60 length of postoperative ICU stay (h),
X61 time of postoperative food intake (days), X62 postoperative
analgesia, X63 length of nasogastric intubation (days), X64
duration of postoperative antacids therapy (days), X65 length
of postoperative intratracheal intubation (h), X66 length of
postoperative mechanical ventilation (h).
Statistical analysis
Numerical data were expressed as frequency and percentage
(%). Measured data were expressed as mean±SD. Univariate
and multivariate logistic regression were used to analyze
each factor. The receiver operator characteristic (ROC)
statistic was also calculated to evaluate predicting efficiency
of the logistic regression equation. All statistical analyses
were performed with SPSS 11.0 software package. P<0.05
was considered statistically significant.

RESULTS
Incidence and types of PPC following gastrointestinal surgery
Two hundred and twenty-eight among 1 002 patients
developed PPC, the incidence was 22.8% (228/1 002). The
types of PPC included pneumonia (101/228, 44.3%),
tracheobronchitis (94/228, 41.2%), respiratory failure
(5 /228, 2.2%), pleural effusion (12/228, 5.3%),
pneumothorax (3/228, 1.3%), atelectasis (1/228, 0.4%),
acute respiratory distress syndrome (2/228, 0.9%). Nine
cases (9/228, 3.9%) had two types of complications, one
case (1/228, 0.4%) had three types of complications.
Comparisons of clinical data between PPC group and non-PPC
group and results of univariate logistic regression (Table 1)
Thirty-one of sixty-six factors correlated with PPC that included
age, smoking, heart disease, hypertension, cerebral disease,
respiratory disease, abnormal preoperative chest radiograph,
serum albumin, BUN, creatinine, HDL-C, respiratory
infection 2 wk before operation (cured), chemotherapy 2 wk
before operation, type of diseases for operation, ASA
classification, site of surgical incision, volume of blood loss
during operation, duration of operation and anesthesia,
length of intraoperative intratracheal intubation, total volume
of intraoperative blood transfusion and intraoperative
erythrocyte transfusion, postoperative analgesia, PaO2 of
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postoperative blood gas analysis, length of postoperative
ICU stay, time of postoperative food intake, length of
nasogastric intubation, duration of postoperative antacids
use, length of postoperative intratracheal intubation and
postoperative mechanical ventilation.
Results of multivariate logistic regression (Table 2)
The risk factors for PPC were screened out by multivariable
logistic regression, including age odds ratio (OR = 1.040),
respiratory disease (OR = 2.976), preoperative serum
albumin (OR = 0.954), volume of preoperative erythrocyte
transfusion (OR = 1.002), duration of preoperative antibiotic
therapy (OR = 1.072), chemotherapy 2 wk before operation
(OR = 3.214), length of intraoperative intratracheal intubation
(OR = 1.002), nasogastric intubation (OR = 1.050), and
postoperative mechanical ventilation (OR = 1.878).
Logistic regression equation for predicting the risk for
PPC is P(1) = 1/[1+e-(-3.488+0.039×Y+1.090×Rd+0.001×Rbc-0.047×Alb+0.002×Lii+0.
049×Lni+0.630×Lmv+0.070×Dat+1.168×Ct)
], where Y = age, Rd = history
of respiratory disease, Rbc = volume of preoperative
erythrocyte transfusion, Alb = preoperative serum albumin,
Lii = length of intraoperative intratracheal intubation,
Lni = length of nasogastric intubation, Lmv = length of
postoperative mechanical ventilation, Dat = duration of
preoperative antibiotic therapy, Ct = chemotherapy 2 wk
before operation.
ROC curve: c = 0.780.

DISCUSSION
It was reported that age is associated with the incidence of
PPC[2,3,10] . Hall et al [3], studied 1 000 patients undergoing
abdominal surgery, and reported that the overall incidence
of PPC is 23.2% and increases to 32.9% in patients over
59 years old. Brooks-Brunn[2] also identified that age ≥
60 years is a risk factor for PPC. In our study, the incidence
of PPC was 22.8% (228 of 1 002). Age was proved to be
associated with PPC by univariate and multivariate logistic
regression, which is similar to the results from previous
studies. Maybe it is due to the fact that elderly patients have
a higher incidence of chronic heart disease and respiratory
diseases. Wightman[11] found that chronic respiratory disease
is significantly more common in patients over 70 years of
age (27.2%) when compared with those under this age (7.8%).
One hundred and sixteen cases in our study had a record
of BMI, 13 patients had a BMI over 25 kg/m2, and 6 of
them developed PPC (46.2%), 103 patients had a BMI equal
or less than 25 kg/m2, and 33 of them developed PPC (32%).
No significant difference was observed between these two
groups. However, obesity has been proved as a predisposing
cause of PPC in previous studies[2,12,13], and is related to a
decreased compliance and the elevated diaphragmatic
position, leading to the decrease of vital capacity. It was
reported that postoperative reduction in vital capacity is
related to BMI[14]. Latimer et al[12], found that 42% of overweight patients had impairment of pulmonary function, and
95% developed PPC. Brooks-Brunn[2] reported that patients
having a BMI ≥ 27 kg/m2 have 2.8-fold risk higher than
those having a lower BMI.
Univariate logistic regression analysis revealed that the
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Table 1 Comparisons of clinical data between PPC group and non-PPC group and results of univariate logistic regression (mean±SD)
X
Age (yr)
Sex male/female
BMI (kg/m2)
Smoking
Diabetes mellitus
Heart diseases
Hypertension
Cerebral diseases
Respiratory diseases
Abnormal electrocardiogram
Abnormal chest radiograph
Hemoglobin (g/L)
ALT (U/L)
Serum albumin (g/L)
Serum globulin (g/L)
BUN (mmol/L)
Creatinine (mol/L)
TC (mmol/L)
HDL-C (mmol/L)
LDL-C (mmol/L)
Triglyceride (mmol/L)
FEV1 (L)
FVC (L)
FEV1/FVC (%)
FVC%
MVV (%)
History of respiratory infection in 2 wk before operation (cured)
Volume of preoperative erythrocyte transfusion (mL)
Volume of preoperative whole blood transfusion (mL)
Volume of preoperative plasma transfusion (mL)
Volume of preoperative platelet transfusion (U)
(To be continued)
Duration of preoperative antibiotic therapy (d)
Duration of preoperative antacids therapy (d)
Chemotherapy 2 wk before operation
Deep vein puncture
Length of preoperative stay (d)
Type of diseases for operation
Benign or malignant diseases
ASA classification
Site of surgical incision
Duration of operation (min)
Type of operation
Length of surgical incision (cm)
Duration of anesthesia (min)
Type of anesthesia
Volume of blood loss during operation (mL)
Length of intraoperative intratracheal intubation (min)
Total volume of intraoperative fluid transfusion (mL)
Volume of intraoperative isotonic solution transfusion (mL)
Volume of intraoperative colloid solution transfusion (mL)
Volume of intraoperative glucose solution transfusion (mL)
Total volume of intraoperative blood products transfusion (mL)
Volume of intraoperative erythrocyte transfusion (mL)
Volume of intraoperative whole blood transfusion (mL)
Volume of intraoperative plasma transfusion (mL)
Volume of intraoperative cryoprecipitate transfusion (U)
pH of arterial blood after operation
(To be continued)
PaO2 of postoperative blood gas analysis (kPa)
PaCO2 of postoperative blood gas analysis (kPa)
Length of postoperative ICU stay (h)
Time of postoperative food intake (d)
Postoperative analgesia
Length of nasogastric intubation (d)
Duration of postoperative antacids therapy (d)
Length of postoperative intratracheal intubation (h)
Length of postoperative mechanical ventilation (h)
a

P<0.05.

PPC group n = 228

Non-PPC group n = 774

OR

P

95%CI

64.10±13.95
152 (66.7)/76 (33.3)
20.54±3.64
87 (38.2)
20 (8.8)
19 (8.3)
39 (17.1)
13 (5.7)
38 (16.7)
98 (43.0)
62 (27.2)
114.90±23.52
24.67±34.96
38.00±4.97
25.46±6.61
6.22±3.43
93.68±51.12
4.00±1.24
1.08±0.32
2.54±1.03
1.14±1.06
1.79±0.79
2.37±0.87
74.84±14.73
80.05±22.05
73.17±25.51
21 (9.2)
85.97±292.6
23.25±140.6
28.07±148.7
0.07±0.99

54.51±14.95
497 (64.2)/277 (35.8)
20.60±3.03
155 (20.0)
60 (7.8)
32 (4.1)
89 (11.5)
16 (2.1)
35 (4.5)
278 (35.9)
142 (18.3)
117.20±25.73
22.27±39.12
39.96±4.86
26.42±6.66
5.27±2.05
84.58±21.82
4.18±1.28
1.16±0.41
2.67±1.00
1.13±1.05
2.08±2.01
2.25±0.76
79.10±12.60
79.95±21.91
77.12±25.14
34 (4.4)
65.25±248.2
16.67±115.1
23.06±227.7
0.04±1.08

1.048
0.897
0.995
1.523
1.144
1.698
1.588
1.555
1.663
1.039
1.211
0.996
1.001
0.920
0.978
1.152
1.009
0.893
0.561
0.883
1.008
0.863
1.211
0.977
1.000
0.994
2.208
1.000
1.000
1.000
1.021

0.000a
0.495
0.935
0.000a
0.618
0.018a
0.027a
0.008a
0.000a
0.090
0.015a
0.228
0.410
0.000a
0.058
0.000a
0.001a
0.067
0.009a
0.107
0.909
0.490
0.531
0.203
0.985
0.517
0.006a
0.295
0.476
0.755
0.738

1.036-1.600
0.657-1.226
0.883-1.122
1.450-1.600
0.674-1.942
1.097-2.630
1.055-2.392
1.120-2.158
1.357-2.038
0.994-1.087
1.190-1.233
0.991-1.002
0.998-1.005
0.899-0.953
0.957-1.001
1.086-1.221
1.003-1.014
0.791-1.008
0.365-0.864
0.760-1.027
0.878-1.157
0.567-1.312
0.665-2.206
0.942-1.013
0.978-1.023
0.975-1.013
1.254-3.886
1.000-1.001
0.999-1.002
0.999-1.001
0.903-1.156

2.16±3.42
1.46±3.38
10 (4.4)
81 (35.5)
6.43±7.12

1.78±2.49
1.38±3.21
15 (1.9)
234 (30.2)
5.73±6.39

193.18±87.78

180.90±63.77

19.81±8.00
263.71±96.55

18.10±6.72
246.53±85.82

408.25±300.24
139.10±148.10
2 517.32±985.43
1 673.25±714.56
763.16±423.49
101.10±219.95
310.75±740.67
164.04±366.82
60.96±220.96
76.32±259.13
0.30±1.76
7.39±0.1

336.15±287.27
83.79±128.71
2 454.10±909.59
1 644.96±693.44
733.66±383.33
80.94±194.69
185.05±368.06
112.92±217.27
37.14±153.88
41.41±135.75
0.08±0.96
7.40±0.20

1.050
1.007
2.321
1.272
1.015
0.934
0.992
2.310
1.606
1.020
1.013
1.033
1.027
1.293
1.001
1.003
1.000
1.000
1.000
1.000
1.002
1.002
1.001
1.001
1.001
0.176

0.062
0.760
0.043a
0.131
0.162
0.040a
0.938
0.000a
0.004a
0.035a
0.312
0.070
0.026a
0.000a
0.041a
0.000a
0.366
0.591
0.319
0.184
0.002a
0.015a
0.073
0.051
0.243
0.557

0.997-1.104
0.963-1.053
1.028-5.240
0.931-1.736
0.994-1.036
0.875-0.997
0.812-1.212
1.818-2.935
1.166-2.211
1.015-1.025
0.988-1.039
0.997-1.070
1.020-1.035
1.132-1.478
1.001-1.002
1.002-1.004
1.000-1.000
1.000-1.000
1.000-1.001
1.000-1.001
1.001-1.002
1.001-1.002
1.000-1.001
1.000-1.002
1.000-1.002
0.001-5.809

15.91±6.35
4.70±0.90
0.37±2.91
4.92±3.08
371 (47.9)
3.08±2.60
7.66±3.78
0.10±1.54
2.32±0.46

0.891
1.298
1.057
1.065
0.683
1.062
1.455
1.157
1.339

0.010a
0.155
0.000a
0.012a
0.013a
0.010a
0.015a
0.000a
0.002a

0.816–0.973
0.906–1.858
1.027–1.087
1.014–1.119
0.505–0.923
1.014–1.112
1.075–1.971
1.068–1.252
1.117–1.605

11.37±5.78
5.36±1.98
8.31±36.75
5.17±4.09
88 (38.6)
4.02±7.04
11.86±11.10
8.11±38.00
3.53±19.88
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Table 2 Variables associated with PPC by multivariate logistic regression
Parameter estimate

SE

OR

95%CI

P

Age (yr)
History of respiratory diseases

Variable

0.039
1.090

0.007
0.278

1.040
2.976

1.027-1.054
1.724-5.135

0.000
0.000

Volume of preoperative erythrocyte transfusion

0.001

0.000

1.002

1.001-1.003

0.011

Serum albumin

-0.047

0.018

0.954

0.921-0.988

0.009

Length of intraoperative intratracheal intubation
Length of nasogastric intubation

0.002
0.049

0.001
0.022

1.002
1.050

1.001-1.004
1.007-1.096

0.000
0.023

Length of postoperative mechanical ventilation

0.630

0.232

1.878

1.193-2.957

0.007

Length of preoperative antibiotics therapy

0.070

0.033

1.072

1.005-1.145

0.037

Chemotherapy 2 wk before operation

1.168

0.445

3.214

1.345-7.684

0.009

risk of PPC in smokers was 1.5 times higher than that in
non-smokers. Wightman[11] reported that PPC occurs more
frequently in smokers (14.8%) than in non-smokers (6.3%).
Recently, Bluman et al[15], found that the incidence of PPC
in current smokers, past smokers and non-smokers was
22.0%, 12.8% and 4.9%, respectively; the OR of PPC was
5.5 in current smokers. A few days after stopping smoking,
ciliary beating is greatly improved and sputum volume is
significantly reduced after 1-2 wk. However, a period of
4-6 wk can greatly influence postoperative respiratory
morbidity[16]. Jackson[13] reported that chronic obstructive
pulmonary disease patients should stop smoking at least
8 wk before surgery.
Some patients with chronic respiratory disease have
persistent airway inflammation with large amount of
secretion. Because of postoperative pain, cough is weakened.
Some receive preoperative corticosteroids treatment in order
to relieve bronchial spasm, which impairs their immune
system. COPD is more common in elderly patients with
decreased immune function. A part of patients with COPD
have potentially pathogenic micro-organisms in their sputum
and usually show poorer health status[17]. All these factors
make patients with chronic respiratory disease susceptible
to PPC. Thirty-eight of seventy-three patients with a history
of chronic respiratory disease in our study developed PPC.
In 929 patients without history of chronic respiratory
disease, 190 (20.5%) developed PPC. The difference was
significant, which is consistent with previous studies[5-7,11].
Wightman[11] found that 33 of 402 patients without evidence
of chronic respiratory disease developed PPC, while 14 of
53 patients with chronic respiratory disease developed PPC.
Kroenke et al [6], reported that COPD patients with FVE 1
<50% and FVE1/FVC <70% suffer more severe pulmonary
complications and death, the incidence of serious pulmonary
complications or death increases with the increasing severity
of the disease. Fuso et al[7], found that patients with moderate
to severe airway obstruction combined with hypoxemia have
a significant higher risk for PPC in comparison with patients
with a normal respiratory pattern.
In our study, there were 51 cases of heart disease,
including 49 cases of ischemic heart disease. Univariate
logistic analysis revealed that the risk for PPC in patients
with heart disease was 1.7 times higher than that in patients
without heart disease. Besides COPD, ischemic heart disease
is identified as an independent predictor of PPC[7]. This
relationship may be attributed to cigarette smoking associated
with both COPD and ischemic heart disease. It was reported
that symptoms of chronic bronchitis can predict the risk

for coronary disease independently from the known major
cardiovascular risk factors[18]. In a study on PPC, 33% patients
have both pulmonary and cardiac complications[8]. Some
investigators suggested that predicting and preventing
postoperative cardiac morbidity is the best way to reduce
postoperative pulmonary morbidity[9].
ASA classification reflects the basic conditions of
patients, and provides a way to predict their anesthetic and
surgical risks. Wolters et al [19] , reported that ASA class is
associated with intraoperative blood loss, duration of
postoperative ventilation and intensive care stay, postoperative
complications and mortality rate. Kocabas et al [20], found
that PPC rate after selective upper abdominal surgery
increases in patients with higher ASA class. Hall et al[3], also
identified that ASA classification is an important factor for
predicting PPC and found that combination of an ASA
classification >1 and an age >59 years can identify 88% of
the patients who subsequently develop PPC.
It was reported that patients receiving more than 4 units
of blood before surgery have an OR of 1.35 for developing
postoperative pneumonia[21] . In our study, we also found
that preoperative erythrocyte transfusion was significantly
associated with the risk of PPC. It may be due to the severe
anemia resulting from acute or chronic blood loss, which would
deteriorate their basic condition. Homologous blood transfusion
is immunosuppressive and plays a role in the occurrence
of PPC. Homologous blood transfusions have been shown
to have a variety of immunomodulatory effects on tumor
growth, recurrence and survival after operation[22-24]. Duke
et al[25], found that blood transfusion significantly increases
the risk for perioperative infection and respiratory complication.
In our study, we found that low serum albumin significantly
increased the risk for PPC. Longo et al [26] , studied 5 853
patients undergoing colectomy for colon cancer to define
the risk factors for complications, and found that low serum
albumin is one of the preoperative factors that predict a
high risk of 30-d mortality. Smetana[27] reported that low
serum albumin is associated with PPC. Garibaldi et al [4] ,
found that postoperative pneumonia is highly associated
with low serum albumin at admission, which is related to
the severity of underlying diseases. Comorbid diseases, such
as functional failure of heart, liver, or kidney, are common
in patients with low serum albumin. Fluid leaks out into the
interstitial space, resulting from the lower serum colloid
osmotic pressure. It can lead to edema and attenuate the
function of material transportation and alimentation. This
is disadvantageous to the recovery after operation, and
increases the risk for PPC.
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Patients undergoing upper gastrointestinal surgery in our
hospital almost routinely required nasogastric intubation
before operation. Seven hundred and fifty-one of one
thousand and two cases in our study were inserted
nasogastric tubes before operation. Nasogastric intubation
might lead to aspiration of the oral and pharyngeal secretion
and gastric contents, resulting in aspiration pneumonia. The
risk for infection increases with the length of intubation.
Ephgrave et al[28], found that the presence of gastric bacteria
during operation and transmission of gastric bacteria to the
pulmonary tree after operation are associated with postoperative
pneumonia in patients requiring nasogastric intubation after
selective surgical procedures.
Long-term intratracheal intubation and mechanical
ventilation increase the risk for PPC, which is related to the
following reasons. Intratracheal intubation destroys the normal
defensive system of the respiratory tract by damaging mucosa
of the air way and impairs the cleaning capacity of cilia,
thus facilitating the stay and proliferation of bacteria. Bacteria
in upper respiratory tract are brought to the lower respiratory
tract, thus resulting in the subsequent infection. Secretions
around the tracheal tube balloon often accumulate and drop
into the lower air way, promoting the transmission of bacteria
and infection. Contamination of medical devices (especially
aerosol atomizer, moisturizing bottle, and oxygen tube),
environment of the wards, and improper aseptic procedure
are associated factors for pulmonary infection.
Four hundred and ninety-nine cases in our study received
preoperative antibiotics therapy, ranging from 1 to 18 d,
and the average was 3.74±2.83 d. We found that only 55
cases presented signs of preoperative respiratory infection,
and no infection was identified in the other cases. We used
antibiotics in the other 444 patients for surgical prophylaxis.
Multivariate logistic analysis identified that preoperative
antibiotic therapy was a risk factor for PPC. Inappropriate
use of surgical antibiotic prophylaxis is common in hospitals[29].
Antibiotics abuse or long-term use disturbs the balance of
normal flora, thus changing the normal microbes residing
in the human body. The damage to sensitive non-pathogenic
flora facilitates the proliferation of pathogenic microbes
and causes infection.
Preoperative chemotherapy is often used in progressive
cancer. Without destruction of blood vessels by operation,
tumor has abundant blood supply and is more sensitive to
chemotherapy before operation. Furthermore, preoperative
chemotherapy can reduce the size of tumor and lower the
tumor stage, so that the opportunity for radical operation
increases and metastasis will be reduced or postponed[30] .
However, our study showed that chemotherapy 2 wk before
the operation is a risk factor for PPC (OR = 3.24). This may
be related to the cytotoxicity of chemotherapy drugs, which
may cause bone marrow suppression, lead to neutropenia and
increase the risk of infection. Moreover, the gastrointestinal
toxic effect causes nausea and vomiting, thus resulting in
aspiration pneumonia. The pulmonary toxic effect of
chemotherapy drugs can cause pulmonary interstitial injury
and decrease the pulmonary function[31]. Avendano et al[32],
reported that preoperative chemoradiotherapy is a significant
risk factor for pulmonary complications after esophagectomy.
In previous studies, the risk factors were often analyzed
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as bicategorical variables, lacking quantitative analysis of
independent variables. In our study, variables which entered
analyses included most possible factors for PPC, and we
tried to use the continuous variable to reflect the quantitative
variation of the factors.
In conclusion, old patients are easier to develop PPC.
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Abstract
AIM: Gastrografin is a hyperosmolar water-soluble contrast
medium. Besides its predictive value for the need for
operative treatment, a potential therapeutic role of this
agent in adhesive small bowel obstruction has been
suggested. This study aimed at evaluating the effectiveness
of gastrografin in adhesive small bowel obstruction when
conservative treatment failed.
METHODS: Patients with adhesive small bowel obstruction
were given trial conservative treatment unless there was
fear of bowel strangulation. Those responded in the initial
48 h had conservative treatment continued. Patients who
showed no improvement in the initial 48 h were given
100 mL of gastrografin through nasogastric tube followed
by serial abdominal radiographs. Patients with the contrast
appeared in large bowel within 24 h were regarded as
having partial obstruction and conservative treatment was
continued. Patients in which the contrast failed to reach
large bowel within 24 h were considered to have complete
obstruction and laparotomy was performed.
RESULTS: Two hundred and twelve patients with 245
episodes of adhesive obstruction were included. Fifteen
patients were operated on soon after admission due to
fear of strangulation. One hundred and eighty-six episodes
of obstruction showed improvement in the initial 48 h and
conservative treatment was continued. Two patients had
subsequent operations because of persistent obstruction.
Forty-four episodes of obstruction showed no improvement
within 48 h and gastrografin was administered. Seven
patients underwent complete obstruction surgery. Partial
obstruction was demonstrated in 37 other cases, obstruction
resolved subsequently in all of them except one patient
who required laparotomy because of persistent obstruction.
The overall operative rate in this study was 10%. There
was no complication that could be attributed to the use of
gastrografin.
CONCLUSION: The use of gastrografin in adhesive small
bowel obstruction after unsuccessful conservative treatment

is safe and reduces the need for surgical intervention.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Adhesive small bowel obstruction is one of the most common
surgical causes for admission. More than two-thirds of all
small bowel obstructions were due to peritoneal adhesions[1].
At least 3% of patients after laparotomy developed adhesive
small bowel obstruction. Adhesive obstruction may occur
at any time after surgery, about 20% of the obstructions
appeared more than 10 years after the initial abdominal
operation[2].
Gastrografin (Schering AG, Berlin, Germany), a watersoluble contrast medium, has been found useful in the
management of adhesive small bowel obstruction. A few
studies reported that gastrografin could accurately predict
the need for surgical treatment[3,4]. Our previous randomized
trial on gastrografin showed that the use of this agent after
unsuccessful conservative treatment markedly reduced the
need for surgery[5]. Since January 2001, we adopted a protocol
of offering gastrografin to patients who failed to respond
to conservative treatment for 48 h. This study aimed at
examining the results of our current management protocol
in adhesive small bowel obstruction.
MATERIALS AND METHODS
Patients over 18 years of age admitted through the emergency
room to the Department of Surgery, University of Hong
Kong Medical Center, Queen Mary’s Hospital with clinical
and radiological evidence of adhesive small bowel obstruction
were included in this study. Patients with early postoperative
obstruction, documented intraabdominal malignancy,
inflammatory bowel disease, or history of abdominal irradiation
were excluded. A detailed history, including information on
previous abdominal surgery and adhesive obstruction, was
taken and a complete physical examination was performed
for every patient. A nasogastric tube was inserted for decompression, with strict measurement of output. Intravenous
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Figure 1 Protocol of study number of cases.
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RESULTS
From January 2001 to December 2002, 212 patients (111
men and 101 women) with totally 245 episodes of adhesive
small bowel obstruction were included. The mean age (range)
was 66 (18-97) years. One hundred and forty-nine patients
had single previous abdominal surgery. Colorectal surgery,
cholecystectomy, gynecological surgery and appendectomy
were the most common single antecedent operations. Sixtythree patients had more than one previous abdominal
operation (Figure 2). Fifty-five patients had a prior history
of adhesive obstruction.
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fluid replacement was given and electrolyte imbalances were
corrected as required. Supine and erect abdominal radiographs
were taken. Emergency laparotomy was performed for
patients with suspicion of or clinically impending bowel
strangulation. Those without fear of bowel strangulation
were treated conservatively, with close monitoring of vital
and abdominal signs and daily abdominal radiographs. Patients
with obstruction that improved clinically or radiologically in
the initial 48 h continued to receive conservative treatment.
Clinical improvement was defined as the presence of decreased
abdominal pain, distension, tenderness or nasogastric tube
output, or bowel opening if the patient had constipation on
admission. Radiological improvement was defined as a
decrease in number of dilated bowel loops or in the diameter
of dilated small bowel. Patients who showed neither clinical
nor radiological improvement within 48 h were considered
failed conservative treatment and gastrografin meal and
follow through were performed. The gastrografin study was
performed by a radiologist after an informed consent was
obtained. One hundred milliliters gastrografin were
administered through nasogastric tube, and the transit of
contrast followed by fluoroscopy and serial abdominal
radiographs. Patients in whom the contrast appeared in large
bowel within 24 h were regarded as having partial obstruction.
Conservative treatment was continued for these patients.
If the contrast failed to reach the large bowel within 24 h,
the patient was regarded as having complete obstruction;
these patients were treated with laparotomy. Patients that
showed no progressive clinical and radiological improvement
after 48 h, either in the group of patients who had partial
obstruction demonstrated by gastrografin study or in the
group solely managed by conservative treatment, also
underwent surgery. Complete resolution of bowel obstruction
was established when the symptoms and signs of obstruction
subsided and abdominal radiographs did not show the small
bowel dilated. Complications, death rates, and hospital stays
were recorded. A flow chart illustrating the management
protocol in the study is shown in Figure 1. Data were prospectively collected and entered into a computer database.
SPSS software (SPSS Inc., Chicago, IL) was used for data
analysis. Univariate analysis was performed by the Student
t test or the Mann-Whitney test for continuous variables
and by Fisher exact tests for categorical variables. P<0.05
was considered statistically significant.
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Figure 2 Antecedent operations. *Cystectomy Abdominal wall surgery
Nephrectomy Spinal surgery.

The mean duration of symptoms before admission was
1.8 d (range 1-7). Because the duration of nasogastric tube
decompression varied with different patients, the average
nasogastric tube output of each patient (total amount of
drainage/duration) was used for evaluation. For patients
who underwent gastrografin study or surgery, only the output
before the procedure was considered. The mean output
was 23 mL/h (range 0-138).
Fifteen patients had emergency operation performed
within 48 h after admission due to fear of bowel strangulation.
The majority of them were operated on due to clinically
impending bowel strangulation. Laparotomy confirmed
strangulation in one patient and the diseased bowel was
resected. One hundred and eighty-six episodes of obstruction
showed improvement during the initial 48 h, and conservative
treatment was continued. Only two patients required laparotomy
and enterolysis subsequently because of persistent obstruction.
The remaining 184 cases had the bowel obstruction resolved
with conservative treatment; the mean time of complete
resolution was 56 h (range 5-150) after admission.
Forty-four patients showed no improvement within 48 h.
Gastrografin meal and follow through study was performed
in these 44 patients. The mean time that the study started
was 55 h (range 40-86) after admission. Partial obstruction
was demonstrated in 37 patients. Obstruction resolved
subsequently in 36 patients at a mean time of 49 h (range
8-117) after the administration of gastrografin. The remaining
patient had persistent obstruction after gastrografin study
and required operative treatment. There was no evidence
of bowel strangulation at the time of surgery. Seven patients
had complete obstruction demonstrated by gastrografin
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Table 1 Successful vs unsuccessful conservative treatment
Successful conservative
treatment n = 184
Sex (M/F)
Age (mean)
Number of operation (mean)

Gastrografin
n = 46

P

102/82

19/27

0.09

18-97 (67)
1-5 (1.4)

31-92 (65)
1-3 (1.5)

0.56
0.47
0.28

Numberof obstruction (mean)

0-5 (0.41)

0-4 (0.6)

Duration of symptoms (mean)

1-7 (1.8) d

1-5 (1.8) d

0.95

Nasogastric tube output (mean)

0-80 (19) mL/h

5-87 (33) mL/h

0.003

study and laparotomy was performed. Strangulation of
bowel was noted in one patient and bowel resection was
required. One patient, who had enterolysis performed after
gastrografin study, developed recurrent small bowel obstruction
due to bezoar and required re-operation. There was otherwise
no complication in the group of patients who were treated
with gastrografin. There was no mortality in this group of
patients.
Comparison of patients with successful and unsuccessful
conservative treatment showed that the nasogastric tube
output was significantly higher in patients who failed to
respond to conservative treatment versus those successfully
treated conservatively (33 mL/h vs 19 mL/h, P = 0.003).
Other variables including sex, age, duration of symptoms
before admission and number of previous abdominal
operations and adhesive small bowel obstruction were not
significantly different between the two groups (Table 1).

