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Abstract
AIM: To review the cases reported in the literature,
examined their clinicopathological features, and
evaluated the efficacy of different therapeutic modalities
for this rare condition.
METHODS: A s e a r c h o f t h e M E D L I N E d a t a b a s e
revealed 16 cases of pericarditis carcinomatosa (PC)
originating from GC reported in the literature between
1982 and 2005. Additional detailed data were obtained
from the authors of these studies for subsequent
clinicopathological investigation. We have also described
about a case study from our own clinic.
RESULTS: The mean age of cases with pericarditis
carcinomatosa originating from GC was 54 years.
Females were diagnosed at a younger age (46.3 years)
compared to males (58 years). The mean survival period
after diagnosis was 4.5 mo. No statistical differences in
the length of survival time were found between different
therapeutic modalities, such as drainage, and local
and/or systemic chemotherapy after drainage. However,
three cases who underwent systemic chemotherapy
survived for more than 10 mo. Cases that developed
metachronous cardiac tamponade for more than 2
years after the diagnosis of GC generally survived for a
longer period of time, although this was not statistically
significant. Multivariate analysis revealed that low levels
of carcinoembryonic antigen (CEA), and CEA and/or cancer
antigen 19-9 (CA 19-9) were associated with longer
survival.
CONCLUSION: Cases with low levels of CEA, and CEA
and/or CA 19-9 should undergo systemic chemotherapy
with or without local chemotherapy after drainage.
©2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Malignant pericardial effusion typically develops slowly and
can spontaneously regress or remain stable. Some cases,
however, may progress to cardiac tamponade[1]. Pericardial
effusion can be caused by common primary malignancies
that metastasize to the pericardium, such as lung cancer,
lymphoma, breast cancer, and leukemia[2-4]. Cardiac tamponade
due to pericarditis carcinomatosa (PC) originating from a
primary gastric cancer (GC) is a rare condition. It is usually
detected during the terminal stages of GC; however, it
is also detected during cardiac emergencies. There are
several reports of cardiac tamponade due to GC; however,
most of them are only case reports. Due to the limited
number of cases seen in a single institute, we performed
a clinicopathological study of the cases of PC originating
from GC reported in the literature, including a case from
our hospital, and investigated the best therapeutic modality
for this rare condition.
MATERIALS AND METHODS
A search of the MEDLINE database revealed 16 cases of PC
originating from GC reported in the literature and meeting
proceedings between 1982 and 2005 (Table 1)[5-15]. Cases in
which PC was synchronous with GC and its recurrence
were included. In addition, we asked the authors of these
studies to review the available medical records to obtain
more information about the cases.
A 36-year-old female patient, diagnosed with
Kruckenberg’s tumor, who consulted our clinic for further
examination, was included in this case study. Endoscopic
examination revealed GC of the antrum. The patient
underwent distal gastrectomy with lymph node dissection.
Histological examination showed that signet-ring cell
carcinoma was mostly confined within the mucosal layer
and had slightly invaded the muscular layer. Histology
also showed lymph node metastases in a wide area with
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Table 1 Reported cases of cardiac tamponade due to pericarditis carcinomatosa from gastric cancer.
Case Author

Year

Sex Age Hist1 T

ly

v

n

Time
interval2

Symptom

AST

ALT

ALP

LDH CEA

CA19-9

Treatment3

Survival4

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

1982
1984
1984
1989
1995
1996
1998
1998
1999
2000
2002
2003
2003
2005
2003
2003

F
M
F
F
M
M
M
F
M
M
M
M
M
M
F
M
F

3
NA
NA
NA
NA
0
2
NA
3
2
2
2
3
1
3
3
2

NA
NA
NA
NA
NA
0
0
NA
NA
1
1
0
3
2
2
2
1

NA
NA
NA
NA
>1
0
0
NA
3
2
2
2
2
0
1
3
2

0
NA
NA
NA
2.5 mo
27.5 mo
77 mo
7 mo
0
19 mo
26 mo
4 mo
50 mo
13 mo
26 mo
32 mo
27.5 mo

Cough
NA
NA
NA
Chest pain
Dyspnea
Hypotension
Dyspnea
Dyspnea
Dyspnea
Fatigue
Hypotension
Cough
Dyspnea
Dyspnea
Dyspnea
Vomit

31
NA
NA
NA
38
417
25
51
14
22
1 224
NA
44
NOR
N
N
95

26
NA
NA
NA
11
283
35
56
18
94
1 087
NA
58
NOR
N
N
152

297
NA
NA
NA
4.2KA
281
142
503
299
456
NA
NA
307
NOR
N
N
312

365
NA
NA
NA
832
921
154
235
211
216
NA
NA
377
NOR
N
N
272

NA
NA
NA
NA
26.7
1 100
2.7
47
8.6
56
27.9
238
15.5

D
D
D
L
S+L
L
L
L
D
S+L
S
S
S+L
S
D
D
S+L

5.0
2.0
5.0
1.3
1.5
3.0
3.5
1.5
2.5
5.0
10.0
2.5
14.0
2.5
4.0
1.0
13.0

Ohtomo
Koide
Usami
Moriyama
Orihata
Sakusabe
Unno
Sakai
Kobayashi
Hiramatsu
Saitoh
Sakusabe
Suto
Author

33
67
65
44
64
51
42
48
45
44
51
68
69
69
52
68
36

ud
NA
NA
NA
por
sig
por
sig
sig
sig
por
tub1
sig
tub1
sig
tub2
sig

2
NA
NA
NA
>2
2
2
NA
1
1
2
1
2
2
2
3
2

NA
NA
NA
NA
240.1
2.3
0.6
0.7
1.7
2.5
3.0
12.5
3.6
5.7
N
41.6
0.76

178.4
894.1
9.78

NA: data not available, NOR: within normal range
1

Hist: Histology, ud: undifferentiated carcinoma, por: poorly differentiated adenocarcinoma, sig: signet-ring cell carcinoma, tub1: well differentiated tubular

adenocarcinoma, tub2: moderately differentiated tubular adenocarcinoma
2

Time interval: time interval from the diagnosis of gastric cancer to the onset of cardiac tamponade

3

D: drainage only, L: local chemotherapy, S: systemic chemotherapy

4

Survival: survival after onset of cardiac tamponade (months)

Cases 11, 13 and 14 were cited from meeting proceedings.

massive permeation into the lymphatic vessels. The patient
underwent postoperative chemotherapy of sequential
methotrexate plus 5-fluorouracil. Twenty-seven and a
half months after the operation, she developed nausea
and laboratory data showed elevated levels of aspartate
aminotransferase (95 IU/L), alanine aminotransferase
(152 IU/L) and alkaline phosphatase (312 IU/L).
An abdominal CT scan revealed massive pericardial
effusion and left pleural effusion. The patient underwent
pericardiocentesis and left pleural centesis. Cytological
examination of the fluid revealed signet-cell carcinoma.
After drainage, 10 mg of cisplatin was infused into the
pericardial space. The pericardial effusion subsequently
disappeared. She underwent injection chemotherapy
into the pleural space (135 mg cisplatin) and systemic
chemotherapy (cisplatin and sequential methotrexate plus
5-fluorouracil) until the pericardial effusion reappeared 9.5
mo later. Pericardiocentesis was performed again and 150
mg cisplatin was infused into the pericardial space. She
also underwent systemic chemotherapy, however, died 13
months after the onset of PC.
Survival curves were generated using the Kaplan-Meier
method and compared using the log-rank test. Multivariate
Cox regression analysis was used to identify factors
independently associated with mortality. For multivariate
analysis, all factors were dichotomized: gender (male,
female), time interval between diagnosis of gastric cancer
and diagnosis of cardiac tamponade (<24 mo including
synchronous cases, >24 mo), carcinoembryonic antigen
(CEA) levels (<5.0, >5.0 ng/mL), cancer antigen 19-9 (CA
19-9, <40 U/mL, >40 U/mL), and systemic chemotherapy

(done, not done). Using the Pearson’s χ2 test, differences
in proportions were evaluated. P<0.05 was considered
statistically significant.

RESULTS
The clinicopathological features of cardiac tamponade due
to PC originating from GC are presented in Table 2. More
than half of the patients were males, an occurrence similar
to that generally seen in GC. The mean age of the 17
cases was 54 years (range, 33-69 years). Females diagnosed
with cardiac tamponade tended to be younger (mean, 46.3
years; range, 33-65 years) as compared with the males
(mean, 58 years; range, 42-69 years). Of the 17 cases, 14
died within 6 mo of diagnosis. Figure 1 shows the KaplanMeier survival curve for all the 17 cases. The mean survival
after the diagnosis of PC was 4.5 mo (range: 1.0-14.0 mo).
Histological data was obtained for 12 of the cases. Of
these, 11 were of the less differentiated type. Eleven of
the twelve cases also showed lymphatic permeation, and
nine showed lymph node metastasis.
The different treatments used after the diagnosis of
cardiac tamponade and the survival of the corresponding
cases are shown in Table 3. Six cases underwent
pericardiocentesis only, and the mean survival after the
diagnosis of cardiac tamponade was 3.3 mo. Eleven cases
underwent local infusion chemotherapy targeting the
pericardial space and/or systemic chemotherapy following
pericardiocentesis. The mean survival periods of the cases
treated with local chemotherapy, systemic chemotherapy,
and combined local and systemic chemotherapy were
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Table 2 Clinicopathological analysis of cardiac tamponade due to PC
from GC
Male:female
Mean age (yr; n = 17)
Male
Female
Histological types (n = 14)
sig
por
ud
tub
T (n = 13)
1
2
3
ly (n = 12)
0
1
2
3
v (n = 10)
0
1
2
3
n (n = 12)
0
1
2
3

11:6
54.0 (range: 33-6)
58.0 (range: 42-69)
46.3 (range: 33-65)
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Survival rate (%)

100
80
60
40

7
3
1
3

20
0
0

3
9
1

2

4

6

8

10

12

14
Time (mo)

Figure 1 Kaplan-Meier survival curve of all cases (n = 17).

1
1
5
5

Survival rate (%)
100

Systemic chemotherapy (+)
Systemic chemotherapy (-)

80

3
3
3
1

60
40
20

3
2
5
2

0
0

The histological types, “T”, “ly”, “v”, and “n”, are defined in the General Rules
for the Gastric Cancer Study by Japanese Research Society for Gastric Cancer[26].
sig: signet-ring cell carcinoma; por: poorly differentiated carcinoma; ud:
undifferentiated carcinoma; and tub: tubular adenocarcinoma.
For T which represents depth of cancer invasion, 1: mucosal and submucosal
layer; 2: proper muscular and subserosal layer; 3: expose to serosal layer; and 4:
invasion to the adjacent organ.
For ly and v which represent lymphatic permeation and venous permeation,
respectively, 0: none; 1: slight; 2: moderate; and 3: massive.

2

4

6

8 10 12 14
Time (mo)

Figure 2 Kaplan-Meier survival curve according to administration of systemic
chemotherapy. The cases treated with systemic chemotherapy were more likely
to survive longer (P = 0.0579) than those who were not treated with systemic
chemotherapy.

Survival rate (%)
100

Time interval≥24 mo
Time interval<24 mo

80
60

Table 3 Treatment and corresponding mean survival time after the
diagnosis of cardiac tamponade

40

Modalities

n

Mean survival (mo)

20

Drainage only
Drainage+chemotherapy
Local only
Systemic+local
Systemic only

6

3.3

4
4
3

2.3
8.4
5.0

Local: local infusion chemotherapy into pericardial space.