DISCUSSION
Adhesive small bowel obstruction is a common surgical
problem, yet there has been no standard protocol for its
management. In the absence of bowel strangulation, adhesive
obstruction can be treated conservatively. However, the
optimal duration of this trial conservative treatment is
controversial. There is no definite answer as to when
conservative treatment should be considered unsuccessful
and operative treatment should be performed.
In a retrospective study, Cox et al, reported that 69%
of adhesive obstructions resolved by conservative treatment.
Among the cases that had successful conservative treatment,
88% resolved within 48 h[6]. In another study by Sosa et al,
a 35% failure rate of non-operative treatment was reported.
It was also found that significant complications occurred in
those patients with surgery delayed for more than 48 h[7].
Based on the results of these studies, it is reasonable to
recommend that adhesive small bowel obstruction can be
managed conservatively for 48 h, surgical treatment should
be offered promptly if there is no improvement within this
time period.
The use of gastrografin in the management of adhesive
small bowel obstruction has been evaluated in recent years.
Gastrografin is a water-soluble contrast medium composed
of sodium diatrizoate, meglumine amidotriozoate and a
wetting agent (polysorbate 80). It has an osmolarity of
1 900 mOsm/L, which is approximately six times that of
extracellular fluid. In Onoue et al’s study, Gastrografin was
given to patients with adhesive obstruction on admission.
Of those who had the contrast medium appeared in the
colon within 24 h, 98% had the obstruction resolved by

conservative treatment. On the other hand, 80% of patients
who failed to have the contrast medium shown in the colon
within 24 h required operative treatment[3]. Chen et al, have
performed a similar study in which another water-soluble
contrast medium, Urografin (Schering AG, Berlin, Germany),
was used. Urografin has essentially the same composition
as that of gastrografin. The main difference between the
two agents is that urografin has a lower osmolarity. Similar
results were obtained, indeed, the predictive value of watersoluble contrast medium for the need of operative treatment
was even higher in the latter study[4].
Gastrografin may also have a therapeutic effect in adhesive
small bowel obstruction. Because of its hyperosmolarity,
Gastrografin promotes shifting of fluid into bowel lumen
and increases the pressure gradient across an obstructive
site. The bowel content is diluted and in the presence of
the wetting agent, easier passage of bowel content through
a narrowed lumen may be allowed. Gastrografin also
decreases edema of bowel wall and enhances bowel motility.
In a randomized controlled study performed by Assalia
et al, about 100 mL of Gastrografin was given on admission
to patients in the study group. A significant reduction in the
need for operative treatment in the study group was reported[8].
The results of our previous randomized trial also supported
a therapeutic role of Gastrografin in adhesive obstruction.
Patients who showed neither clinical nor radiologic improvement
in the initial 48 h were considered to have conservative
treatment failed and underwent either Gastrografin study
or surgery. The need for operative treatment was markedly
reduced by 74% in the Gastrografin group[5]. Since then it
has become our routine to use Gastrografin for patients
with failure of conservative treatment.
The administration of Gastrografin in adhesive small bowel
obstruction is safe even after unsuccessful conservative
treatment. There was no complication or mortality that could
be attributed to the use of Gastrografin in the present study.
In fact, adverse effects due to the use of Gastrografin in
small bowel obstruction have rarely been reported. A
potential complication of using Gastrografin in the presence
of bowel obstruction is aspiration pneumonia. In our
management protocol, Gastrografin was only given after
48 h of conservative treatment. By the time that the contrast
medium was administered, the stomach should have been
adequately decompressed through nasogastric tube and
therefore the risk of aspiration pneumonia minimized.
Another potential adverse effect of Gastrografin is that it
may further dehydrate a patient with small bowel obstruction
because of the shifting of fluid into bowel lumen. The
practise of giving Gastrografin at 48 h may also reduce the
risk of this adverse phenomenon because the patients should
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have been adequately rehydrated prior to the administration
of Gastrografin.
The incidence of bowel strangulation in patients with
adhesive small bowel obstruction ranged from 6% to 11%
in previous reports[9-11]. In our study, the overall strangulation
rate was 0.8%. Among the 44 patients who had Gastrografin
given after unsuccessful conservative treatment, only one
patient suffered from strangulation of bowel. There was
no evidence that the use of Gastrografin would increase
the risk of bowel strangulation.
Surgery was required in 27-35% of patients with adhesive
small bowel obstruction according to previous retrospective
studies[6,7,10,11]. The overall need for surgical treatment was
10% under our management protocol. To our knowledge,
we have achieved the lowest operative rate for adhesive small
bowel obstruction in the literature. If we had not used
gastrografin, all the 44 cases which showed no improvement
in the initial 48 h would have had to be operated on and the
overall operative rate in our series would have increased to
25%. We conclude that the use of gastrografin in adhesive
small bowel obstruction after unsuccessful conservative
treatment is safe and reduces the need for operative treatment.
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Abstract
AIM: To evaluate the preventive effect of Ginkgo biloba
extract (GbE) on ethanol-induced gastric mucosal injuries
in rats.
METHODS: Female Wistar albino rats were used for the
studies. We randomly divided the rats for each study into
five subgroups: normal control, experimental control, and
three experimental groups. The gastric ulcers were induced
by instilling 1 mL 50% ethanol into the stomach. We gave
GbE 8.75, 17.5, 26.25 mg/kg intravenously to the experimental
groups respectively 30 min prior to the ulcerative challenge.
We removed the stomachs 45 min later. The gastric ulcers,
gastric mucus and the content of non-protein sulfhydryl
groups (NP-SH), malondialdehyde (MDA), c-Jun kinase
(JNK) activity in gastric mucosa were evaluated. The amount
of gastric juice and its acidity were also measured.
RESULTS: The findings of our study are as follows: (1)
GbE pretreatment was found to provide a dose-dependent
protection against the ethanol-induced gastric ulcers in
rats; (2) the GbE pretreatment afforded a dose-dependent
inhibition of ethanol-induced depletion of stomach wall mucus,
NP-SH contents and increase in the lipid peroxidation (increase
MDA) in gastric tissue; (3) gastric ulcer induced by ethanol
produced an increase in JNK activity in gastric mucosa
which also significantly inhibited by pretreatment with GbE;
and (4) GbE alone had no inhibitory effect on gastric secretion
in pylorus-ligated rats.
CONCLUSION: The finding of this study showed that GbE

significantly inhibited the ethanol-induced gastric lesions
in rats. We suggest that the preventive effect of GbE may
be mediated through: (1) inhibition of lipid peroxidation;
(2) preservation of gastric mucus and NP-SH; and (3)
blockade of cell apoptosis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Ginkgo biloba, a member of the family Ginkgoaceae, was
cultivated in China in the mid-1700s. Originating in the
southeastern China some 200 million years ago, it has been
living to an age of 1,000 years and it is the last remaining
member of its order. Extract from the leaves of Ginkgo biloba
(GbE) has been used as a traditional Chinese pharmacopeia
for centuries in the treatment of asthma and bronchitis[1].
It is used medically today as a standardized preparation
GbE (EGb 761) which contains 240 mg/g flavonoids (ginkgoflavone glycosides) and 60 mg/g terpenoids (ginkgolides
and bilobalides). Those are the most important active ingredients
in the extract. The flavonoids act as free radical scavengers,
especially for oxygen-derived free radicals, such as OH·,
O2·-, RO·, and ROO·, and to neutralize ferryl ion-induced
peroxidation[2,3]. The terpenoids is known as an antagonist
of platelet-activating factor, which implicates in the processes
of platelet aggregation and arterial thrombosis, acute inflammation, allergic reactions and cardiovascular insufficiency[4,5].
Recently GbE is used to improve cardiovascular circulation
and to lessen cerebrovascular insufficiency in western
countries clinically[6].
On the other hand, ethanol is well-known as a damaging
agent to gastric mucosa in animal and clinical studies. At
concentrations greater than 400 mL/L, it causes marked
mucosal hyperemia, necrosis, edema and mucosal or
submucosal hemorrage[7,8]. The formation of lesions may
be mediated by oxygen-derived free radicals[9,10].
GbE is well-known as a strong free radical scavenger.
The gastric mucosal injury after ethanol treatment may be
mediated by free radicals. Only a few published studies
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showed the GbE protective effects on the ethanol-induced
gastric mucosal lesion[11]. Thus, the present study was intended
to evaluate the possible mechanisms of GbE protective
effect on the ethanol-induced gastric ulcer in rats.

MATERIALS AND METHODS
Animals and the experimental design
Female Wistar albino rats (Animal Center of National Taiwan
University, Taipei, Taiwan) about 180-200 g were used for
the study. We maintained the animals in air conditional room
with 14/10 h light/dark cycles, fed them with regular chows,
and allowed them free access to tap water. Food was deprived
but free access to tap water was allowed 36 h before the
experiment to ensure an empty stomach.
We purchased Ginkgo biloba extract (GbE, Cerenin
ampule, 3.5 mg GbE/mL) from DR. Willmar Schwabe
Karlsruhe F.R.G. (Germany), and used normal saline as a
vehicle.
The animals were divided into five subgroups for each
study. GbE 8.75, 17.5, 26.25 mg/kg were given intravenously
to the experimental groups respectively 30 min prior to the
ulcerative challenge (50% ethanol, 1 mL) by orogastric gavage
to the stomach of fasted rats. Each control and experimental
group consisted of five rats.
We sacrificed animals under ether anesthesia 45 min
after treatment with ethanol, and removed their stomachs
which were opened along the greater curvature and examined
for lesions developed in the glandular portion under dissecting
microscope (×10) with a square grid. The numbers of ulcer
lesions (U. No.) in the glandular portion of the stomach
were noted. The ulcer area (mm2) were measured and expressed
as the ulcer index (U.I.). We calculated the protective ratio
(%) according to the following formula:
Preventive ratio (%) = (a-b)/a ×100
a: the ulcer index of the control group
b: the ulcer index of the experimental group
Determination of gastric mucus
The glandular stomach was removed and weighted. We
transferred the glandular segments immediately to 0.1%
Alcian blue solution in 0.16 mol/L sucrose solution with
0.05 mol/L sodium acetate to pH 5.0 and stained for 2 h
at room temperature. After having rinsed with sucrose
solution, we extracted the dye complexed with the gastric
mucus with 0.05 mol/L magnesium chloride solutions. The
aliquot of magnesium chloride solution (4 mL) was further
extracted with equal volume of diethyl ether and centrifuged
(3 600 r/min, 10 min). Then, we calculated the quantity of
Alcian blue extracted/g (net) of glandular tissue.
Estimation of non-protein sulfhydryl groups (NP-SH) and
malondialdehyde (MDA) contents
After the rats were killed, we opened the glandular stomachs
and rinsed them in ice-cold saline, then stored them rapidly
in a dry ice bath until analyzed. For the determination of
NP-SH, the tissues were homogenized in ice-cold 50% (g/L)
aqueous TCA and centrifuged. We determined the NP-SH
by measuring the supernatants and 5,5’-dithiobis (2-nitrobenzoic
acid) in phosphate buffer (pH 8.0). We read the absorbance

3747

(412 nm) 5 min after it is being incubated.
To determine the MDA, we incubated the supernatants
with N-methyl-2-phenylindole and we read absorbance at
586 nm according to the manufacturer’s instructions
(BIOXYTECH LPO-586 kits, OXIS International Inc.,
Portland, USA).
Determination of anti-secretary activity in pylorus-ligated rats
We fasted animals for 36 h. The following procedures
were carried out under ether anesthesia. We gave GbE
intravenously 15 min before pylorus ligation, and collected
gastric juice 3 h after pylorus ligation. After its volume
was measured and expr-essed in mEq/L, the gastric juice
was centrifuged at 3 000 r/min for 10 min. We also
determined the total acidity of gastric juice by titrating it
with 0.01 mol/L NaOH to pH 7.0.
Western blotting and JNK kinase activity assay
Gastric mucosa was homogenized in Gold lysis buffer
(40 mmol/L Tris-NaOH pH 7.5, 500 mmol/L NaCl, 0.1%
NP-40, 6 mmol/L EDTA, 6 mmol/L EGTA, 10 mmol/L
-glycerophosphate, 10 mmol/L NaF, 10 mmol/L PNPP,
300 mol/L sodium orthovanadate, 1 mmol/L benzamidine,
2 mol/L PMSF, 10 mg/mL aprotinin, 1 g/mL leupeptin,
and 1 mmol/L DTT) and centrifuged. We collected the
supernatant as total tissue lysate. Equal amounts of total
tissue lysate (50 g) were resolved by SDS-polyacrylamide
gel electrophoresis (PAGE), and transferred onto ImmobilonP membrane (Millipore, Bedford, MA) as described previously[12]. We also incubated the membrane with an anti-JNK1
antiserum (Transduction Laboratories, Lexington, KY). The
membranes were subsequently probed with anti-mouse IgG
antibody conjugated to horseradish peroxidase (Santa Cruz
Biotechnology) and visualized using enhanced chemiluminescence’s kits (ECL, Amersham). For kinase assay, we
immunoprecipitated equal amounts of total tissue lysate
(400 g) with JNK1 specific antibody and protein A/GPLUS agarose for 15 h at 4 ℃. Kinase assay was carried
out in 45 L of kinase buffer (40 mmol/L Tris-NaOH
pH 7.5, 500 mmol/L NaCl, 0.1% NP-40, 6 mmol/L EDTA,
6 mmol/L EGTA, 10 mmol/L -glycerophosphate,
10 mmol/L NaF, 10 mmol/L PNPP, 300 mol/L sodium
orthovanadate, 1 mmol/L benzamidine, 2 mol/L PMSF,
10 g/mL aprotinin, 1 g/mL leupeptin, and 1 mmol/L
DTT) containing 5 mol/L cold ATP, 10 Ci [-32P] ATP
(5 000 Ci/mmoL, Amersham), and 1 g GST-c-Jun fusion
protein (Santa Cruz Biotechnology) as substrate, and
incubated for 20 min at 25 ℃. We mixed each sample with
8 L of 5× Laemmli’s loading buffer to stop the reaction,
heated for 10 min at 100 ℃, and subjected to 8% SDS-PAGE.
The gels were dried, visualized by autoradiography[12].
Statistical analysis
Results were expressed as mean±SE for each experiment.
We analyzed the data with Student’s t-test. If a P value was
less than 0.05, the differences were considered statistical1y
significant.

RESULTS
Effect of GbE on ethanol-induced gastric mucosal damage
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Table 1 Effect of Ginkgo biloba extract on the induction of gastric ulcers by 50% ethanol in rats¹
Mucosal lesions²

Treatment and dose

n

Control (NS)

5

0

0

NS + 50% EtOH (1 mL/rat)

5

10±4

20.31±4.23

GbE (8.75 mg/kg)+50% EtOH

5

8±3

15.25±3.21

GbE (17.5 mg/kg)+50% EtOH

5

3±3a

8.83±3.59 a

56.52

GbE (26.25 mg/kg)+50% EtOH

5

2±2a

6.37±4.22 a

68.64

1

Preventive
ratio (%)

U.I. (mm2)

U. Number

24.91

2

NS, normal saline; GbE, Ginkgo biloba extract; EtOH, ethanol; U. No., ulcer number; U.I., ulcer index. Each value represents the mean±SE. Significantly different from
vehicle with ethanol treatment (aP<0.05).

Table 1 shows all the rats that received 1 mL 50% ethanol
administration had induced gastric mucosal damages. GbE
(8.75-26.25 mg/kg, intravenously) suppressed the ethanolinduced gastric lesions including ulcer number (U. No.) and
the ulcer index (U.I.) in a dose-dependent manner. As shown
in Table 1, normal saline did not have any protective effect
on gastric mucosal damage when given in the volume of
0.5-1.5 mL to rats intravenously. The maximal effect was
obtained when GbE (26.25 mg/kg) was given 30 min prior
to ethanol induction, resulting in a preventive ratio of
68.64% (P<0.05).
Effect of GbE on ethanol-induced gastric mucus
There was a significant decrease in the gastric mucus after
treatment with 1 mL 50% ethanol. As shown in Table 2,
pretreatment of GbE (8.75-26.25 mg/kg) significantly
protected the decline in the gastric mucus levels which were
induced by ethanol.

Table 2 Effect of Ginkgo biloba extract on the induction of changes
in gastric wall mucus by gavages with 50% ethanol1
Treatment and dose

n

Gastric wall mucus (g Alcian
blue/g wet tissue, mean±SE)

Control (NS)

5

NS+50% EtOH (1 mL/rat)

5

442.21±28.36
356.87±30.67a

GbE (8.75 mg/kg)+50% EtOH

5

348.87±32.37

GbE (17.5 mg/kg)+50% EtOH

5

395.27±25.91

GbE (26.25 mg/kg)+50% EtOH

5

410.82±29.16c

1
NS, normal saline; GbE, Ginkgo biloba extract; EtOH, ethanol. Significantly different
from the control (NS) (aP<0.05). Significantly different from the ethanol treatment
(cP<0.05).

Effect of GbE on ethanol-induced gastric mucosal NP-SH and
MDA contents
Ethanol (50%, 1 mL) treatment significantly reduced the
NP-SH concentration in the gastric mucosa as compared
with control in rats. As shown in Table 3, GbE pretreatment
significantly prevented the decrease in NP-SH concentrations
in the dose of 8.75-26.25 mg/kg. However, during the GbE
treatment alone there was no change in the concentration
of NP-SH in gastric mucosa. Moreover, pretreatment of
GbE significantly prevented lipid peroxidation induced by
ethanol, the MDA concentrations were 209.27±10.48 or
118.82±8.26 in the rats that were treated with ethanol alone
or combined with GbE, respectively (Table 4).

Table 3 Effect of Ginkgo biloba extract on the levels of NP-SH in
the stomachs of rats treated by gavages with 50% ethanol1
Treatment and dose

n

NP-SH concentrations (g/100 mg
/wet tissue, mean±SE)

Control (NS)
NS+50% EtOH (1 mL/rat)

5
5

12.21±1.03
2.82±1.32a

GbE (8.75 mg/kg)+50% EtOH

5

5.03±1.25 c

GbE (17.5 mg/kg)+50% EtOH

5

5.66±1.82 c

GbE (26.25 mg/kg)+50% EtOH

5

11.32±2.01c

1
NS, normal saline; GbE, Ginkgo biloba extract; EtOH, ethanol; NP-SH, non-protein
sulfhydryils. Significantly different from the control (normal saline, aP<0.05).
Significantly different from the ethanol treatment (cP<0.05).

Table 4 Effect of Ginkgo biloba extract on the lipid peroxidation in
the stomachs of rats treated by gavages with 50% ethanol¹
Treatment and dose

n

Malondialdehyde concentration
(nmol/g wet tissue, mean±SE)

Control (NS)

5

102.54±15.32

NS+50% ethanol (1 mL/rat)

5

209.27±10.48a

GbE (8.75 mg/kg)+50% EtOH
GbE (17.5 mg/kg)+50% EtOH

5
5

212.32±9.83
125.48±11.39c

GbE (26.25 mg/kg)+50% EtOH

5

118.82±8.26c

1
NS, normal saline; GbE, Ginkgo biloba extract; etOH, ethanol. Significantly different
from the control (normal saline) (aP<0.05). Significantly different from the ethanol
treatment (cP<0.05).

Effect of GbE in gastric acid secretion and acidity on pylorusligated rats
GbE was intravenously administrated at a dose of 8.75-26.25
mg/kg 15 min before pylorus ligation. Control rats received
the same volume of saline (0.5-1.5 mL). As shown in Table 5,
GbE could not significantly decrease the gastric acid secretion
and only slightly inhibited the gastric secretion and total
acidity even at a dose of 26.25 mg/kg.
Effect of GbE on ethanol-induced JNK activity in gastric mucosa
We examined c-Jun kinase (JNK) activity by using an
immunocomplex kinase assay to explore whether the JNK
signaling pathway is activated within gastric mucosa in
response to ethanol, since JNK activation plays an important
role in the induction of cell apoptosis. As shown in Figure 1,
JNK activity was obviously increased after treatment with
ethanol (top). However, GbE (26.25 mg/kg) significantly
suppressed the induction of JNK activity. Western blot
analysis revealed that this JNK activation was not caused
by the enhanced expression of JNK protein (bottom).

Chen SH et al. Gastric mucosal protection by Ginkgo biloba extract
Table 5 Effect of Ginkgo biloba extract on the gastric secretion
and acidity in pylorus-ligated rats 1
Treatment and dose

n

Volume of gastric
secretion (mL)2

Titrable acidity
(mEq/L)2

Control (NS)

5

13.35±0.98

63.82±8.83

GbE (8.75 mg/kg)

5

12.67±0.81

61.98±7.34

GbE (17.5 mg/kg)

5

11.98±0.53

58.14±9.28

GbE (26.25 mg/kg)

5

10.78±0.91

56.28±8.91

1
NS, normal saline; GbE, Ginkgo biloba extract; EtOH, ethanol. 2Each value
repressed with mean±SE.

Control

EtOH

EtOH+GbE
P-JNK
JNK

1

2

Figure 1 Effect of GbE on ethanol-induced JNK activity in gastric mucosa of
rats. JNK activity was obviously increased after treatment with ethanol (top).
However, GbE (26.25 mg/kg) significantly suppressed the induction of JNK
activity. Western blot analysis revealed that this JNK activation was not caused
by enhanced expression of JNK protein (bottom). GbE, Ginkgo biloba extract;
EtOH, ethanol.

DISCUSSION
In the past two decades, the protective factors of gastric
mucosa were well evaluated. In 1979, Boyd et al[13], found
that the gastric mucosa contains high concentrations of
reduced glutathione, the major component of the endogenous
NP-SH pool. In 1981, Szabo et al[3], showed the protective
role of NP-SH in noxious-induced gastric injury. NP-SH
pool might involve in scavenging oxygen-derived free
radicals[14,15] and influence the production and character of
mucus[16,17].
Mucus, which continuously coats over the gastric mucosa,
is well known as a “mucous barrier” to prevent the injury
of luminal acid, bacteria and noxious agents injuries[18,19].
Mucus might implicate in scavenging oxygen-derived free
radicals[20,21]. Mucus glycoproteins and lipids bound to mucin
might involve in the antiradical process[22,23].
On the other hand, previous reports offered that ethanolinduced gastric mucosal lesions may be attributed to the
possible mechanisms: (1) increase oxygen-derived free
radicals[9,10,24,25], (2) decrease the concentration of NP-SH
contents in gastric mucosa[3,15] , (3) direct damage to the
mucin layer or mucin synthesis[26], and (4) causing gastric
cell’s apoptosis[27-29].
GbE can remove free radicals especially oxygen-derived
free radicals such as OH·, O2·-, RO·, and ROO·, and
neutralize ferryl ion-induced peroxidation. GbE can improve
the cardiovascular and cerebrovascular diseases e.g., Alzheimer’s disease, cerebral insufficiency and depression[6,30].
Furthermore, GbE has anti-inflammatory effect by decreasing
the production of active oxygen and nitrogen species[31,32].
Recent reports showed that GbE can improve duodenal
ulcer healing and reverses CCl4-induced liver fibrosis.
The results of the present study showed that pretreatment
with GbE not only kept the mucus integrity (Table 2) but
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also inhibited ethanol-induced depletion in the NP-SH
concentrations (Table 3) and MDA production in gastric
mucosa (Table 4). All those findings in our study suggest
that GbE has its role of being a free radical scavenger,
decreases the lipid peroxidation, and blocks the loss of mucus,
NP-SH, resulting in having protective effect on ethanolinduced mucosal injury.
Apoptosis has been implicated in causing ethanol-induced
gastric mucosal injury[27-29]. Previous studies indicated that
JNK kinase activity was elevated during the process of
apoptosis and blocking of JNK activity was able to prevent
cell apoptosis. The data from this study showed that ethanol
significantly increased the JNK kinase activity, resulting in
cell apoptosis and gastric mucosal damage. As shown in
Figure 1, blocking of JNK activity may contribute to GbE’s
gastric mucosal protection.
The finding of this study further showed that GbE did
not significantly decrease the gastric acid secretion (Table 5).
Our finding here is similar to the report by Wang et al in
2000[11].
In conclusion, the data of this study suggest that GbE
can inhibit ethanol-induced gastric lesions in rats. The
possible mechanisms of GbE’s antiulcer benefit may be
due to its oxygen radicals scavenging by inhibition of lipid
peroxidation, preventing the loss of gastric mucus and NPSH, and blockade of ethanol-induced apoptosis. Further
studies are warranted to evaluate GbE at the pharmacological
effective dosage before any consideration for clinical trials.
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Abstract
AIM: Infection with Helicobacter pylori (H pylori) possessing
the cag pathogenicity island (PAI) has been associated
with severe clinical outcome and CagA-antibody has been
used to indicate cagPAI-positive infection. The aim of this
study was to examine the accuracy of CagA seropositivity
to indicate the virulence of the cagPAI in Japan.
METHODS: Sixty isolates of H pylori cultured from gastric
biopsies were examined by polymerase chain reaction
assays for the presence of cagA, cagE and VirD4. AntiCagA IgG antibody in matching sera was tested by both
ELISA and immunoblot assay. Histological grade of gastritis
was graded according to the updated Sydney System.
RESULTS: Amongst 53 patients infected with cagA+/cagE+/
VirD4+ strain, 38 were CagA seropositive. There were four
patients infected with strains possessing incomplete cagPAI.
Two out of three patients with cagA+/cagE-/VirD4- infection
were CagA seropositive, while a patient with cagA-/cagE+/
VirD4+ infection was CagA seronegative. Accuracy of ELISA
to predict bacterial possession of cagA was 61.7% whereas
58.3% for cagE and VirD4. The immunoblot assay showed
relatively higher sensitivity and showed better accuracy.
The lower grade of gastric mucosal inflammatory infiltration
was seen in false CagA-seronegative patients.
CONCLUSION: Some serodiagnosis does not seem to
have enough accuracy to indicate virulence of cagPAI,
particularly in infection of strains with incomplete cagPAI.
The degree of gastric mucosal inflammation may affect
the results of CagA serodiagnosis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Infection of Helicobacter pylori (H pylori) has been implicated
in the pathogenesis of gastro-duodenal diseases. H pylori
is highly diverse genetically, and certain genotypes have
been associated with severe clinical outcome. To date,
strains possessing the cag pathogenicity island (PAI) are the
most-known virulent phenotype[1]. The cagPAI is a region
of 40-kb DNA that contains about 30 genes and encodes a
type IV secretion system[2]. The cagA gene is one of the
genes within the cagPAI and the most investigated gene
of H pylori [3,4]. The cagA gene encodes CagA protein,
which is delivered into gastric epithelial cells where it is
phosphorylated[2,5]. Phosphorylated CagA is considered to
play a significant role in the gastric carcinogenesis in H pyloriinfected mucosa[6]. On the other hand, other genes within
the cagPAI are more relevant in gastric epithelial IL-8
production. Infection with cagPAI-positive H pylori strongly
stimulates gastric epithelial cells to synthesize interleukin
(IL)-8[1,7]. Other genes in cagPAI participate in gastric epithelial
IL-8 production stimulated by H pylori[1,3,8]. IL-8 production
is correlated to the degree of neutrophil infiltration in the
gastric mucosa infected with H pylori[9]. Therefore, it is clinically
important to know whether infected H pylori possesses whole
cagPAI or not. cagE and an Agrobacterium VirD4 homologue
are one of the genes inside the cagI and cagII loci of cagPAI,
respectively. Absence of these genes indicates that the strain
does not have whole cagPAI.
The presence of anti-CagA antibody has been widely
used to indicate cagPAI-positive infection. However, recent
Western studies have shown that CagA serology was not
able to predict severity of diseases, while genetic cag status
was useful[10,11] . These results might be associated with
diversity of the cagPAI. cagA is possessed by 50-70% of
H pylori isolates in Western countries, while most strains
possess cagA in Japan[12]. Therefore, association between
CagA serology and the genetic diversity in the cagPAI would
be different in Japan from those in Western populations. It
is also necessary to understand why false seronegative results
occur in patients infected with cagA-positive strain. Several
factors, such as bacterial colonization or host recognition
of CagA, are possible causes for false seronegativity.
In the present study, we examined the association between
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CagA serology and the structure of the cagPAI to examine
the accuracy of CagA serology to indicate the virulence of
cagA- or cagPAI-positive H pylori in Japan. Furthermore, we
compared the histologic grade of gastritis between CagA
seropositive and seronegative patients who were infected
with cagA-positive H pylori strain.

MATERIALS AND METHODS
Patients
Patients scheduled for upper gastro-intestinal endoscopy for
routine screening for gastric cancer at Hirosaki University
Hospital were enrolled in the study. Patients were considered
to be eligible for inclusion when their endoscopic diagnosis
was normal or atrophic gastritis was present without any
evidences of neoplasia. Patients were excluded if they had
received at least one of acid suppression agents, anti-ulcer
agents and antibiotics during the 2 mo before the examination
or had previous histories of gastric tumors and gastric
surgery. All subjects provided informed consent before their
endoscopy and this study was approved by the ethics
committee of Hirosaki University. Peripheral venous blood
was obtained at the time of endoscopy and biopsy specimens
were also taken from the antrum and the corpus of the
stomach. Patients were eligible if H pylori was isolated from
their biopsy specimens.
H pylori culture
Biopsy specimens were homogenized and cultured for 3-5 d
on Skirrow blood agar at 37 ℃. The bacteria were identified
as H pylori by colony morphology, positive oxidase, catalase,
and urease reactions. The clone-picked strains were suspended
in 1 mL phosphate-buffered saline (PBS, pH 7.6) for DNA
extraction.
DNA preparation and PCR assay
One milliliter of aliquots of bacteria in PBS were centrifuged
at 10 000 g for 5 min. After the supernatant was discarded,
the bacterial pellets were digested with 0.3 units of proteinase
K at 55 ℃ for 2 h and DNA was extracted with phenolchloroform-isoamylalcohol. The concentration and quality
of DNA samples were estimated by measuring A260 nm/
A280 nm. The presence of the cagA, cagE, and VirD4 homolog
were determined by polymerase chain reaction (PCR) using
the oligonucleotide primer pairs described previously[13-15].
In brief, after 5 min of denaturing at 94 ℃, 35 cycles of
PCR, including denaturing at 94 ℃ for 40 s (cagA) or 30 s
(cagE and VirD4 homolog), annealing at 50 ℃ for 40 s (cagA)
or 30 s (cagE and VirD4 homolog), and polymerization at
72 ℃ for 1 min (cagA) or 2 min (cagE and VirD4 homolog)
were performed. The final cycle included an extension step
for 10 min at 72 ℃. Each PCR amplification was performed
using 0.1 µg of extracted DNA, which was added to 50 µL
reaction mixture containing 10 mmol/L Tris-HCl (pH 8.3),
50 mmol/L KCl, 1.5 mmol/L MgCl2, 200 µmol/L each
deoxynucleotide (dNTPs), 100 pmol (cagA) or 200 pmol
(cagE and VirD4 homolog), and 0.5 units of Taq polymerase
(TaKaRa Taq, Takara Biochemicals, Tokyo, Japan). PCR
amplification was performed in duplicate for each DNA
sample. PCR products were electrophoresed in 3% (cagA)
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or 2% (cagE and VirD4 homolog) agarose gel. Each sample
was also tested for the presence of the 23S rRNA gene by
PCR to confirm the existence of H pylori DNA as described
previously[16].
Serological assays
Serum samples were assayed for the presence of antibodies
to CagA. CagA antibodies were assayed by ELISA using a
recombinant fragment of CagA as antigen[17]. In brief, flatbottom 96-well microplates were coated with 0.1 µg/well
antigen in 0.1 mol/L bicarbonate buffer for 24 h at 4 ℃.
Plates were washed with PBS containing 0.1% Tween-20
and blocked with 1% bovine serum albumin (BSA) in PBSTween for 1 h at 26 ℃. Serum samples diluted 1/75 in 1%
BSA/PBS were incubated in duplicate for 90 min at 26 ℃.
Following incubation with goat anti-human IgG alkaline
phosphatase conjugate (Sigma, Poole, Dorset, UK) for 2 h
at 26 ℃, bound antibodies were detected with p-nitrophenyl
phosphate substrate (Sigma) at 1 mg/mL in diethanolamineMgCl2 buffer. IgG antibodies to CagA were also measured
using Chiron Diagnostics' Recombinant Immunoblot Assay
(RIBA™). The relative intensity of antibodies to CagA was
determined by comparing the intensity of CagA labeling to
that of the human IgG internal control. The cut off for
positivity was determined using sera of known H pylori status[18].
Histological grading of gastritis
The specimens were embedded in paraffin and stained with
hematoxylin and eosin and also Warthin-Starry method.
Mononuclear cell (MNC) infiltration, polymorphonuclear
cell (PMN) infiltration, glandular atrophy, and the density
of H pylori were graded into 0-3, according to the updated
Sydney System by an experienced pathologist without the
knowledge of bacterial genotype.
Statistical analysis
The differences of histological grade of gastritis were tested
by Mann-Whitney U test. A P value of less than 0.05 was
considered significant.

RESULTS
H pylori strains and serum samples were obtained from a
total of 60 patients (34 males and 26 females, mean age
62.1±11.7 years). Fifty-six of the sixty H pylori isolates had
cagA and three of them did not have both cagE and VirD4.
Four strains did not possess cagA and three of them were
also negative for cagE and VirD4. There were four strains,
which had incomplete cagPAI; three strains were cagA+/
cagE-/VirD4- and another strain was cagA-/cagE+/VirD4+.
Antibodies to CagA was positive in 33 patients (55.0%) by
ELISA and in 46 patients by immunoblot assay (76.7%).
Table 1 shows the results of CagA serology and diversity
of cagPAI. Although the sensitivity was relatively low, ELISA
did not detect anti-CagA antibody in cagA-negative strains
and the accuracy of ELISA to predict bacterial possession
of cagA was 61.7%. In six patients infected with cagE and
VirD4-negative strain, two were CagA seropositive. Thus,
the accuracy of CagA ELISA to define cagE and VirD4 positivity
was only 58.3%. The immunoblot assay showed relatively
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Table 1 CagA serology and bacterial phenotypes

Table 3 Grade of gastritis in CagA seropositive and negative patients

cagA

cagE and VirD4

Positive Negative

Positive Negative

33
0

23
4

Accuracy (%)

31
2

61.7

23
4
58.3
PMN

Immunoblot
Positive
Negative

ELISA
Grade
Antrum MNCa

ELISA
Positive
Negative
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44
2

12
2

Accuracy (%)

76.7

43
3

11
3
76.7
H pylori

higher sensitivity and showed better accuracy (76.7%) than
ELISA. However, the high sensitivity of immunoblot assay
was associated with false positive results. There were seven
patients infected with H pylori without intact cagPAI, and
their individual results of CagA serology and diversity of
cagPAI were shown in Table 2. In two patients with cagA
positive infection, both serological assays determined cagApositivity correctly, while the strains did not possess both
cagE and VirD4. In a patient with cagA-/cagE+/VirD4+
infection, immunoblot assay showed a positive result.

Atrophy

Corpus MNCb

PMN

H pylori

Table 2 CagA serology in seven patients with H pylori without intact
cagPAI
Serology

cagPAI
(Age, sex)

cagA

cagE and VirD4

ELISA Immunoblot

Patient A (73, F)

Positive

Negative

Positive

Patient B (83, M)

Positive

Negative

Positive

Positive

Patient C (74, F)

Positive

Negative

Negative

Negative

Patient D (64, F)
Patient E (62, F)

Negative
Negative

Positive
Negative

Negative
Negative

Positive
Positive

Positive

Patient F (51, F)

Negative

Negative

Negative

Negative

Patient G (69, M)

Negative

Negative

Negative

Negative

Fifty-five patients who were infected with cagA-positive
strain were divided by the results of CagA serology. The
differences of histological grade of gastritis are shown in
Table 3. Bacterial colonization score was not different
between the groups. The grade of glandular atrophy, which
was associated with bacterial colonization, was also not
different. Although the grade of PMN infiltration was not
different, the difference of MNC infiltration was statistically
significant in both the antrum and the corpus between CagA
seropositive and seronegative patients when immunoblot
assay was used (P<0.05 and P<0.01, respectively). On the
other hand, there was no correlation between cagPAI genotype
and histological features of gastritis in this series of patients
because the number of patients infected with cagPAInegative strain was too small.

DISCUSSION
Since early studies had demonstrated the association between
gastric inflammation and the presence of CagA, a number
of studies have implicated the virulence of this protein.
CagA is now recognized as a protein encoded by the cagA
gene, which is one of the genes inside the cagPAI. Recent

Atrophy

Western blot

Positive Negative

Positive Negative

0
1

0
4

0
4

0
4

0
4

2
3
0

19
9
9

17
2
8

30
10
13

6
1
4

1
2
3

17
6
0

13
2
0

23
8
0

7
0
0

0
1
2

1
14
7

2
7
6

2
17
11

1
4
2

3
0
1

10
4
11

8
4
2

14
4
12

4
4
1

2
3
0

9
8
1

11
6
2

16
12
1

4
2
2

1
2
3

3
23
5

4
14
3

4
31
8

3
6
0

0
1
2

6
20
6

6
12
5

7
28
9

5
4
2

3
0
1

0
1
8

0
2
6

0
3
10

0
0
4

2
3
0

5
18
4

7
8
2

8
23
5

4
3
1

1
2
3

13
10
5

11
5
5

20
14
5

4
1
5

MNC, mononuclear cells; PMN, polymorphonuclear cells. Histological grades are
0: none, 1: mild, 2: moderate, and 3: marked. aP<0.05, bP<0.01 (when seropositivity
was defined by Western blot).

studies have shown that CagA protein is delivered into gastric
epithelial cells through the type IV secretion system.
Phosphorylated CagA forms a physical complex with a
tyrosine phosphatase SHP-2 and perturbs cellular functions
by deregulating SHP-2 activity[8] . Other genes inside the
cagPAI, which encode the type IV secretion system, play a
role in gastric mucosal inflammation. VirD4 is recognized
as a possible adaptor to guide CagA into the secretion system
and necessary for the virulence of CagA [19]. On the other
hand, there are other virulent functions, which are independent
of CagA-VirD4. Inactivation of cagE but not cagA causes
a marked reduction of the ability of H pylori to stimulate
gastric epithelial IL-8 production[7,20]. A recent study also
showed the association between cagE status and NF-B
activation in vivo[21]. Although genes inside the cagPAI have
different pathogenic mechanisms, presence of anti-CagA
antibody has been only one serological test to indicate the
virulence of cagPAI. Furthermore, CagA serology has been
usually used without examining the structure of cagPAI.
Although most Japanese H pylori isolates possess cagPAI,
some strains lack cagPAI totally or partially[14,22]. Therefore,
it was necessary to examine whether CagA serology can
indicate the structure of cagPAI accurately in Japan.
In the present study, only 3 out of 60 (5%) H pylori
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isolates lack all of tested genes inside the cagPAI. The
proportion of cagPAI possession was consistent with previous
studies in Japan[23]. CagA ELISA was negative in these three
patients, while immunoblot assay showed a false positive
result in one patient. Immunoblot assay has been shown to
have a better sensitivity than ELISA to detect antibody to
CagA[24] and better sensitivity was also observed in the
present results. However, high sensitivity sometimes cause
false positive results. In another patient, who was infected
with H pylori of cagA-/cagE+/VirD4+ genotype, anti-CagA
antibody was detected by only immunoblot assay. However,
it is possible that PCR might demonstrate the presence of
cagA in this patient, if cagA was examined by different
primers. In three patients infected with H pylori of cagA+/
cagE-/VirD4- genotype, both ELISA and immunoblot assay
were positive in two patients. Thus, both serological methods
may be inadequate to indicate the virulence of the genes
inside the cagPAI other than cagA.
In 53 patients infected with H pylori, which possess all
the three genes tested, CagA seropositivity was significantly
lower by ELISA (58.5%) than immunoblot assay (79.2%;
P<0.05). The low sensitivity is a major cause of the low
accuracy of CagA ELISA in this study. The recombinant
CagA antigen used in ELISA may affect sensitivity. Basso
et al[25], compared four different ELISA methods to detect
serum anti-CagA antibody and showed different sensitivity,
which varied from 79% to 100%. The difference of CagA
antigen has caused controversial results of the association
between CagA serology and gastric cancer in Japanese
patients infected with H pylori. Three studies have examined
the association by ELISA using different CagA antigen and
two of them found significant association while another
did not[17,26,27]. Therefore, before examining anti-CagA antibody
by ELISA, sensitivity and specificity should be carefully
investigated. Furthermore, when infected H pylori is cagA
positive but lacks cagPAI partially, it is more questionable to
indicate the virulence of the cagPAI by ELISA.
We also studied the association between histological
gastritis and CagA seropositivity in patients infected with
cagA-positive H pylori. Significantly lower degree of MNC
infiltration was observed in CagA seronegative patients,
whereas both bacterial density and glandular atrophy were
not different between groups. Thus, recognition of CagA
by host, but not CagA expression by bacteria, could be a
relevant factor for CagA seropositivity. Prevalence of antiH pylori antibody was similar in the two groups (anti-H pylori
antibody was negative in only one CagA seropositive patient).
It follows that host recognition of H pylori did not affect
gastric mucosal inflammatory infiltration in patients infected
with cagA-positive H pylori. The results were in consistent with
general understanding that CagA seropositivity is associated
with enhanced gastritis.
In conclusion, immunoblot assay showed a better sensitivity
to indicate bacterial possession of cagA than ELISA in this
series of patients. However, in this study, both ELISA and
immunoblot assay for anti-CagA antibody were unreliable
to indicate the virulence of cagPAI, particularly in strains,
which lack genes inside the cagPAI other than cagA. Although,
in Asia, some serological tests have shown that the CagA
seropositivity in patients with H pylori infection up to 90%,
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serodiagnosis of CagA requires careful evaluation of their
accuracy before use. Analysis of bacterial genotype via
isolation of H pylori from endoscopic gastric biopsy specimens
is recommended to determine the presence of genes inside
the cagPAI and its virulence.
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Abstract
AIM: To evaluate the clinical value of MR multi-imaging
techniques in diagnosing and preoperative assessment
of pancreaticobiliary tumor.
METHODS: MR multi-imaging techniques, including MR
cross-sectional imaging, MR cholangiopancreatography
(MRCP) and 3D dynamic contrast-enhanced MR angiography
(3D DCE MRA), were performed to make prospective
diagnosis and preoperative evaluation in 28 patients with
suspected pancreaticobiliary tumors. There were 17 cases
of pancreatic adenocarcinoma, 8 cases of biliary system
carcinoma and 3 cases of non-neoplastic lesions.
RESULTS: Using MR multi-imaging techniques, the accuracy
in diagnosing the patients with pancreaticobiliary tumors
was 89.3% (25/28). The accuracy in detecting the range
of tumor invasion was 80.3% (57/71). The sensitivity,
specificity, accuracy, positive and negative predictive value
of MR multi-imaging techniques in preoperative assessment
of the resectability of pancreaticobiliary tumor were
83.3%, 89.5%, 88.0%, 71.4%, and 94.4%, respectively.
There was well diagnostic consistency between MR
multi-imaging techniques and CT ( = 0.64, P<0.01).
The fusion image could be made from MRCP and 3D DCE
MRA images.
CONCLUSION: MR multi-imaging techniques can integrate
the advantages of various MR images. The non-invasive
“all-in-one” MR imaging protocol is the efficient method
in diagnosing, staging and preoperative assessment of
pancreaticobiliary tumor.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Pancreaticobiliary tumor is a common clinical disease.
Currently, the only potential cure for pancreaticobiliary
tumor is surgery. Early diagnosis and accurately preoperative
assessment of tumor resectability are fundamental to achieve
a successful treatment. For a long time, ultrasonography
(US), computed tomography (CT), direct cholangiopancreatography, including endoscopic retrograde cholangiopancreatography (ERCP) or percutaneous transhepatic
cholangiography (PTC), and conventional angiography are
main imaging modalities for diagnosing and staging of
pancreaticobiliary tumor. With recent technical advances in
the field of MR imaging, such as rapid cross-sectional
sequences, MR cholangiopancreatography (MRCP) and 3D
dynamic contrast-enhanced MR angiography (3D DCE
MRA), MR multi-imaging techniques have provided a noninvasive, safe and simple method in the preoperative
diagnosis and evaluation of pancreaticobiliary tumor. The
purpose of this study was to establish the MR multi-imaging
techniques and to evaluate the clinical value of the synthetical
MR imaging protocol.
MATERIALS AND METHODS
Patients
The study subjects included 28 patients (13 men and 15
women, mean age 64.9 years, range 28-83 years). The most
common symptoms were abdominal discomfort, loss of
weight and obstructive jaundice. All patients underwent US,
enhanced or unenhanced CT scan and MR multi-imaging
examination. In addition, ERCP was also performed in three
patients, but the ERCP imaging did not display the entire
pancreaticobiliary duct tree. Sixteen patients had explorative
laparotomy from 1 to 30 d (mean 10 d) after MR examination.
Twelve patients had intervention or palliative drainage (one
endoscopic stent, one percutaneous transhepatic drainage
and 10 actinotherapy or chemotherapy) because of the
unresectability diagnosed preoperatively by various imaging
modalities. Among the 28 patients, the final diagnoses were
17 cases as pancreatic adenocarcinomas, 8 as biliary system
carcinomas and 3 as non-neoplastic lesions (Table 1).
MR multi-imaging protocol
MR imaging was performed with a 1.0T superconductive
unit (Philips Gyroscan T10-NT, software version 4.6.2)
containing a body coil. MR examination was performed
after the patients had fasted for 8-10 h. The patients were
examined in the supine position and abdominal band
compression. MR multi-imaging protocol included cross-
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Table 1 Pancreaticobiliary diseases (n = 28)
Pancreaticobiliary diseases

Number of cases

Pancreatic head carcinoma

14

Pancreatic body carcinoma

3

Gall bladder carcinoma

2

Hilar cholangiocarcinoma

3

Common bile duct carcinoma

3

Chronic pancreatitis

2

Common bile duct stone

1

sectional imaging, MRCP and 3D DCE MRA. The parameters
of MR multi-imaging techniques are shown in Table 2.
The total imaging time was approximately 40 min. Crosssectional scan included T1- and T2-weighted images with
spin-echo (SE) or turbo spin-echo (TSE) sequence. Nonbreath-hold respiratory trigger (RT) and/or fat suppression
(spectral saturation inversion recovery, SPIR) techniques
were also used. Upper abdominal axial images were obtained
through the liver and pancreas. The axial images served
as guides to locate the MRCP examination. MRCP was
performed with a coronal, multi-slice, heavily T2-weighted
TSE sequence with RT and fat suppression techniques. The
source images were 3D reconstructed by using a maximumintensity-projection (MIP) algorithm to create a rotating
radial display. The 3D DCE MRA used a single 22 s breathhold, coronal, fast field-echo (FFE) sequence. A dose of
30-45 mL contrast agents, gadopentetate dimeglumine (GdDTPA), was injected through antecubital vein by hand in a
bolus at a rate of 2-3 mL/s, followed by flushing with 20 mL
physiologic saline solution. Three imaging sets were
consecutively acquired. The images from each scan were
viewed both as individual slices and after post-processing
with MIP algorithm.
Imaging analysis
By careful review of the cross-sectional MR images and of
the source and MIP reconstructed images obtained from
MRCP and 3D DCE MRA examination, the study contents
included the diagnosis of pancreaticobiliary tumor, the
definition of the range of tumor infiltration and the
prospective assessment of the surgical resectability with
MR multi-imaging techniques. According to the tumor
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staging TNM classification, the signs of unresectability of
pancreaticobiliary tumor were as follows: (1) Major abdominal
vascular involvement (portal, splenic and superior mesenteric
veins, celiac axis, etc.), including encasement, occlusion and
tumor thrombosis; (2) Tumor adjacent organs or tissues
infiltration, but excluding the simply extension into
duodenum; (3) The presence of distant metastases or
peritoneal carcinomatosis, particularly liver metastasis and
ascites; (4) Regional and distant lymph node involvement
(larger than 1 cm in diameter) or lymphadenopathy. If none
of these criteria were found, the tumor was regarded as
resectable.
Statistical analysis
When compared the results of resectability assessing of
pancreaticobiliary tumor using MR multi-imaging protocol
with the outcomes of surgical and US or CT findings, we
evaluated the clinical value of MR multi-imaging techniques
in diagnosing the pancreaticobiliary tumor and in judging
the range of tumor involvement, statistically calculated the
sensitivity, specificity, overall accuracy, positive and negative
predictive value in assessing the surgical resectability, and
analyzed the causes of false-positive and false-negative
interpretation. The diagnostic consistency between MR
multi-imaging techniques and CT was also calculated by
using Kappa test. Using the image fusion software (Analyza
3.0), the MIP reconstructed images of MRCP and 3D DCE
MRA were combined in 10 patients.

RESULTS
Tumor diagnosis and analysis
Of the 28 patients with pancreaticobiliary diseases, MR
multi-imaging techniques allowed correct diagnosis of 25
pancreaticobiliary tumors, including 17 cases of pancreatic
adenocarcinoma, 6 of cholangiocarcinoma and 2 of gall
bladder carcinoma. The overall diagnostic accuracy was
89.3% (25/28). The remaining three cases were misdiagnosed
as pancreatic head carcinoma, but the histological diagnoses
from explorative laparotomy and surgical biopsy confirmed
focal chronic pancreatitis in two cases and one choledocholithiasis with muddy stones.
In all 25 patients with pancreaticobiliary tumors, MRCP
demonstrated the dilatation of pancreatic duct and bile duct

Table 2 MR multi-imaging technique parameters
Protocol
angulation

T1WI/SPIR
transversal

T2WI/SPIR
transversal

T2WI
coronal

MRCP
coronal

DCE MRA
coronal

Sequence

TSE/SE

TSE

TSE

TSE

FFE

TR (ms)
TE (ms)

575/500
12/15

1 800
99/80

1 800
100

2 000
700

11
2.5

FOV (mm)

345/375

345

435

395

450

Matrix

176×256

203×256

202×256

190×256

164×512

No. of slices
Thickness (mm)

16
10

16
10

18
6

50
2

50
2

Gap (mm)

1

1

0.6

0

0

Fast factor

4/–

18/14

23

101

–

NSA
Respiratory

5/2
Trigger

4
Trigger

4
Trigger

2
Trigger

1
Breath-hold

TR: time of repeat; TE: time of echo; FOV: field of view; NSA: number of signal average.
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tree. Mass lesions were identified with MR cross-sectional
technique at the location of pancreaticobiliary obstruction.
The lesions were hypointense on T1WI and isointense to
mildly hyperintense on T2WI. The T2-weighted fatsuppressed imaging was particularly useful for the evaluation
of tumor extension, liver metastases and lymph node
involvement. In 17 patients with pancreatic adenocarcinoma,
the hypointense mass lesions were more conspicuous against
a background of hyperintense normal pancreatic tissue on
T1-weighted fat-suppressed images. On the source images
of 3D DCE MRA, the pancreatic adenocarcinoma appeared
as slowly continuous enhancement and the signal contrast
between the mass lesion and surrounding normal tissue was
more conspicuous on early-phase of the post-contrast
images.

Volume 11

Number 24

underestimated the portal venous and mesenteric vessels
involvement by tumors, which were confirmed at surgery.
In addition, of 17 cases with unresectability, some lymph
node and arterial involvement or small liver metastases
were not detected, but the tumors were also considered
unresectable by MR assessment because of the presence
of other signs of unresectability.

Table 4 Assessment of resectability of pancreaticobiliary tumor (n)
MR multi-imaging
techniques

Final diagnosis
Resectability

Unresectability

Resectability

5

1

22

Unresectability

13

174

1

Detection of range of tumor invasion
MR multi-imaging techniques correctly identified the tumor
extension into adjacent organs of liver, stomach and
duodenum in 15 patients, 4 liver metastases, 3 peritoneal
carcinomatosis and ascites, and 10 lymph node and 8 arterial
involvements (Table 3). The portal vein system involvement
was clearly visualized on the reconstructed images of 3D
DCE MRA in 17 of 20 patients, including 6 cases of venous
encasement, 8 of occlusion, 1 of tumor thrombosis and 2
of the formation of lateral circulation (Table 3). Therefore,
the accuracy of MR multi-imaging techniques in detecting
the range of pancreaticobiliary tumor invasion was 80.3%
(57/71) (Table 3).
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True-positive, 2Negative-positive, 3False-negative, 4True-negative.

Comparison of MR with CT in tumor resectability assessment
The comparison of MR multi-image techniques with CT
examination in assessment of tumor resectability of 25 cases
is shown in Table 5. The uniform results of evaluation
were found in 21 cases, including 6 of resectability and 15
of unresectability. There was well diagnostic consistency
between MR multi-imaging protocol and CT examination
( = 0.64, U = 7.95, P<0.01).

Table 5 Comparison between MR and CT in tumor resectability
assessment (n)
CT diagnosis

Table 3 Detection of range of pancreaticobiliary tumor invasion
MR finding
(n)
Adjacent organ infiltration
Liver metastases
Lymph node involvement
Arterial involvement
Portal venous involvement
Peritoneal carcinomatosis
Total

Final diagnosis
(n)

Percentage
(%)

15

17

88.2

4

5

80.0

10

13

76.9

8

13

61.5

17

20

85.0

3

3

100.0

57

71

80.3

Tumor resectability assessment
Of 25 patients with pancreaticobiliary tumor verified by
surgical or synthetical imaging findings, MR multi-imaging
techniques correctly diagnosed 5 of 6 resectable tumors
with 1 case of false-negative interpretation and 17 of 19
unresectable tumors with 2 of false-positive interpretation.
Therefore, the sensitivity, specificity, accuracy, positive and
negative predictive value of MR multi-imaging techniques
in assessing the resectability of pancreaticobiliary tumors
were 83.3%, 89.5%, 88.0%, 71.4%, and 94.4%, respectively
(Table 4).
The false-negative case was pancreatic head carcinoma.
The encasement of superior mesenteric vein was detected
by 3D DCE MRA, whereas the tumor underwent successful
resection because it was only adherence to vessel without
invasion. In two false-positive cases (one pancreatic head
carcinoma and one cholangiocarcinoma), MR examination

MR multi-imaging
techniques

Resectability

Unresectability

Resectability

6

1

Unresectability

3

15

Image fusion of MRCP and MRA
The fusion images were successfully obtained by combining
the MIP reconstructed images of MRCP and 3D DCE
MRA in 10 patients with pancreaticobiliary tumor. The fusion
image intuitionistically exhibited the spatial anatomical
relationship between mass lesions and the pertinent
surrounding structures and clearly visualized the range of
tumor involvement of pancreaticobiliary duct tree and portal
venous system, which provided more useful information
for the planning of surgical operation.

DISCUSSION
US and CT are the first modalities in the field of pancreaticobiliary
imaging[1-3]. With recent technical advances, the synthetical
MR multi-imaging protocol, including cross-sectional MR
imaging with or without fat-suppressed technique, MRCP
and 3D DCE MRA has provided a non-invasive, safe and
simple method in the accurate diagnosis and preoperative
evaluation of pancreaticobiliary tumor[4-8].
Our study showed that of the 28 patients with
pancreaticobiliary tumor, MR multi-image techniques could
correctly diagnose 25 cases and the overall accuracy was
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89.3%. The mass lesions were hypointense on T1WI and
isointense to mildly hyperintense on T2WI. Pancreaticobiliary
tumors appeared as slowly continuous enhancement and
were best detected on early phase of post-contrast dynamic
images, reflecting the fact that the tumor was desmoplastic
lesion with sparse vascularity and tends to enhance less than
the capillary-rich surrounding parenchyma[9-11] . The T2weighted fat-suppressed imaging was particularly useful for
the evaluation of tumor extension, liver metastases and
lymph node involvement. Due to the presence of aqueous
protein in the acini of the pancreas, rich endoplasmic
reticulum and high manganese content of the pancreatic
cells, pancreatic adenocarcinomas were best detected on
T1-weighted fat-suppressed images[12-16]. However, the results
from our study also suggested that the identification of
small pancreatic tumor with focal chronic pancreatitis
sometimes might be very difficult even with dynamic MR
studies[10,17].
MRCP is the fundamentally new innovation in MR
imaging of the pancreaticobiliary diseases. Advocated by
German researcher Wallner BK and his group in 1991[18] ,
the imaging quality and the diagnostic ability of MRCP have
been improved increasingly with continued technologic
advancements. MRCP is a non-invasive, safe, simple method
without the ionizing radiation and injection of contrast
agents. In most clinical situations, MRCP may replace direct
cholangiopancreatography (ERCP or PTC) as a diagnostic
tool[6,8,19,20]. In our study of 28 cases, MRCP satisfactorily
demonstrated the pancreaticobiliary duct obstruction and
dilatation with different degree, including three patients in
whom ERCP was shown incompletely. Therefore, MRCP
may provide an optimal imaging alternative when direct
cholangiopancreatography is unsuccessful or inadequate[21-23].
The literature indicates that the overall sensitivity and
specificity of MRCP in diagnosing the obstruction of
pancreaticobiliary ducts was 95% and 97% [24,25]. The
accuracy in diagnosing the location of obstruction was 96%,
and the sensitivity and specificity in differentiating malignant
from benign pancreaticobiliary obstruction were 88% and
95%, respectively[24,25]. For pancreaticobiliary tumor, MRCP
can define the location and morphological characteristics
of pancreaticobiliary obstruction as well as evaluate the range
of tumor involvement and the surgical resectability. MRCP
also helps to provide valuable information to determine
the best approach for palliative drainage or endoscopically
placed stent in the patients with unresectable tumors.
The MR angiography (MRA) technique has recently
become available for non-invasive vascular imaging[26-28].
Non-enhanced MRA, including time-of-flight (TOF) and
phase-contrast (PC) technique, is the first means of
demonstrating vessels but is limited by its long data acquisition
time, motion and flow artifact, and in-plane saturation. Since
first reported by Prince et al [29] , contrast enhanced MRA
technique has demonstrated that it is more suitable for
evaluation of the vascular structures due to the advantages
of without flow artifact and saturation effects.
It has been reported that 3D DCE MRA can clearly
demonstrate both intra- and extra-hepatic portal venous
system and its lateral circulation, and also display portal
vein, hepatic vein and inferior vena cava on one same image,
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which reflects the whole route of tumor metastases through
blood circulation[30,31]. Repeated sequences after administration
of contrast agents allow separate demonstration of the
abdominal arteries and portal veins. In addition, the source
images simultaneously demonstrate parenchymal lesion of
the liver, pancreas, biliary tract and reflect the dynamic
enhancement characteristics of tumor. The evaluation of
both MIP reconstructed and source MRA images, as well
as the morphological cross-sectional MR images (both T1WI
and T2WI, with or without fat-suppressed technique),
provided detail information on vessel anatomy and the
relationship of the tumor with vascular wall. Our study
showed, the accuracy of 3D DCE MRA in assessing the
involvement of portal venous system was 85.0%, but the
accuracy in detecting the arterial involvement was only
61.5%. The reason of the low accuracy for 3D DCE MRA
in assessing the arterial involvement might be the long signal
acquisition time due to the limit of the MR unit we used,
and the demonstration of portal vein interfered the
differentiation of arteries system.
Pancreaticobiliary tumors are considered unresectable,
if invasion or encasement of any of the vascular structures is
present or if there is liver metastasis, peritoneal carcinomatosis,
lymphadenopathy or extension into the adjacent organs
(excluding the duodenum). By far, the main index of
resectability, in the absence of distant metastases, is the
patency and absence of infiltration of the major abdominal
vessels[32-36] . MR multi-imaging techniques can not only
improve the diagnostic ability of pancreaticobiliary tumor,
but also assess the surgical resectability[37-41]. In our study,
the sensitivity, specificity, accuracy and negative predictive
value of the “all-in-one” protocol in assessing the surgical
resectability were 83.3%, 89.5%, 88.0%, and 94.4%,
respectively. There was also well diagnostic consistency
between MR multi-imaging techniques and CT examination
(= 0.64, P<0.01). But our study also showed the positive
predictive value of tumor resectability was only 71.4%. The
main explanation might be the misestimation of the
abdominal vessel involvement by 3D DCE MRA. In
addition, the accuracy of MR multi-imaging techniques tend
to underestimate the degree in diagnosing the lymph node
and arterial involvement, which were 76.9% and 61.5%,
respectively. However, it can be believed that with the fast
development of MR equipment and software, the clinical
value of MR multi-imaging techniques may be improved
increasingly.
The image fusion technique could clearly exhibit the
source, location and range of tumor lesions, and the spatial
relationship between the mass and pertinent surrounding
structures. Using special software approaches, the fusion
image might even combine the morphological anatomy
images, such as CT or MRI, and the metabolic function
images, such as positron emission tomography or single
photon emission computed tomography, which would
provide more valuable information for helping in diagnosing
and tumor staging and planning the proposal of surgical
operation[42-44].
In summary, MR multi-imaging protocol integrates the
advantages of various special imaging techniques. MR crosssectional images can demonstrate the nature of tumor lesion
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and the range of tumor involvement. MRCP can visualize
the whole pancreaticobiliary tree and the location and degree
of duct obstruction. 3D DCE MRA can exhibit the spatial
relationship between the mass lesion and pertinent structures
and the range of vessel invasion. Therefore, the non-invasive
“all-in-one” MR multi-imaging techniques may provide
comprehensive information needed for the preoperative
diagnosis and evaluation of pancreaticobiliary tumor, which
otherwise can be obtained only by performing three different
examinations, including ERCP or PTC, CT and angiography
(Figure 1).

11
12

13
14
15

16

17

Clinical data and preliminary diagnosis
Pancreaticobiliary tumor

18
Resectability

“all-in-one” MR multi-imaging protocol

Unresectability

MRI + MRCP + DCE MRA

19

CT - ERCP/PTC - DSA
Explorative laparotomy

Puncture biopsy

20
21

Operation resection

Palliative drainage

Figure 1 MR evaluation and treatment strategy for pancreaticobiliary tumor.
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Abstract
AIM: Celiac disease (CD) is an enteropathic disorder very
prevalent in Saharawi people. Our aim was to investigate
the diagnostic accuracy of six human tissue transglutaminase
(tTG) based ELISA tests in Saharawi CD patients.
METHODS: Fifty-two CD patients and 23 controls were
selected from the Saharawi refugee camps in Tinduf. CD
patients were divided into two groups according to their
anti-endomysium (EmA) status: 41 EmA positive and 11
EmA negative. Sera from patients and controls were tested
for human tTG using six commercial ELISA kits. We used
receiver operating characteristics (ROC) curves and areas
under the curve to compare the diagnostic accuracies of
the six assays.
RESULTS: In general, there are differences in the
sensitivity and specificity of the human tTG ELISA assays
used. Diagnostic accuracy of tests was significantly
improved by adjusting the cut-off thresholds according to
ROC plot analysis; the correction of the cut-off with the
employment of the ROC curve analysis modifies the
decision limit in more than 50% in five of the six kits
evaluated.
CONCLUSION: Some of the human tTG ELISAs used in
this study have a diagnostic accuracy similar to EmA
determination for diagnosis of CD in Saharawi people.
However, it is necessary to select the assay with a higher
sensitivity and specificity, and recalculate the cut-off
threshold using samples from the referral population.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Celiac disease (CD) is a gluten-sensitive enteropathy occurring
in genetically susceptible individuals. The disease is associated
with HLA alleles DQ1*0501/DQ1*0201 [1]. CD is a
worldwide disorder, and gluten intake and genetic
predisposition are the two main factors involved in its
frequency in a population[2]. In Europe or America, the
prevalence of CD is 0.3-1% of the general population[3-7].
The highest frequency of CD in the world has been reported
in Saharawi children (5.6%)[8]. Genetic and environmental
factors could explain this remarkable finding; thus, the DR3/
DQ1*0501/DQ1*0201 haplotype is present in 40% of
the Saharawi general population[9,10] and there is an early
introduction of gluten in the diet of Saharawi children and
a high consumption of cereals.
In the general population, most of the patients affected
by CD have a silent or atypical clinical presentation, and a
non-invasive test is therefore necessary to select subjects
for a biopsy of the small intestine. Serological screening
with IgA anti-endomysium antibodies (EmA) has been
considered the gold standard of laboratory diagnostic
procedures. However, EmA are tested using an indirect
immuno-fluorescence method, which is a time-consuming
and subjective technique[11]. Tissue transglutaminase (tTG)
has been identified as the endomysial autoantigen of CD[12],
and an enzyme linked immuno-absorbent assay (ELISA)
for the detection of serum antibodies against tTG has been
developed[13]. At present, the tTG-based ELISA is the
method of choice for serological screening of CD[14,15] ,
because ELISA techniques are less expensive and less
subjective than immuno-fluorescence methods.
Human tTG ELISAs have replaced guinea pig tTG
based assays due to a better correlation with EmA as an
indicator of gluten-sensitive enteropathy [16]. However,
discrepancies in the results have been found when several
human tTG ELISA tests were compared[17-19]; thus, it is
necessary to verify the applicability of human tTG based
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assays, in routine clinical practice. On the other hand, false
positive results have been reported in patients with chronic
liver disease[20] and with end-stage heart failure[21]. It is not
known whether there are other processes that could influence
the diagnostic accuracy of human tTG ELISAs.
Saharawi people live in an undeveloped region, where
the accessibility to different medical technologies (for
example, digestive endoscopy) is very difficult. Thus, to
possess an easy and cheap method in order to diagnose a
highly prevalent disease such as CD could have an important
impact on the health status of this population. The aim of
this study was to verify the diagnostic accuracy of six
commercially human tTG ELISAs in both Saharawi controls
and EmA-positive CD patients.