2.3, 5.0, and 8.4 mo, respectively. All the three cases who
had survived for more than 10 mo underwent systemic
chemotherapy (two cases: local and systemic; one case:
systemic only).
Statistical analyses of the prognostic factors are presented
in Table 4. Cases treated with systemic chemotherapy tended
to survive longer (6.9 mo) than those who were not treated
with systemic chemotherapy (P = 0.0579; Figure 2). The
mean survival period of the cases that developed cardiac

0
0

2

4

6

8

10

12

14
Time (mo)

Figure 3 Kaplan-Meier survival curve according to time period between the
diagnosis of gastric cancer and diagnosis of cardiac tamponade. The cases
in whom cardiac tamponades were diagnosed for more than 24 mo after the
diagnosis with gastric cancer were more likely to survive longer than those in
whom cardiac tamponade was diagnosed for less than 24 mo after the initial
diagnosis of gastric cancer. However, there was no statistical difference between
the two groups (P = 0.1130).

tamponade within 2 years after the diagnosis of primary
GC, including one synchronous case, was 2.9 mo. This
was shorter than the cases in which the onset of cardiac
tamponade occurred 2 years after the diagnosis of GC
(6.9 mo). However, there were no statistical differences
between the two groups (P = 0.1130; Figure 3). The mean
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Table 4 Clinical characteristics of cardiac tamponade due to
pericarditis carcinomatosa from GC

Characteristics

n

Survival rate (%)
1
5
10
mo

Overall
17
94.2 17.7
Gender
Male
11
90.9 18.2
Female
6
16.7
Time interval
<24 mo
7
0.0
>24 mo
7
85.7
CEA (ng/mL)
<5
9
>5
4
75.0 0.0
CA 19-9 (U/mL)
<40
6
33.3
>40
6
0.0
CEA and/or CA 19-9
Normal
5
0.0
High
8
87.5
0.0
Systemic chemotherapy
Done
7
42.9
Not done
7
90.0
0.0

Median survival
in months (range)

CEA
<5.0 ng/mL
>5.0 ng/mL
CEA and/or CA-19-9
<5.0 ng/mL, <40 U/mL
>5.0 ng/mL, >40 U/mL

Volume 11

P values

11.8

4.5 (1.0-14.0)

9.1
-

4.3 (1.0-14.0)
5.0 (1.3-13.0)

0.0
28.5

2.9 (1.5-5.0)
6.9 (1.0-14.0)

0.1130

22.2
0.0

6.3 (1.5-14.0)
1.9 (1.0-2.5)

0.0071

16.7
0.0

7.4 (1.5-14.0)
2.8 (1.0-5.0)

0.1074

0.0
0.0

8.6 (2.5-14.0)
2.6 (1.0-5.0)

0.0244

28.6
0.0

6.9 (1.5-14.0)
2.8 (1.0-5.0)

0.0579

Number 44

Survival rate (%)

100

CEA<5.0 ng/mL
CEA≥5.0 ng/mL

80
60
40
0.7614

20
0

Table 5 Relative risk of death as analyzed by Cox proportional
Hazards model
Variables

November 28, 2005

B value

Relative risk (95%CI)

P values

1.9

6.7 (1.2–36.6)

0.029

1.6

4.9 (1.0-23.7)

0.049

95%CI: confidence interval.

survival periods of cases with high levels (>5.0 ng/mL)
and normal levels (<5.0 ng/mL) of CEA were 6.3 and
1.9 months, respectively (P = 0.0071; Figure 4). The mean
survival periods of cases with high levels (>40 U/mL)
and normal levels (<40 U/mL) of CA 19-9 were 2.8 and
7.4 months, respectively (P = 0.1074). The cases in which
either CEA and/or CA 19-9 were elevated at the time of
cardiac tamponade had shorter survival periods (2.6 mo)
as compared with the cases without CEA and/or CA 19-9
elevation (8.6 mo) (P = 0.0244). Multivariate analysis also
revealed that high levels of CEA and CEA and/or CA
19-9 were associated with poor survival (P = 0.029 and 0.049,
respectively; Table 5).

DISCUSSION
Secondary tumors of the heart and/or pericardium are
rarely diagnosed in clinical practice. However, it is not
uncommon to find these during autopsy cases. Secondary
cardiac metastases most frequently arise from primary lung
tumors. Primary GC rarely metastasize to the heart, with
4.3-7.7%[16-19] reported from autopsy investigations.

0

2

4

6

8 10 12 14
Time (mo)

Figure 4 Kaplan-Meier survival curve according to CEA levels. The cases with
normal CEA levels had a longer survival period as compared to those with high
CEA levels (P = 0.0071).

We investigated 17 reported cases of cardiac tamponade
due to PC originating from GC, and observed several
characteristics specific to this condition. The mean age of
the patients was 54 years, which was slightly younger than
the average age reported for GC. Females tended to be
diagnosed at a younger age than males. Histopathological
results of 11 out of the 12 cases showed less differentiated
tumors with massive lymphatic involvement. Raven[20] and
Hanfling [21] reported that the hematogenous route was
the most common metastatic pathway to the heart, while
Warren and Gates[22] and Kline[23] believed that the cardiac
lymphatic system was the major metastatic pathway to
the heart. The fact that almost all cases showed massive
lymphatic permeation suggested that the mechanism of
pericardial metastasis might be through the lymphatic
system.
There is no defined therapy for pericardial metastasis.
Most reports describing therapeutic modalities for cardiac
tamponade due to malignant pericarditis were based
on cases in which lung cancer was the primary tumor.
Drainage of the malignant effusion either by percutaneous
pericardiocentesis or by pericardiectomy should be
performed if this condition is diagnosed. The prognosis
of cardiac tamponade caused by malignant pericarditis
is grave and survival is limited. Fraser et al.[24] reported
the prognosis of 21 cases and more than half of the 21
cases originated from lung cancer. Seven patients treated
with pericardiocentesis and provided with supportive
care had a median survival time of 3 wk. Eight patients
treated with pericardiocentesis and either radiotherapy
and/or intrapericardial or systemic chemotherapy had a
median survival period of 3.5 mo. Six patients treated with
pericardiocentesis and pericardiectomy with or without
radio- or chemotherapy had a median survival period of
6 mo. Moreover, Appelqvist et al.[1] reported the prognosis
of three cases of pericardiectomy. Among them, two cases
had primary lung cancer, while the primary tumor was of
unknown origin in the third case. The case who did not
undergo treatment only survived for 5 wk, the case treated
with radiotherapy survived for 7 wk, and the case treated
with systemic chemotherapy survived for 9 mo[1].
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To our knowledge, there are no reports investigating
the different therapeutic modalities available for the
treatment of cardiac tamponade originating from GC.
Our review of the literature showed that the therapeutic
modalities in 6 cases were only the drainage of malignant
effusion, while the 10 cases underwent chemotherapy after
the drainage. In addition, the chemotherapy treatment
varied in the cases with the routes of administration of
anti-cancer agents (e.g., intrapericardial infusion and/or
systemic administration), the type of anti-cancer agents,
and the dose of anti-cancer agents. More than half
of the cases treated with local chemotherapy received
various doses of cisplatin. We found that there were no
complications caused by local chemotherapy in our review
of the literature, and cisplatin was the most frequently
used agent for local chemotherapy. The agents used for
local chemotherapy should be less irritable to the heart.
As the number of cases was limited, we were unable to
determine which treatment was the most effective for this
condition. However, we did find that cases treated with
systemic chemotherapy tended to survive longer than
those who were not (P = 0.0579).
The period of time from the diagnosis of gastric
cancer to the onset of cardiac tamponade may influence
prognosis. When the time period was less than 2 years,
the survival was 2.9 mo, and if the time period was over 2
years, the survival increased to 6.9 mo. The cases with high
levels of either of the tumor markers CEA or CA 19-9
had a shorter survival period than those with low levels of
either of these markers.
Honda et al.[25] reported a case of cardiac tamponade
originating from lung cancer, in which the malignant
cardiac effusion was controlled by weekly paclitaxel
therapy. Sakusabe et al. [15] also reported that weekly
administration of paclitaxel was effective for the control of
malignant pericardial effusion originating from GC. There
are many reports demonstrating that malignant ascites
arising from GC can be controlled by paclitaxel in patients
diagnosed with peritonitis carcinomatosa of GC. We
confirmed that the level of paclitaxel in malignant ascites
remained effective until 72 h after systemic administration
(submitted for publication). Paclitaxel may, therefore, be
a promising agent for systemic chemotherapy, and should
be considered for the treatment of malignant pericardial
effusion.
In summary, we were unable to reveal which therapy
was the best for extending the life expectancy in cases
of PC originating from GC. However, the cases with
systemic chemotherapy survived for a longer period of
time compared to the cases treated with drainage only
or with local chemotherapy. The cases that developed
cardiac tamponade due to PC arising from GC more than
2 years after the diagnosis, and the cases in which the
levels of CEA and CA 19-9 were not elevated may have a
possibility of surviving for a longer period of time. Such
cases should undergo chemotherapy following emergency
pericardiocentesis. While a specific chemotherapeutic
strategy has not yet been developed for these cases, the
use of paclitaxel for systemic, and cisplatin for local
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chemotherapy may be promising for the treatment of
cardiac tamponade caused by PC arising from GC.
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Abstract
AIM: To i n v e s t i g a t e t h e u s e f u l n e s s o f s u c r o s e
permeability test using serum in the diagnosis of gastric
diseases, with special reference to early gastric cancer
(EGC).
METHODS: A total of 63 subjects, including 11
patients with gastric ulcer, 20 patients with gastric
cancer (13, early; 7, advanced) and 32 healthy controls,
were studied. Blood and urine samples were collected
repeatedly for 5 h before and after the sucrose loading.
Sucrose levels were measured by a newly developed
enzymatic method.
RESULTS: Serum sucrose levels started to increase
15 min after loading, and peaked at 60 min in the
gastric disease groups. The levels for gastric ulcer, EGC
and advanced gastric cancer (AGC) at 60 min were
significantly higher than that in the healthy controls
(26.9±2.4, 34.4±5.0, and 71.8±15.6 vs 7.9±0.7 mol/L,
respectively, P <0.01). The cut-off level set at 15.4 mol/L
(60 min) offered the best distinction between EGC
patients and healthy controls; and the sensitivity and
specificity were 92.3% and 93.8%, respectively, while
those of the urine method were 76.9% and 93.8%,
respectively.
CONCLUSIONS: The gastric permeability test using
serum is reliable for the detection of EGC, and this test
can provide results much earlier than the conventional
urine method. This test may offer a useful alternative to
more invasive tests for EGC.
©2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Sucrose test; Gastric permeability; Early
gastric cancer; Advanced gastric cancer; Gastric ulcer
Shishido T, Yamaguchi T, Odaka T, Seimiya M, Saisho H,
Nomura F. Significance of a novel sucrose permeability test
using serum in the diagnosis of early gastric cancer. World J
Gastroenterol 2005; 11(44): 6905-6909

http://www.wjgnet.com/1007-9327/11/6905.asp

INTRODUCTION
In 1993, Meddings et al. [1] , proposed the sucrose
permeability test as a new non-invasive test for evaluating
gastroduodenal injury. This test is based on the principle
that sucrose does not permeate the healthy gastric mucosa
and is rapidly dissolved in the small intestine, whereas it
permeates and is absorbed through sites of injury in the
stomach, enters the bloodstream and is excreted into the
urine. It is reported that this test is useful for diagnosing
gastric ulcer or gastroduodenal injury caused by NSAIDs
or steroids [2-6]. Furthermore, it has been demonstrated
that sucrose permeability is elevated by infection with H
pylori or celiac disease, reflecting mucosal injury associated
with inflammatory cell infiltration; thus, the usefulness
of this test in evaluating gastroduodenal injury has been
established[4,7,8].
However, the conventional method is not practical for
outpatients or for health screenings because urine must be
collected for 5 h or longer after the sucrose loading. If the
sucrose test could be done in a shorter period of time, its
clinical usefulness would increase.
We recently developed a novel enzymatic assay that
is sensitive enough to determine serum levels of sucrose
accurately[9]. The changes of serum sucrose levels after
ingestion in patients with gastric diseases, as in healthy
subjects, are unknown. Therefore, the first aim of this
study was to investigate the changes of serum sucrose
levels in healthy subjects, patients with gastric ulcer and
gastric cancer. The second aim was to identify the most
suitable time to collect serum samples for the detection of
gastric disease.
There are reports that gastric mucosal permeability is
elevated in patients with advanced gastric cancer (AGC),
but none regarding those with early gastric cancer (EGC).
The third aim of this study was to evaluate the diagnostic
value of the sucrose test using serum in patients with EGC.
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MATERIALS AND METHODS
Patients
The subjects studied included: (1) 32 healthy volunteers
(HV: 15 men and 17 women; mean age 51.0 years,
range 35-65 years) without symptoms or a history of
gastrointestinal disease, who had not been prescribed any
medicine that might have affected the gastrointestinal
system; and (2) a gastric disease patient group composed
of 31 patients, including 11 with gastric ulcers (GU: 5 men
and 6 women; mean age 55.5 years, range 24-80 years;
mean long diameter 1.4 cm, range 0.8-2.0 cm), 13 with
EGC (11 men and 2 women; mean age 73.5 years, range
61-87 years; depth of invasion Tis in 11, T1 in 2; mean
long diameter 1.55 cm, range 0.8-3.5 cm), and 7 with AGC
(3 men and 4 women; mean age 65.0 years, range 48-75
years; depth of invasion T2 in 3, T3 in 2, and unknown
in 2; mean long diameter 7.7 cm, range 4.3 cm-whole
stomach). The depth of invasion of the gastric cancer was
judged by pathological exploration of the resected mucosal
specimens and the surgical specimens (Table 1).