MATERIALS AND METHODS
Subjects
Fifty-two Saharawi patients randomly selected from 125
celiac previously reported patients[10] were included in the
study. All patients were recruited by two members of our
group in the Tinduf refugee camps, during a medical
visit, made in May 2002. Twenty-three untreated, biopsy
confirmed CD patients diagnosed previously, and 18 new
patients classified as CD patients on being positive for EmA,
prior to starting on a gluten-free diet (GFD), were used as
the disease group. Serum samples from 11 CD patients on
a GFD were also analyzed for EmA and tTG antibodies.
All CD patients were classified into typical and atypical
forms according to their clinical manifestations[2]. From the
52 CD patients, 29 had a classical digestive symptomatology,
consisting of diarrhea, flatulence, weight loss and fatigue;
these patients were classified as typical forms of the CD.
Twenty-three had extra-intestinal, single-predominant
symptoms, or were even symptomless, and were thus
classified as atypical forms; most of them had ferropenic
anemia as the predominant manifestation and were diagnosed
only by the presence of EmA antibodies.
Twenty-three healthy controls from the Saharawi
population, all of whom were without direct familiar
relationship with CD patients, without a history of
intolerance to gluten and derivatives, without iron deficiency,
ferropenic anemia or any abnormal finding in the
biochemical studies and with negativity for EmA, were
included in the study.
The subjects of the study were grouped according to
the EmA status: healthy controls (group I); EmA positive
CD patients (includes new and known untreated CD
patients) (group II); and EmA negative CD patients on GFD
(group III).
The Tindouf Health Authority of Saharawi granted
permission for the study, and all patients and controls gave
informed consent prior to enrollment.
Laboratory Methods
Serum IgA EmA assay In all patients and controls IgA
class EmA values were determined with a commercially
available indirect immuno-fluorescence method using
slides of monkey esophagus (BioSystems, supplied by Atom,
Barcelona, Spain) at a screening dilution of 1/5 as recommended
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by the manufacturer. EmA negative sera from known CD
patients were further tested at a 1/2 dilution to exclude
false negative results. Based on the EmA results, the subjects
of the study were classified in three groups, as described above.
Serum IgA TtG ELISAs
Five milliliters of blood serum were obtained from each
individual and tTG antibodies were determined by six
commercially available sandwich ELISAs that use human
antigen obtained from different sources: Orgentec, Diagnostika
GmbH, (Mainz, Germany), human recombinant tTG from
human embryonic kidney cell line 293-EBNA; Celikey,
Pharmacia Diagnostics GmbH (Freiburg, Germany),
human recombinant tTG from eukaryotic cells of Lepidoptera
(Baculovirus/Sf9 system); Quanta Lite, Inova Diagnostics
(San Diego, CA, USA), purified native red blood cell tTG;
AESKULISA, Aesku.lab Diagnostka (Wendelsheim,
Germany), human recombinant tTG from human embryonic
kidney cell line 293-EBNA; Eurospital SpA (Trieste, Italy),
human recombinant tTG from E.coli; and BioSystems
(Barcelona, Spain), human recombinant tTG from E.coli.
All measurements were made in a unique batch on a Triturus
ELISA autoanalyser (Grifols) by a single operator following
the manufacturer’s instructions. Intra and interassay CVs
for the six human tTG ELISAs were below 10%.
To exclude IgA deficiency, total serum IgA concentrations
were also measured in all CD patients and healthy controls
by nephelometry (BN II, Dade-Behring, Frankfurt,
Germany). No cases yielded IgA levels below 0.05 g/L,
indicative of selective IgA deficiency, and the values obtained
were within the reference range (>1.24 g/L).
DNA extraction and HLA typing
Two milliliters of peripheral blood was obtained from each
patient and control, and was mixed with 2 mL of ethanol
and stored until the specimens were processed. Ethanol
was removed by washing twice with PBS (Phosphate
buffered saline). Finally genomic DNA was obtained with
NUCLEOSPIN Blood L TM kits from MACHEREYNAGEL, Düren, Germany. All patients and healthy controls
were typed by PCR-SSP for HLA-DQA1 and for HLADQB1*0201/02 ambiguity according to a previously
described method[22].
Statistical analysis
Descriptive analyses were used to characterize the study
population. The Fisher exact test was used to compare
dichotomous variables, and the unpaired Wilcoxon test was
used to compare differences in the medians of the continuous
nonparametric variables.
The diagnostic performance of each human tTG ELISA
test or the ability to discriminate diseased from normal cases
was evaluated using Receiver Operating Characteristic (ROC)
curve analysis, thus selecting the cut-offs that provide the
best combination of sensitivity and specificity. The areas
under the ROC curves and their 95% confidence intervals
(CI) were also calculated using the nonparametric method
described by Hanley and McNeil[23], developed as a statistical
software package (MedCal v. 7.2.1.0). For all statistical
analyses, a two-tailed P<0.05 was considered as significant.
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Figure 1 IgA anti-tissue transglutaminase (tTG) antibody values with six
human tTG based enzyme linked immuno-absorbent assay (ELISA) tests in
both anti-endomysium (EmA) positive celiac disease (CD) patients and controls,
with corresponding receiver operating characteristic (ROC) curves and area

under curve (AUC) estimations. The broken lines represent the limits proposed
by the manufacturers, whereas the solid lines show the cut-off values yielding
the best combination of sensitivity and specificity, according to ROC curve
analysis.

RESULTS
Demographic, clinical, serological and HLA characteristics
of the 75 patients studied are summarized in Table 1. The
IgA tTG values of the EmA-positive CD patients and the
healthy controls measured with the six human tTG ELISA
kits are shown in Figure 1. It is noteworthy that the correction
of the cut-off with the employment of the ROC curve
analysis modifies the decision limit in more than 50% in
five of the six kits evaluated, with the exception of
Eurospital. On the basis of the cut-offs by the manufacturers
the human tTG ELISA kits assessed showed three patterns:
low sensitivity (75.6-80.5%) and high specificity (100%)
(Orgentec, AESKULISA, Celikey); high sensitivity (97.6100%) and low specificity (82.6-87%) (BioSystems, Quanta
Lite); and high sensitivity (97.6%) and specificity (100%)

(Eurospital). Even when using the ROC curves cut-offs,
five kits (Orgentec, AESKULISA, BioSystems, Quanta Lite,
Eurospital) yielded false negatives, and two kits (Orgentec,
AESKULISA) also showed false positives. Only the Celikey
kit achieved 100% sensitivity and 100% specificity, in
concordance with EmA results.
In the 11 EmA negative CD patients on a GFD (Group
III) the levels of tTG antibodies (median, range, U/mL)
were higher than those of healthy controls (Orgentec: 4.89,
2.5-7.9 vs 2.43, 0.52-7.45 P<0.01; AESKULISA: 3.36,
1.88-6.50 vs 1.64, 0.22-4.73 P<0.01; BioSystems: 16.2,
8.96-19.2 vs 5.12, 1.31-18.7 P<0.001; Quanta-Lite: 32.3,
11.8-43.7 vs 10, 4.1-30 P<0.001; Celikey, 1.84, 1.29-2.42
vs 0.79, 0.18-2.44 P<0.01; and Eurospital: 5.6, 4.4-6.8 vs
2.6, 1.3-6.1 P<0.001, respectively). The rate of positive
human tTG cases in group III varied with both the human
tTG ELISA and the criteria used to establish the cut-off
(manufacturer or ROC curve). With the usual cut-offs the
six human tTG ELISAs yielded the following tTG-positive
rates: Orgentec, 0%; AESKULISA, 0%; BioSystems, 81.8%;
Quanta-Lite, 72.7%; Celikey, 0%; and Eurospital, 0%. These
figures were modified with the threshold on the basis of
ROC curves analysis: Orgentec, 36.4%; AESKULISA, 27.3%;
BioSystems, 18.2%; Quanta-Lite, 63.6%; Celikey, 0%; and
Eurospital, 18.2%. Therefore, in the three groups studied,
the Celikey kit was the only human tTG ELISA test that
kept total concordance with EmA results when the decision
threshold was established by ROC curves.

Table 1 Clinical, serological and demographic characteristics and
distribution of the HLA DQ2 heterodimer in the three groups of
Saharawi subjects studied

Female sex

Group I
(n = 23)

Group II
(n = 41)

Group III
(n = 11)

15 (65)

29 (71)

9 (82)

Age (yr)
Mean±SD

20±15

17±12

16±11

Range

4-54

2-52

4–40

Typical CD

0

22 (46)

7 (64)

DQA1*0501/DQB1*0201

8(35)

39 (92)

10 (91)

EmA positive

0

41 (100)

0

Group I: healthy controls. Group II: anti-endomysium (EmA) positive celiac
disease (CD) patients (new and known untreated CD patients). Group III: EmA
negative CD patients on GFD.

DISCUSSION
CD is a common disorder among the Saharawi population,
with an important clinical and nutritional impact on their
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health status. Thus, a specific program for diagnosing and
treating all affected individuals has been recommended[24].
EmA is a good marker of gluten-sensitive enteropathy in
Saharawi children[8], but it is an expensive and subjective
assay. Human tTG ELISA test, is similar to EmA assay,
with regard to sensitivity and specificity[14,15], but most of
the studies have been performed in the Caucasians. To our
knowledge, this is the first study undertaken to compare
several human tTG ELISA kits in Saharawi people, that is
in both healthy controls and celiac patients.
A possible limitation of our study could be the lack of
intestinal biopsies in the newly diagnosed patients. However,
we believe that these subjects really have an enteropathy
due to sensitivity to gluten, since all were EmA positive and
90% presented the HLA DQ2. Thus, it is known that the
presence of EmA in the Saharawi population is associated
with the existence of an enteropathy due to sensitivity to
gluten[8] and that a frequency of HLA DQ2 between 88%
and 91.3% has been reported in Saharawi celiac patients[9,10].
On the other hand, the predominant form of clinical
presentation among the Saharawi celiac population is the
classic or typical type diarrhea, abdominal distension[10, 24],
similar to that which occurs in our work.
As previously described in Caucasians[17,19], differences
were found in the sensitivity and specificity of the human
tTG ELISA assays used. Diagnostic accuracy of tests was
significantly improved by adjusting the cut-off thresholds
according to ROC plot analysis; the importance of cut-off
revalidation using appropriate samples from the referral
population has been previously reported[19]. In our study,
using the manufacturers’ cut-off thresholds in the Celikey
assay (8 AU/mL], the sensitivity was low (75.6 %), while
using the new cut-off value derived from ROC curves
(2.45 AU/mL), the diagnostic accuracy of the test will be
significantly improved (sensitivity and specificity of 100%).
Similar to our results in Saharawi people, it has been reported
that the best cut-off threshold for Celikey were 2.3 and 3
among the Italian and Spanish population, respectively[17,25].
We believe that the improvement in the sensitivity of human
tTG ELISA tests when using the ROC-based cut-offs is
due to adaptation of the test to our referral population.
In our study, we believe that the majority of the tTG
positive/EmA negative results obtained with some kits in
CD patients on GFD, are not really false positives since it
has been seen that the negativization of the EmA after
starting on a GFD does not correlate exactly with the
disappearance of the intestinal lesion[26]. On the other hand,
it has been observed that a discrepancy exists in the results
of EmA and tTG antibodies when they are determined
simultaneously during follow-up of the celiac patients treated.
Thus, even when a severe enteropathy persists (Marsh 3
villous atrophy), the EmA tend to negativize before the
tTG antibodies[27]. The presence of positive tTG cases in
the healthy controls has been very scarce (Figure 1); although
we do not possess an intestinal biopsy in order to rule out
CD in these subjects, we believe that the concordance of
the rest of the serological tests used (human tTG and EmA)
and the absence of symptomatology, makes it improbable
that we are dealing with unknown celiac patients. On the
other hand, even when using human tGT assays, several
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positive cases have been described in the absence of CD[20,21].
In our study we have demonstrated that the determination
of human tTG by means of ELISA is a method as precise
as the detection of EmA by immunofluorescence, for the
diagnosis of CD in the Saharawi population. In Saharawi
children the presence of diarrhea, intestinal distension and
retardation in growth is highly frequent[24], even though only
40% of these are going to suffer from CD as a cause of
this symptomatology[28]; the rest of the cases will be caused
by intestinal infections, or by chronic malnutrition. Thus, to
possess a highly precise diagnostic test, which is easy to
apply and relatively cheap, would provide an important tool
for the early diagnosis and treatment of CD in this
population, in which considerable difficulty exists in
performing an intestinal biopsy. Some authors have
demonstrated that the human tTG-based ELISA represents
a cost-effective strategy for identifying both symptomatic
and atypical forms of CD and this could mean that an
intestinal biopsy need no longer be the gold standard for
diagnosing this disorder[29].
Even though there were differences in sensitivity and
specificity among the human tTG ELISAs used in this study,
we can conclude that some of them have a diagnostic
accuracy similar to EmA determination for diagnosis of
CD in Saharawi people. However, it is necessary to select
the ELISA kit with a higher sensitivity and specificity, and
recalculate the cut-off threshold using samples from the
referral population.
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Abstract
AIM: Macrophage migration inhibitory factor (MIF) was
reported to inactivate p53 and play an essential role in the
growth and angiogenesis of tumors that arise at sites of
chronic inflammation. Gastric inflammation is a prerequisite
for the development of gastric carcinoma (GC), which
has recently been linked to Helicobacter pylori (H pylori)
infection. This study aimed to investigate clinicopathological
significance of MIF expression in GCs.
METHODS: We selected 90 consecutive patients with
GCs for investigation of the relation among MIF status,
clinicopathological parameters, p53 expression and
angiogenesis. MIF and p53 expression was assessed by
immunohistochemistry as positive and negative groups.
Tumor vascularity was evaluated by counting microvessel
density on anti-CD34 stained sections. Expression status
of MIF was correlated with determined clinicopathological
data, p53 immunoreactivity and microvessel counts.
RESULTS: Strong immunostainings of MIF were observed
in the cytoplasm of cancerous cells in 40% (36/90) of
cases but not in normal or metaplastic epithelia. There
was no statistically significant correlation between MIF
expression and age, gender, H pylori infection, tumor
location, histological subtypes, lymph node metastasis or
p53 expression. Early GC less frequently overexpressed MIF
as compared to advanced GCs (4/20 vs 32/70, P = 0.04).
A remarkably increased microvessel count was noted in
GCs with MIF expression than those without MIF expression
(55.1±30.1 vs 31.3±28.8, P = 0.0001).
CONCLUSION: Our results suggest that expression of

MIF may contribute to the progression and enhanced
angiogenesis in a substantial portion of GCs.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Despite its decline in incidence, gastric carcinoma (GC)
remains the second most frequent cancer in the world[1]. In
some countries, especially those of the Far East such as
China and Japan, GC is the leading cause of cancer death.
The prognosis of GC is dismal because the majority of
cases are found to have advanced disease at the time of
diagnosis. To improve the diagnosis and management of
GC, a better understanding of the pathogenesis and tumor
biology is mandatory. In the multistage model of gastric
carcinogenesis, chronic inflammation is a prerequisite for
the development of GC. Accordingly, factors involved in
initiation and regulation of the inflammatory process play
an essential role in gastric carcinogenesis. In this regard,
genetic and environmental forces interact in the transition
from gastritis, metaplasia, to dysplasia and cancer. Previous
studies have pointed out that environmental factors such
as dietary habits, cigarette smoking, and Helicobacter pylori
(H pylori) are associated with risks of GC. Furthermore,
genetic abnormalities including genomic instabilities and
alterations of p53 tumor suppressor gene are involved in
the evolution from gastritis to GC[2].
Cytokines are crucial mediators of inflammatory and
immune responses that may contribute to multiple aspects
of carcinogenesis. Macrophage migration inhibitory factor
(MIF) is a unique cytokine that attracts much attention due
to its pluripotent property[3]. MIF was first identified as a Tcell-derived lymphokine[4,5]. In addition to its original ability
to inhibit the migration of macrophages, MIF exhibits a
broad range of immunostimulatory and proinflammatory
activities[3]. Intriguingly, MIF could also be produced by a
variety of mesenchymal, parenchymal and epithelial cell
types, indicating its potentials beyond the immune system[6].

3768

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

A number of recent studies have shown that MIF participates
in the regulation of cell proliferation and differentiation,
and is related to septic shock, chronic inflammatory and
autoimmune disease[6,7]. In the context of tumorigenesis,
overexpression of MIF has been observed in prostate[8,11],
lung[10,15], skin[9], pituitary[16], brain[14], breast[13], liver[12], and
colon tumors[17]. Furthermore, Hudson et al[18], showed that
p53, the guardian of genome, can be functionally inactivated
by MIF. This finding has helped to establish a link between
inflammation and tumorigenesis in view of the central role
of p53. Several in vitro[19-23] and in vivo[24-28] models have now
confirmed the role of MIF in tumor growth and tumorassociated angiogenesis. Collectively, inhibition of p53 by
MIF may be critical for the development of tumors that
arise at sites of chronic inflammation, such as colon cancer
in ulcerative colitis, and GC in H pylori infection[29].
Recently, Maaser et al[30], have suggested that MIF was
constitutively expressed at the messenger RNA and protein
level by gastric epithelial cell lines. Moreover, Huang et
al [31] , have demonstrated that MIF was an important
mediator in the pathogenesis of gastric inflammation in
rats. However, no study of MIF expression in GC has
been performed. We therefore aimed to evaluate by
immunohistochemistry the prevalence of MIF expression
in a series of GCs and to correlate this expression with
clinicopathological parameters, p53 immunoreactivity and
microvessel counts.

MATERIALS AND METHODS
Patients and tissue specimens
This study was carried out on 90 consecutive cases that were
selected from a series of GCs with complete clinicopathological
parameters[32,33]. Age and gender were recorded from medical
records. Routine hematoxylin-eosin staining on sections of
GC was performed to determine the depth of cancer
invasion, histological type. Modified Giemsa stains were used
to identify status of H pylori infection. The extent of tumor
invasion was further divided into early and advanced GC
according to the criteria proposed by the Japanese Research
Society for Gastric Cancer[34]. A GC is defined as early GC
if the tumor is limited to the mucosa or the submucosa and
defined as advanced GC if the tumor invades into the
muscularis propria[34]. Histological types were classified into
intestinal or diffuse type according to Lauren’s criteria[35] .
Tumor location was defined as non-cardiac for those at the
antrum and/or body and cardiac for GC located at cardia.
Immunohistochemical staining of MIF and p53 proteins
Formalin-fixed and paraffin-embedded tissues were cut into
5-µm-thick sections, deparaffinized, and then rehydrated.
Antigen retrieval was performed by microwave method and
endogenous peroxidase activity was blocked with 3% H2O2
in Tris-buffered saline (TBS). Non-specific binding was
blocked with 5% rabbit serum (DAKO, Glostrup, Denmark)
in TBS. The sections were incubated with primary antibody
against MIF (1:400, R&D System Inc., USA) or anti-p53
mouse monoclonal antibody DO-1 (IgG2 class, 1:20
dilution, Novocastra Laboratories Ltd, Tyne, UK) in TBS
containing 2% rabbit serum and 1% bovine serum albumin
overnight. This was followed by incubation with a
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biotinylated secondary antibody, peroxidase-conjugated
streptavidin and then colorization by using diaminobenzidine
as chromogen to visualize the activity. The negative controls
were performed by incubating samples without the primary
antibodies.
The extent of MIF expression was classified into negative
and positive immunoreactivity, defined as positive cytoplasmic
staining less than 10%, and more than 10% in tumor cells,
respectively. In grading of p53 expression, only nuclear
localization of immunoreactivity was evaluated. The extent
of nuclear p53 protein was classified into low and high
nuclear immunoreactivity, defined as positive nuclei less
than 10% and more than 10% in tumor cells, respectively.
The immunohistochemical analysis was performed without
the knowledge of the clinicopathological features of the
patients.
Microvessel density (MVD)
Vascularity was defined as the number of vessels per field
counted in the area of highest vascular density stained by
anti-CD34 antibody[33]. After antigen retrieval, endogenous
peroxidase was blocked with 3% hydrogen peroxide. Each
section was incubated with non-immune horse serum. The
sections were incubated in an anti-CD34 monoclonal
antibody (Santa Cruz Biotechnology, Inc., Santa Cruz, CA)
to recognize endothelium-specific antigen CD34. The
sections were incubated with biotinylated secondary
antibodies followed by peroxidase-conjugated streptavidin
complex. The peroxidase activity was visualized with
diaminobenzidine as the chromogen. At low power field
(×40), the tissue sections were screened and five areas with
the most intense neovascularization (hot spots) were selected.
The separate areas of microvessels were counted at high
power field (×200) and the mean count of the five areas
was taken as the Microvessel density (MVD) to stand for
tumor vascularity.
Statistical analysis
All statistical calculations were performed by SPSS for
Windows software (version 10.0). Age and MVD were
expressed as mean±SD and compared by Student’s t test.
Categorical data were analyzed by Fisher’s exact or 2 tests
when appropriate. A P value (two-tailed) less than 0.05 was
considered statistically significant.

RESULTS
A total of 90 GCs were enrolled. The demographic and
clinicopathological data were listed in Table 1. MIF was not
expressed in the normal gastric mucosa or metaplastic cells
that were located in the tumors adjacent to the stomach. In
stromal cells, the cytoplasm of macrophages was vividly
stained throughout. MIF immunoreactivity was observed
mainly in the cytoplasm of GC cells. A representative
example of positive and negative staining of MIF in GC
was shown in Figures 1A and B, respectively. Strong MIF
expression was noted in 36 (40%) of the 90 GCs. The
relationships between MIF expression and clinicopathological
profiles were summarized in Table 1. MIF expression was
not correlated with the parameters such as age, gender,
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H pylori infection, tumor location, histological subtypes
or lymph node metastasis. Early GCs less frequently
overexpressed MIF as compared to advanced GCs (4/20
vs 32/70, P = 0.04). Intratumoral MVD was clearly
demonstrated with CD34 immunostainings (Figure 1C).
Compared with GCs with negative MIF expression, MVD
was significantly higher in GCs with positive MIF stainings
(55.1±30.1 vs 31.3±28.8, P = 0.0001). The expression of
p53 was predominantly nuclear (Figure 1D). There was no
association between p53 and MIF immunoreactivities
(Table 1).

Table 1 Relationship of MIF expression to clinicopathological
characteristics of 90 patients with GCs
Immunohistochemical staining
MIF-positive
(n = 36)
Age (yr)
Gender
Male (n = 54)
Female (n = 36)
H pylori infection
Positive (n = 69)
Negative (n = 21)
Stage
Early (n = 20)
Advanced (n = 70)
Location
Cardia (n = 13)
Non-cardia (n = 77)
Histologic subtypes
Intestinal (n = 42)
Diffuse (n = 41)
Mixed (n = 7)
Lymph node metastasis
Positive (n = 62)
Negative (n = 28)
p53 immunoreactivity
High (n = 48)
Low (n = 42)
MVD

P

MIF-negative
(n = 54)

61.2±13.8

57.3±14.4

0.1

19
17

35
19

0.7

27
9

42
12

0.8

4
32

16
38

0.04

8
28

5
49

0.1

15
18
3

27
23
4

0.7

28
8

34
20

0.2

21
15
55.1±30.1

27
27
31.3±28.8

A

B

C

D

0.5
0.0001

Figure 1 Immunohistochemical stains of the gastric cancer patients. A:
Localization of macrophage MIF in cytoplasm of GC cells (200×); B: negative
stainings of macrophage MIF in a patient with early gastric cancer (200×); C:
intratumoral MVD demonstrated with CD3 immunostainings (200×); D: high p53
nuclear immunoreactivity in GC cells (100×).
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DISCUSSION
This study investigated MIF expression in a series of human
GCs. By immunohistochemistry, we clearly demonstrated
widespread cytoplasmic localization in 40% of GCs as
opposed to lack of expression in normal and metaplastic
mucosa. In contrast to previous studies showing that MIF
was expressed in gastric epithelia[30,31], we found no or very
weak staining of MIF in surface epithelial cells and 60%
of GCs. This discrepancy might be partially attributed to
heterogeneity of methods for analyzing MIF in different
studies. In addition, it is noteworthy that macrophages located
directly beneath the epithelial cells demonstrated strong
immunostainings of MIF. Such staining might also interfere
the interpretation of MIF expression. Taken together, our
results indicate that overexpression of MIF, similar to those
reported in other carcinomas[8-12], is observed in a substantial
portion of GCs.
Thus far, MIF expression has been studied for a variety
of carcinomas, including prostate, lung, breast, liver and
colon cancers[13-17]. These studies consistently showed the
overexpression of MIF in carcinomas compared with benign
lesions. Except for a study showing intranuclear expression
of MIF in 80% of lung cancers[10], most studies including
ours have reported cytoplasmic stainings of MIF in cancer
cells. Collectively, the aberrant production of MIF in
different tumor types suggests the potential involvement
of MIF in carcinogenesis.
Although traditionally considered to be a cytokine[4-6],
the important and previously unappreciated role of MIF in
tumorigenesis has recently attracted much attention[27,28]. It
is now well known that MIF is related to various events in
carcinogenesis such as cellular proliferation, migration, and
angiogenesis[7]. By blocking MIF with anti-MIF antibody or
anti-sense plasmid transfection, tumor cell growth and
migration was suppressed[19-21,25]. Moreover, enhanced tumor
growth and associated angiogenesis was observed in MIF
transgenic mice[28]. The investigations of mRNA and protein
expression in specimens of melanoma, non-small cell lung
cancer and hepatocellular carcinoma also confirmed that
tumor angiogenesis was correlated with MIF levels[9,15,25]. In
keeping with these observations, we found a positive
correlation between MVD and MIF expression in GCs.
However, the mechanisms of MIF in promoting angiogenesis
remain obscure. Among the various angiogenic inducers
and inhibitors identified to date, angiogenic factor such as
interleukin-8, vascular endothelial growth factor and
angiogenic CXC chemokine have been reported to positively
correlate with MIF expression [14,24,25]. Whether similar
mechanisms underlying the increased angiogenesis in GCs
and the relationship between MIF expression and angiogenic
factors remains to be further clarified.
Although many in vitro studies have highlighted the critical
role of MIF in tumor progression and angiogenesis[19-22] ,
few data regarding MIF expression in the different
clinicopathological profiles of malignancies remain[8-11]. We
detected a higher frequency of MIF expression in advanced
GCs compared with early GCs. Our results indicate that
MIF could be upregulated in gastric epithelial cells during
GC progression and that it could be relevant to the
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acquisition of deeper depth of invasion. This is in agreement
with data demonstrating that increased MIF expression is
significantly correlated with an aggressive phenotype in
prostate cancer and melanoma[8,9]. Previous studies of other
tumor types have yielded conflicting results concerning the
association between MIF expression and histological grade,
nodal metastasis and prognosis[13-17]. Our study revealed that
MIF expression in GCs did not significantly differ between
histological subtypes, tumor location, and lymph node
metastases. Enhancement of MIF has been reported to be
associated with minimal nodal spread and a favorable
prognosis in breast cancer[13] . In colon cancers, Legendre
et al [17] , have reported that MIF reactivity in connective
tumor tissues might determine the prognosis; although the
expression in epithelial tumor tissues showed no significance
for Duke grade and prognosis. In contrast to most studies
showing that MIF was present in the cytoplasm of cancer
cells, intranuclear staining of MIF was demonstrated in lung
cancer and could predict a good prognosis[10]. However, an
aggressive phenotype characterized by the presence of
dedifferentiation and metastasis was found in prostate
cancers[8,11] . We speculated that tissue-specific effect and
expression site of MIF might contribute to these discrepant
observations. Obviously, the relationship between MIF
expression and clinicopathological characteristics of
malignancies has to be confirmed in different tumor types.
Recent epidemiological studies have confirmed that
H pylori infection is associated with an increased risk of
GC. As both MIF and H pylori are found at sites of
inflammation, it is intriguing to investigate whether H pylori
could influence the status of MIF expression. No significant
association was found between H pylori infection and MIF
expression in the current study. Since our results implicate
that the role of MIF predominated in tumor progression,
these observations appear to be consistent with the notion
that H pylori participates in gastric carcinogenesis mainly in
the initiation stage[1,2]. Nevertheless, further in-depth studies
of the aberrant expression of MIF in vitro or in vivo models
of GCs and H pylori infection are needed.
p53 plays a pivotal role via different route and control
multiple downstream pathways in tumorigenesis. Prompted
by studies on experimental cell lines and animal models
suggesting that MIF could inactivate p53[18,29], we investigated
a possible association between p53 and MIF expression.
We did not find a significant correlation between p53 nuclear
immunopositivities and MIF expression. It is noteworthy
that this did not mean that the function of p53 was not
related to MIF since p53 immunostainings are not equal to
its dysfunction. Recently, Hudson et al[18], have shown that
MIF is capable of inhibiting several p53 function despite
there being no obvious difference in p53 protein localization
or protein abundance with MIF treatment. Further studies
are mandatory to elucidate the interaction between p53 and
MIF.
In conclusion, immunohistochemical expression of MIF
and its clinicopathological significance were assessed in a
series of GCs. Our work provides evidence-linking MIF
with tumor progression and enhanced angiogenesis in gastric
carcinogenesis, but the mechanisms of the aberrant expression
in GCs and how MIF acts to promote tumorigenesis remains
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to be further elucidated.
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Abstract
AIM: Persistent hepatitis B virus (HBV) infection is
characterized by a weak CD8+ T cell response to HBV.
Immunotherapeutic strategies that overcome tolerance
and boost these suboptimal responses may facilitate viral
clearance in chronically infected individuals. Therefore,
we examined whether CD25+CD4+ regulatory T (Treg)
cells might be involved in a inhibition of CD8+ T cell priming
or in the modulation of the magnitude of the ‘peak’ antiviral
CD8+ T cell response primed by DNA immunization.
METHODS: B10.D2 mice were immunized once with
plasmid pCMV-S. Mice received 500 g of anti-CD25 mAb
injected intraperitoneally 3 d before DNA immunization
to deplete CD25+ cells. Induction of HBV-specific CD8+ T
cells in peripheral blood mononuclear cells (PBMCs) was
measured by S28-39 peptide loaded DimerX staining and
their function was analyzed by intracellular IFN- staining.
RESULTS: DNA immunization induced HBV-specific CD8+
T cells. At the peak T cell response (d 10), 7.1±2.0% of
CD8+ T cells were HBV-specific after DNA immunization,
whereas 12.7±3.2% of CD8+ T cells were HBV-specific in
Treg-depleted mice, suggesting that DNA immunization
induced more antigen-specific CD8+ T cells in the absence
of CD25+ Treg cells (n = 6, P<0.05). Similarly, fewer HBVspecific memory T cells were detected in the presence of
these cells (1.3±0.4%) in comparison to Treg-depleted
mice (2.6±0.9%) on d 30 after DNA immunization (n = 6,
P<0.01). Both IFN- production and the avidity of the
HBV-specific CD8+ T cell response to antigen were higher
in HBV-specific CD8+ T cells induced in the absence of

Treg cells.
CONCLUSION: CD25+ Treg cells suppress priming and/or
expansion of antigen-specific CD8+ T cells during DNA
immunization and the peak CD8 + T cell response is
enhanced by depleting this cell population. Furthermore,
Treg cells appear to be involved in the contraction phase
of the CD8+ T cell response and may affect the quality of
memory T cell pools. The elimination of Treg cells or their
inhibition may be important in immunotherapeutic strategies
to control HBV infection by inducing virus-specific cytotoxic
T lymphocyte responses in chronically infected subjects.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Cytotoxic T lymphocytes (CTLs) contribute to the control
of hepatitis B virus (HBV) infection by killing infected cells
and by inhibiting viral replication[1-3]. Acutely infected patients
exhibit a vigorous, polyclonal and multispecific CTL
response to the viral proteins sufficient to clear the infection,
whereas chronically infected patients produce a weak or
undetectable CTL response to HBV[4-6]. The mechanisms
responsible for T cell hyporesponsiveness or tolerance to
HBV proteins in patients with chronic HBV infections
are not completely understood. The knowledge of the
factors contributing to hyporesponsiveness may influence
immunotherapeutic regimens (e.g., vaccines) designed to
overcome immunological tolerance and thereby, terminate
persistent viral infections.
Effective prophylactic and/or therapeutic vaccines
directed against viral infections should establish a long-lasting
antiviral effector/memory CD8+ T cell response. Genetic
vaccination, i.e., DNA vaccines, is one of the most potent
techniques for priming MHC class I-restricted CD8+ T cell
responses[7,8]. Major advantages of DNA vaccines include
their flexibility and their ability to induce protective
immunity in multiple animal models and humans [7,8].
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However, DNA vaccines alone do not induce responses as
strong as conventional vaccines, i.e., live or attenuated.
Consequently, efforts to enhance the immunogenicity of
DNA vaccines are warranted. In DNA vaccination, plasmid
DNA is injected and transiently expressed in cells of the
skin or muscle. We previously reported the priming of class
I-restricted CD8+ T cell responses to the hepatitis B surface
antigen (HBsAg) by the intramuscular inoculation of
expression plasmid DNA [9]. In the current study, we
employed DNA immunization in H-2 d mice which
primes CD8 + T cell responses to the Ld-binding peptide
IPQSLPSWWTSL (residue 28-39) as a representative antigen.
The primary response to antigen consists of a massive
burst of naïve CD8 + T cells followed by a contraction of
the antigen-specific T cell population. The majority of
antigen-specific T cells undergo apoptosis, while the stable
memory population survives. Efficient vaccines should
induce as large an effector T cell population as possible
since the burst size determines the number of memory T
cells[10]. Although expansion can be initiated by brief contact
with antigen, but other factors may control the magnitude
of the CD8+ T cell response[11-13]. The extent to which other
factors contribute to the optimization of the CD8+ T cell
response is unresolved.
CD25+CD4+ regulatory T (Treg) cells have been shown
to negatively regulate CD8 + T cell responses [14,15]. For
example, both immunopathological and protective immune
responses to intracellular parasites and viruses are affected
by CD25+CD4+ Treg cells[16-19]. Therefore, we hypothesized
that CD25+CD4+ Treg cells may contribute to the inhibition
of CD8 + T cell priming and that the elimination of Treg
cell suppression may modulate the magnitude of the ‘peak’
antiviral CD8+ T cell response primed by DNA immunization.