Table 1 Clinical data of subjects studied
HV
(n = 32)
Age (yr)
Gender (M:F)
Size (cm)
Invasive
Depth

51 (35-65)
17:15
-

GU
(n = 11)
55.5 (24-80)
5: 6
1.4 (0.8-2.0)
-

EGC
(n = 13)
73.5 (61-87)
11: 2
1.55 (0.8-3.5)
Tis:T1=11:2

AGC
(n = 7)
65 (48-75)
3: 4
7.7 (4.3-whole
stomach)
T2:T3:unknown
= 3:2:2

HV: healthy volunteers, GU: Gastric ulcers, EGC: early gastric cancers,
AGC: advanced gastric cancers.
Tis = mucosa, T1 = submucosa, T2 = proper muscle and subserosa, T3 = serosa.

The gastric mucosa was resected in patients with
EGC, when considered, on the basis of endoscopic
diagnosis including endoscopic ultrasonography, to be
an intramucosal lesion. In two cases of EGC that were
judged to have invaded as far as the deep submucosa, and
in five cases of AGC, surgery was performed, while the
remaining two cases were treated non-surgically. Two cases
in which the depth of invasion could not be determined
histopathologically were diagnosed endoscopically as AGC.
Patients with diabetes mellitus or reduced renal function
were excluded.
Informed consent was obtained from every subject.
This study was performed with the approval of the Ethical
Committee of Chiba University School of Medicine,
Japan.
Gastric permeability
After an overnight fast, patients and HV were given a
solution composed of 100 g sucrose and 450 mL water for
15 min. Blood samples were collected before and at 15, 30,
45, 60, 75, 90, 120, 180, 240, and 300 min after the sucrose
loading. The blood samples were immediately centrifuged
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and the sera were obtained. Simultaneously, urine was
collected for over a period of 5 h after the sucrose loading
and the amount of sucrose excreted during the 5-h
period was obtained from the volume of urine and the
concentration of sucrose. Sera and urine were stored at -20 °C
until the assay.
Assay
Sucrose was phosphorylated by the action of sucrose
phosphorylase. The subsequent reaction in the presence
of phosphoglucomutase and glucose-1, 6-diphosphate
formed glucose-6-phosphate. Finally, the sucrose of the
monad formed the dyad thio-NADPH. The reaction
was monitored by changes in absorbance at 405 nm. The
details of the assay procedures are published elsewhere[9].
Statistical analysis
Data were expressed as mean±SE. Using ANOVA,
the serum sucrose concentration before and after the
administration of sucrose in each group was compared.
Serum sucrose concentrations at each sampling time within
each group and comparison by the urine collection method
within each group were compared using Tukey's method.
Comparison of diagnostic ability based on areas under
the receiver operator characteristics (ROC) curve at each
sampling point was carried out using Hanley's method[10].
Cut-off points based on the ROC curve at each time point
were set to obtain sensitivity, specificity, and accuracy. The
surface area of GC was calculated using the formula
(1/4×π×long diameter×short diameter) on the assumption
that the tumor was elliptical. The relationship between
the surface area of EGC and the serum sucrose level was
determined. A two-sided P value <0.05 was considered
statistically significant.

RESULTS
Baseline serum sucrose concentrations were 2.4±0.4, 2.9±0.8,
1.4±0.7, and 1.6±1.4 μmol/L for the HV, GU, EGC and
AGC, respectively, which showed no significant intergroup
differences. The peak serum sucrose level for the HV
was 8.5±0.8 μmol/L at 120 min after the sucrose loading.
Serum sucrose levels for the GU, EGC and AGC, which
increased 15 min after the sucrose loading (P<0.01),
peaked between 45 and 120 min, and then gradually
decreased (Figure 1). Serum sucrose levels for GU, EGC and
AGC showed a significant difference from the HV (P<0.01)
between 60 and 240 min. Between 15 and 300 min, serum
sucrose levels for AGC showed a significant difference
from those for EGC or GU (P<0.01). However, there was
no significant difference between the serum sucrose levels
for EGC and GU at any time point from 15 to 300 min.
The amounts of sucrose excreted into the urine in HV,
GU, EGC and AGC were 50.5±4.4, 172.9±19.1, 165.1±
27.2, and 464.5±78.9 mg, respectively, showing significantly
higher values in GU, EGC and AGC as compared to the
HV. In addition, the amount of sucrose excreted into the
urine in AGC showed a significantly higher value than that
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Figure1 Changes in serum sucrose level in HV, GU, EGC, and AGC groups (mean
±SE). The serum sucrose level in EGC group (□) showed a significant difference
between 30 and 300 min after the sucrose loading as compared to the HV group
( ) between 30 and 240 min (P<0.01) and 30 and 300 min (P<0.05). The serum
sucrose level of AGC (○) patients showed a significant difference from HV ( )
between 15 and 300 min after sucrose loading, GU (◇) and EGC (□) (P<0.01).
GU patients (◇) showed a significant difference from the HV group ( ) between 45
and 240 min after sucrose loading (45 min, P<0.05; from 60 to 240 min, P<0.01).
However, there was no significant difference in serum sucrose level in HV group
from 15 to 300 min after loading as compared with either EGC (◇) or GU (□)
group.
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Figure 3 Receiver operator characteristics (ROC) curve and AUC of ROC curve.
Comparison of the ROC curve of the sucrose test and AUC at each time point.
There was no significant difference between the urine collection method and the
serum method from 30 to 300 min. AUC: Area under the ROC curve; SE: standard
error; CI: confidence interval.
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Figure 2 Amounts of sucrose excreted into urine in HV, GU, EGC and AGC
groups (mean±SE). Even in the urine collection method, the amount of sucrose
excreted in GU, EGC and AGC groups showed a significant difference (bP <0.01)
as compared with the HV group, and AGC group showed a significant difference
(bP <0.01) from both GU and EGC groups. However, no significant difference was
seen in either EGC; NS: no significant difference.

in GU or EGC (Figure 2).
The diagnostic value of the sucrose test in gastric
disease (GU, EGC and AGC) in relation to HV was
compared between the serum method and the urine
collection method using ROC curves (Figure 3). The areas
under the curve (AUC) in the serum method at 15 and
60 min, and in the urine collection method were 0.876
(95%CI 0.783-0.968), 0.992 (95%CI 0.978-1.006), and 0.980

(95%CI 0.953-1.006), respectively (Figure 3). Comparison
of the AUC between the urine collection method and the
serum method at every time point showed no significant
difference. The diagnostic values of the urine collection
method and the serum method were comparable from 30 min
onward at each sampling time.
Cut-off points for the detection of gastric disease at
each sampling time in the serum method were obtained
from the ROC curves, and the diagnostic value of this
method was also obtained. Similarly, cut-off points and
diagnostic values were obtained by the urine collection
method (Table 2). The cut-off points for the detection
of gastric disease by the serum method over 60 min was
15.4 μmol/L and that of the urine collection method was
95 mg. Serum sucrose levels of the four studied groups at
60 min are shown in Table 3.
The sensitivity, specificity, and overall accuracy of
the urine collection method for detecting gastric disease
were 90.3%, 93.8%, and 92.1%, respectively, while those

Table 2 Cut-off points and diagnostic values of sucrose test at each time point for detection of gastric disease (gastric ulcer and gastric cancer)
Time (min)
Cut-off points1
Sensitivity (%)
Specificity (%)
Accuracy (%)
1

Urine
95
90.3
93.8
92.1

15
7.4
80.6
87.5
84.1

Cut-off points: Urine as mg/5 h, Serum as μmol/L

30
10.2
83.9
93.8
88.9

45
11.8
93.5
90.6
92.1

60
15.2
96.8
93.8
95.2

75
16.8
96.8
96.9
96.8

90
16
96.8
93.8
95.2

120
14
96.8
93.8
95.2

180
11
93.5
90.6
92.1

240
8.2
93.5
90.6
92.1

300
6.5
90.3
90.6
90.5
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that it might be useful in clinical practice to measure the
sucrose concentration in the serum instead of the urine.
However, the pattern of the changes of serum sucrose
levels after sucrose ingestion either in healthy subjects or in
patients with gastric diseases was unknown. Moreover, the
appropriate time point for collecting serum samples was
not known, nor was the usefulness of serum testing for
detecting gastric diseases. We conducted this fundamental
study for these reasons.
We took advantage of a novel enzymatic method
that we had recently developed for measuring serum
sucrose levels. Previously, the concentration of sucrose in
biological fluids was measured by high-performance liquid
chromatography (HPLC) with an electrochemical technique
for detection[1-7,11], or by an enzymatic assay[8,14,15] in which
invertase hydrolyzes sucrose to fructose and glucose, and
then the glucose is measured using a hexokinase procedure
with reduced nicotinamide adenine dinucleotide phosphate
formation. But the invertase method is not applicable to
serum samples because of interference by the glucose in the
samples. The HPLC method is accurate and widely used,
but is labor-intensive, costly, and time-consuming.
We collected blood specimens at 11 different sampling
times from 63 individuals and examined the changes in
serum sucrose and the time point appropriate for the
detection of mucosal injury. There was no significant
difference in diagnostic value between the urine collection
method and the serum method at any determined time
point between 30 and 300 min. Thus, it may be possible
to detect a gastroduodenal injury using serum at any
determined point between 30 and 300 min after sucrose
loading. In particular, because the accuracy at 60, 75, 90, and
120 min was greater than 95%, which was higher than that
for the urine collection method, it should be satisfactory to
carry out sampling for the serum method only at 60 min in
order to obtain more reliable results more quickly. On the
basis of these results, we were able to shorten the sucrose
test, and to increase its diagnostic accuracy.
All cases of GU were detected when the serum method
was carried out for 60 min. Although GU is a benign
disease, medical treatment is essential, and GU must be
distinguished from cancer. In this respect, the high detection
rate of GU by the serum method will not reduce the
significance of this test for the screening of gastric cancer.
The average age of patients with GC in this study was
higher than those of HV and GU patients, but there was no
significant age-related difference in the sucrose level within
each group (data not shown), because the inter-group age
differences had little effect on the outcome.

Table 3 Sucrose concentrations at 60 min of the 4 groups
HV
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Figure 4 Relationship between serum sucrose level at 60 min and surface area of
gastric cancer. The serum sucrose level at 60 min was closely correlated with the
surface area of the gastric cancer (r = 0.83, P <0.01).

for the serum method (over 60 min) were 96.8%, 93.8%,
and 95.2% (Table 4), indicating that the serum method
was superior to the urine collection method, but not so
significantly.
Sensitivity in detecting GU and AGC was 100% by
using both the methods. Sensitivity in detecting EGC was
76.9% by the urine collection method, but 92.3% by the
serum method (60 min), which was relatively high, but
again without a significant difference.
There was a significant correlation between the surface
area of GC and the serum sucrose level (60 min) (r = 0.83)
(Figure 4).

DISCUSSION
The sucrose permeability test is a valuable noninvasive
test for detecting gastroduodenal injury [1-8,11-13] . The
conventional method involves measuring the amount of
sucrose excreted into the urine for over a period of as long
as 5 h following the administration of sucrose. If this test
could be done more quickly, its clinical usefulness would
increase greatly.
Vinet et al.[14] reported that the serum concentrations of
sucrose after sucrose loading in volunteers whose stomachs
had been injured by NSAIDs or alcohol clearly increased,
and that this occurred only after 15-45 min. We considered

Table 4 Sensitivity of sucrose permeability test for each gastric disease
Time (min)

Urine

Cut-off points1
GU
EGC
AGC

95
100
84.6
100

1

15

30

45

7.4
72.7
76.9
100

10.2
81.8
76.9
100

11.8
100
84.6
100

Cut-off points: Urine, as mg/5 h; serum, as μmol/L

60
15.2
100
92.3
100

75

90

16.8
100
92.3
100

16
100
92.3
100

120

180

14
100
92.3
100

11
100
92.3
100

240
8.2
100
84.6
100

300
6.5
90.9
84.6
100
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We observed a significant relationship between the
surface area of the gastric cancer and sucrose permeability
even in cases without ulcer formation. This observation
is exceedingly interesting and indicates some process of
active absorption of sucrose through unhealthy gastric
mucosa. This finding should be tested in vitro.
Using the conventional urine collection test for sucrose
permeability, Kawabata et al.[11] reported an abnormally
high sucrose per meability in 11 of 12 patients with
advanced gastric cancer, which was significantly higher
than that of a healthy control group. However, the
diagnostic significance of this test for patients with early
gastric cancer has not been elucidated. The results of our
study clearly demonstrated that the sucrose test can detect
not only AGC but also EGC.
When early gastric cancers are limited to the mucosal
layer, they are frequently subjected to endoscopic
submucosal dissection (ESD), and can be treated without
conventional surgery [16,17]. In this study, 10 of the 11
patients who underwent ESD showed positive results with
the sucrose test.
Gastric cancer is the second largest cause of cancer
death throughout the world[18]. Contrast-enhanced upper
gastrointestinal radiography has been widely used as the
screening test for gastric cancer in Japan, but its diagnostic
value regarding EGC is considered to be low[19]. The serum
pepsinogen method is a new screening test for gastric
cancer, but it was reported that the test failed to detect a
considerable proportion of patients with advanced gastric
cancer[19,20]. In this study, our results clearly demonstrated
that the sucrose test on the serum had a higher sensitivity
rate for EGC than any other non-invasive test reportedly
used for screening purposes. Furthermore, the diagnostic
sensitivity of the test for AGC was 100%.
In conclusion, the sucrose test conducted on the
serum is a very promising screening test for gastric cancer.
Since the serum method can be performed much more
easily with an automatic analyzer, it can be used for mass
screening of a large number of samples. Confirmatory
large-scale prospective studies comparing this method with
other methods used in mass screenings are still needed
before definite recommendations can be made regarding
the significance of the test in screening for gastric cancer,
especially EGC.
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Abstract
AIM: To investigate the effects of catalytically superior
gene-directed enzyme prodrug therapy systems on a rat
hepatoma model.
METHODS: To increase hepatoma cell chemosensitivity
for the prodrug 5-fluorocytosine (5-FC), we generated a
chimeric bifunctional SuperCD suicide gene, a fusion of
the yeast cytosine deaminase (YCD) and the yeast uracil
phosphoribosyltransferase (YUPRT) gene.
RESULTS: In vitro s tably tran s du ced Morris rat
hepatoma cells (MH) expressing the bifunctional SuperCD
suicide gene (MH SuperCD) showed a clearly marked
enhancement in cell killing when incubated with 5-FC as
compared with MH cells stably expressing YCD solely (MH
YCD) or the cytosine deaminase gene of bacterial origin
(MH BCD), respectively. In vivo , MH SuperCD tumors
implanted both subcutaneously as well as orthotopically
into the livers of syngeneic ACI rats demonstrated
significant tumor regressions (P <0.01) under both high
dose as well as low dose systemic 5-FC application,
whereas MH tumors without transgene expression (MH

naïve) showed rapid progression. For the first time, an
order of in vivo suicide gene effectiveness (SuperCD>>
YCD>>BCD>>>negative control) was defined as a result
of a direct in vivo comparison of all three suicide genes.
CONCLUSION: Bifunctional SuperCD suicide gene
expression is highly effective in a rat hepatoma model,
thereby significantly improving both the therapeutic
index and the efficacy of hepatocellular carcinoma killing
by fluorocytosine.
©2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Suicide gene therapy involves the transfer of genes
into tumor cells to render them specifically sensitive to
prodrugs that are relatively nontoxic to normal tissues.
Cytosine deaminase (CD) enzyme is found in many
bacteria, yeast and fungi, where it deaminates cytosine
to uracil [1]. It also deaminates the relatively nontoxic
prodrug 5-fluorocytosine (5-FC) to the highly toxic
chemotherapeutic compound 5-fluorouracil (5-FU),
used in the treatment of malignant tumors (Figure 1A)[2].
Transduction of the CD gene into tumor cells combined
with systemic administration of 5-FC has been shown to
have anticancer effects in various animal models[3-7]. Due
to their inherent bystander effect, toxic 5-FU metabolites
(Figure 1A) also reach non-transduced neighboring
cells [8-10]. In contrast to the herpes simplex virus type
1 thymidine kinase/ganciclovir system, this bystander
effect does not depend on gap junctional intercellular
communication channels[11].
In this work, we focused on the optimization of the
CD suicide gene system for hepatoma treatment. We
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compared both in vitro and in vivo therapeutic efficiency
of stable expression of: (1) a new bifunctional chimeric
SuperCD suicide gene, composed of the yeast cytosine
deaminase (YCD) suicide gene directly fused to a
5'-terminally deleted yeast uracil phosphoribosyltransferase
(YUPRT) gene[12]; (2) YCD suicide gene; and (3) bacterial
cytosine deaminase (BCD) suicide gene in the MH 3924A
animal model[13].

MATERIALS AND METHODS
Retroviral vector construction
Genomic DNA of Saccharomyces cerevisiae, strain KFY159
(kindly provided by K.-U. Fröhlich, PhysiologischChemisches Institut, Eberhard-Karls-University, Tübingen,
Germany), was employed to amplify YCD and YUPRT
using polymerase chain reaction technique. YCD (S.
cerevisiae gene FCY-1) was amplified with primers: 5'-G
GGGTACCGCCACCATGGTGACAGGGGGAAT
GGCAAG-3' (primer #1) and 5'-GGGCGGCCGCCT
CACTCACCAATATCTTCAAA CCAATC-3' (primer
#2). Alternatively, primer #3 (5'-GGGAATTCTCACC
AATATCTTCAAACCAATC-3') was used as a reverse
primer in combination with primer #1 to amplify the yeast
FCY-1 gene. The latter YCD fragment was subsequently
joined to a PCR product amplifying the yeast FUR-1 gene
(YUPRT). While omitting the N-terminal domain, the
remaining domains of the YUPRT open reading frame,
enzymatically sufficient for efficiently transferring the
phosphoribosyl residue to the deaminated 5-FC[14], were
amplified with primers: 5'-CCGAATTCGGAACCATTTA
AGAACGTC-3' (primer #4) and 5'-CCGCGGCCGCCTT
AAACACAGTAGTATCTGTCACC-3' (primer #5). Both
PCR fragments were purified for subsequent ligation as
recently described elsewhere[15]. Subsequently, both YCD
and YUPRT PCR amplification products were combined
in a three-fragment ligation procedure employing a pUCbased cloning vehicle as a backbone. This intermediate
construct was used to remove the EcoRI site between
the YCD and YUPRT sequences and at the same time to
generate the bifunctional SuperCD suicide fusion gene
employing a site-directed mutagenesis using the Promega
QuikChange method (Promega, Mannheim, Germany).
With sense and anti-sense mutagenesis primers (sense
sequence: 5'-ATGGTTTCCGAAGCCTCACCAATAT
CT-3'), the two enzymatic moieties were joined in-frame,
resulting in an Ala residue linking the two yeast ORFs (now
with the YUPRT gene starting at the natural S38 codon).
Subsequently, the following retroviral constructs were
generated (Figure 1B): (1) pLXSN-BCD contains the E. coli
cytosine deaminase (BCD) suicide gene under the control
of the retroviral 5´LTR in basic retroviral vector pLXSN[16]
(kindly provided by R.M. Blaese, NIH, Bethesda, MD,
USA; originally denominated as pCD2)[17]; (2) pLXSNYCD harboring the YCD suicide gene was generated by
the insertion of the YCD PCR amplification product into
basic vector pLXSN-GreeN (derivative of vector pLXSN,
in which we exchanged the neor gene by a bifunctional
EGFP/neor fusion gene); (3) pLXSN-SuperCD harboring
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the bifunctional SuperCD suicide fusion gene was
generated by insertion of the YCD/YUPRT in-frame
fusion fragment into basic vector pLXSN-GreeN.
Cell culture
Morris hepatoma (MH 3924A) cells were purchased from
the German Cancer Research Center (DKFZ) Tumor
Collection, Heidelberg, Germany, and maintained in
DMEM supplemented with 50 mL/L fetal calf serum
(FCS) in a humidified incubator containing 50 mL/L CO2
at 37 °C.
Generation of stable BCD, YCD and SuperCD expressing
Morris hepatoma 3924A cell lines
For the generation of suicide gene transducing retroviral
particles, 5×105 PE501 ecotropic packaging cells were
seeded on 60-mm diameter petri dishes. After 24 h, using
lipofectAMINE reagent (Invitrogen), cells were transiently
transfected with 3 μg of each retroviral vector DNA.
Forty-eight hours later, the supernatant was employed for
transduction of 3×105 naïve MH cells. Following G418
selection (600 μg/mL), resistant clones were analyzed
for EGFP marker gene expression by fluorescence
microscopy, followed by functional characterization of
suicide gene expression in the sulforhodamin B (SRB)
cytotoxicity assay. Cell clones exhibiting the highest
cytotoxic effect were selected and named as MH BCD,
MH YCD, and MH SuperCD.
Western blot analysis
Cells were lysed in SDS sample buffer and proteins
were separated on 100 g/L SDS-PAGE and transferred
to PVDF membranes [18]. Polyclonal rabbit antiserum
directed against YCD (a generous gift from Transgene SA,
Strasbourg, France), a polyclonal rabbit anti-BCD antibody
(a generous gift from C. Richards, Glaxo-Wellcome,
RTP, NC, USA)[19] and goat anti-rabbit IgG-horseradish
peroxidase conjugates (BioRad, München, Germany) were
used. Detection of reactive bands was facilitated using
horseradish peroxidase-linked secondary conjugate and
ECL detection reagents (Amersham Pharmacia, Freiburg,
Germany).
SRB cytotoxicity assay
MH (naïve) as well as MH BCD, MH YCD, MH SuperCD
cells were seeded in 24-well plates (1×104 cells/well). The
next day 5-FC containing medium was added (a generous
gift from Roche, Basel, Switzerland) and the cells were
incubated for 4 d in order to allow untreated cells to
reach confluence. Growth inhibition was evaluated by the
SRB cytotoxicity assay[20] using a microtiter plate reader
(Dynatech MR7000, Denkendorf, Germany) at 550 nm.
In vivo experiments
All animal experiments were performed in concordance
with the laws of the German Government concerning
the conduction of animal experimentation. Surgical and
imaging procedures were performed under intraperitoneally
applied anesthesia with ketamine hydrochloride (Ketanest,
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Parke-Davis, Berlin, Germany; 100 mg/kg body weight)
and xylazine hydrochloride (Rompun, Bayer, Leverkusen,
Germany; 10 mg/kg body weight).
The subcutaneous MH naïve and MH SuperCD tumors
were established by injecting 1×107 cells (in 70 μL PBS) at
the dorsum of 6-wk-old male syngeneic ACI rats (Harlan
Winkelmann, Borchen, Germany). Eleven days later the rats
were randomized into two groups (3 rats/group), and were
treated twice daily with ip injections of 5-FC (283 mg/kg
body weight) or saline (0.9% NaCl) for 7 d. Tumor sizes were
measured with calipers. Tumor volumes were calculated
in cubic centimeter using the formula recommended by
Carlsson et al.[21]: tumor volume (mm3)=largest diameter
(mm)×[smallest diameter (mm)]2/2.
In order to monitor 5-FC serum levels by HPLC
quantification, blood was taken via tail vein puncture on d
5 of the 5-FC application period. On d 8 of the treatment
period, the animals were killed, and tumors were explanted
and measured for tumor weight and volume. Tumor
samples were analyzed for (1) the presence of SuperCD
DNA and (2) the endurance of the SuperCD suicide gene
functional activity. For PCR analysis, tumor sample DNA
was extracted using DNeasy Tissue Kit (Qiagen, Hilden,
Germany). MH SuperCD DNA was amplified using
primers 5'-CGACCCCGCCTCGATCCTCC-3' (primer
#6) and 5'-CTGCTGGGGAGCCTGGGGAC-3' (primer
#7). PCR products were separated by electrophoresis on a
10 g/L agarose gel. For the functional testing of continuous
suicide gene presence following the in vivo growth period
of MH SuperCD tumors, tumor tissues were minced,
placed into six-well plates and cultivated in DMEM
medium containing 50 mL/L FCS, supplemented with 1%
penicillin-streptomycin. Three days later, stably transduced
MH SuperCD cells were selected by continuous addition
of G418 (600 μg/mL). Two weeks later, the cells were
analyzed for functional SuperCD gene activity employing
the SRB cytotoxicity assay.
Orthotopic tumor implantation within the liver was
performed as described elsewhere[13]. Twenty-one days
later, tumor sizes were measured by magnetic resonance
imaging (MRI). Subsequently, the rats were randomized
into two groups (six rats/group) and were treated twice
daily with ip injections of 5-FC (283 mg/kg body weight)
or saline. On d 31, tumor sizes were again measured by
MRI. Animals were killed, livers explanted and analyzed
macroscopically for the presence of tumor tissue.
MRI measurements
Monitoring of tumor growth was performed by sequential
MRI studies, using a 1.5 Tesla MR tomograph (VISION,
Siemens, Erlangen, Germany). A turbospinecho sequence
was applied to acquire T2 weighed images using the
following parameters: 3.5 s repetition time, 96 ms echo
time, field of view of 200 mm×100 mm. Fifteen slices
with an in-plane resolution of 0.75 mm×0.75 mm, a slice
thickness of 2 mm and a gap of 0.3 mm between the slices
were acquired with six signal averages. Maximum areas of
the tumors were determined by the identification of the
tumor slice exhibiting largest diameters (main diameter a
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and minor diameter b), followed by the calculation of the
respective area (a/2×b/2×π).
Statisticial analysis
Viability was explained by cell line, 5-FU concentration,
and their interaction in analyses of variance. Square roots
of counts were used as Box-Cox analyses and normal
quantile-plots of residuals suggested so. Means and
95% confidence intervals were transformed back and
divided by the fitted value of MH naïve cells. The in vivo
experiment with four cell lines was analyzed by the analysis
of covariance of logarithms of tumor sizes (considered
censored at 30 mm² when below) with variable time
factors, cell line and individual and different slopes for the
cell lines. The hypotheses were: all four mean growth rates
are equal, and mean growth rates of YCD and SuperCD
cells are equal. As intra-individual comparison of cell lines
was possible, all six possible combinations were implanted
as in a balanced incomplete block plan. Sample size was
planned to guarantee multiple power of more than 0.8 at
effect size 30% and coefficient of variation 30%, while the
multiple significance level was 0.05.