MATERIALS AND METHODS
Animals
Specific pathogen free, male B10.D2 mice were purchased
from SLC Japan (Shizuoka, Japan). All animal procedures
described in this study were approved by the institutional
animal care and use committee and performed according
to the guidelines for animal experiments of Tokyo Medical
University.
Peptide, plasmid, and virus
A peptide corresponding to a known H-2d restricted HBsAgspecific CTL epitope (S28-39; IPQSLDSWWTSL) was
synthesized (Sigma Genosis, Ishikari, Japan). A plasmid
(pCMV-S) that expresses HBsAg under the transcriptional
control of the CMV immediate early promoter was kindly
provided by Aldevron (Fargo, ND)[20].
DNA immunization
Mice were immunized once with plasmid pCMV-S; 50 µg
of plasmid DNA was injected into regenerating tibialis
anterior muscles 5 d after the injection of cardiotoxin[20] .
Ten days after the immunization, HBV-specific CD8 + T
cells in the peripheral blood mononuclear cell population
(PBMCs) were examined for the induction of HBV-specific
CD8+ T cells.
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CD25+CD4+T cell depletion
Anti-CD25 IL-2R mAb from hybridoma PC61 (ATCC)
was used to deplete CD25+ cells. In vivo depletion was
performed using a modification of the procedure of
Onizuka et al[21]. Mice received 500 g of anti-CD25 mAb
injected intraperitoneally (IP) 3 d prior to DNA immunization.
Immediately before vaccination, blood was collected and
the PBMC population was analyzed to confir m the
elimination of CD25+CD4+ T cells.
Flow cytometry analysis
PBMCs were washed twice in phosphate-buffered saline
(PBS) containing 1% BSA and 0.02% sodium azide.
Nonspecific antibody binding to the Fc receptor was blocked
by preincubating the cells in culture media supernatant
from the hybridoma cell line 2.4G2 (HB-197 [American
Type Culture Collection]). Cells were incubated in the
presence of the relevant mAb (0.5 g/106 cells) for 30 min
at 4 ℃ and washed twice. Multicolor flow cytometry
analysis was performed using a BD LSR II and the data
were analyzed using CELLQuest software (Becton Dickinson
Immunocytometry Systems). The following reagents and
mAbs were obtained from BD Biosciences Pharmingen
(San Diego, CA): fluorescein-isothiocyanate (FITC)- and
phycoerythrin (PE)-conjugated anti-CD4 mAb GK1.5,
FITC-, PE- and allophycocyanin (APC)-conjugated anti-CD8
mAb 53-6.7 and APC-conjugated anti-CD25 mAb 7D4.
DimerX Recombinant Soluble Dimeric Mouse H-2Ld Ig
(BD Pharmingen) was used to detect HBV-specific CD8+
T cells. S28-39 peptide was loaded on DimerX according
to the manufacturer’s instruction. Cells were incubated with
FITC-conjugated anti-CD8 mAb and S28-39 peptide
loaded DimerX for 2 h at 4 ℃ and washed twice. Cells
were subsequently incubated with PE-conjugated anti-mouse
IgG1 mAb A85-1 mAb (BD Pharmingen) for 30 min at 4 ℃,
washed twice and analyzed by multicolor flow cytometry.
Intracellular IFN- staining
PBMCs and spleen cells (5×105) were cultured in 200 L
of RPMI medium in the presence or absence of S28-39
peptide (1 g/mL) in 96-well round-bottom plates. Fifty
units per milliliter of human recombinant interleukin-2 and
brefeldin A (1 g/mL) were added to the cultures. After 5 h,
the cells were harvested, washed in PBS (containing 1%
BSA and 0.02% sodium azide), and incubated for 20 min
on ice with culture supernatant from the hybridoma cell
line 2.4G2. The cells were surface stained with FITCconjugated monoclonal anti-mouse CD8 mAb for 20 min
on ice. After washing to remove unbound antibody, the
cells were stained with APC-conjugated anti-mouse IFN-
antibody (clone XMG1.2) and its isotype control antibody
(rat IgG1) using a Cytofix/Cytoperm kit (BD Pharmingen)
and analyzed by flow cytometry.
Statistical analysis
Student’s t-test was used to compare the frequency of HBVspecific CD8+ T cells between groups. Statistical analyses
were performed with JMP Software, version 5.1.1J (SAS
Institute Inc., Cary, NC). P values less than 0.05 were
considered to be indicative of a statistically significant
difference.
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RESULTS
In vivo depletion of CD25+CD4+ population
Naturally occurring Treg cells constitutively express IL-2R
(CD25) and represent 5-10% of peripheral blood CD4 +
cells in mice[22-24]. Since previous studies showed that antiCD25 mAb depletes CD25+ cells in vivo, we injected 0.5 mg
of anti-CD25 mAb IP into B10.D2 mice[21]. Three days
later flow cytometry confirmed the extent of CD25 + cell
depletion, i.e., 8.5±0.3% to 1.0±0.1% (Figure 1). The
percentage of peripheral blood CD25+CD4+ T cells remained
below 2% for more than 4 wk after anti-CD25mAb
treatment (P<0.01 vs anti-CD25 mAb(-) group).
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Figure 1 Injection of anti-CD25 mAb results in selective loss of CD25+ cells.
Mice (six mice per group) were injected with 500 g of anti-CD25 mAb (PC61)
and analyzed by flow cytometry at the indicated days after treatment.
Representative responses of PBMCs from one mouse are shown (A). Data
are expressed as a percentage of CD25+CD4+ cells in the CD4 + cell population
in peripheral blood. Three experiments were performed with similar results
(B). Data are shown as the mean±SD of six mice tested individually n = 6.

DNA immunization induced HBV S28-39 specific CD8+ T cells
in mice
We immunized B10.D2 mice (six mice per group) by
intramuscular injection of 100 g of pCMV-S. Ten days
after DNA immunization at the peak of the primary T cell
response, PBMCs were examined for the induction of HBVspecific CD8 + T cells by S28-39 peptide loaded DimerX
staining (Figure 2A). As shown in Figure 3A, 7.1±2.0% of
the CD8 + T cell population was positive suggesting that
DNA immunization induced HBV S28-39 specific CD8 +
T cells in these animals.
In vivo depletion of CD25+CD4+ cells enhanced the development
of HBV S28-39 specific CD8+ T cells after DNA immunization
In order to test whether or not Treg cells control the
induction and/or expansion of the antigen-specific T cell
population following DNA immunization in vivo, Treg cells
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were depleted by IP injection of anti-CD25 mAb (500 g).
Three days later the PBMC population was analyzed to
confirm the elimination of CD25+CD4+ T cells (Figure 1).
Mice exhibiting CD25+ cell depletion were further immunized
with 100 g of pCMV-S DNA. Ten days after DNA
immunization, the induction of S28-39 specific CD8 + T
cells was measured in the PBMC population using S28-39
peptide loaded DimerX. As shown in Figures 2 and 3A,
12.7±3.2% of the CD8+ T cells in anti-CD25 mAb-treated
mice were specific for HBV S28-39 peptide. These data
suggest that DNA immunization induced more antigenspecific CD8 + T cells in the absence of CD25 + T cells
and/or that the expansion of the HBV S28-39 specific T
cell population was greater in the CD25 + depleted mice
than in the non-depleted animals, i.e., 7.1±2.0%, n = 6,
P<0.05. These results suggest that CD25+ Treg cells suppress
priming and/or expansion of antigen-specific CD8+ T cells
in DNA immunization and that the peak CD8 + T cell
response can be enhanced by the depletion of this cell
population.
Effect of CD25+CD4+ cells on the contraction of the HBVspecific CD8+ T cell response induced by DNA immunization
We observed a marked expansion of the HBV-specific CD8+
T cell population 10 d after DNA immunization. This should
be followed by a subsequent contraction of antigen-specific
T cell population. This process is critical for the generation
of stable memory cells. In order to assess the efficacy of
this process, we compared the HBV-specific CD8 + T cell
response in CD25 + depleted and non-depleted mice 30 d
after DNA immunization (Figures 2 and 3B). As expected,
twice as many HBV-specific CD8 + T cells were observed
in CD25 + depleted animals compared to non-depleted
animals (n = 6, P<0.01). The frequency of HBV S28-39
specific CD8+ T cells decreased from 7.1±2.0% to 1.3±0.4%
in the control animals by d 30, suggesting that 17.7% of
the HBV S28-39 specific CD8+ T cells survived as memory
T cells. In contrast, the CD25+ depleted mice exhibited a
five-fold decrease between d 10 and 30, i.e., 12.7±0.3% vs
2.6±0.9% in the CD8 + T cell population. Approximately
20.5% of the HBV S28-39 specific CD8+ T cell population
remained in the CD25+ depleted mice, suggesting that survival
ratio of antigen-specific T cells was comparable in the
presence and absence of these regulatory cells during the
contraction phase.
Functional analysis of HBV S28-39 specific CD8+ T cells during
the peak CTL response
PBMCs were harvested and stimulated with S28-39 peptide
in order to examine cytokine production by S28-39 specific
CD8 + T cells following DNA immunization (Figures 2B
and 3). In the control mice, 6.1±0.6% of the CD8+ T cells
produced IFN-, suggesting that 90.6% of the HBV S28-39
specific CD8 + T cells were functional. In the CD25 +
depleted mice, 10.7±3.6% of the CD8 + T cells produced
IFN- on d 10 following DNA immunization suggesting that
almost all of the HBV S28-39 specific CD8+ T cells (88.3%
of DimerX positive cells) produced IFN- (Figure 3A).
Therefore, HBV-specific CD8 + T cells induced by DNA
immunization were equivalent with respect to cytokine
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Figure 2 Flow cytometry analysis to detect HBV-specific CD8 T cells. Mice
(six mice per group) were immunized by HBV plasmid DNA with or without antiCD25 mAb treatment to eliminate CD25+ cells. PBMCs were harvested and the
presence of HBV-specific CD8+ T cells were examined by flow cytometry on
the 10 and 30 d after DNA immunization. A: HBV-specific CD8+ T cells were
detected by S28-39 peptide loaded DimerX staining. Peptide unloaded empty

DimerX was used as a control. B: Intracellular IFN- staining was performed to
detect functional HBV S23-39 specific CD8 + T cells. PBMCs were incubated
with 1 g/mL of S28-39 peptide for 6 h and stained for the production of IFN-.
Three experiments were performed with similar results. Representative responses
of PBMCs from one mouse are shown in each panel.

production at the peak of the T cell response regardless of
the presence or absence of CD25+CD4+ Treg cells.
Some of the antigen-specific T cells lost their effector
functions during the contraction phase. In the control mice,
0.8% of CD8 + T cells produced IFN- in response to
S28-39 peptide and 1.3±0.4% of these cells were DimerX
positive, suggesting that -66% of the HBV S28-39 specific

T cells were functional (Figure 3B). In contrast, -70% of
the HBV S28-39 specific T cells were functional by d 30 in
the CD25 + depleted mice, i.e.,1.7% IFN- positive and
2.6% DimerX positive (Figure 3B). These results suggest
that antigen-specific T cells maintain their cytokine producing
capacity during the contraction phase regardless of the
presence or absence of CD25+CD4 + Treg cells.
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16
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4
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Figure 3 Frequency of HBV-specific CD8+ T cells induced by DNA immunization.
The frequency of S28-39-specific CD8+ T cells was detected by DimerX staining
and intracellular IFN- staining as described in Figure 2. The data (mean±SD of

Anti-CD25 mAb (-) Anti-CD25 mAb (+)

PBMCs from six mice) show the percentages of DimerX positive or IFN-
producing cells in the CD8+ cell population (A and B). The data presented are
representative of three individual experiments n = 6.
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T cell avidity induced in the absence of CD25+CD4+ Treg cells
The avidities of HBV S28-39 specific CD8 + T cells were
compared in a peptide dose titration experiment monitoring
IFN- secretion after stimulation with epitope peptides
(Figure 4). PBMCs were harvested 40 d after DNA
immunization and incubated in the presence of S28-39
epitope (10-12 to 10-6 mol/L) for 6 h. HBV-specific CD8+ T
cells induced in both control and CD25 + depleted mice
displayed 50% of maximal IFN- production at a peptide
concentration of 3×10 -9 mol/L. These data suggest that
the avidities of HBV-specific CD8+ T cells induced by DNA
immunization were comparable in control and CD25 +
depleted animals. Interestingly, CD8 + T cells only in the
CD25 + Treg cell depleted mice were able to respond to
S28-39 peptide at as low as 10 -11 mol/L, suggesting that
CD8+ T cells with higher avidity can be induced by DNA
immunization only in the absence of CD25+CD4+ Treg cells.

anti-CD25 mAb (-)

%IFN- +/CD8 +

2.0

anti-CD25 mAb (+)

1.5
1.0
0.5
0.0
10 -6

10 -7
10 -8
10 -9
10 -10
10 -11
Concentration of S28-39 peptide (mol/L)

10 -12

Figure 4 Functional avidity of S28-39-specific CD8+ T cells. The functional
avidities of the HBV S28-39-specific CD8 + T cells were compared in a peptide
dose titration experiment and the ability to secrete IFN- upon stimulation with
S28-39 peptides was determined. PBMCs from six mice were pooled and
incubated for 6 h with indicated concentrations of S28-39 peptide and stained for
CD8 and IFN-. The data show percentages of IFN- producing cells in the
CD8+ cell population.

DISCUSSION
The intensity of many immune inflammatory reactions is
subject to control by Treg cells[25]. Although initial studies
focused on organ-specific autoimmunity, immunopathological
reactions to foreign antigens are also influenced by Treg
cells[16,26,27]. This report assessed the role of CD25 +CD4 +
Treg cells in regulating the T cell response to DNA
immunization and their effect on the development of
antigen-specific memory T cells.
We demonstrated that the magnitude of a T cell response
to DNA immunization is subject to control by CD25+CD4+
Treg cells. Depleting Treg cells with anti-CD25 mAb prior
to DNA immunization significantly enhanced the CD8+ T
cell response to the S28-39 peptide. Furthermore, CD25+
Treg-depleted mice exhibited a 50% increase in the peak
CD8 + T cell response following DNA immunization
(Figure 2). Consequently, more HBV-specific memory
CD8+ T cells were produced in CD25+ Treg-depleted mice.
The ability of T cells to secrete IFN- following antigen
stimulation was equivalent between CD25+ Treg depleted
and control mice. More importantly, HBV-specific CD8 +
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T cells exhibiting high functional avidity were induced in
the absence of CD25+ Treg cells by DNA immunization to
a greater extent than were control cells.
A brief exposure to antigen is sufficient for naïve CD8+
cytotoxic T cell precursors to initiate the process that
culminates in multiple rounds of cell division and leads to
the acquisition of effector function and the creation of a
memory T cell pool[11-13]. However, this does not mean that
the program is entirely independent of extrinsic regulatory
factors, but only that the TCR on CD8 + T cells does not
require further association with foreign antigen to initiate
this cascade of events. Other factors may contribute to the
optimization of the CD8 response, but they remain
unidentified. These observations provide a potential
opportunity to intervene in this sequence of events in order
to enhance vaccine efficacy. In this study, we demonstrated
that Treg cells contribute to the regulation of the magnitude
of the CD8+ T cell response and, therefore, the depletion
of this cell population may permit the modulation of this
process.
Our data may have an impact on vaccine development
since effective immunotherapies capable of terminating
chronic viral infections are still unavailable. Viral antigens
expressed during the chronic carrier stage provide ideal
targets for antigen-specific immunotherapy. However,
immunotherapy for established chronic infections does not
yet have widespread clinical applicability. The marked
differences in the success of prophylaxic vs therapeutic
vaccines reflect the fact that pathogens have developed
mechanisms to avoid recognition and elimination by the
immune system. The induction of antigen-specific tolerance
via normal tolerogenic pathways is the mechanism utilized
by viruses to avoid recognition. It is reported that the
expression of viral antigen itself plays an active role in the
induction of antigen-specific tolerance[9]. Reactivation and
expansion of residual antigen-specific T cells that are either
of low affinity or specific for epitopes presented at low
density are of particular importance in the design of
therapeutic vaccines targeted at patients with existing
infections[9]. Conventional strategies that deliver antigens by
vectors are not effective, since high levels of pre-existing
antigen impair T cell responses. Efficient antiviral requires
that the patient’s antigen levels are sufficiently diminished
long enough to permit (a) thymic production of high affinity
antigen-specific T cells and (b) peripheral T cells to survive
and display full antiviral effector function. We have
demonstrated that DNA immunization in conjunction with
anti-CD25 mAb depletion of Treg cells induced HBVspecific CD8+ T cells with high avidity TCR that recognize
diminished expression of viral antigen. Furthermore, our
study clearly demonstrates that DNA immunization with
anti-CD25 mAb treatment increases the magnitude of the
HBV-specific CD8 + T cell response. More HBV-specific
CD8+ T cells were induced and they exhibited a higher avidity
to antigens. Expansion of the HBV-specific CD8 + T cell
population resulted in more memory T cells in Treg celldepleted animals. Although it remains to be elucidated
whether this vaccine protocol can overcome T cell tolerance
in chronically HBV infected individuals, our data encourage
the development of immunotherapeutic regimens for
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chronic HBV infection. Novel vaccine strategies that may
help T cells regain their responsiveness and full effector
function may be achieved by depleting the Treg cell population
and/or suppressing their function.
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Abstract
AIM: To determine whether diminished levels of epidermal
growth factor (EGF) were present in neo-natal rats with
intestinal injury and related with the degree of intestinal
injury, so we modeled a model in neo-natal rats of intestinal
injury and to examine the dynamic levels of EGF on injury
of intestine.
METHODS: One-day-old Wistar rat pups received an
intraperitoneally injection with 4 mg/kg lipopolysaccharide
(LPS), followed by collection of ileum tissue at 1, 3, 6, 12,
and 24 h following LPS administration. The ileum was for
histological evaluation of NEC and for measurements of
EGF using ABC-ELISA. The correlation between the degree
of intestinal injury and levels of EGF was determined.
RESULTS: The LPS-injected pups also showed a significant
increase in injury scores at 1, 3, 6, 12, and 24 h [respectively,
(1.08±0.61), (1.63±0.84), (1.95±0.72), (2.42±0.43)
and (2.21±0.53)] vs the control (0.12±0.17) (P<0.01).
EGF levels at 1, 3, 6, 12 h [respectively, (245.6±49.0),
(221.4±39.0), (223.4±48.1), (246.0±46.6)] pg/mg were
significantly loss than the control (275.6±50.4) pg/mg
(P<0.05). There was a significant negative correlation
between the EGF levels and the grade of intestinal injury
within 24 h (P<0.05).
CONCLUSION: Neo-natal rats with intestinal injury have
significantly lower levels of ileum EGF. Reduced levels of
this growth factor might be related to the pathogenesis
of NEC.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Necrotizing enterocolitis (NEC) is a common and devastating
gastrointestinal condition of premature infants[1]. The etiology
of NEC appears to be multifactorial, with prematurity,
enteral feeding of formula, intestinal hypoxia/ischemia, and
bacterial colonization recognized as major risk factors[2,3].
These components probably act in concert to upset an
already immature and delicate intestinal mucosal barrier[4].
In spite of extensive epidemiological, clinical, and basic
research, the pathogenesis of NEC is not completely
understood and there is no effective preventative treatment
for this disease[5].
Epidermal growth factor (EGF) is a heat stable 53-amino
acid peptide, which is secreted into the gut lumen by the
Salivary glands, Brunner’s glands of the duodenum, kidneys
and also by the ulcer-associated cell lineage (UACL)[6,7]. EGF
has both trophic and maturational effects on intestinal
mucosal[8,9]. Previous studies suggest an important role for
EGF insufficiency in the pathogenesis of NEC. These include
decreased salivary and serum EGF levels in premature
infants with NEC[10,11], gastrointestinal abnormalities that
closely resemble NEC in EGF receptor (EGFR) knockout
mice[12] and successful treatment with intravenous EGF of
an 8-mo-old child diagnosed with NEC-like symptoms[13].
Moreover, Dvorak et al[14], established that supplementation
of enteral formula feedings with EGF dramatically
decreases the development and severity of NEC-like injury
in the neonatal rat model. These results led us to ask whether
reduced EGF might be associated with NEC in human
preterm infants.
The aim of the present study was thus to determine the
dynamic change of EGF in neo-natal rat with intestine injury,
and to define whether NEC is associated with the levels
EGF from the mucosa of the affected intestine tissue.
MATERIALS AND METHODS
Animal Model
The experiment was approved by the Second Affiliated
Hospital of China Medical University. One-day-old Wistar
rats (mean weight, 6.25±0.77 g) were given an intraperitoneally
(IP) injection of 4 mg/kg E.coli O 55 : B 5 endotoxin
(lipopolysaccharide (LPS); Sigma Chemical Co., St. Louis,
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Mo) or similar volume saline [15]. All pups were killed
respectively at 1, 3, 6, 12, and 24 h after receiving LPS IP
and the control pups were killed at 1 h after saline IP. The
pups were excluded from the study were those that died
before collection of the specimens.
NEC evaluation
After the rats were killed, the gastrointestinal tract was
carefully removed, a 2-cm segment of distal ileum 4-cm
proximal to the ileocecal valve from each animal was fixed
in 4% parafarm, paraffin-embedded, microtome-sectioned
at 5 µm, and stained with hematoxylin and eosin for
histologic evaluation of NEC. Lesions were graded by a
blinded observer and were assigned a NEC score on a scale
of 0-4 as follows: 0 = normal, intact villous epithelium with
normal histology; 1 = mild villous edema, with epithelial
sloughing confined to the tips of the villi; 2 = mild midvillous
necrosis; 3 = moderate midvillous necrosis, with crypts still
readily detectable; and 4 = severe necrosis of entire villi
with complete absence of epithelial structures[16].
Epidermal growth factor assay
At the time of death, the rest of the ileum from the control
and LPS-injected neo-natal rats was rapidly frozen in liquid
nitrogen for measurements of EGF levels. The ileums were
stored at -80 ℃ until the time of the assays. Levels of
EGF in ileum tissue were determined using ABC-ELISA as
provided in kit form (Biosource International Inc, Belgium).
The instructions of the manufacturer were followed. The
protein content in each sample was estimated according to
the method of Read et al[17], (the kit from Nanjing Jiancheng
Bioengineering Institute, China). All samples were run in
duplicate by an investigator who was blinded as to LPSinjected or control groups. The results were shown as EGF
pg/mg protein of ileum tissue.
Statistical analysis
All the values were expressed as the mean±SE. When P
was less than 0.05, the difference was considered statistically
significant. Paired-Samples t test was used to check the
differences between groups. The degree of correlation was
described using the Spearman’s rank-correlation test.
Software SPSS 11.5 For Windows was used in all statistical
tests.

RESULTS
Ileal EGF levels
Forty rats (8 per time point) with intestinal injury were
entered into the study and eight rats served as control. The
levels of EGF were significantly lower in the LPS-injected
pups at 1, 3, 6, and 12 h than in the control pups. The
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concentration of EGF began to decrease to the minimum
by 3 h after LPS-injected. No significant difference was
noted between the LPS exposure pups at 24 h and the control
pups (Table 1).
Incidence and severity of NEC
Using the histologic scoring system, tissues with histologic
scores 2+ or greater were designated positive for NEC. In
the LPS-injected group, 50.5% (21/40) showed significant
(P<0.01) pathologic changes in ileal structure characterized
as moderate (2+), severe (3+), or full necrosis (4+) versus
only 0% (0/8) incidence of NEC in the control group. The
degree of ileal damage was also significantly (P<0.01)
increased in the LPS-injected versus the control group, with
a median NEC score of 1.08±0.61, 1.63±0.84, 1.95±0.72,
2.42±0.43, and 2.21±0.53, respectively. The median for NEC
damage in control animals was 0.12±0.17. Spearman’s rank
correlation analyses showed that lower EGF concentrations
correlate with increased severity of NEC (r = -0.547, P<0.01).

DISCUSSION
In the current study, we have measured substantially lower
levels of EGF in the ileum tissue with complicated intestinal
injury, when compared with a cohort of control rats. These
findings offer a potential role for a deficiency of EGF in
the initiation or progression of NEC. There was a significant
negative relationship between the levels of EGF and the
degree of intestinal injury. These results confirm that
decreased levels of EGF of the ileum result in a dramatic
augment of the incidence and severity of NEC.
NEC is the most common seriously acquired gastrointestinal
tract problem in neonatal intensive care units, with reported
mortality of 10-30%[18]. Furthermore, the severity of NEC,
as per the modified Bell’s classification as well as mortality,
seems to be inversely related to birthweight and gestational
age, with a report of even 100% mortality in infants with
birth-weights less than 1 000 g and gestational ages less
than 28 wk[19]. The reasons for a predilection for prematurity
are unclear, but an immature mucosal barrier and immune
response likely contribute to the premature neonates’
susceptibility[14]. EGF is acid-stable and trypsin- resistant,
allowing it to survive passage through the gastrointestinal
tract and to act directly on the intestinal cells [20]. The
predominant effects of EGF on the gastrointestinal tract
have been reported and include suppression of gastric acid
secretion, gastric cytoprotection; stimulation of intestinal
DNA synthesis and cell division; regulation of intestinal
brush-border disaccharidase activities; increased water,
glucose, and sodium absorption; increased cellular calcium
concentration; activation of ion transport and modulation
of prostaglandin synthesis and secretion [6,21-23]. These studies

Table 1 EGF levels of ileum of neonatal rats (n = 8, pg/mg)
Control group
EGF
a

275.6±50.4

LPS group
1h

3h

6h

12 h

24 h

245.6±49.0a

221.4±39.0b

223.4±48.1b

246.0±46.6b

240.8±34.6

P<0.05, bP<0.01 vs compared with control group, respectively.
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suggested that EGF plays an important role in fetal or
postnatal intestinal growth and development.
Experimental evidence supports a role for EGF on gut
maturation and protection during development; EGF leads
to increased growth of the gastric mucosa in neonatal rats,
and inactivation of the EGFR in knockout mice results in
a hemorrhagic enteritis that is similar to NEC[12,24-26].
The first report relating EGF and intestinal necrosis was
reported in England, where an 8-mo-old child with intestinal
necrosis similar to NEC, that serial biopsies showed
significant increase in crypt cell proliferative activity in
association with marked recovery of the surface epithelium,
was successfully treated with continuous infusion of EGF[13].
Scott et al [27], have shown significant elevation of urinary
EGF levels in neonates at the time of the development of
NEC that they suggest might result from increased
absorption of EGF through the damaged intestinal mucosal.
Furthermore, markedly diminished serum and salivary
EGF levels have been reported in premature infants with
NEC[10,11]. These studies suggested that administration of
exogenous EGF might provide an effective means to
prevent or treat this disease. Therefore, supplementation
of a higher dose of EGF into milk formula can protect
EGF against this inherent proteolytic degradation in the
stomach and small intestine and improve the efficiency of
injury treatment during the perinatal period of life[14].
The mechanisms underlying the protective effects of
EGF in injured mucosal are not clearly understood. However,
the involvement of the EGFR in the biological action of
EGF has been extensively studied[28]. Various studies in the
past have described the appearance of EGFR in the human
digestive tract between the 12th and 17th wk of gestation[29-31].
EGFRs are present throughout the gastrointestinal tract on
the basolateral membrane, which may be more accessible
in the preterm intestine with increased permeability[30,31] .
It promotes intestinal growth and stimulates intestinal
repair[12,31,32]. The EGFR is activated through phosphorylation
by prostaglandin PGE 2 producing a large number of
downstream events that can stimulate growth-related signal
transduction to regulate the cell cycle and enhance cell
proliferation[33-36].
Our present study provides, for the first time, the
decreased levels of EGF in damaged ileum indicate that
offers a potential role for a deficiency of EGF in the initiation
or progression of NEC. Moreover, the development of
NEC has effect on the endogenous production of EGF in
damaged ileum.
In conclusion, the degree of NEC is associated with the
decreased levels of EGF that may support the possibility
of using exogenous administration of EGF for prophylaxis
or treatment of this condition.
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This approach offers new promise for the curative treatment
of the patients with metastatic breast cancer.