RESULTS
Through its toxic metabolites, 5-FU kills cells by binding
to the thymidylate synthase, thereby causing a blockade
of DNA synthesis as well as by directly interfering with
the cellular RNA metabolism (Figure 1A). Because 5-FU
is able to diffuse passively through cell membranes, it not
only affects transduced cells, but also neighboring cells (socalled bystander cells). However, the conversion of 5-FU
to 5-FUMP constitutes a rate-limiting step at least in some
tumor cells[22]. In the context of suicide gene transfer, it
is hypothesized that an additional encoding of the UPRT
gene not only enhances tumor cell sensitivity to 5-FU, but
also augments the sensitivity of tumor cells to 5-FC, when
such cells are enabled to simultaneously express a CD gene
(Figure 1A). Since also low tumor transduction efficiencies
are recognized as a major limitation in liver tumor suicide
gene therapy[23,24], 5-FC/CD/UPRT-based suicide gene
systems could not only help to improve the effectiveness
of 5-FC toxification, but also enhance the effectiveness
of bystander killing, thereby helping to compensate for
currently still low efficiencies of direct liver tumor suicide
gene transfer. In this work, we therefore investigated
whether hepatoma cell chemosensitivity for 5-FC could be
enhanced by simultaneously addressing the two major steps
of 5-FC metabolism. For this purpose, we first generated
a so-called SuperCD fusion gene which combines the (1)
enzymatic function of yeast CD (YCD) with (2) YUPRTmediated phosphorylation of 5-FU to 5-FUMP (Figures
1A and B).
Construction of SuperCD/YCD/BCD suicide gene
expressing retroviral vectors, and analysis of stably
transduced Morris rat hepatoma cells
We employed genomic DNA of S. cerevisiae to amplify
both yeast CD as well as yeast UPRT genes by PCR[22].
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Figure 1 Mode of action of SuperCD (YCD::YUPRT) fusion. Panel A: Schematic
representation of biological pathways resulting in cytotoxicity following cytosine
deaminase/uracil phosphoribosyltransferase (UPRT)-mediated toxification of the
prodrug 5-FC. 5-FC: 5-fluorocytosine; 5-FU: 5-fluorouracil; 5-FUR: 5-fluorouridine;
5-FUMP: 5-fluorouridine 5'-monophosphate; CD: cytosine deaminase; YUPRT:
yeast uracil phosphoribosyltransferase. Panel B: Schematic representation of
retroviral vectors used, in which suicide gene expression was placed under the
retroviral 5' LTR. Panel C: Western blot detection of suicide gene expression in
retrovirally generated stable SuperCD/YCD/BCD-expressing Morris hepatoma (MH)
cell lines employing polyclonal rabbit antisera directed against BCD (lanes 1 and 2)
and YCD (for detection of both SuperCD and YCD; lanes 3-5). Lane 1: MH naïve
cells (negative control); lane 2: MH BCD cells, exhibiting a 48-ku band specific for
BCD; lane 3: MH naïve cells (negative control); lane 4: MH YCD cells, exhibiting a
18-ku band specific for YCD; lane 5: MH SuperCD cells, exhibiting a 40-ku band
specific for the YCD::YUPRT fusion, i.e. SuperCD. Numbers on the right hand side
indicate the sizes of the expected proteins.

Subsequently, both genes were linked in-frame using a
site-directed mutagenesis scheme, resulting in generation
of a bifunctional suicide fusion gene which was named
as SuperCD. Next, the SuperCD DNA sequence was
inserted into basic retroviral vector pLXSN[16], resulting
in generation of pLXSN-SuperCD (Figure 1B, upper
construct), in which transgene expression is driven
by the retroviral 5´LTR. For comparison of cytotoxic
effectiveness, we likewise generated retroviral vectors
pLXSN-YCD (Figure 1B, middle construct; solely encoding
the YCD cDNA) and pLXSN-BCD (Figure 1B, lower
construct; solely encoding the BCD cDNA)[25]. Employing
all three constructs, PE501 ecotropic packaging cells
were transiently transfected. Subsequently, respective

Figure 2 SRB cytotoxicity assay with stable BCD, YCD, SuperCD expressing
Morris hepatoma (MH) cell lines generated by retroviral transduction.
Untransduced MH3924A cells (MH naïve) and stably transduced Morris hepatoma
cell lines (MH BCD, MH YCD, MH SuperCD) were seeded on 24-well plates. After
4 d of 5-FC treatment, the growth inhibition was determined by SRB staining and
measured at 550 nm. All values were referred to that of the untransduced control
cells without the addition of 5-FC and are given as percentage of surviving cells
(control: 100%). All experiments were carried out at least in quadruplicate. Viability
values plotted represent fitted medians and 95%CI.

supernatants containing recombinant retroviruses were
used for transduction of MH 3924A cells. G418 selection
gave rise to neo r resistant clones (MH SuperCD, MH
YCD, and MH BCD), which stably expressed suicide
genes SuperCD, YCD, or BCD at comparable levels as
detected by Western blotting (Figure 1C). Next, a SRB
cytotoxicity assay was performed to compare the suicidal
efficiencies of the different transgenes in the context of
stable cell lines. As shown in Figure 2, a clear order of
efficacy of the different suicide transgenes was found: in
the SuperCD expressing cell line (MH SuperCD) even at
a 5-FC concentration as low as 0.1 mmol/L, a very low
cell survival of only 8% was observed. In contrast, sole
expression of YCD (MH YCD) was much less efficient,
resulting in a nearly 5-fold higher cell survival (38% at
0.1 mmol/L 5-FC). Finally, sole expression of BCD had only a
minor cytotoxic effect (>80% cell survival at 0.1 mmol/L
5-FC). Thereby, convincing in vitro evidence was provided
that the YUPRT component implemented within the
SuperCD fusion gene is highly functional in the context of
hepatoma cells. This corresponds to observations made by
others with cell lines derived from non-liver tumor tissues
(e.g. human colon cancer cells, human pancreas tumor
cells, human breast cancer cells, human glioblastoma
cells)[22,26]. The efficacy of much lower 5-FC doses has to
be regarded as an important finding when transferring the
5-FC/SuperCD system to the preclinical/clinical situation:
in the mammalian organism, 5-FC is also metabolized
by the bacteria of the gut flora. An increased intestinal
production of 5-FU can lead to dramatic unwanted side
effects which are feared greatly in the context of 5-FU
chemotherapeutic regimes[27].
Subcutaneously implanted MH SuperCD tumors
demonstrate a complete tumor regression under systemic
5-FC application
A first in vivo testing of the SuperCD-enhanced suicide
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gene effect was performed in six animals who received
two sc tumor cell injections each: (1) MH SuperCD cells
into the right dorsum; and (2) as a control in the same
animals MH naïve cells into the left dorsum. On d 11,
when tumors had reached a measurable size, rats were
randomized into two groups and treated for one week with
twice daily ip injections of 5-FC or saline (control group).
5-FC serum levels of treated animals as determined by
HPLC ranged from 1 to 2.6 μg/mL, whereas control
animals receiving saline displayed background levels only
(data not shown). During the treatment period, tumor
volume increased constantly in the saline-treated negative
control group, irrespectively of the tumor type implanted.
In contrast, in all the three 5-FC treated animals, the MH
SuperCD tumors disappeared completely, whereas the
MH naïve tumors grown on the opposite dorsum further
increased in volume until d 18, when the animals were
killed (Table1). At post mortem examination of 5-FCtreated animals, no residual tumor tissue was found on the
right dorsum in which the MH SuperCD tumors originally
had grown, whereas large MH SuperCD tumors, weighing
between 1.8 and 2.7 g, were found in the saline-treated
animals. As expected, all animals displayed large MH naïve
tumors on the opposite site, independent of 5-FC or saline
treatment.
Molecular and functional analysis of subcutaneously
grown control tumors explanted on d 18
In vivo selective pressure for transgene-negative tumor
cells and silencing of transgenes by methylation events are
well-known phenomena[28]. We, therefore, extracted DNA
from subcutaneously grown xenograft tumors for PCR
analysis. In all three SuperCD tumor samples obtained
from saline-treated animals, a 1 143-bp SuperCD-specific
PCR amplification product was detected (Figure 3A, lanes
#1-#3). Thus, in vivo passage of SuperCD-expressing
tumor cells does not cause a relevant selective pressure
against the presence of the SuperCD transgene. From the
same subcutaneously grown tumors explanted at d 18, we
further performed a functional analysis on recultured tumor cells
(saline-treated MH SuperCD/MH naïve tumors) by applying
the SRB cytotoxicity assay (Figure 3B). A 4-d treatment with
5-FC had no toxic effect on in vivo passaged MH naïve cells
(control). However, all three MH SuperCD cell cultures
(#1-#3) obtained after in vivo passage demonstrated a
profound 5-FC-induced cytotoxic effect (Figure 3B, lower
curves). The cytotoxic effect following in vivo passage was
found to be comparable with MH tumor cells that had not
undergone an in vivo passage (compared with Figure 2).
These results demonstrated that, irrespective of an 18-d
in vivo passage, MH SuperCD tumor cells continuously
exerted a strong suicide gene effect at low 5-FC prodrug
levels, which is of importance for further preclinical and
clinical suicide gene therapy approaches.
Orthotopically implanted MH SuperCD tumors
demonstrate a profound tumor regression under systemic
5-FC application
Based on the overwhelming efficacy of 5-FC treatment
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Figure 3 Molecular and functional analysis of subcutaneously grown control
tumors explanted on d 18 (saline-treated MH SuperCD/MH naïve tumors).
A: Agarose gel electrophoresis of SuperCD DNA-specific PCR products. Lane M:
marker DNA ladder; lane MH: MH parental cell line (no transgene; negative control;
PCR performed with 1 μg of DNA); lanes 1-3: PCR amplifications performed on
MH SuperCD tumor tissues of animals 1, 2, 3 (PCR performed with 1–3 μg of
DNA); lane V: vector control lane (PCR performed with 1 pg of pLXSN-SuperCD).
Arrow: indicates 1 143-bp SuperCD-specific amplification product. B: SRB
cytotoxicity assay with recultured tumor cells explanted after 18 d of subcutaneous
growth. As in Figure 2, cytotoxicity was measured after 5-FC treatment for 4 d
in vitro. MH naïve: negative control with MH parental cell line (no transgene; no
animal passage); MH naïve, #1: MH naïve tumor explanted from a saline-treated
animal (control); MH SuperCD, cell line: MH SuperCD parental cell line (control;
no animal passage); MH SuperCD 1, 2, 3, tumor passage: MH SuperCD tumors
explanted from saline-treated animals 1, 2, 3. All values were referred to that of the
untransduced control cells and are given as percentage of surviving cells (control:
100%). All experiments were carried out in quadruplicate. Viability values plotted
represent fitted medians and 95%CI.

observed in subcutaneously grown MH SuperCD tumors,
we next treated orthotopic liver tumors in the same rat
hepatoma model in a larger number of animals, thereby
investigating the statistical relevance of SuperCD suicide
protein expression. As caliper measurement of small
intrahepatic tumors is impossible, this study was based
on non-invasive MRI imaging. Twenty-one days after the
implantation of solitary MH SuperCD tumors into the
livers of recipient animals, a first MRI was performed.
Maximum tumor areas were analyzed. Rats with tumor
areas ranging from 20 to 156 mm 2 (representative day
21 MRI images shown in Figures 4B and C, respectively,
column 1 “untreated”) were then randomized into two
groups with six rats in each, and treated twice daily with ip
injections of 5-FC or saline for 10 d.
MRI-based measurement of tumor sizes at the end of
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Table 1 Effect of 5-FC treatment on subcutaneous MH tumor growth
Suicide gene
None (control)

Saline (control)

SuperCD

1.4 g
3.2 g
1.8 g
2.5 g
2.9 g
3.7 g

300

n.d.
n.d.
n.d.
1.8 g
1.9 g
2.7 g

2

5-FC

400

A

Tumor area (mm )

Treatment
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200

100

7

0
21

B

Untreated

+ Saline

←

D 21

C

D 31
+ 5-FC

Untreated

←

←
D 21

←

←

Low dose 5-FC application found to be sufficient to
achieve complete tumor regressions of orthotopically
implanted MH SuperCD cells
Anticipating an enhanced SuperCD suicide gene effect,
we already had started to administer twice daily with 5-FC
dosage of 283 mg/kg body weight, which is only half
of the dosage of about 500 mg/kg body weight used
by others[6,29-33]. Since this prodrug dosing regimen was
found to be highly efficient for the eradication of both
subcutaneous (Table 1) and orthotopic (Figure 4) MH
SuperCD hepatomas, we aimed next at further decreasing
the 5-FC dose by reducing the application frequency.
Thereby, side effects due to 5-FU metabolites resulting
from unwanted routes of “collateral” gut toxification
could be even further reduced.
We tested this hypothesis on three animals with small
MH SuperCD liver tumors (#7, #8, #9) having received
saline only as control animals during the first treatment
period. The other animals had to be euthanized due to
their tumor burden. In these animals, low dose treatment
was started on d 31 with only twice weekly ip injections
of 5-FC (283 mg/kg body weight) for 28 d. When MRI
was again performed at d 59, all MH SuperCD tumors
had completely disappeared (Figure 5, right column). In
none of these three animals, any solid tumor tissue was
found at autopsy. Instead, only small yellowish fatty “scars”
were visible. Thereby, bifunctional SuperCD suicide
gene expression was found to be highly effective in a rat
hepatoma model under both subcutaneous and orthotopic

5-FC prodrug

Saline

←
the treatment (d 31) revealed a persistent orthotopic tumor
growth for saline-treated control animals (Figure 4A, solid
lines). In contrast, all six animals treated systemically for 10
d with 5-FC exhibited a clear decline of tumor sizes, either
complete regressions or dramatic reductions (Figure 4A,
broken lines). Ranking area differences revealed a significant
difference between the untreated and the treated groups
(U-test, P = 0.0051). Thus, bifunctional SuperCD suicide
gene expression was found to be highly effective against
a rat hepatoma model under both subcutaneous and
orthotopic implantation conditions.

31

Days after tumor implantation

←

Six animals received two sc tumor cell injections (1×10 cells in 70 μL PBS/
animal). On d 11, tumor-bearing rats were randomized into two groups and
treatment started with twice daily ip injections of 5-FC (283 mg/kg body
weight) or saline (control). At the end of 5-FC treatment (d 18), animals were
killed, tumors were harvested and weighed. Complete regression of tumors
was observed only in the 5-FC-treated SuperCD tumors (n.d.: no detectable
tumors).

←

D 31

Figure 4 Non-invasive MRI detection of tumor growth of orthotopically implanted
MH SuperCD hepatomas (saline vs 5-FC prodrug treatment). Animals with MRI
detectable liver tumors in T2 weighed images were randomized into two groups
(6 rats/group) and treated twice daily with ip injections of saline or 5-FC (283 mg/kg
body weight) over a 10-d period. Panel A: Maximum tumor areas (mm2) at d 21
and d 31; solid lines: tumor growth of control animals (saline-treated); broken lines:
tumor regression of serum animals (5-FC-treated). Panel B: Representative MRI
tumor images of the saline-treated control animal exhibiting the smallest tumor
area at d 21 (left); and a dramatic tumor growth was observed at d 31 (right). Panel
C: Representative MRI tumor images of the serum animal (treated with 5-FC)
exhibiting the largest tumor area at d 21 (left); and a dramatic tumor regression
was measured at d 31 (right).

growth conditions, even when a strongly reduced 5-FC
dosing regime was applied.
Determination of in vivo suicide gene effectiveness by
direct in vivo comparison of suicide genes SuperCD vs
YCD vs BCD
Until now, no study encompassing a direct in vivo
comparison of different suicide genes (SuperCD vs YCD
vs BCD) has been performed. Therefore, 1×107 cells of
the four cell-lines (1) MH naїve (negative control), (2) MH
BCD, (3) MH YCD, and (iv) MH SuperCD were injected
subcutaneously into ACI rats. In this course, each animal
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Figure 5 MRI detection of tumor growth of orthotopically implanted MH SuperCD hepatomas treated under a low-dose 5-FC regimen. Animals #7, #8, #9 (column 1: tumor
size at d 21), which first had been treated with saline only for over a 7-d period and thereafter, uniformly exhibiting a substantial tumor growth (column 2: tumor size at d 31),
were then treated by a low-dose 5-FC regimen [twice weekly ip injections of 5-FC (283 mg/kg body weight)] over a 28-d period until d 59. Analysis of subsequent MRI
sections did not reveal any MH SuperCD tumors (column 3, d 59: +low dose 5-FC); T2 weighed images are depicted; arrows in column 3 point out to places of former tumor
localizations before the onset of 5-FC treatment.

received two injections with two different cell-lines, one
inoculated at the left dorsum, and the other one at the
right dorsum. Based on a balanced incomplete block
plan, the six possible pairs of cell lines were implanted
into six groups, each comprising eight animals. Tumor
volumes were determined by caliper measurement. At
d 15 after hepatoma cell inoculation, prodrug therapy
with twice weekly ip injections of 283 mg 5-FC/kg body
weight (low dose regime) was started. Interestingly, 8
out of 18 MH SuperCD tumors on d 28 and 11 out of
18 MH SuperCD-tumors on d 31 had shrunken to an
immeasurable size (Figure 6A, right panel). A subsequent
analysis of covariance of log tumor volumes revealed
a significant reduction in median tumor volumes under
our low dose 5-FC application scheme only for the MH
SuperCD tumors. The reduction in median tumor volume
was almost complete (95%CI for the reduction between
d 14 and 31 from 98.7% to 99.6%) (Figure 6B). The
maximum likelihood ratio χ² test of the global hypothesis
was significant χ² = 264; 3 df; P = 6×10-57). Thus, for the
first time in vivo evidence was provided demonstrating that
the SuperCD in vivo suicide gene effect might be superior
to the one of YCD (P <10-10), which itself was superior to
BCD (Figures 6A and B).

DISCUSSION
Although the study described here demonstrated that the
expression of YCD and YUPRT as a fusion protein with
5-FC administration exerted a striking antitumor effect
on solid tumors like hepatomas, further improvements
are needed for clinical applications. Current limitations
of in vivo liver tumor transduction efficiencies could be
further compensated with the help of intercellular cargo
proteins (e.g. VP22, our own work[18,34], and Refs. [35,36]). At
the moment, we are evaluating the properties of VP22SuperCD/SuperCD-VP22 fusion proteins to further
potentiate suicide gene therapy efficiencies in our rat
hepatoma model, thereby improving the intratumoral
distribution of enzymatically enhanced suicide genes.
Other promising approaches rely on the employment of
strong hepatoma-specific promoters which are suitable
to achieve high levels of hepatoma-specific SuperCD
expression in vivo (e.g. the cell growth-related midkine
promoter) [37]. Most importantly, gene transfer systems
have to be identified, which are suitable to provide a
significant increase of the accessibility of liver tumor
cells to systemically applied gene transfer vectors. In
a recent study, herpes thymidine kinase suicide gene
transducing liposomes, based on the hemagglutinating
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virus of Japan, were injected directly into the portal
vein of severe combined immunodeficiency mice, and
reported to be as an efficient tool for the transduction of
multilocalized HUH7 human hepatocellular carcinomas
in this animal model [38]. Thus, transduction properties
of hemagglutinating virus of Japan (also defined as
Sendai virus) seem to favor transduction of liver tumors.
Concluding from this, also recombinant Sendai virus
vectors [39,40] encoding optimized suicide genes might
be suitable to overcome the liver tumor transduction
barrier[41,42]. HIV-derived lentiviral vectors have also been
successfully used for suicide gene therapy in hepatocellular
carcinoma[43]. In addition, newly developed replicationcompetent vectors/oncolytic vectors[42,44-47] could be used
to cope with the liver tumor transduction barrier.
Concerning our current knowledge on severe gene
therapeutic side effects employing state-of-the-art
retroviral [48], adenoviral [49], or adeno-associated virus
vectors[50], a reduction of vector dosages might become
possible with the SuperCD suicide gene. This would
constitute an important additional safety factor for further
clinical gene therapy applications. Subsequent in vivo studies
will compare application of the therapeutic SuperCD
suicide gene by virtue of direct (injection), systemic (iv) or
regional (ia) gene transfer and treatment with 5-FC.
In summary, a combination of synergistic strategies
as described above may allow a further enhancement of
the suicide gene effect in the near future. Thus, further
refinements may help to make suicide gene therapy a
feasible treatment modality for solid malignant tumors in
human beings.