Abstract

http://www.wjgnet.com/1007-9327/11/3782.asp

AIM: Liver metastases from breast cancer (BCLM) are
associated with poor prognosis. Cytotoxic chemotherapy
can result in regression of tumor lesions and a decrease in
symptoms. Available data, in the literature, also suggest a
subgroup of patients may benefit from surgery, but few talked
about transcatheter arterial chemoembolization (TACE).
We report the results of TACE and systemic chemotherapy
for patients with liver metastases from breast cancer and
evaluate the prognostic factors.
METHODS: Forty-eight patients with liver metastases,
from proved breast primary cancer were treated with TACE
or systemic chemotherapy between January 1995 and
December 2000. Treatment results were assessed according
to WHO criteria, along with analysis of prognostic factors
for survival using Cox regression model.
RESULTS: The median follow-up was 28 mo (1-72 mo).
Response rates were calculated for the TACE group
and chemotherapy group, being 35.7% and 7.1%,
respectively. The difference was significant. The one-,
two- and three-year Survival rates for the TACE group
were 63.04%, 30.35%, and 13.01%, and those for the
systemic chemotherapy group were 33.88%, 11.29%,
and 0%. According to univariate analysis, variables
significantly associated with survival were the lymph node
status of the primary cancer, the clinical stage of liver
metastases, the Child-Pugh grade, loss of weight. Other
factors such as age, the intervals between the primary to
the metastases, the maximal diameter of the liver
metastases, the number of liver metastases, extrahepatic
metastasis showed no prognostic significances. These
factors mentioned above such as the lymph node status
of the primary cancer, the clinical stage of liver metastases,
the Child-Pugh grade, loss of weight were also independent
factors in multivariate analysis.
CONCLUSION: TACE treatment of liver metastases from
breast cancer may prolong survival in certain patients.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Breast carcinoma is the most common malignancy-affecting
women in the US and China, and it is the most common cause
of cancer mortality in their population[1]. Approximately 50%
of all women diagnosed with breast carcinoma develop
metastatic disease and for these patients, the average survivaltime from the time of diagnosis of metastatic breast carcinoma
ranges from approximately 18-30 mo. Liver metastases
developed in approximately half of all women with
metastatic breast cancer and are typically associated with
poor outcome[2]. In these circumstances, the primary goal
of therapy is palliation and treatment usually involve chemotherapeutic agents or TACE (transarterial chemoembolization),
but the management remains controversial[3]. Some groups
had used aggressive approaches including liver resection
and achieved good results, but the patients are highly selective
and the patients who can receive surgery are rare[4-8]. Metastatic
breast cancer, even if it appears to be limited to a single organ,
is generally considered to be a disseminated disease that
requires systemic, rather than local therapy[9]. Nevertheless,
a substantial number of patients have irresectable disease
confined to the liver and this has led to the most widespread
use of local TACE treatment. Regional TACE treatment
for liver tumors has several theoretic advantages[3,10-12].
TACE has been developed as a palliative treatment for
unresectable liver tumors, because anatomic studies in a
variety of animal species including humans have demonstrated
that hepatic tumors derive most of their blood supply from
the hepatic artery as opposed to the portal vein. In chemoembolization, embolization of the hepatic artery reduces the
blood flow, creates ischemia, and increases local concentrations
of a chemotherapeutic agent, allows prolonged drug exposure
to the tumor cells and thus potentially increase the cell-kill
fraction. Subsegmental chemoembolization enhances the
local effect on the neoplasms while it minimizes further
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damage to the surrounding liver tissue. Extensive clinical
experience with TACE of hepatic tumors has been reported
since it was described in 1964[13,14].
TACE is used in a variety of clinical settings today and
has been reported to be effective in prolonging survival for
patients with liver metastases. However, these results have
not been confirmed in liver metastases from breast cancer.
We hypothesized that TACE, used as a palliative treatment,
might improve the survival of patients with hepatic metastases
from breast cancer. In this article, we reviewed our experience
with 28 patients who received TACE and discuss the survival
benefit of this procedures.

MATERIALS AND METHODS
Data for this study were retrieved from the Cancer Hospital,
Fudan University. The survey involved 48 patients from
January 1995 to December 2000. In 2003, all the clinical
records of these patients were retrospectively examined.
The mean age at the time of diagnosis of breast cancer was
54.07±12.6 years. All patients underwent radical mastectomy
or modified radical mastectomy after the initial diagnosis.
Most patients received 3-6 cycles of postoperative chemotherapy and 19 patients received radiotherapy. Estrogen
receptor assay was positive in 29.2% of cases (n = 14),
HER-2/neu assay was positive in 10.4% of cases (n = 5),
and the receptor status was unknown in 15 cases. At diagnosis
there was one radiographic evidence of liver metastasis on
computerized tomography. In nine patients, liver metastases
were diagnosed at 1 year intervals after the initial diagnosis
were resected, 22 patients at 2-3 year intervals and 16 patients
were diagnosed exceeding 3 years interval. Diagnosis of liver
metastasis was made by the ultrasound-guided transcutaneously
fine-needle aspiration and subsequent cytological examination
in 42 cases and for the other cases, the diagnosis was made
by a combining consideration of the history, physical
examinations, tumor mark levels and noninvasive imaging
procedures. The BCLM was solitary in 5 cases (10.4%),
two lesions were present in 10 cases (20.8%), three lesions
were present in 12 cases (25%) and more than three lesions
were present in 21 cases (43.8%). These BCLM were solitary
and isolated in 29 of cases (60.4%) and associated with a
second metastatic site in 19 of cases (39.6%), essentially bone
metastases, which were always controlled. The mean diameter
of the largest BCLM for each patient was 2.84±2.47 cm
(range: 1-8 cm). The BCLM were situated in the left lobe
of the liver in 10 cases (20.8%), in both lobes in 29 cases
(60.4%) and in the right lobe in 9 cases (18.8%).
As treatment for liver metastases, 28 patients received
transcatheter arterial chemoembolization (TACE), 20
received chemotherapy. TACE was performed with infusion
of Fludrouracil or 5-FUDR (1.0 g), cisplatin (40-60 mg),
followed by chemoembolization with a mixture of iodized
oil and doxorubicin (40-60 mg), or with gelatin-sponge
particles for the embolization. Most systemic chemotherapy
were administered on an anthracycline based scheme. Nine
patients received cyclophosphamide 500 mg/m2 as 1-h infusion
combined with epirubicin 60 mg/m2 and 5-FU 500 mg/m2,
six patients were treated with navelbine 25 mg/m 2 on
the 1st day and then on the 8 th day at the same dosage,
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epirubicin lowered to 50 mg/m2, five patients received
Taxotere 80 mg/m2 and DDP 40 mg/m2. Treatment was
held on wk 4, if the absolute neutrophil count was 2 000 or
more or the platelet count was less than 100 000. Treatment
was given for a minimum of 3 cycles. Patients, with complete
response, were treated for 4 cycles past the response. Patients
with a partial response or stable disease (SD) were treated
with 2-4 cycles past the response. Additional treatment given
was at the physician’s discretion.
Effects of the treatments were evaluated based on serial
CT scans 4-6 wk following completion of the therapies and
then every 1 to 3 mo. The complete disappearance of the
tumor was regarded as complete remission (CR), a decrease
over 50% in tumor size as partial remission (PR), the decrease
of less than 50% or no change as SD, and progression as
progressive disease (PD). Response rate was calculated for
CR or PR and the SD cases were considered non-responsive.
Survival was estimated from the starting date of diagnosis
of liver metastases according to the Kaplan-Meier method.
After the procedures as described above, the outcome
of patients was investigated by visiting patient’s families or
over telephone. Follow-up was carried out for all subjects
regularly for more than 6 mo, with the median follow-up
period being 28 mo. The follow-up program included
measurement of serum tumor mark and ultrasonography
or CT scan for every 3 mo. Patients with recurrence were
managed with various therapeutic method including TACE,
chemotherapy and/or biotherapy.
Statistical analysis
The data collected are presented as mean±SD. Continuous
laboratory values were clustered to obtain two samples of
approximately equal size. Statistical comparison between
groups was performed using the 2 test with the Yates’
correction for nominal data, and the Student’s t test for
numerical data. Kaplan-Meier survival plots were built to
evaluate the prognostic values of individual indices and
compared using the log rank test. The same method was
used for univariate analysis of survival. The univariate analysis
was also carried out with age, etiology and liver function
parameters measured at the beginning of the observation
to establish their predictive value for survival. Baseline variables
included in the univariate analysis were also analyzed by
multivariate analysis using the step-wise forward Cox regression
model to assess their predictive value with respect to survival.
To check proportionality of risk factors with time, we have
plotted the log of cumulative hazards against time, demonstrating
parallel behaviors in the two groups of patients separately
with low- and high-risk values of selected prognostic covariates.
All statistical analyses were computerized using the soft
package SPSS 10.0 (SPSS Inc., Chicago, IL). P<0.05 was
considered statistically significant.

RESULTS
Various patient characteristics are summarized in Table 1.
There were no significant differences between the two groups
regarding age, the type of primary breast cancer, the intervals
between the primary sites to the metastases, symptoms,
carcinoembryogenic antigen (CEA), lactic dehydrogenase
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Table 1 Basic clinical data between the two groups
Factors
Age (yr)
The type of primary breast cancer infiltrating ductal carcinoma/simple carcinoma/adenocarcinoma
Method of treatment for primary tumor surgery/postoperative radiotherapy/postoperative chemotherapy
Interval time between the primary tumor and metastasis (mo)
Number of liver metastasis single/multi
Stage of liver metastasis
I/II/III/IV

A group

B group

P

53.13±9.23
26/0/2

55.65±12.32
18/2/0

0.412
0.120

28/10/27

20/9/20

0.911

31.21±24.56

27.23±22.97

0.110

9/19

5/15

0.591

10/10/6/2

10/6/3/1

0.794

Criteria of liver metastasis staging see Gennari’s staging system[15]. A group: TACE group; B group: systemic chemotherapy group.

(LDH), alkaline phosphatase, the number of liver metastases,
the stage of liver metastases.
Response rates were calculated for the TACE group
and chemotherapy group, being 35.7% and 7.1%, respectively.
The difference was significant (P<0.05; Table 2). The 1-,
2- and 3-year Survival rates for the TACE group were
63.04%, 30.35% and 13.01%, and those for the systemic
chemotherapy group were 33.88%, 11.29%, and 0%, Median
survival times of these two groups were 28.00±2.77 and
18.00±1.83 mo, respectively. Figure 1 shows the overall
cumulative survival after treatment.

Table 2 Comparison of treatment responses between the groups
A group (n = 28)

B group (n = 20)

No of patients

%

No of patients

%

Overall response

10

Complete response

2

35.7

2

10

7.1

0

Partial response

0

8

28.6

2

10

Stable disease
Progressive disease

13
5

46.4
17.9

7
11

35
55

1.0

Survival

0.8
0.6
0.4
0.2
0
0

12

24
36
Time (mo)

48

Figure 1 Kaplan-meier survival curves for BCLM patients with TACE (dashed
line) and chemotherapy (solid line).

The majority of patients experienced at least 1 adverse
events that was considered possibly, or most likely related to
treatment. However, the intensity of treatment-related adverse
events was mild to moderate in the majority of these patients.
The incidence of the adverse events included in this survey
are summarized in Table 3. GI side effects (e.g., nausea,
emesis, and stomatitis) were the most common treatmentrelated adverse events. Leukopenia and thrombocytopenia
were also seen during the therapies. There was more patients

developed myelosuppression in the systemic chemotherapy
group, but there was no significant difference between the
two groups. The post-embolization syndrome consisted of
abdominal pain, fever apparently unrelated to the tumor,
and nausea, slight or severe, was seen in almost all patients.
Narcotics, anti-emetics and acetaminophen were given to
relieve the symptoms. One patient died due to chronical
hepatic and renal failure after TACE, one died of hepatic
encephalopathy.
Prognostic factors
Univariate analysis for TACE group Significant differences
in survival were recognized for the following factors: (1) the
lymph node status of the primary cancer: N0 vs N1+N2
(P<0.05); (2) the clinical stage of liver metastases: I+II stage
vs III+IV stage (P<0.01); (3) the Child-Pugh grade: A grade vs
B or C grade (P<0.01); (4) loss of weight: yes vs no (P<0.01).
Other factors such as age, the intervals between the primary
to the metastases, the maximal diameter of the liver metastases,
the number of liver metastases, extrahepatic metastasis showed
no prognostic significances.
Multivariate analysis Multivariate analysis was performed
by using four prognostic factors that were shown to be
significant (P<0.05; the lymph node status of the primary
cancer, the clinical stage of liver metastases, the Child-Pugh
grade, loss of weight) and considered to be important (P<0.1;
intervals between the primary to the metastases) in the univariate
analysis. As shown in Table 4, the Child-Pugh grade, the clinical
stage of liver metastases, the lymph node status of the primary
cancer, loss of weight had prognostic significances in decreasing
order. As indicated by the regression coefficient, the following
findings were associated with poor prognosis: the poor ChildPugh grade, the terminal stages of liver metastases, the presence
of lymph node metastases of the primary cancer, loss of weight.

DISCUSSION
Breast cancer is generally thought to be more easily metastasis
to visceral organs. Zinser et al[16], reported that survival in
breast cancer patients with liver only metastases (19 mo) or
those with liver and bone metastases (17 mo) was longer
than that in patients with metastases to other sites(12 mo).
The authors, therefore, concluded that the presence of
isolated liver metastases may not indicate as poor a prognosis
as previously believed.
Systemic polychemotherapeutic regimens are usually
considered first for such patients. Systemic treatment of
liver metastases with intravenous chemotherapy has been
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Table 3 Side effects between the two groups
A group

Side effects

B group

Grade 1/2

Grade 3/4

Grade 1/2

Grade 3/4

Leukopenia

3

0

6

3

Hypochromia
Thrombocytopenia

3
2

0
0

4
4

1
1

Reaction of GI system

1

0

3

1

Impairment of liver function

5

0

2

0

Impairment of renal function

0

0

1

0

Table 4 Multivariate analysis of prognostic factors of patients with BCLM
Factors

Gradings

Regression coefficient

Standard error

Chi-square

P

Child-Pugh grade

A gradeB or C grade

2.283

0.712

10.683

0.0010

Clinical stage of liver metastases
Lymph node status

I+II stageIII+IV stage

-0.452

0.273

9.118

0.0054

N0 N1+N2

0.177

0.080

4.548

0.0287

Yes No

0.435

0.210

4.297

0.0392

≤48 mo >48 mo

0.012

0.158

0.024

0.8860

of the primary cancer
Loss of weight
Intervals between the
primary to the metastases

employed extensively when surgery has been rendered
inappropriate, either because of extent of the disease or
because of the poor condition of the patient[17-19]. The use
of 5-fluorouracil-based or anthracycline-based regimens,
such as cyclophosphamide, doxorubicin/epirubicin, and 5FU, as first-line or adjuvant chemotherapy is widespread [20].
Other agents such as the taxanes (e.g., paclitaxel and docetaxel)
and vinorelbine have demonstrated considerable activity in
the treatment of metastatic breast carcinoma. Taxanes and
anthracyclines are used by many physicians as first-line
chemotherapy, with response rates ranging from approximately
20 to 40% when used as monotherapy to as high as 80%
when used in combination regimens in selected patient
populations[17,18,21]. For tumors that overexpress HER-2/neu,
trastuzumab has become an increasingly important treatment[22].
Response rates to salvage chemotherapy regimens, once
hormonal and first-line chemotherapy have been exhausted,
are extremely poor and short-lived. This necessitates the
development of new and better treatment strategies. One
strategy that may hold promise is high-dose chemotherapy
with hematopoietic stem cell support [23] . When high-dose
chemotherapy is used for response consol-idation, CR rates
ranging from 47% to 80% have been reported with some
lasting longer than 24 h. But some authors reported that
this didn’t influence the long-, term survival of these
patients. Although occasional high response rates with such
chemotherapy regimens have been reported, the responses
have been invariably short-lived, and the outlook has
remained bleak. The prognosis of non-responders, who
comprise the majority of patients, is much worse. Stehlin
et al[24], reported that the survival duration of nonresponders
was only 3 mo and no patients survived longer than 18 mo.
Adjuvant systemic chemotherapy has succeeded in
delaying relapse and prolonging survival in patients with
operable breast cancer. On the other hand, chemotherapy
for patients with metastatic breast cancer has not succeeded
in conferring a long term survival benefit or cure, although
a substantially high response rate can sometimes be achieved,

its use in treating metastatic disease is usually limited to palliative
rather than curative purposes. This complexity underlies
the heterogeneous nature of the response to chemotherapy
and is a major barrier to improve the outcome of chemotherapy
for metastases from breast cancer discovered clinically.
Local therapies have proved valuable in patients with
isolated liver metastases from colorectal and other primary
tumors, principally because of the tendency of these tumors
to metastasize exclusively or primarily to the liver and
because liver metastases have a dominant influence on
survival in these patients[25]. In the case of colorectal metastatic
disease, the liver is the only metastatic site in 20-30% of
patients[26]. This hepatic involvement is a life threatening
prognostic indicator; therefore, early local or regional
treatments, which may improve survival, are viable options.
One possible local therapeutic option for unresectable liver
metastases is TACE, which is the selective administration
of chemotherapy that usually is combined with embolization
of the vascular supply to the tumor, and this treatment
results in selective ischemic and chemotherapeutic effects
on liver metastases. The rationale for TACE is based on
the concept that the blood supply to hepatic tumors originates
predominantly from the hepatic artery. In contrast, normal
liver parenchyma obtains the majority of its blood supply
from the portal vein. Therefore, embolization of the hepatic
artery can lead to selective necrosis of the liver tumor, while
it leaves normal liver parenchyma virtually unaffected. It has
been shown that anoxic damage increases vascular permeability
and thereby promotes penetration of chemotherapeutic agents
into the tumor[3].
It remains to be proved whether the treatment of liver
metastases from breast cancer-even if successful-can be
result in the same survival benefit. In our surveys, response
rates were calculated for the TACE group and chemotherapy
group, being 35.7% and 7.1%, respectively. The difference
was significant (P<0.05). The better results also achieved
in TACE group in prolonging the survival time. The 1-,
2- and 3-year survival rates for the TACE group were
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63.04%, 30.35%, and 13.01%, and those for the systemic
chemotherapy group were 33.88%, 11.29%, and 0%. Patients
who underwent TACE lived at least two times longer than
those given standard systemic chemotherapy. These data
suggest that TACE prolongs the life of at least some patients.
But the nine patients in TACE group had single liver metastasis
and the liver is the only metastatic site, this may helps to explain
the good efficacy achieved in TACE group. We should also
note that the inconsistency regimens in chemotherapy group
and the lower rates of the new regimens. So the actual
benefit of systemic chemotherapy can not be deduced from
our series. Lately, we have started to administer chemotherapy
by taxotere, and further studies are required to elucidate
the efficacy of these chemotherapy regimens.
The real impact on patient- survival is very difficult to
evaluate in the absence of randomization. Age, the initial
stage of the breast cancer (TNM), histological results, type
of treatment, disease-free interval, other associated extrahepatic
metastases, number of cycles of chemotherapy or interventional
therapy have their prognostic value in terms of survival.
Reports about the prognostic factors for BCLM are not rarely,
but most focused on the patients who can receive surgery.
Pocard et al[8], showed that the time to onset of BCLM to
be predictive factors, Selzner et al[26], also found that patients
in whom liver metastases were found more than 1 year after
resection of the primary breast cancer had a significantly
better outcome than those with early metastatic disease.
But our results failed to reach significance, probably because
the number of patients in our studies was small or the
method of treatment was used. The opinions about the
lymph node status at the time of the primary breast cancer
resection are still controversial, but our results was affirmative.
The presence of symptoms relating to the metastases such
as pain or weight loss has correlated with survival in both
Cady and Finan’s [27,28] studies of untreated liver metastases
patients. Finan et al, have reported a median survival of
6.2 mo if the patient had weight loss >3 kg vs 13.0 mo
without weight loss. Indeed, the clinical manifestation of
weight loss was an adverse prognostic factors for our surveys.
Some factors, especially clinical stages of liver metastases
were prognostic in our studies. But our criteria of liver
metastasis staging was from Gennari’s staging system, which
is based on colorectal cancer liver metastases, so the results
still need further studies to confirm it. Other factors such
as age, the maximal diameter of the liver metastases, the
number of liver metastases, extrahepatic metastasis showed
no prognostic significances, the reason most likely is the
small number of patients.
In order to improve the prognosis of patients with hepatic
metastases, early diagnosis is essential. No treatment is
available for patients who display specific symptoms and
signs, such as hepatomegaly, jaundice and abdominal pain,
and their prognosis is extremely poor. The most efficient
diagnostic modality is periodic abdominal US, followed by
CT scanning and tests for tumor markers, such as CEA
and CA153[29]. Metastatic liver tumors from the breast usually
show hypoechogenic nodular pattern on US examination[30]
and they are relatively easy to detect. After treatment for the
primary lesion, patients usually undergo routine US examinations
every 6 mo and tumor marker tests every 2 mo, as well as
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chest roentgenography and bone scintigraphy. When a
hepatic metastasis is detected, CT scans, magnetic resonance
imaging and sometimes angiography are necessary. We believe
that our follow-up regime is sufficiently rigorous to detect
liver metastases at an early stage, enabling many candidates
suitable for TACE treatment to be selected. We stress that
the precise diagnosis is essential for determining the necessity
for TACE.
There have been recent reports of improved survival
in patients undergoing surgical resection of limited liver
metastases from breast cancer. This has given rise to the
hypothesis that surgical mass reduction of metastatic tumors
such as liver metastases can help to reduce the extent of
cancer cells heterogeneity, thus leading to easier disease
control and longer patient survival. Elias et al [6] , and
Schneebaum et al [25], reported median survival in patients
undergoing hepatic resection that were at least three times
those in comparable patients treated with standard nonsurgical
therapies. Some patients described in these series remain
alive and free of disease up to 5 years after resection. However,
these reports describe only small patient cohorts, and all
investigators noted considerable heterogeneity in the
presentation and progression of metastatic disease. Thus,
despite initially promising results, most patients with metastatic
breast cancer continue to be treated with systemic chemotherapy
or TACE.
Vogl et al [3] , also carried out a survey to evaluate a
treatment protocol with repeated TACE before laser-induced
thermotherapy (LITT) in patients with unresectable liver
metastases that are too large for LITT alone and achieved
good results. Reduction in size of primary unresectable
hepatic metastases is achieved in 50.6% of cases and allows
local ablative treatments such as MR imaging-guided LITT.
Compared to surgery, RF ablation offers the advantages
of being less expensive and considerably less invasive[31] .
The use of RF ablation does not prevent the simultaneous
or subsequent use of other, potentially complementary
treatments. Hormonal therapy, systemic chemotherapy and
intraarterial infusion chemotherapy, each can be given before
or after RF ablation, according to local preferences and
practice guidelines[32].
In conclusion, TACE appears to be a safe, relatively
simple, and effective treatment for liver metastases from
breast cancer. The absence of major complications and the
high rate of local control achieved in this series suggest
that TACE may be a valid alternative to chemotherapy in
patients with BCLM. It therefore appears to be important
to include the possibility of TACE in multicenter treatment
protocols for BCLM. The quality of the responses obtained
with new chemotherapy protocols, especially those using
taxanes, could extend the indications for remission consolidation
strategies, with future randomized controlled trials, one arm
with prolonged chemotherapy, one with TACE.
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Abstract
AIM: To study the value of colonoscopy and selective
angiography in diagnosing ischemic enterocolitis.
METHODS: Among the 16 cases under study, 10 cases
had hypertension and a history of coronary artery disease
(one was hospitalized for sub-ventricular-wall infarction).
The blood pressure of 10 of the 16 cases ranged from
13.9-23.8 to 13.3-14.6 kPa (170-180/100-110 mmHg).
Two cases had chronic auricular fibrillation, and in four
cases, a cardiogram showed left-front branch conduction
block. Sixteen patients were examined by colonoscopy.
Among them, 14 cases had a long course of angiocardiac
disease, and were further examined by selective mesenteric
inferior angiography.
RESULTS: The colonoscopy revealed local mucous
hyperemia edema and blood on contact. Lesions were found
in the sigmoid colon in four cases, in the descending colon
in eight cases and in splenic flexure in four cases, which
suggests that the lesion always appeared in the left part
of colon. There were different degrees of inflammatory
cell infiltration, submucous bleeding, edema, fibro-embolism
and hemosiderosis by biopsy in the 16 patients whose
membranes affect part of the enteral wall. Of the 14
patients examined by mesenteric inferior angiography, 3
cases showed mesenteric amphraxis inferior and formation
of collateral circulation. There were different degrees of
stenosis in the other 11 subjects’ mesenteric inferior
cavities which grew slim and their branches were stenotic,
so the radiographic image was not complete and the ends
of some branches even cannot be seen.
CONCLUSION: The colonoscopy and the selective
mesenteric inferior angiography are both helpful in the
diagnosis of ischemic enterocolitis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Ischemic enterocolitis is caused by the decrease or cessation
of colon wall blood perfusion, which results in ischemic
change of colon wall. This causes abdominal pain, diarrhea,
hematochezia, mucous stool with blood and other noncharacteristic symptoms, and it is hard to diagnose at the
early stage[1-4]. There were 16 cases in our department from
1996 to 2002 whose diagnoses were achieved by colonoscopy.
Fourteen of these cases were given selective mesenteric
inferior angiography so that the etiological diagnosis could
be achieved. Internal medical care was effective in all 16
patients in the study.
MATERIALS AND METHODS
Patients
Among the 16 cases under study, there were 10 males and 6
females with an average age of 70. Ten cases had hypertension
and a history of coronary artery disease (one was hospitalized
for subventricular-wall infarction). The blood pressure of
10 of the 16 cases ranged from 13.9 to 23.8 to 13.3-14.6 kPa
(170-180/100-110 mmHg). Two cases had chronic auricular
fibrillation, and in four cases, a cardiogram showed leftfront branch conduction block. All of them complained of
pain in the left quadrant with dark-red mucous bloody stool
or hematochezia, and most of them (12/16) had a fever.
They were all examined by colonoscopy two days after they
were hospitalized and 14 of the patients with chronic
cardiovascular diseases also received selective mesenteric
inferior angiography.
RESULTS
Lesions were found in the sigmoid colon in four cases, in
the descending colon in eight cases and in splenic flexure in
four cases, which suggests that the lesion always appeared
in the left part of colon. Lesions had local mucous hyperemia,
edema and blood on contact. Biopsy showed that there was
inflammatory cell infiltration, submucous bleeding, edema,
fibro-embolism and hemosiderosis in all 16 cases. Eight
specimens showed hyperplasia of granular tissue and fibrosis.
Selective mesenteric inferior angiography was performed
in 14 cases. The results showed that there was fragmentation
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in blood vessels 2 cm away from the inferior mesenteric
artery and a lack of local circulation. There were several
irregular collateral circulations toward the left part of colon
along the superior fragmentation in three cases. In other
cases, parts of the cavities of the inferior mesenteric artery
became slim. There was obvious narrowing in primary part
and related branches, so the radiographic image was not
complete and the ends of some branches even cannot be
seen.

DISCUSSION
Ischemic enterocolitis is caused by ischemia leading to colon
wall mucous necrosis, exfoliation, bleeding or inflammation
which produces abdominal pain, hematochezia, mucous stool
with blood, and fever [5-7]. Non-characteristic symptoms make
it extremely difficult to distinguish between enterocolitis,
chronic ulcerative colitis, intestinal parasitosis and even early
colon tumors. Four patients were diagnosed as having
“enterocolitis” and “gastrointestinal tract infection” before
they were referred to our hospital, where the diagnosis of
“ischemic enterocolitis” was proven by colonoscopy. In the
other 12 cases, four patients were diagnosed as having
ischemic enterocolitis when they were first seen, and the
others were hospitalized for “enterocolitis” and “gastrointestinal tract infection” or other diagnoses. All of their
diagnoses were confirmed by colonoscopic examination
and biopsy. Cases all showed a great deal of fibro-embolism
and hemosiderosis, symptoms characteristic of the disease
which may be used to distinguish it from other kinds of
enterocolitis [5].
Ischemic enterocolitis is induced by poor blood supply
to the colon wall which results in ischemic change. One
potent treatment is to vasodilate the surrounding blood
vessels to recover blood supply. This acts to resolve the colon
wall ischemia such as to reduce clinical manifestations, to
restore colon wall function and to prevent colon wall necrosis
which occurs when local ischemia develops into general
ischemia[3]. Sixteen patients were treated with papaverine,
prostaglandin E and pancreatic glucagons. After 2 days of
medication, some patients felt better. Patients’ signs and
symptoms essentially disappeared after 10-14 d medication.
Patients were reexamined by colonoscopy after treatment
to identify whether their colon wall lesion recovery was in
line with their improved symptoms. Twelve patients’ initial
ischemic colon wall and mucous were essentially recovered;
the appearance of four patients’ colon wall mucous was
normal. This suggests that symptoms disappear quickly
and that lesions recover quickly after blood supply is
improved. This fast recovery distinguishes ischemic
enterocolitis from other inflammatory and non-specific
intestinal diseases.
Because the local lumen was slim, biopsies were
performed to rule out spasm causes, and the results showed
that there was fibrous connective tissue hyperplasia in the
biopsied tissue. Therefore, it is believed that the narrowing
of the lumen was closely related to fibrous connective tissue
hyperplasia. Pathologically, fibrous connective tissue hyperplasia
in tissue reflects long-term ischemia. Whether or not the
narrowing of the lumen is caused by fibrous connective
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tissue hyperplasia needs further observations. Eighty percent
of ischemic enterocolitis patients are older than 50 [8-11]. It
is believed that the incidence of cardiovascular disease
increases in the elderly. This results in a number of conditions,
including hypertension with vascular degeneration, organic
heart lesions leading to arrhythmia which produces thrombus,
and thrombi exfoliation causing embolism. All 16 patients
in this study were older than 50 and had a history of
cardiovascular disease. Ten cases had long-standing symptoms
due to hyper-tension and coronary heart disease. In those
10 patients, one was hospitalized for subventricular-wall
infarction, and the other six patients’ cardiogram showed
auricular fibrillation and conduction blocks. To explore
whether there was a cause and effect relationship between
cardiovascular disease and ischemic enterocolitis, DSA and
selective mesenteric inferior angiography were performed
in 14 patients with long-term cardiovascular disease. Results
showed that three cases had mesenteric amphraxis inferior
and the formation of the collateral circulation. There were
different degrees of stenosis in the other 11 subjects’
mesenteric inferior cavities which grew slim and their
branches were stenotic, so the radiographic image was not
complete and the ends of some branches even cannot be
seen. Thus, it is believed that the development of angiography,
especially of selective mesenteric inferior angiography, can
make intestinal ischemia diagnoses quicker and easier 12-15].
The aged cardio-vascular patients are high-risk population
for ischemic enterocolitis. It is established that thrombi
exfoliation is the direct cause of embolism. Therefore, it is
well-established that cardiovascular disease has direct
relationship with this disease.
The mesenteric inferior artery descends from the abdominal
aorta at an acute angle. This angle is smaller than the angle
at which the mesenteric superior artery comes from abdominal
aorta, making the mesenteric inferior artery nearly parallel
to the abdominal aorta. Though the mesenteric inferior artery
is thinner than mesenteric superior artery, the thrombus
coming from thoracic aorta in blood can easily enter mesenteric
inferior artery. Blood supply to the left part of colon mainly
comes from mesenteric inferior artery. Because of its size
and location, the thrombus blocks the primary mesenteric
inferior artery and related branches, leading to ischemia in
different parts of intestine. The anatomical characteristic
of this set of blood vessels is essential to explain why ischemic
enterocolitis frequently occurs on the left part of colon. It
is, therefore, believed that selective mesenteric inferior
angiography is not only effective for diagnosis, but will also
prove helpful to providing etiological evidence for the
disease.
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Abstract
AIM: We report a case with a prolonged course of hepatitis
A, with alanine aminotransferase (ALT) higher than 500 IU/L
for more than 2 mo.
METHODS: A middle-aged woman had an elevated IgG
level of more than 2 000 mg/dL, positive anti-nuclear antibodies
(ANA) and anti-smooth muscle antibodies (ASMA), but
no evidence of persistent hepatitis A virus (HAV) infection.
Liver biopsy findings were compatible with prolonged acute
hepatitis, although acute onset of autoimmune hepatitis
could not be ruled out.
RESULTS: It was assumed that she developed a course
of hepatitis similar to autoimmune hepatitis triggered by
HAV infection. Ursodeoxycholic acid (UDCA) treatment was
initiated and a favorable outcome was obtained.
CONCLUSION: We describe a case of a middle-aged
woman who showed a prolonged course of acute hepatitis
A mimicking autoimmune hepatitis. Treatment with UDCA
proved to be effective.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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the development of autoimmune hepatitis after HAV
infection, albeit rare, has been reported[2-7]. Such reports
have described that HAV infection seemed to trigger the
development of autoimmune chronic hepatitis.
In this report we describe a case of a middle-aged woman
who showed a prolonged course of acute hepatitis A
mimicking autoimmune hepatitis.