Figure 6 Direct in vivo comparison of SuperCD vs YCD vs BCD suicide gene
effectiveness. Approximately 1×10 7 cells of the four cell-lines MH naїve,
MH BCD, MH YCD, and MH SuperCD were injected subcutaneously into
male ACI rats. After 15 d, prodrug application started with twice weekly ip
injections of 283 mg of 5-FC/kg body weight as indicated by black diamonds
in panel B. Panel A: Depiction of tumor volumes of all four cell lines in
all animals at four time points after implantation. Panel B: Median tumor
volume regression lines by analysis of covariance of log tumor volumes.
As a result, significant reductions in median tumor volumes under low
dose 5-FC application were observed only for the MH SuperCD tumors.
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Abstract
AIM: To explore the potential prognostic role of
preoperative tumor grade and blood AFP mRNA in a
cohort of patients with hepatocellular carcinoma (HCC)
eligible for radical therapies according to a well-defined
treatment algorithm not including nodule size and
number as absolute selection criteria.
METHODS: Fifty patients with a diagnosis of HCC were
prospectively enrolled in the study. Inclusion criteria
were: (1) histological assessment of tumor grade by
means of percutaneous biopsies; (2) determination of
AFP mRNA status in the blood; (3) patient’s eligibility for
radical therapies.
RESULTS: At preoperative evaluation, 54% of the study
group had a well-differentiated HCC, 42% had AFP
mRNA in the blood, 40% had a tumor larger than 5 cm
and 56% had more than one nodule. Surgery (resection
or liver transplantation) was performed in 29 patients,
while 21 had percutaneous ablation procedures. After a
median follow-up of 28 mo, 12-, 24-, and 36-mo survival
rates were 78%, 58%, and 51%, respectively. Surgical
therapy, performance status and three tumor-related
variables (AFP mRNA, HCC grade and gross vascular
invasion) resulted as significant survival predictors at
univariate analysis. Nodule size and number did not
perform as significant prognosticators. Multivariate study

selected only surgical therapy and a biologically early
HCC profile (AFP mRNA negative and well-differentiated
tumor without gross vascular invasion) as independent
survival variables.
CONCLUSION: The preoperative determination of
tumor grade and blood AFP mRNA status may potentially
refine the prognostic evaluation of HCC patients and
improve the selection process for radical therapies.
©2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Liver transplantation (LT), hepatic resection and
percutaneous treatments[1-3] are commonly considered as
potential radical therapies for patients with hepatocellular
carcinoma (HCC). Macroscopic tumor characteristics
detected by imaging studies (nodule size and number)
undoubtedly identify a subgroup of HCC patients at an
early stage of hepatic disease (single nodule <5 cm, <3
nodules, and <3 cm) able to achieve long-term survival
figures when radically treated [4,5] . Large pathologic
retrospective studies[6-9], however, have shown that these
macro-morphological features are indirect markers of
specific tumor histological characteristics such as grade
of differentiation and microscopic vascular invasion
which have therefore the potential to refine the HCC
prognostic assessment [10-12]. On the other hand, many
molecular biological factors have been studied and
related to the HCC biological aggressiveness[13]. However,
preoperatively detectable biomarkers (histological
and/or hematic) have not yet been introduced in the
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routine HCC prognostic evaluation. In our experience,
the preoperative determination of the HCC grade by
means of percutaneous biopsy performed as a valid
tool in the selection of unresectable HCC patients for
transplantation[14]. Moreover, we retrospectively showed
that some patients with morphologically advanced but
well-differentiated HCC may benefit of potentially radical
therapies[15]. Among the proposed HCC molecular markers,
alpha-fetoprotein messenger RNA (AFP mRNA), detected
in the blood by reverse-transcription polymerase chain
reaction (RT-PCR), has been the most diffusely studied in
last years[16-19]. Our preliminary experience with this marker
showed its significance and promising correlation with
HCC invasiveness parameters[16]. However, the prognostic
utility of AFP mRNA when detected before the treatment
remains controversial [20-22]. In this prospective study, a
group of HCC patients were selected for radical therapies
according to a precise treatment schedule. In addition to
conventional HCC parameters, their preoperative study
also included the determination of tumor grade and
AFP mRNA status in the blood. The enrolled patients
were prospectively followed in order to identify the main
preoperative predictors of survival.

MATERIALS AND METHODS
Patient enrolment
Between April 2001 and October 2002, 50 patients with
a diagnosis of HCC were prospectively enrolled in the
study. Patients were eligible for inclusion if they met
the following criteria: (1) HCC diagnosis histologically
confir med by the examination of liver specimens
obtained by percutaneous biopsies. Pathological grading
was contextually assessed in all the patients according to
Edmonson’s classification; (2) patient’s informed consent
to provide blood samples for AFP mRNA determination;
(3) patient’s eligibility for radical therapies according to a
published schedule[14,23].
Hepatic resection was considered for HCC patients
with preserved liver function (Child-Pugh A-B) and a
technically resectable liver tumor without extra hepatic
metastasis. If resection was not feasible, patients were
considered for LT. The following exclusion criteria for
LT were established as previously reported [14]: general
contraindications to transplant (age, severe extrahepatic
diseases, recent malignancies, and compliance), extra
hepatic spread or gross vascular invasion (preoperatively
evident or suspected), poorly-differentiated HCC (G3)
at pre-OLT percutaneous biopsy. Size and number of
nodules were not considered as absolute selection criteria.
Patients not fulfilling the criteria for any surgical procedure
were assessed for other loco-regional treatments such as
percutaneous radiofrequency (RF) or ethanol injection
(PEI), and transarterial chemoembolization (TACE).
After discharge, the patients were followed up
regularly according to the main treatment received. To
detect tumor recurrence after surgery, patients received
clinical and laboratory assessment every month, and US
and CT every 3 rd and 6 th mo, respectively. When HCC
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recurrence was noted, patients were further treated
with the most appropriate procedure according to our
treatment schedule. After PEI, RF or TACE, dynamic
CT examinations were performed to determine therapy
efficacy and, when residual staining was noted, these
procedures were repeated and the outcome was examined.
None of the enrolled patients were lost during follow-up
or died within 30 d after first observation or treatment.
Therefore, all the 50 patients initially entering the study
were available for the survival analysis.
Detection of AFP mRNA in nucleated cells
The AFP mRNA status in the blood was determined
in each enrolled patient within 3 mo from treatment
application. In brief, total RNA was extracted from 7 mL
of peripheral blood and converted to complementary
DNA. A nested polymerase chain reaction (PCR) protocol
was performed as previously reported[16]. Positive results
were evidenced as a 282-bp band in agarose gel stained
with ethidium-bromide. As a positive control, cDNA
obtained from human hepatocyte was used in each run.
Negative controls for each step were also always included.
Statistical analysis
All variables were described by statistical characteristics:
categ orical data were described by frequency and
percentage, whereas continuous data by median (range).
Comparison between groups was done by using the χ2
test or the Fisher’s exact test for qualitative variables and
the logistic regression for quantitative variables. Followup length and survival are expressed as median (range).
Recruitment of follow-up data was closed on December
31, 2004. Twenty-four preoperative variables were assessed
in the univariate survival analysis: age, sex, performance
status, presence of cirrhosis, etiology of cirrhosis, clinical
evidence of portal hypertension (presence of esophageal
varices, splenomegaly with a platelet count <100 000/mm3, or
ascites), Child-Pugh’s classification[24], bilirubin, albumin,
prothrombin activity, alkaline phosphatase, gammaglutamyl transpeptidase, creatinin, aspartate, and alanine
aminotransferase, AFP, AFP mRNA blood-status, tumor
morpholog y at preoperative imaging study (TNM,
bilobarity, number and size of nodules, gross vascular
invasion), differentiation degree at preoperative liver
biopsy, and type of treatment. For continuous variables,
the cut-off level was their median value. Univariate survival
analysis was performed including each variable in a Cox
regression model and calculating its related likelihoodratio of χ2 and P value. Survival curves were calculated
using the Kaplan-Meier method and compared by means
of the log-rank test. All variables significantly influencing
survival in the univariate analysis were analyzed together in
a Cox’s proportional hazard regression model (multivariate
analysis) with the aim of studying the independent
contribution of each variable in explaining survivorship.
The results of the Cox regression were expressed using
both the risk ratios with its related confidence interval and
the likelihood ratio of χ2 with its related P value. Analyses
were performed using the SAS Institute statistical package
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(JMP). Differences were considered significant at P<0.05.

RESULTS
The main characteristics of the study group are shown
in Table 1. At presentation, only 20% of patients had a
compromised general condition due to cancer-related
symptoms (PST ≥1), 63% had a Child B-C cirrhosis and
62% had a clinically relevant portal hypertension. As for
tumor characteristics, 52% of patients had a T3-T4 HCC;
the tumor was larger than 5 cm in 20 patients (40%),
while 28 (56%) had more than one nodule; macroscopic
vascular invasion was detected in 12 patients (24%) and
27 patients (54%) had a well-differentiated HCC. AFP
mRNA was found in the blood of 21 HCC patients (42%).
As previously reported[16], the presence of AFP mRNA in
blood was significantly related to cholestatic indices, gross
vascular invasion, nodule size, and G2-G3 tumors (Table 1).
Surgery was performed in 29 patients (58%), including 22
liver resections and 7 OLT, while 21 patients (42%) had
percutaneous ablation procedures eventually associated
with TACE.
Survival analysis
As at December 31st 2004, the median follow-up for the
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whole HCC group (50 patients) was 28 months (range
1-45 mo). Overall mortality was 48% (24 cases) and 12-,
24-, and 36-mo survival rates were 78%, 58%, and 51%,
respectively (Figure 1A). Five out of the twenty-four
variables had predictive prognostic value for survival in
the univariate analysis (Table 1): PST, AFP mRNA, gross
vascular invasion, histological grade, and surgical therapy.
A first multivariate study including these five variables
selected only surgical treatment as independent survival
predictor (Table 2, Figure 1B). Taking into account the
strict correlation between AFP mRNA, vascular invasion
and HCC grade in the study group[16], in a further analysis
we combined these three tumor-related variables in a single
parameter defined early HCC (AFP mRNA negative and
well-differentiated tumor without gross vascular invasion).
This second multivariate study selected tumor early
biological status as the most important prognostic factor
(Table 2 and Figure 1C).