CASE REPORT
In June 2001, a 48-year-old woman presented with fatigue
and fever for a few days, followed by the onset of jaundice.
She was admitted to a local hospital. Serum levels of total
bilirubin (T-bili), aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) were 7.4 mg/dL, 2 780 IU/L
and 5 560 IU/L respectively. IgM anti-HAV was positive,
establishing the diagnosis of acute hepatitis A. During a 4-wk
period there was gradual improvement of symptoms and
biochemical parameters. Serum levels of T-bili, AST and
ALT declined to 2.2 mg/dL, 78 IU/L and 265 IU/L
respectively (Figure 1). However, 6 wk after the first onset
of jaundice, serum transaminase levels elevated again, and
continued at high levels (over 500 U/L) for 2 mo. She was
then referred to our department at Chiba University Hospital
on October 5, 2001.
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Figure 1 Clinical course of the patient. IgM anti-HAV titers are shown at the top.
SNMC: Stronger Neo-Minophagen C; UDCA: ursodeoxycholic acid.
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INTRODUCTION
Hepatitis A is a common cause of viral hepatitis in humans
and is usually a self-limiting disease that resolves within a
few weeks after onset. Occasionally a biphasic or relapsing
form of hepatitis A occurs[1]. Even in this form, prognosis
is good and chronic hepatitis does not occur. Nevertheless,

On admission, serum levels of AST, ALT and T-bili
were 398 IU/L (normal, <40 IU/L), 1 143 IU/L (normal,
<40 IU/L) and 0.8 mg/dL (normal, 0.2-1.2 mg/dL)
respectively (Table 1). Her IgG level was 2 040 mg/dL.
Anti-nuclear antibodies (ANA) and anti-smooth muscle
antibodies (ASMA) were positive, showing titers of 1:160
and 1:40 respectively. IgM anti-HAV, HAV-RNA, HBsAg,
IgM anti-HBc, and anti-HCV were negative. She had no
history of alcohol or drug abuse. Abdominal ultrasonography
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Table 1 Laboratory data on admission
Peripheral blood

Blood chemistry

Serology

WBC
RBC

4 600 /L
438 x 10‚S/L

T.Bili
GOT

0.8 mg/dL
398 IU/L

IgG
IgA

2040 mg/dL
274 mg/dL

Hb

13.6 g/dL

GPT

1143 IU/L

IgM

158 mg/dL

Ht

39.5%

LDH

283 IU/L

CRP

0.1 mg/dL

MCV
MCH

90.0 fl
31.0 pg

ALP
-GTP

317 IU/L
349 IU/L

Immunology
ANA

× 160

MCHC

34.4%

T-CHO

170 mg/dL

ASMA

× 40

Plt

27.8 x 104 /L

TG

73 mg/dL

AMA

(-)

Coagulation
PT

95 mg/dL
15 mg/dL

anti-LKM-1 Ab
HLA-DR6, DR9

(-)

12.7 s (96%)

Glu
BUN

APTT

32.2 s

ESR

4 mm/1h
14 mm/2h

Cr

0.54 mg/dL

Viral markers

TP

8.0 mg/dL

IgM HA-Ab

1.1

Alb
TSH

4.5 g/dL
0.95 IU/mL

HAV-RNA
HBs-Ag

(-)
(-)

FreeT3

3.04 pg/mL

HCV-Ab

(-)

FreeT4

1.16 ng/mL

HCV-RNA

(-)

Abbreviations: ANA, anti-nuclear antibodies; ASMA, anti-smooth muscle antibodies; AMA, anti-mitochondrial antibody; anti-LKM-1 Ab, anti-liver kidney microsome1 antibody; HLA, human lymphocyte antigens.

revealed mild splenomegaly without ascites. Liver needle
biopsy was performed on October 16 (Figure 2). The general
architectonic structure of the liver was preserved. Portal
spaces were slightly enlarged with mild fibrosis and were
occupied with infiltrates including a few plasma cells. Focal
necrosis of the parenchyma was also observed. The limiting
plate was mostly preserved. These findings were compatible
with prolonged acute hepatitis, although acute onset of
autoimmune hepatitis could not be excluded. Treatment with
ursodeo-xycholic acid (UDCA) at 600 mg/d was then begun,
and rapid improvement of serum transaminase levels was
noted. Six months later, the serum levels of transaminase
and IgG were within normal limits. UDCA was discontinued
12 mo after initiation and transaminase levels remained
within normal range (Figure 1).

DISCUSSION
This case showed a prolonged course of acute hepatitis A,
with ALT higher than 500 IU/L for more than 2 mo. Schiff
described that a biphasic or relapsing form of viral hepatitis
A occurred in 6-10% of acute hepatitis A cases, and that
the full duration of illness was 16-40 wk in these cases[1].
He also described that, characteristically, there was a
persistence of IgM anti-HAV positivity throughout the entire
course, and HAV RNA had been detected in the serum

A

B

Figure 2 Liver biopsy. A: Focal necrosis of the parenchyma was observed;
B: Portal spaces were slightly enlarged with mild fibrosis and were occupied
with infiltrates including a few plasma cells. The limiting plate was mostly
preserved. Hematoxylin-eosin staining; original magnification ×200.

Table 2 Reports of AIH triggered by HAV infection
Age

Sex

Interval (wk)

IgG (mg/dL)

Therapy

Vent S, et al. (1991)

13

F

17

N.D.

Steroid

Vent S, et al. (1991)

18

M

19

N.D.

Steroid

Rahaman SM, et al. (1992)

55

F

10

2070

Steroid

Huppertz HI, et al. (1993)

7

M

10

3700

Steroid
Steroid

Oshikata S, et al. (1996)

70

M

28

2313

Hilzenrat N, et al. (1999)

55

F

N.D.

N.D.

Steroid

Tamura T, et al. (2000)

39

F

8

2219

Steroid

Present case

48

F

16

2040

UDCA

N.D.: not described. Interval: from hepatitis A infection to onset of AIH (wk).

Mikata R et al. Acute hepatitis A mimicking AIH

during the relapse [1]. In the present case, when serum
transaminase re-elevated after initial improvement, IgM antiHAV continued to decrease, and at admission to our hospital,
IgM anti-HAV and HAV RNA were negative. Therefore, it
is assumed that the relapse of hepatitis A in the present
case was likely not due to persistent HAV infection, but
rather the possible involvement of some other factor.
As the patient was a middle-aged woman, the IgG level
was elevated to more than 2 000 mg/dL, and ANA and
ASMA were positive, we could only conclude that the patient
developed a course similar to autoimmune hepatitis triggered
by HAV infection. Using the international scoring system
for the diagnosis of autoimmune hepatitis[8], this patient
fulfilled the criteria for a probable diagnosis of AIH. The
pathological findings were compatible with acute hepatitis,
although acute onset of AIH could not be ruled out.
Obviously, HAV infection is a very rare initiating factor
of AIH. There are six reports describing AIH triggered by
acute hepatitis A[2-7] (Table 2). In all cases, steroid therapy
was initiated resulting in a rapid decline in serum transaminase
levels. Recently, the effectiveness of UDCA in the treatment
of AIH with no apparent adverse effects, was reported[9].
In the present case, because of a probable diagnosis of
AIH, treatment with UDCA was begun, and a gradual
improvement in serum transaminase levels was achieved.
Six months after UDCA was started, serum transaminase
and IgG were within normal limits, and UDCA treatment
was discontinued 6 mo later. At present, the patient is well
without therapy, and there has been no evidence of recurrence.
In this report, we described a case of prolonged acute
hepatitis A mimicking AIH. Although not a definite case of
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AIH based on the international scoring system, this case
may suggest the occurrence of the same pathophysiologic
state as AIH triggered by HAV infection.
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Abstract
Carcinoid tumors have been reported in a wide range of
organs but most frequently involve the gastrointestinal
tract; however, duodenal carcinoid tumors are rare. We
report a 50-year-old male patient complaining of multiple
melenas for 3 wk. The panendoscopy and endoscopic
retrograde cholangiopancreaticography revealed swelling
accessory papilla with an ulcer. The biopsy taken showed
a carcinoid tumor. The lesion was removed by wide
resection. Patient was found to have an abnormal blood
cell count during the follow-up period with elevated levels
of hemoglobin and hematocrit of 21.2 g/dL and 63.5%,
respectively, thrombocytosis of 501 000/µL, and leukocytosis
of 20 410/µL. He was diagnosed as a polycythemia vera
by a hematologist after further evaluation. He received
periodic phlebotomy and hydroxyurea treatment. The
response was good and his hematocrit was stabilized by
periodic phlebotomy in the range of 44-49% during the
last 2 years. The possible origin of UGI bleeding by a duodenal
carcinoid tumor, although rare, should be considered.
There has been one case report of a duodenal carcinoid
tumor that involved accessory papilla of the pancreas
divisum and one case report of metastatic carcinoid tumor
associated with polycythemia vera. It is different in our
patient as compared with the latter report, which mentioned
a polycythemia vera patient who was found to have a
metastatic carcinoid in the 17 years follow-up period.
Chemotherapy had been given before the carcinoid tumor
was revealed. Our patient had no previous chemotherapy
for polycythemia vera before he was found to have
duodenal carcinoid tumor; this excludes the possibility of
chemotherapy induced carcinoid tumor, although it had
been suspected in the previous report. In our patient, the
existence of both diseases may be by predisposition of
each other since both diseases have an increased incidence
of other neoplasm, or they may be coexistent incidentally.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Carcinoid tumors have been reported in a wide range of
organs but most frequently involve the gastrointestinal tract;
however, the duodenal carcinoid tumors are rare[1]. There
has been one case report of a duodenal carcinoid tumor
that involved accessory papilla of the pancreas divisum [2]
and one case report of metastatic carcinoid tumor associated
with polycythemia vera [3]. Here, we report a case where a
duodenal carcinoid tumor that involved the rare location in
accessory papilla was later found to have rare association
with polycythemia vera.
CASE REPORT
The patient is a 50-year-old male; he does not smoke nor
drink and was quite healthy except for a previous history
of distal fibular fracture about 3 years ago. He complained
of multiple melenas without symptoms of dizziness,
weakness nor fainting for 3 wk. The panendoscopy
examination revealed swelling accessory papilla with ulcer
(Figure 1); however, the biopsy taken then showed no
evidence of malignancy. Endoscopic retrograde cholangiopancreaticography was done later and the biopsy taken
showed a carcinoid tumor. The X-ray film showed a normal
pancreatic duct. His abdominal CT had no specific finding
except fatty liver. Operation via transduodenal resection at
second portion was done and revealed a 1-cm tumor with
ulcer and bleeding; wide resection for this tumor was
performed. The postoperative pathology showed duodenal
mucosa, submucosa, and an accessory papilla with pancreatic
duct structure and a well-developed muscular coat. A welldefined but unencapsulated carcinoid tumor (Figure 2) about
0.9 cm in greatest dimension is found in the deep portion
of duodenal mucosa over the papilla and in submucosa
around the ductal wall of the papilla. The tumor cells are
uniform with round nuclei, arranged in small solid nests or
glandular (acinar) structure. The cells are positive for cytokeratin

Wang HY et al. Carcinoid of duodenum and accessory papilla with polycythemia vera
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Figure 1 Swelling accessory papilla with ulcer (arrows) by endoscopy.
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m

Figure 2 Tumor cells (t) in deep portion of duodenal mucosa (m) over the
papilla and in submucosa around the ductal wall of papilla (p). (H&E stain, ×20).

and chromogranin A. Mucin stain is focally positive at the
luminal border. Tumor cells also infiltrate the smooth muscle
bundles of papilla (Figure 3). There is no definite lymphaticcapillary permeation. The features indicate a carcinoid tumor
in the mucosa and submucosa of duodenum involving the
accessory papilla. Patient’s postoperative condition was
smooth except jaundice was observed with elevated bilirubin
(T/D: 0.9/2.6 mg/dL), alkaline phosphatase (114 U/L),
AST (96 U/L) and ALT (182 U/L) on the eight postoperative
day. He gradually recovered after 1 mo.
The patient was found to have an abnormal blood cell
count during the follow-up with elevated hemoglobin and
hematocrit of 21.2 g/dL and 63.5%, respectively; thrombocytosis of 501 000/µL and leukocytosis of 20 410/µL
were also noticed. He was found to have elevated leukocyte
alkaline phosphatase of 209 but had a normal erythropoietin
(16.96 mU/mL) and O2 saturation (97%). He was diagnosed
as polycythemia vera after further evaluation by hematologist
and received phlebotomy at first but the effect was not
obvious. Hydroxyurea 1 000 mg/d was prescribed later for
2 mo and the response was good. In the past 2 years, his
hematocrit was stabilized by periodic phlebotomy in the
range of 44-49%. Patient was followed up in the OPD for
more than 3 years.

Figure 3 Tumor cells (t) with glandular pattern infiltrate the smooth muscle
bundles of papilla (s). (H&E stain, ×40).

DISCUSSION
Carcinoid tumors are thought to arise from neuroendocrine
cells that line the tract[1]. The overall incidence of carcinoid
tumors in the United States has been about 1-2 cases per
100 000 people[4,5]. Carcinoid tumors have been reported
in a wide range of organs but most frequently involve the
gastrointestinal tract and the bronchopulmonary system[1].
In a report by USA, carcinoid tumors happen most
frequently in the gastrointestinal tract (67.5%) and then the
respiratory tract (25.3%). Small bowel (41.8%) is the most
frequent site of the gastrointestinal carcinoid tumors,
followed by the rectum (27.4%) and the appendix (24.1%)[1].
The duodenal carcinoid tumors are rare; the frequency is
about 2-4% in all carcinoid tumors[1].
A report by Japan, which compares the duodenal
carcinoid tumors with that in other organs, showed an
average age of 55.9 years, a relative small average tumor
size of 17.7 mm, a relative low metastasis rate of 27.4%, a
high postoperative survival rate of 83.3%, and a reasonable
incidence of the carcinoid syndrome of 3.1%[6]. They are
usually small, solitary lesions confined to the duodenal
mucosa had a 5-year death rate of 5.3%[7] . The 5-year
survival rate for all carcinoid tumors, regardless of site,
was 67.2%[1].
The duodenal carcinoid tumors, unlike carcinoid tumors
of the jejunum and ileum, have a location advantage and
are often discovered endoscopically[7]. There are fewer than
80 reported cases of carcinoid tumors of the ampulla vater
in the literature[8,9]. A carcinoid tumor at the accessory papilla
as in our case has rarely been reported before. There is
only one case report of panniculitis with a carcinoid tumor
on the accessory papilla of the pancreatic divisum which
was reported by a French group[2].
The advantageous location makes it easier to discover
the tumor in comparison to carcinoid tumors, which are
located more distally in the small intestine. Carcinoid tumors
are associated with an increased incidence of secondary
primary malignancies, especially adenocarcinoma[10]. The
large intestine is the most common site for synchronous
primary malignancies to occur with gastrointestinal carcinoid
tumors[11,12]. Duodenal carcinoid tumors associated with
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synchronous primary tumors have been rarely reported and
have been noted to be associated with gastric leiomyoblastoma [13] and adenocarcinoma of gastro-esophageal
junction[10]. There have been three case reports describing
the development of isolated carcinoid tumors in patients
with myelofibrosis[14,15]. Two cases are rectal carcinoid tumors
and one case is bronchial carcinoid tumor. Only one case
report of polycythemia vera associated with metastatic
carcinoid is found in the literature[3]. It is a polycythemia
vera patient, who was found to have a metastatic carcinoid
tumor in the 17-years follow-up period. The patient had
received hydroxyurea treatment for the polycythemia vera
before the discovery of the carcinoid tumor. Our patient
was never diagnosed as a polycythemia vera patient before
the duodenal carcinoid tumor was found. Therefore, no
treatment-related condition as the case we mentioned above
needs to be considered, and although the polycythemia vera
was diagnosed after duodenal carcinoid tumor, it may still
have existed long before the development of the duodenal
carcinoid tumor. In our patient, the existence of both diseases
may be by predisposition of each other since both diseases
have an increased incidence of other neoplasm, or they
may be coexistent incidentally.
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Abstract
We here report a recent, rare case of Budd-Chiari syndrome,
associated with a combination of hepatic vein and superior
vena cava occlusion. A young female, who had been in
good health, was admitted to our hospital because of
massive ascites. The patient had used no oral contraceptives.
Tests for coagulation disorders, hematological disorders,
and antiphospholipid syndrome were all negative. BuddChiari syndrome was diagnosed by radiographic examination.
The patient was suffering from a combination of hepatic
vein and superior vena cava occlusion. In particular, the
venous flow returned from the liver mainly through a right
accessory hepatic vein, and stenosis was recognized at
the orifice of this collateral vein into the vena cava.
Subsequently, the patient underwent percutaneous balloon
dilatation therapy for this stenosis. After this treatment,
the massive ascites was gradually reduced, and she was
discharged from our hospital. It has now been one year
since discharge, and the patient has been doing well. If
deteriorating liver function or intractable ascites occur again,
a liver transplantation may be anticipated. This is the first
case report of Budd-Chiari syndrome associated with a
superior vena cava occlusion.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Budd-Chiari syndrome (BCS) is defined as obstructed

hepatic venous outflow due to occlusion of the hepatic
veins or inferior vena cava. In western societies, BCS is
caused mainly by thrombosis of the hepatic veins [1]. The
etiology of BCS caused by hepatic vein thrombosis can be
diverse. The hematological diseases associated with BCS
are polycythemia vera and paroxysmal nocturnal
hemoglobinuria[2,3]. Other acquired risk factors for BCS
include antiphospholipid syndrome, abdominal trauma, the
use of oral contraceptives[4], pregnancy[1], and so on. In this
case report, we describe a young female with BCS who did
not have these risk factors, and was suffering from a superior
vena cava occlusion.

CASE REPORT
A 31-year-old Japanese woman was admitted to hospital
because of a tender and distended abdomen, which had
started 3 mo before. The patient had been in excellent
health. The patient had taken no oral contraceptives. Both
her mother and father were Japanese. The family history
of venous thrombo-embolism was negative for third-degree
relatives. A systemic examination revealed that the patient
was 163.2 cm tall, 57.5 kg in weight, had a heart rate of
60/min, respiratory rate of 24/min, and blood pressure of
115/60 mmHg. A distended abdomen, with dilated veins
on the anterior and posterior aspects of both the chest and
abdominal wall were recognized. Routine laboratory tests
were then performed. Liver function tests were almost
normal, with albumin and total protein levels of 3.3 g/dL
(normal range 4.0-5.0 g/dL) and 5.3 g/dL (normal range
6.7-8.3 g/dL), respectively. The serum electrolytes and renal
function tests were within normal limits. Coagulation tests were
almost normal, with a fibrinogen and fibrin degradation products
level of 46.5 g/mL (normal range below 10 g/mL), and a
2 plasmin inhibitor-plasmin complex level of 2.8 g/mL
(nor mal range below 0.8 g/mL). Prothrombin time,
activated partial thromboplastin time, the levels of D-dimer,
antithrombin-III, and both protein S and C were normal.
The ascites was aspirated and analyzed. Ascites consisted
of a transudate, and neither malignant cells nor bacteria
were recognized. There was no evidence for autoimmune
diseases or anticardiolipin antibody syndrome with the
normal antinuclear antibody, anticardiolipin antibody, and
lupus anticoagulant levels. In addition, there was no evidence
for paroxysmal nocturnal hemoglobinuria (acid Ham test
and an immunofluorescence test on granulocytes for the
expression of phosphatidylinositol proteins). An abdominal
ultrasound revealed an enlarged liver with impeded venous
outflow and massive ascites. On computer tomographic
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Figure 1 Computerized tomography scan of the abdomen. (A) and (B) show
the sagittal and coronal images of abdomen, respectively. Hepatomegaly with

inhomogeneous distribution of contrast medium is visualized. Massive ascites
is also recognized.

examination, the liver was enlarged and a heterogeneous
distribution of enhanced medium was observed. The hepatic
vein was not recognized, which suggested BCS (Figure 1).
On cavography via the femoral vein, normal hepatic vein
was not visualized. Extensive collateral circulation, which
was believed to be the right accessory hepatic vein, was
visualized and flowed into the inferior vena cava. The orifice
of this collateral vein was remarkably stenotic, but there
were no signs of membranous obstruction of the inferior
vena cava (Figures 2A and B). On cavography via bilateral
median basilic veins, complete obstruction from the axillary
to the subclavian vein and collateral circulation towards the

right atrium was visualized (Figure 2C and D). Endoscopic
examination revealed grade II esophageal varices. She
received intravenous heparin, and subsequently coumarin
derivatives. However, the ascites still remained intractable.
Therefore, the patient was treated with percutaneous balloon
dilatation therapy for the stenosis in the orifice of her right
accessory hepatic vein (Figures 2E and F). The pressure in
the right accessory hepatic vein was reduced after this
treatment from 12 to 5 mmHg. After this treatment, the
ascites was subsequently reduced and disappeared 2 wk later.
Up until now (1 year later), no recurrent ascites have been
recognized.

A

B

C

D

E

F

Figure 2 Cavography via the femoral vein and median basilic veins. (A) and
(B) show cavography via the femoral vein. Normal hepatic vein is not visualized
and extensive collateral circulation (the right accessory hepatic vein) flows into
the inferior vena cava. The orifice of this collateral vein is remarkably stenotic.
(C) and (D) show cavography via right and left median basilic veins, respectively.

Complete obstruction from the axillary to the subclavian vein and collateral
circulation towards the right atrium are visualized. (E) shows a percutaneous
balloon dilatation therapy for the stenosis in the orifice of her right accessory
hepatic vein. (F) shows the dilated orifice of her right accessory hepatic vein
after a balloon dilatation therapy.

Araki Y et al. Budd-Chiari syndrome with superior vena cava occlusion

DISCUSSION
BCS is a rare disease caused by hepatic vein obstruction. It
leads to hepatic congestion, and consequently portal
hypertension, ascites, a reduction in hepatic blood flow, and
hepatocyte necrosis. Various etiologies for BCS such as
idiopathic membranes[5], neoplasia[5], infection[6], trauma[7],
and total parenteral nutrition[8] have been proposed. There
is a well-defined association between BCS and the states of
enhanced intravascular thrombosis such as paroxysmal
nocturnal hemoglobinuria[3] , the presence of the lupus
anticoagulant [9] or a factor V Leiden mutation [10] and
deficiencies of antithrombin III[11], protein C or protein S[12].
Similarly, myeloproliferative syndrome and, in particular,
polycythemia vera are associated with an increased incidence
of venous thrombosis in general, and with hepatic vein
thrombosis in particular[2]. In 10-30% of patients with BCS,
however, no clear cause can be identified[1]. In our case, all
of the pathological entities mentioned above were ruled
out. In particular, it has been reported that no Japanese
person possesses the Leiden mutation[13], and in this case,
no accelerated coagulation status was recognized. Therefore,
we were unable to provide a definitive diagnosis in this case.
Considering the occlusion of the superior vena cava in this
case, an entirely different cause might be present in this
case such as the congenital venous abnormalities. With respect
to the treatment for BCS, conventional medical treatment
with diuretics and anticoagulation has been useful, especially
for patients at an early stage of acute thrombosis[14]. In this
case, we chose diuretics and anticoagulation treatment.
However, the ascites were intractable to these treatments.
On the other hand, radiological interventions such as balloon
angioplasty, metallic stent insertion and transjugular
intrahepatic portosystemic shunts have been shown to be
effective for selected patients with BCS. We chose balloon
angioplasty, and obtained good clinical results. However,
this treatment contains the risk of restenosis[15]. Therefore,
we are carefully observing the clinical course of this patient.
In particular, she is suffering from superior vena cava
occlusion and may suffer the risk of some complications,
such as edema in her arms or face, an elevation of
intracranial pressure, and so on. Liver transplantation has
been considered to be the best treatment for end stage or
irreversible liver damage in BCS patients, especially in the
Western world[16]. If deteriorating liver function or intractable
ascites occurs in this case, a liver transplantation may be
anticipated. In conclusion, we have described a young female
patient with BCS, who did not have any specialized risk
factors, and was suffering from a combination of hepatic
vein and superior vena cava occlusion. To the best of our
knowledge, this is the first reported case of BCS associated
with hepatic vein and superior vena cava occlusion.
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Abstract
Pancreatic carcinoma has a poor prognosis and early
detection is essential for potentially curative resection.
Despite the wide array of diagnostic tools, preoperative
detection of small pancreatic carcinomas remains difficult.
We report a case of small pancreatic carcinoma of the
head of pancreas with indeterminate findings on US, ERCP,
MRI and EUS which was successfully diagnosed via fusion
CT-PET. This case illustrates the utility of CT-PET in the
diagnosis of patients with small pancreatic carcinoma with
equivocal findings on conventional diagnostic modalities.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Carcinoma of the pancreas has a poor prognosis with less
than 20% of affected patients alive 1 year after diagnosis[1].
Early detection is essential for potentially curative resection.
However, the preoperative diagnosis of pancreatic carcinoma
remains difficult even with the wide array of diagnostic
modalities available such as abdominal ultrasound (US),
computed tomography (CT), endoscopic retrograde
cholangiopancreatography (ERCP), magnetic resonance
imaging (MRI) and endoscopic ultrasound (EUS). These
modalities have two main limitations. Firstly, poor detection
of small lesions less than 2 cm that are suitable for curative
resection and secondly, differentiating malignancy from
inflammation. In addition, previous manipulation and
stenting of the biliary tree adds to diagnostic uncertainties.
This diagnostic difficulty results in two types of adverse

outcome: (1) failure to resect a malignant tumor due to the
absence of a definitive preoperative diagnosis or tissue
confirmation of malignancy or (2) aggressive resection of
a benign pathology[2]. Thus, there is a need for newer and
more accurate imaging modalities to improve the preoperative
diagnosis of pancreatic carcinoma.
Fusion computed tomography-positron emission
tomography (CT-PET) with 2-deoxy-2-[ 18F]fluoro-Dglucose is a novel imaging modality which utilizes the
principle of selective 18FDG-uptake and retention by
malignant cells[2] . Early studies have demonstrated the
accuracy of this procedure in the diagnosis of pancreatic
malignancy with results comparable or even superior to
conventional methods[2,3]. However, experience with this
modality is limited as it is only available in a small number of
institutions due to its high cost and its role in the evaluation of
suspected pancreatic carcinoma is thus not yet well defined[3].
We report a case of pancreatic carcinoma with indeterminate
findings on US, ERCP, MRI, and EUS which was successfully
diagnosed preoperatively via fusion CT-PET.

CASE REPORT
A 48-year-old Chinese female was admitted with fever,
jaundice associated with tea-colored urine and pruritis and
right hypochondrial discomfort of 1-wk duration. She had
no steatorrhea or loss of weight. Clinical examination of
the abdomen did not reveal any palpable masses. Laboratory
investigations showed a leukocyte count of 12.34×10 9/L
and serum amylase 70 U/L. The liver function test revealed
total serum bilirubin, 162 mol/L; serum alkaline phosphatase,
1 242 U/L; aspartate transaminase, 55 U/L and alanine
transaminase, 65 U/L. Blood cultures, hepatitis B and C
serology were negative and the tumor marker carbohydrate
antigen (CA) 19-9 was elevated at 314 U/mL (normal,
3.0-50.0). A provisional diagnosis of cholangitis was made
and she was started on intravenous ceftriaxone. Abdominal
US demonstrated a normal gall bladder with dilated intra
and extrahepatic ducts. No biliary stones, no pancreatic or
hepatic masses were visualized. ERCP performed demonstrated
dilatation of the biliary tree but no definite stricture of the
common bile duct (CBD). The pancreatic duct could not
be visualized. The patient’s cholangitis resolved following
successful stenting and drainage during ERCP.
MRI of the pancreas and biliary tree was performed
and this demonstrated dilatation of the biliary tree and
pancreatic duct (double duct sign) suggestive of a pancreatic
malignancy. However, no masses or lesions could be seen
in the pancreas or distal CBD. The patient subsequently
underwent EUS which also failed to demonstrate any definite
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nodules or masses in the pancreatic head. As the suspicion of
a possible malignancy could not be excluded, CT-PET study
was performed whereby 10.2 mCi of intravenous F-18 FDG
was used as the tracer. This was followed by the attenuation
corrected (by unenhanced CT) PET scan which was performed
60 min later. This demonstrated a focal metabolically active
lesion related posterior to the stent in the distal CBD with a
standard uptake value (SUV) of 7.0 compatible with carcinoma
of the head of pancreas (Figures 1A and B). Based on the CTPET findings, the patient underwent exploratory laparotomy
whereby a 1.5-cm hard nodule was found within the head of
pancreas. It invaded into the CBD, causing stricturing at the
mid-level (Figure 2). The proximal CBD and main pancreatic
du ct were dilated and there were peripancreatic
lymphadenopathy. Pancreatoduodenectomy was performed
and final histology revealed a moderately differentiated
adenocarcinoma of the head of pancreas invading into the
duodenum with 1 of 17 lymph nodes involved. Her
postoperative recovery was uneventful and she was discharged
on the 8th postoperative day.

DISCUSSION
In 1931, Warburg observed that during the process of
malignant transformation, neoplastic cells become avid
glucose scavengers with increased glucose uptake, utilization
and transport [2]. This enhanced glucose uptake and
metabolism in malignant tissue provided the basis for the
application of CT-PET scan. In pancreatic adenocarcinoma,
a general increase in the expression of genes associated
with the inward transport of glucose and glycolysis has also
been demonstrated leading to its use as a diagnosis modality
for pancreatic malignancy[2]. CT-PET has been reported to
A
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have a sensitivity from 82% to 100% and a specificity from
67% to 100% in the diagnosis of pancreatic carcinoma[2,4-7]
and it is associated with a low false-positive rate of up to
only 2.6%[5,6]. Notably, CT-PET has also been shown to be
effective in differentiating carcinoma from chronic
inflammation[1,8]. In the study by Rose et al, CT-PET was
superior to CT in the diagnosis of pancreatic carcinoma
with a sensitivity and specificity of 92% and 85% vs 65%
and 62%, respectively. In the study of 18 patients (28%)
with indeterminate or unrecognized pancreatic masses on
CT were successfully diagnosed using CT-PET[2]. In another
study by Diederichs et al, CT-PET was correct in 43 (84%)
of 54 patients with indeterminate findings on CT or ERCP[9].
Thus, both these studies demonstrate the superiority of
CT-PET over CT in the diagnosis of pancreatic carcinoma.
However, there are potential limitations to the specificity
of CT-PET including its use in patients with previous upper
gastrointestinal surgery, patients with an acute exacerbation
of chronic pancreatitis, patients with pancreatitis related
complications such as intracystic hemorrhage which can lead
to nonspecific FDG accumulation and patients who have
undergone recent interventional procedures (stent, probe
placement)[1]. In particular, patients with an acute exacerbation
of chronic pancreatitis may have an increased SUV with
ranges similar to those for patients with pancreatic
carcinoma[6]. Thus, serum amylase and lipase concentrations
should be performed to exclude an acute exacerbation.
Furthermore, there is evidence to suggest that diabetes
mellitus may lead to false-negative results as the values of
tumor uptake of FDG are lower in insulin-dependant
diabetes patients compared with non-diabetics[6,8].
Current radiological imaging techniques are invaluable
in the early diagnosis of pancreatic carcinoma. Abdominal US,
CT and ERCP are the most commonly used imaging modalities
for the evaluation of pancreatic pathologies and are widely
regarded as ‘standard’ procedures in the diagnosis of pancreatic
carcinoma[1]. However, MRI and more recently, EUS and
PET are increasing rapidly as adjunctive diagnostic modalities.
Abdominal US is the most widely used imaging modality
in patients with suspected pancreatic malignancy although
its use is limited by a low sensitivity, operator dependence
and high percentage of inadequate results[1]. ERCP has an
accuracy of 90% and was once considered as the main
diagnostic test[10,11]. However, there are several limitations
and disadvantages of this diagnostic modality. Lesions not

B
Stent
Gallbladder

Distal
CBD
Ampulla
Figure 1 Whole body and combined fusion CT-PET of the pancreas. A: Whole
body CT-PET demonstrating a focus of increased uptake in the pancreatic head
(arrowed); B: Although no lesion was seen on CT, anatomical localization was
possible with fusion CT-PET to the pancreatic head (arrowed). A CBD stent is
seen in situ.

Duodenum

Figure 2 Post-Whipple’s specimen demonstrating a mass in the head of
pancreas causing narrowing of the distal CBD (arrowed).
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arising from the main ductal system may result in falsenegatives and inflammatory pseudotumors may mimick
carcinoma. Furthermore, ERCP is technically difficult with
a lengthy learning curve and is associated with a failure rate
of 3-10%[11]. It is also important to note that ERCP is an
invasive procedure which may result in significant morbidity
such as pancreatitis (1-8%) and mortality (0.2%)[9,12]. CT
scan is usually performed in addition to ERCP to determine
the size and extent of the tumor and detect distant metastasis.
The sensitivity of CT in the diagnosis of pancreatic carcinoma
is in the range of 50-90% and it is based on the size of
pancreas, changes in contour, obliteration of peripancreatic
tissue or other signs of invasive or metastatic disease[1,12].
With the use of the bolus technique with intravenous
contrast medium and spiral CT, small tumors that do not
produce a visible mass or alterations in the contour of the
pancreas may be detected as focal areas with diminished
enhancement[3,13] . However, the differentiation of massforming-pancreatitis from carcinoma is extremely difficult
via CT scan.
MRI is fast replacing ERCP as the diagnostic procedure
of choice as it is not only non-invasive, but also superior in
that in addition to delineating the ductal system it allows
visualization of masses in the pancreatic parenchyma as in
CT. Furthermore, MRI has been shown to be superior to
CT in the determination of local tumor extension[3]. The
use of ERCP may thus be limited in the future to cases
whereby MRCP findings are equivocal or when interventional
procedures such as stenting needs to be performed. The
use of EUS in the diagnosis has increased over the past
decade and it has shown to be more sensitive than CT or
MRI in detecting small lesions in the pancreas[14] . It can
also localize lymph node metastases and vascular tumor
infiltration with a greater sensitivity[14] . In addition, EUS
allows fine needle biopsy of masses suspicious of malignancy
with a sensitivity of 93% and specificity of 100%. Despite
its advantages, EUS is associated with major limitations such
as operator dependence and its limited field of visualization
for detecting distant metastases; thus, limiting its use as an
adjunct diagnostic modality. Furthermore, although it has a
high sensitivity in detecting small lesions in the head of the
pancreas, it is non-specific and may misdiagnose pseudotumors secondary to inflammation as malignancies.
Despite these wide-array of diagnostic modalities
available in the armamentarium of the modern-day clinics,
the preoperative diagnosis of pancreatic carcinoma remains
difficult. A diagnostic problem that has remained unsolved
is the differential diagnosis between focal or diffuse chronic
pancreatitis and small pancreatic carcinoma. This case
highlights this problem whereby chronic pancreatitis could
not be excluded prior to the fusion CT-PET scan. None of
the imaging modalities including US, CT, MRI or EUS was
successful in demonstrating a pancreatic mass in this patient.
Thus, although ERCP and MRI demonstrated a dilated
biliary tree and a dilated pancreatic duct, a conclusive
diagnosis of a pancreatic malignancy could not be made.
This is because with the absence of a discrete pancreatic
mass, other causes of the ‘double duct sign’ including
concrements and chronic pancreatitis [11] could not be
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excluded. Nonetheless, we overcame the diagnostic difficulty
in this patient where no discrete mass lesion could be
identified with the use of fusion CT-PET. Fusion CT-PET
demonstrated a focal metabolically active region in the
head of pancreas with a SUV of 7.0. This was well above
the cut-off for malignancy in previous studies (1.5-4.0) [1]
thus confirming the diagnosis of pancreatic carcinoma.
In conclusion, this case illustrates the utility of fusion
CT-PET in the preoperative diagnosis of pancreatic carcinoma
in selected patients when the findings on more ‘conventional’
imaging modalities are indeterminate. All clinicians should be
aware of the valuable role of this new imaging modality for
the diagnosis of small pancreatic cancers not visualized on
conventional imaging as early diagnosis and prompt treatment
can affect long-term outcome.
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Abstract
Transcatheter arterial chemoembolization (TACE) has
become the standard treatment for unresectable
hepatocellular carcinoma (HCC). But this method has
some shortages. p53 gene, which was found to be mutant
in many human tumors, has been proved with broadspectrum anti-tumor effects. We reported a 23-year-old
patient with recurrent HCC after irregular hepatectomy.
The p53 gene was applied to this patient. We injected
percutaneously and infused transcatheterally p53 gene
(Gendicine, Shenzhen Sibiono Bentech, China) into his
recurrent nodules in liver respectively and 4 d later, the
patient received TACE therapy. In the 2 mo follow-up,
the patient was in good clinical condition with normal liver
function and no recurrence was identified. The case report
proposed that recurrent HCC could be successfully treated
with p53 gene therapy combining TACE.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Transcatheter arterial chemoembolization (TACE) has
become the standard treatment for patients with unresectable
hepatocellular carcinoma (HCC). The goal of TACE is to
cause tumor necrosis and control tumor growth while
preserving as much functional liver tissue as possible. The

ultimate purpose is to prolong life. However, TACE ’s
therapeutic effects also have some limits and the combination
of TACE with other therapies such as percutaneous ethanol
injection (PEI), radiofrequency ablation (RFA), irradiation,
etc., are superior to single TACE for improving the prognosis
and survival of patients with HCC[1]. We reported a case
of recurrent HCC and the successful management with
combination of p53 gene therapy and TACE.

CASE REPORT
A 23-year old man with HCC in right lobe was treated with
right lobe irregular hepatectomy 20 mo ago. Five months
after the procedure, several recurrent nodules were found
in the remnant liver in a routine post-operation CT scan.
This patient did not have any clinical symptom. Afterward,
the patient received traditional Chinese medicine therapy,
but no effect was found. And some clinical manifestations
of liver function impairment such as belly swollen, lose of
appetite and jaundice occurred gradually with AFP (alphafetoprotein)>1 210 ng/mL. Three months ago, the patient
presented at the hospital. In the light of the multiple hepatic
nodules (Figure 1), which were not indicated for re-operation,
we were determined to treat this patient with p53 gene
therapy combining TACE. Firstly, we punctured the largest
nodule with fine needle percutaneously under the guidance
of CT and after the tip of needle was confirmed within the
largest nodule, p53 (Gendicine, Shenzhen Sibiono Bentech,
China) was injected into intra-tumor in a fashion of multiple
injections. Then, we infused p53 through hepatic artery
transcatheterally in our catheter room. A total of 3×10 12
VP (virus particles) were administered. After the procedure,
the patient had a moderate fever ranging 38-38.5 ℃ and
no complication was observed. Four days later, we superselectively embolized the patient’s hepatic arteries with 5-Fu,
vinorelbine, iodized oil. After the uneventful post-operative
30 d, the CT examination of the abdomen was made and
the image demonstrated the complete deposit of oil and no
recurrence sign was identified (Figure 2). In the following
2 mo (until this paper was written), the patient was in good
clinical condition with normal liver function and no
recurrence was identified.
DISCUSSION
Hepatocellular carcinoma (HCC) is a highly malignant tumor
with a very high morbidity and mortality. It has a poor
prognosis due to its rapid infiltrating growth and complicating
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Figure 1 The CT image of post-operation that revealed multiple hypodense
nodules with circle contrast manifestation.

Figure 2 The CT image of post TACE d 30 that revealed recurrent nodules with
homogeneous complete lipiodol uptake.

liver cirrhosis. Since TACE was introduced as a palliative
treatment in patients with unresectable HCC, it has become
one of the most common forms of interventional therapy[2-4].
However, its therapeutic effect is also limited by the lack
of appropriate and reliable embolic agents and when the
tumor is infiltrative in nature or is hypovascular, too large
or too small[5]. Another limitation of TACE is the need for
repeated treatments, which can result in deterioration of
liver function[6]. The combination of limited TACE with
PEI or RFA, irradiation therapy may lead to improved
survival and decreased risk of liver failure[1]. In this case,
we adopted the combined therapy of p53 with TACE so as
to overcome the downside of TACE.
p53 tumor suppressor gene is praised as gene guardian
and the loss of p53 is thought to be responsible for the
lack of apoptotic signals in tumor cells and thus for their
uncontrolled proliferation and recurrence[7]. Many human
tumors carry mutations in the p53[8,9] and mutant or absent
p53 status has been associated with resistance to radiation
therapy and to apoptosis-inducing chemotherapy[10] . The
combination of p53 gene transduction with radiation or
chemotherapy has resulted in local tumor control that is
superior to either therapy alone[11,12]. In HCC, the incidence
of p53 mutation was reported as 61%(17/28)[9]. Chen et al[13],
also reported that mutations in the p53 gene were frequently
detected in recurrent HCC and the interval between surgical
resection and the recurrence of HCC was significantly longer
in patients with the wild-type p53 gene than those with
mutations, strongly suggesting a pathological role for the
mutant p53 gene in HCC. Jeng et al[14], maintained that the
biological behavior of the mutant p53 gene is strongly
related to the invasiveness of HCC and may also influence
the postoperative course. Many scholars suggest that the
immunopositivity of the mutant p53 gene has a predictive
role in the prognosis of patients with resected hepatocellular
carcinoma[14].
Gendicine, recombinant human ad-p53 injection,
(Shenzhen Sibiono Bentech, China) obtained a drug license
from the state food and drug administration of China (SFDA;
Beijing, China) and became the world’s first commerciallylicensed gene therapy drug. Gendicine consists of advenovirus
vectors and normal p53 tumor suppressor gene. Gendicine
was used in clinical trials on patients with late-stage HNSCC

(head and neck squamous cell carcinoma). After 8 wk of
therapy involving one injection per week, 64% of patients’
tumors experienced complete regression and 32% experienced
partial regression. In combination with chemo- and
radiotherapy, it improved treatment efficacy more than
three-fold.
Although the recommended indications are limited in
HNSCC according to its specification, in this case, Gendicine
was tried in the patient with recurrent HCC. Because of
the multiple tumor nodules in liver parenchyma, this patient
was not suitable for re-operation. So we tried the new gene
drug. Three hours after the intra-tumor injection and
transcatheter hepatic artery infusion with a total of 3×1012
VP (virus particles), Gendicine began to express P53 protein
in tumor cell and reached a peak at post injection d 3. The
P53 protein brings about specific anti-tumor cells effect in
such ways as induction of apoptosis or necrosis, incentive
of body immune response, regulation of cell cycle etc. We
treated the patient with TACE at post injection d 4 in
expectation of achieving an optimal therapeutic effect.
Thirty days later, we used CT to evaluate the therapeutic
effect. The CT scan images identified complete iodized oil
uptake in tumor areas. HCC images that revealed a dense
retention of lipiodol within the whole tumor or revealed no
enhancement on contrast enchanced CT had a significantly
higher necrotic rate. This patient’s images represent a
significant tumor necrosis and imply a good prognosis in
the long run. So, the patient manifested good clinical
condition with normal liver function and no malignancy
was identified in the next 2 mo.
This case demonstrated that the combination of p53
with TACE could be used in patients with HCC as a
promising method and good efficacy could be gained.
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TO THE EDITOR
We read with great interest the article by Ding LA and Li JS[1],
which aimed to review the current knowledge on the
physiology of normal intestinal barrier function and highlight
the role of intestinal failure after various injurious insults in
the development of septic complications or multiple organ
failure with subsequent rapid clinical deterioration or even
death. Nowadays it is accepted that the gastrointestinal tract
is not only a passive organ of nutrient absorption, but it
additionally displays important endocrine, immunologic,
metabolic and barrier functions. Therefore, the authors very
precisely and in accordance with the description of the
functional failure of heart, lungs, brain and kidneys, use
the term “intestinal failure”, instead of gastrointestinal
dysfunction, when there is a disorder of the complex barrier
function, emphasizing concurrently on the equal importance
of gastrointestinal tract as other vital organs during the
course of diseases. In the mentioned article, the authors aiming
at attracting recognition and valuable comments by clinicians
refer to numerous common diseases, which may be complicated
by intestinal failure. We would like to comment on the
absence of reference on obstructive jaundice, a common
clinical entity, which is often complicated by septic events
and renal failure, associated with the presence of systemic

endotoxemia because of intestinal barrier failure.
It has been well documented that obstructive jaundice
impairs intestinal barrier function leading to bacterial and
endotoxin translocation, not only in experimental animals
but in clinical setting as well. Bacterial translocation was
found in patients with obstructive jaundice by multiple sampling
during laparotomy, demonstrating growth of translocating
bacteria of primarily enteric origin despite common use of
preoperative antibiotics[2]. An increase in intestinal permeability
has also been found in jaundiced patients as demonstrated
by the lactulose/mannitol permeability test, measurements
of endotoxin concentrations in portal and systemic circulation
and determination of anti-endotoxin core antibodies[3,4].
Obstructive jaundice affects globally the three levels of
gut barrier as described by the authors, namely, the immune
barrier, composed of secretory IgA, intra-mucosal lymphocytes,
Payer’s nodules, mesenteric lymph nodes and the reticuloendothelial system, the biological barrier, which is made up of
normal intestinal flora -responsible for colonization resistance-,
and the mechanical barrier, consisted of the closed-lining
intestinal epithelial cells: (1) Obstructive jaundice depresses
Kupffer cell clearance capacity[5] and natural killer cell
activity[6], reduces T cells in intestinal intraepithelium[7], alters
intestinal mucosal immunity[3] and deprives the gut from
biliary secretory IgA and from other specific and nonspecific
antibodies contained in bile that inhibit adhesion of enteric
bacteria on the intestinal wall. (2) Bile salts exert bacteriostatic
properties, therefore, their absence from the intestinal lumen
results in quantitative and qualitative disruption of the
indigenous microflora [8], which is also promoted by
disturbances of the interdigestive motility[9]. (3) Absence of
intraluminal bile deprives the gut from their trophic effect
resulting in intestinal atrophy. We have recently demonstrated
that an imbalance of cell proliferation and death in intestinal
crypts, with increased apoptosis and decreased mitotic activity,
underlie intestinal mucosal atrophy[10]. We have also shown
that obstructive jaundice disrupts the integrity of the mechanical
barrier by inducing regional loss of the key tight junctionassociated protein occludin expression in the intestinal
epithelium[11]. Therefore, the opened paracellular route may
significantly contribute to the escape of endotoxin from
the gut lumen into portal circulation.
The above cellular alterations of the mechanical barrier
are associated with significant disturbances of intestinal
oxidative status, with increased lipid peroxidation, protein
oxidation and oxidation of non-protein and protein thiols[12].
These biochemical changes are indicative of high oxidative
stress in the intestine after biliary obstruction and represent
another significant parameter of intestinal injury leading to
barrier failure. Investigation of the oxidant/antioxidant
equilibrium is an area of great pathophysiological and therapeutic
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interest given that reactive oxygen species and redox balance
are involved in the regulation of almost all cellular
processes, including proliferation, differentiation, stress
responses and cell death[13] . In obstructive jaundice, the
presence of increased intestinal oxidative stress may be
related to intestinal atrophy, since reactive oxygen species
may promote cell growth arrest, via a mitogen-activated
protein kinases dependent pathway that alters the status
of growth regulatory proteins, and apoptotic cell death,
via a cytochrome c-mediated activation of the caspase
family[13]. In addition, given that oxidative stress disrupts
the tight junction structural complex by modulating the
assembly, localization, expression and function of their
molecular components[14], this factor may underlie altered
intestinal occludin expression in obstructive jaundice.
Besides, oxidative stress plays a pathogenic role in diverse
diseases complicated by intestinal failure, such as in
inflammatory bowel disease[15] and in intestinal ischemiareperfu sion [16 ] . Conseq u ently, we think that the
“biochemical barrier”, consisted by non-enzymatic
(glutathione, cysteine and other non-protein and protein
thiols, vitamins C and E, bilirubin, ubiquinol) and enzymatic
(superoxide dismutases, catalase and glutathione peroxidase)
antioxidant defenses, which regulate the intracellular redox
state, represents an additional crucial level of normal
intestinal barrier function.
Research into the potential mechanisms implicated in
intestinal failure in diverse pathologic conditions has a principal
aim: to suggest potential therapeutic strategies for clinicians.
Clinical studies in obstructive jaundice, based on the enterotrophic, bacteriostatic and endotoxin neutralizing properties
of bile and bile salts, have shown that internal biliary drainage[17]
or bile replacement during external biliary drainage[18] and
oral bile salts[19] enhance intestinal barrier function and reduce
postoperative complications. In addition, lactulose administration
prevents postoperative complications and renal failure[19] ,
probably through inactivation of gut derived endotoxin and
the endotoxin-induced systemic inflammatory response.
Novel cellular and biochemical alterations described, such
as tight junctions disruption and oxidative stress, provide
new therapeutic targets and strategies, while research into a
globally acting factor affecting most of obstructive jaundiceinduced intestinal alterations is an attracting field. In such
an attempt, our group has recently shown that gut regulatory
peptides bombesin and neurotensin exert a wide spectrum
of modulating actions on intestinal barrier in experimental
obstructive jaundice[10,11].
In conclusion, obstructive jaundice is a common clinical
entity complicated by intestinal failure and endotoxemia,
leading to high postoperative morbidity and mortality rates.
Current advances in the pathophysiology of intestinal failure
in obstructive jaundice have shown that the breakage of
gut barrier is multi-factorial, involving disruption of the
immunologic, biological, mechanical and biochemical barrier.
Clinicians should take advantage of this knowledge and do
not neglect protecting the intestinal barrier function, by
applying the well demonstrated clinical strategies, which are
continuously enriched by a valuable basic research pool.
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TO THE EDITOR
Nonalcoholic fatty liver disease (NAFLD) is an increasingly
known medical entity with high prevalence, about 10 to
24 percent in general population and up to 74% in obese
population[1]. The prevalence of the disease is expected to
increase worldwide, as we are encountering the global obesity
epidemic and the trend in developing countries toward the
Western lifestyles. However, it looks that there are some
differences between the demographic and epidemiologic
features of NAFLD in developing and developed countries.
Some studies conducted in developing countries[5] have
shown somewhat different epidemiologic and demographic
characteristics for NAFLD. For example, while NAFLD
and nonalcoholic steatohepatitis (NASH) were primarily
thought to be more common in women than in men, many
studies conducted in developing countries demonstrated
either a male predominance[2-5] or no difference in gender
distribution. Such a result was observed only in a few studies
in developed countries [6]. Similarly, although a higher
prevalence of diabetes mellitus was reported in patients
with NAFLD and NASH, the prevalence of diabetes in
several studies carried out in developing countries has been
lower than what was primarily explained[2-4].
The reaction of the scientific community to such anomalies
has been limited to a more conservative explanation of the
demographic and epidemiologic characteristics of NAFLD
and NASH. Nowadays, most review articles do not highlight
the effect of gender on the disease and do not place much
emphasis on diabetes mellitus, although insulin resistance is
known to be a very important risk factor of the disease. In
other words, we have ignored the possibility that these

differences might indicate more systematic and fundamental
differences in these populations and detecting the source
of these differences might shed light on some important
pathophysiologic aspects of the disease.
We are currently at a very crucial phase of understanding
NAFLD and NASH, which is called the maturation of the
paradigm. Based on Thomas Kuhn’s ideas[7], the sciences
mostly work within a single framework, scientific paradigm or
disciplinary matrix, driven by exemplars of past scientific
achievements. This disciplinary matrix, paradigm, is a set
of theories, beliefs, and principles that can solve current
problems and gives rise to subsequent research questions.
Our knowledge of NAFLD, as an increasingly known
medical entity, has been rapidly increased in the last decade
and it seems that the scientific community is currently
forming a paradigm for the disease-based on the knowledge
we have achieved so far. At this crucial phase, we have to
ascertain that no considerable piece of evidence is neglected.
As explained below, the discrepancy between the
epidemiologic and demographic characteristics of the disease
might be due to different factors. But even if there is a small
probability that such differences are indicators of more
fundamental issues, it is worth to evaluate that possibility
now, rather than paying more cost later to change the
paradigm.
Possible sources of discrepancy
Different factors, such as cultural and socioeconomic
characteristics, dietary habits, and genetic factors, can give
rise to such a discrepancy between patients and/or studies
in developing and developed countries.
Provided the indisputable role of cultural factors on alcohol
consumption, these factors might explain some degrees of the
differences between the characteristic of NAFLD in these
two societies. Alcohol consumption is the most important
factor to be ruled out in order to diagnose NAFLD. The
pattern of alcohol consumption in some developing countries
is different from developed countries. In fact, in many Muslim
countries[3,5], the alcohol consumption rate is extremely low.
In addition to alcohol consumption habits, other cultural
differences might also play a role in this discrepancy. For
example, pointing at some cultural differences between these
two populations, some of our colleagues in the US have
questioned if in developing countries men are more likely
to ask for medical services than women. In other words, it
might be postulated that these differences are caused by a
bias that is introduced into these studies because of cultural
differences. One clinic-based study has tested this hypothesis
by looking at gender distribution in other cases referred to
that clinic and it was shown that there is a female predominance
in other hepatic diseases[4]. However, this hypothesis should
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be more precisely tested in community-based studies in
developing countries.
The other important factors that might explain this
discrepancy are socioeconomic factors. Studies conducted
in both developing and developed countries should take
this factor into account. For example, access to health care
might play a crucial role in the patterns of NAFLD and
NASH in these two societies. Inappropriate distribution of
health care system in developing countries can distort the
distribution of risk factors such as diabetes as well as diagnosis
and control of such factors.
Dietary habits are the other important differences
between developing and developed countries. These
differences are not limited to the difference in high-calorie
high-fat diets and their role in metabolic syndrome, obesity,
and other risk factors of NAFLD. Diet is highly interrelated
with cultural and socioeconomic factors, but we have
discussed it separately to emphasize on its importance.
Further inspection of the dietary habits in developing
countries should be considered only if studies approve that
food has an important effect on key determinants of the
discrepancy between two populations after controlling for
cultural and socioeconomic factors.
The other important factors that might explain such
differences are genetic factors. In fact, in my personal
communication with many colleagues in different countries,
genetic factors were the first suggestions. Our knowledge
about genetic characteristics of NAFLD and NASH is very
limited and genetic differences have this potential to cause
this discrepancy. However, developing countries do not have
a homogeneous population and probably genetic differences
between different developing countries is as much as, if
not more than, the differences between developing and
developed countries. Further studies on genetic factors might
provide some clues about the validity of this hypothesis.
What mentioned above are only some hypotheses that might
be responsible for some part of the differences between results
of studies on demographic and epidemiologic characteristics
of NAFLD and NASH. There might be many other
hypotheses that are not mentioned here. However, it is very
important to notice that this discrepancy might be not more
than only random or systematic errors in different studies.
Many studies published in both developing and developed
countries, particularly the former, are conducted on small
samples and mainly on cases referred to hospitals or clinics.
Difference in quality of studies is an important factor that
if true can result in factitious difference in published articles.
Recommendations
In summary, there is a discrepancy in epidemiologic and
demographic characteristics of NAFLD and NASH
between studies conducted in developing and developed
countries. This discrepancy in publications may, or may not,
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provide a clue to some differences between the pathophysiology
of the disease in these two populations. Therefore, it is
worth for scientific community to evaluate the possibility
of such a difference at this time rather than attempting to
change the paradigm later. If this difference does exist, it
provides many clues for further investigation on NAFLD
and NASH. For example, while insulin resistance is known
to be one of the most important factors in pathophysiology
of NAFLD and NASH, low prevalence of diabetes in some
populations might indicate the presence of a competing
causal factor, yet to be defined. Below are some recommendations
for future studies on NAFLD and NASH in order to define
whether such a difference does exist and if yes, which factors
can explain this discrepancy.
(1). Large community-based studies are strongly required
in developing countries. As mentioned above, this discrepancy
might be only due to the quality of studies, particularly in
developing countries. Large community-based studies with
appropriate design can shed light on whether there is a
difference between these two populations. (2). Epidemiologic
studies in both developed and developing countries should
put more emphasis on the factors that have different
distributions in these two populations and particularly on
socioeconomic factors. Socioeconomic factors are the most
consistent difference between these two populations.
Therefore, the effect of these factors-regardless of their
effect through other variables such as diet, obesity, etc.-should
be evaluated in studies conducted in both developing and
developed countries. (3). More studies are needed on genetic
aspects of NAFLD and NASH in developing countries and
verification of the results of the research conducted by
our colleagues in developed countries.
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World Journal of Gastroenterology standard of quantities and units
Number

Nonstandard

Standard

Notice

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

4 days
4 days
day
Four d
2 hours
2 hs
hr, hrs,
10 seconds
10 year
Ten yr
0,1,2 years
0,1,2 year
4 weeks
Four wk
2 months
Two mo
10 minutes
Ten min
50% (V/V)
50% (m/V)
1M
10 M
1N HCl
1N H2SO4
4rd edition
15 year experience
18.5 kDa
25 g.kg-1/d-1
6900
1000 rpm
sec
1 pg·L-1
10 kilograms
13 000 rpm
1000 g
Gene bank
Ten L
Ten mL
umol
30 sec
1 g/dl
OD260
One g/L
A260 nm
b
P<0.05

4d
four days
d
Four days
2h
2h
h
10 s
10 years
Ten years
0,1,2 yr
0,1,2 yr
4 wk
Four weeks
2 mo
Two months
10 min
Ten minutes
500 mL/L
500 g/L
1 mol/L
10 mol/L
1 mol/L HCl
0.5 mol/L H2SO4
4th edition
15- year experience
18.5 ku,18 500u or Mr18 500
25 g/(kg·d) or 25 g/kg per day
6 900
1 000 r/min
s
1 pg/L
10 kg
13 000 g
1 000 r/min
GenBank
Ten liters
Ten milliliters
mol
30 s
10 g/L
A260
One microgram per liter
A260 nm
a
P<0.05

In figures, tables and numerical narration
In text narration
After Arabic numerals
At the beginning of a sentence
After Arabic numerals
After Arabic numerals
After Arabic numerals
After Arabic numerals
In text narration
At the beginning of a sentence
In figures and tables
In figures and tables

45

*F=9.87, §F=25.9,
#
F=67.4
KM
CM
MM
Kg, KG
Gm, gr
nt
l
db
rpm
bq
amp
coul
HZ
w
KPa
p
ev
Jonle
J/mmol
10×10×10cm3
N·km
x±s
Mean±SEM
im
iv
Wang et al
EcoRI
Ecoli
Hp
Iga
igA
-70 kDa

1

46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

F=9.87,2F=25.9,
F=67.4
km
cm
mm
kg
g
N
L
dB
r/min
Bq
A
C
Hz
W
kPa
Pa
EV
J
kJ/mol
10 cm×10 cm×10 cm
KN·m
mean±SD
mean±SE
im
iv
Wang et al.
EcoRI
E.coli
H pylori
Iga
IgA
~70 ku

At the beginning of a sentence
In figures and tables
At the beginning of a sentence
At the beginning of a sentence

After Arabic numerals
High speed; g should be in italic and suitable conversion.
Low speed. g cannot be used.
International classified genetic materials collection bank
At the beginning of a sentence
At the beginning of a sentence
10-fold conversion
“OD” has been abandoned.
At the beginning of a sentence
A should be in italic.
In Table, no note is needed if there is no significance in statistics: aP<0.05, bP<0.01
(no note if P>0.05). If there is a second set of P value in the same table, cP<0.05 and
d
P<0.01 are used for a third set: eP<0.05, fP<0.01.
Notices in or under a table

3

kilometer
centimeter
millimeter
kilogram
gram
newton
liter
decibel
rotation per minute
becquerel, a unit symbol
ampere
coulomb
watt
kilo-pascal
pascal
volt (electronic unit)
joule
kilojoule per mole
moment
In figures, tables or text narration
In figures, tables or text narration
intramuscular injection
intravenous injection
Eco in italic and RI in positive. Restriction endonuclease has its prescript form of writing.
Bacteria and other biologic terms have their specific expression.
writing form of genes
writing form of proteins