DISCUSSION
Prognostic prediction and therapeutic decision for HCC
patients are currently based in most centers on macroscopic
tumor characteristics detected by imaging studies (nodule
size and number). In the last decade, an empirical rule

Table 1 Preoperative characteristics of the 50 enrolled HCC patients and univariate survival analysis
Variables

Study group (50 patients)

Likelihood-ratio χ2 (P value)

Median age (yr)
Sex (M/F)
Performance status (PST) ≥1
Cirrhosis
Etiology: HCV/HBV/alcohol/other
viral
Portal hypertension
Child-Pugh score (A/B/C)
Analytical data
Bilirubin (μmol/L)
Serum albumin (g/L)
Prothrombin activity (%)

62 (22-88)
41/9
10
43
29/6/5/10
35
31
16/24/3
20 (7-233)
35 (21-46)
77 (39-109)

0.02 (NS)
0.49 (NS)
0.02 (NS)

1

113 (42-395)
64 (21-864)
83 (63-166)
95 (20-492)
78 (12-469)
17 (4-1 400)
21
26
7
22/23/5
28
4 (1-18)
20
12
27/16/7
23

1.33 (NS)
3.25 (NS)
1.47 (NS)
0.48 (NS)
0.19 (NS)
0.69 (NS)
5.96 (0.0146)
2.8 (NS)
2.38 (NS)

Alkaline phosphatase (U/L)
GGT (U/L)
Creatinin (μmol/L)
AST (U/L)
ALT (U/L)
Median AFP level (ng/L)
Positive AFP mRNA
TNM T3/T4
Bilobar
Number of nodules (1/2 or 3/>3)
Multinodular
1
Median nodule size (cm)
Nodule >5 cm
1
Gross vascular invasion
1,2
Histological grade (I/II/III)
II-III
Type of treatment
Resection/LT/loco-regional therapies
Surgery
1

22/7/21
29

2.23 (NS)
1.35 (NS)
4.06 (.0438)
1.12 (NS)
1.7 (NS)
0.17 (NS)
2.31 (NS)

0.99 (NS)
2.76 (NS)
1.62 (NS)
4.42 (0.0354)
4.10 (0.0490)

16.40 (0.0001)

HCV: hepatitis C virus; HBV: hepatitis B virus; AFP: alpha-fetoprotein; TNM: tumor node metastasis classification; LT: liver transplantation.
1
Variables significantly related to the presence of AFP mRNA in blood. 2 I: well; II: moderately; and III: poorly differentiated HCC.
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Table 2 Multivariate survival analysis in the 50 enrolled HCC patients. Only variables significantly influencing survival at univariate analysis
were introduced in the Cox proportional hazard model
Variables
Assessing single variables
Surgery
AFP mRNA
Moderately or poorly differentiated grade
Gross vascular invasion
Performance status >1
Combining tumor related variables
Surgery
1
Early HCC
Performance status >1

RR (95%CI)

Likelihood-ratio χ2

P

2.72 (1.59-5.03)
2.00 (0.90-4.82)
1.20 (0.55-2.41)
0.86 (0.48-1.59)
1.21(0.64-2.46)

14.07
2.83
0.23
0.24
0.31

0.0002
NS
NS
NS
NS

5.84 (2.23-17.32)
5.84 (2.23-17.32)
1.18 (0.41-3.09)

13.23
13.60
0.11

0.0003
0.0002
NS

RR: risk ratio; CI: confidence interval.
1
AFP mRNA negative and well-differentiated HCC without gross vascular invasion.

1.0
0.9
0.8

Survival

A

0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

0
6
Patients at risk 45

Survival

B

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

0
6
Patients at risk
Surgery 29
No Surgery 17
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0 0
6
Patients at risk
Early HCC 23
Advanced HCC 23

12
40

18
32

24
29

30
25

36
17

42 (mo)
8

Surgery (29)

No Surgery (21)

12
27
14

18
23
10

24

30

21
9

36

20
6

16
2

42 (mo)
8
-

C

Survival

Early HCC (23)

Advanced HCC (27)

12
22
19

18
20
13

24
19
11

30

36
16
10

12
6

42 (mo)
6
3

Figure 1 Subject A: Overall probability of survival of the 50 enrolled HCC patients;
B: Overall probability of survival of the 50 enrolled HCC patients, dividing them in
the two main treatment groups (surgery vs no surgery). Log rank test = 0.0015;
C: Overall probability of survival of the 50 enrolled HCC patients, dividing them
according to tumor biological status (early vs advanced HCC). Log rank test = 0.0042.
Early HCC = AFP mRNA negative and well-differentiated HCC without gross vascular
invasion.

of single nodule smaller than 5 cm in diameter and of
multiple nodules (2 or 3) smaller than 3 cm has been used
to define early HCC, reflecting the excellent outcomes
achieved after LT[25,26]. Although the use of these strict
selection criteria for the treatment has undoubtedly
improved survival rates of a subgroup of HCC patients
in the previous years[4,5], such a diffuse therapeutic policy
has dramatically reduced the use of potentially radical
therapies for those HCC patients not meeting the same
criteria. In virtue of such a tight selection philosophy, on
one hand it has obtained an important reallocation of
resources but on the other it has faced the concrete risk
that a considerable proportion of HCC patients have
been unfairly excluded from radical treatment[6-8]. In this
context, the identification of new reliable prognostic
factors may play a crucial role in improving the treatment
criteria process of HCC patients[27].
This study was designed to identify prospectively
the main preoperative HCC predictors of sur vival
with particular reference to the prognostic utility of
preoperative AFP mRNA and tumor grade. In order to
avoid the bias associated to predefined selection criteria,
less restrictive enrollment criteria for radical treatment
in terms of both tumor status and liver function were
deliberately used. If on one hand such a selection policy
may account for the relatively unsatisfactory outcome
of the 50 enrolled patients (Figure 1A), on the other it
allowed us to develop an effective analysis of predictive
factors for survival. Moreover, in spite of the relatively low
number of enrolled patients, our study has the advantage
of a monocentric, prospective analysis in which a welldefined treatment algorithm was used[14,23].
According to other studies [28,29] , tumor biological
parameters appeared as the most relevant prognostic
factors selecting those patients achieving the best survival
outcome when radically treated (Tables 1 and 2). In the
present study, macro-morphological parameters failed in
defining early HCC, since they showed a marginal impact
on survival in our group of patients (Table 1). On the
contrary, other tumor characteristics such as AFP mRNA
in the blood, histological grade and vascular involvement
served as more adequate markers of HCC biological
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aggressiveness.
In this context, the independent prognostic power of
surgical treatment (Table 2 and Figure 1B) may not be
misinterpreted as a therapeutic disadvantage in using other
loco-regional options. It is not the aim of the present
study, in fact, to make a comparison between treatment
options since such an analysis may be correctly performed
only in the experimental setting of a randomized clinical
trial.
This study, in fact, showed that some HCC biological
features such as grading, AFP mRNA status in the blood
and gross vascular invasion influence patient prognosis
independently from the type of adopted therapy (Table 2).
A prognostic stratification of the study group in two main
tumor stages according to significantly predictive variables
was obtained (Figure 1C). A favorable biological picture
of HCC (AFP mRNA negative, well-differentiated and
without gross vascular invasion) appeared hierarchically as
the most relevant factor in determining patient prognosis.
Conversely, liver function parameters, such as Child-Pugh
classification, bilirubin and portal pressure, did not reach
a significant impact on survival in our small study group
suggesting a secondary prognostic role when compared
to tumor features. In this view, our study does not claim
to provide a new definition of early HCC but it wants to
simply and strongly underline the urgent need to readdress
the focus of the HCC patients selection process for radical
treatment more on tumor biological aggressiveness rather
than on size and number of tumor nodules.
Concerning the single HCC parameters selected from
sur vival analysis, tumor g rade is a well recognized
prognostic factor for HCC patients as showed by many
large retrospective pathological analyses[1,6,11]. There are,
however, no studies evaluating the prognostic role of
preoperative determined HCC grading in a prospective
setting.
Previous experiences exploring the prognostic role of
preoperative AFP mRNA showed controversial results[30-32].
It is likely that this biologic HCC parameter alone does
not reach an adequate prognostic power in highly selected
populations undergoing radical therapies. In this view,
the present study suggests that in the context of a larger
population basis, AFP mRNA may be probably useful
in identifying morphologically advanced HCC suitable
for radical therapies. The introduction of appropriate
molecular methods to quantify AFP mRNA in the blood
in perspective will further improve the prognostic power
of this promising biomarker.
In conclusion, this study showed that the preoperative
determination of tumor grade and blood AFP mRNA
may potentially refine the prognostic evaluation of
HCC patients. On a purely preliminary basis, these two
parameters may probably help the treatment decision
process for that group of HCC patients suitable for radical
therapies consequently improving the currently used
restrictive selection criteria.
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Abstract

INTRODUCTION

AIM: To assess the functional status and etiology of
31
liver cirrhosis by quantitative P magnetic resonance
spectroscopy (MRS).

Cirrhosis is the final stage of various liver diseases.
Regardless of etiology (i.e., viral, alcoholic, autoimmune,
metabolic and others), the liver injury leads to the excessive
accumulation of extracellular matrix and to nodular
regeneration of parenchyma. Information about the
etiology and degree of liver derangement is indispensable
and usually needs to be verified by means of liver biopsy.
This procedure is invasive, uncomfortable for the patient
and sometimes not without serious complications.
Therefore, efforts have been made to non-invasively obtain
information concerning liver injury.
Additional important information is the degree of
functional limitation of the liver. In clinical settings,
this is usually described by a Child-Pugh score (CPS),
which is calculated from clinical and laboratory tests[1-3].
As clinicians need to determine the specific etiological
diagnosis of liver cirrhosis, all possible additional
information is valuable in clinical practice to find an
appropriate treatment [4]. Imaging examinations, which
are capable of improving the diagnostic process, are very
helpful.
One of the promising techniques is the application of
magnetic resonance (MR) spectroscopy[5]. Phosphorus (31P)
MR spectroscopy has been used to study liver metabolism
in vivo for several years[6-9]. It enables the observation of
energy metabolism and intracellular compartmentation
through the signals of phosphomonoesters (PME),
phosphodiesters (PDE), inorganic phosphate (Pi) and
nucleotide triphosphates, mainly adenosine triphosphate
(ATP). The PME and PDE signals are multicomponent
with phosphorylcholine and phosphorylethanolamine
which are the main contributors to PME as well as

METHODS: A total of 80 patients with liver cirrhosis
of different etiology and functional status described
by Child-Pugh score were examined and compared
to 11 healthy volunteers. MR examination was
1
31
performed on a 1.5 T imager using a H/ P surface
coil by the 2D chemical shift imaging technique.
Absolute concentrations of phosphomonoesters (PME),
phosphodiesters (PDE), inorganic phosphate (Pi) and
adenosine triphosphate (ATP) were measured.
RESULTS: MRS changes reflected the degree of liver
dysfunction in all the patients as well as in individual
etiological groups. The most important change was a
decrease of PDE. It was possible to distinguish alcoholic,
viral and cholestatic etiologies based on MR spectra.
Alcoholic and viral etiology differed in PDE (alcoholic,
viral, controls: 6.5±2.3, 6.5±3.1, 10.8±2.7 mmol/L,
P <0.001) and ATP (alcoholic, viral, controls: 2.9±0.8, 2.8
±0.9, 3.7±1.0 mmol/L, P <0.01) from the control group.
Unlike viral etiology, patients with alcoholic etiology
also differed in Pi (alcoholic, controls: 1.2±0.4, 1.6±0.6
mmol/L, P <0.05) from controls. No significant changes
were found in patients with cholestatic disease and
controls; nevertheless, this group differed from both
alcoholic and viral groups (cholestatic, alcoholic, viral: 9.4
±2.7, 6.5±2.3, 6.5±3.1 mmol/L, P <0.005) in PDE.
CONCLUSION: 31P MRS can significantly help in noninvasive separation of different etiological groups leading
to liver cirrhosis. In addition, MRS changes reflect

Dezortova M et al . 31P MR spectroscopy in cirrhotic liver

glycerophosphorylcholine and glycerophosphorylethanola
mine which are the main contributors to PDE [10]. The final
typical signal of 31P MR spectra in vivo is phosphocreatine
(PCr). Although it is a dominant signal in muscles, it is not
readily observable in spectra of the liver because of its low
contribution to hepatic metabolic processes. Its presence
indicates some contribution of signals from abdominal
wall muscle as a partial volume effect.
In this study we investigated whether quantitative 31P
MR spectroscopy can distinguish different etiologies of
liver cirrhosis and assess the functional severity of liver
injury. The main goal of the study was to describe the
relationship between the concentration of phosphorylated
metabolites in the liver and the different etiological groups
of liver cirrhosis.

METHODS
Subjects
A group of 80 patients (49.7±11.5 years) with confirmed
liver cirrhosis of different etiology (alcoholic cirrhosis
in 33 cases, viral hepatitis in 22 cases (B virus in three
cases, C virus in 17 cases, combined B+C in two cases),
cholestatic liver disease in 16 cases (primary biliary
cirrhosis in six cases, one case of secondary biliary
cirrhosis, primary sclerosing cholangitis in eight cases
and one case of biliary atresia), and other etiologies in
nine cases (one Budd-Chiari, two congenital fibrosis, two
autoimmune, and four cryptogenic cases) were examined.
The last nine patients were excluded from etiological
evaluations because of their etiological diversity and small
number. Patients with combined etiologies (especially
viral and alcoholic) were strictly excluded from the study
as well as another 19 patients with insufficient resolution
or low signal to noise ratio due to technical problems.
Results were compared to those of a group of 11 healthy
volunteers (40.5±10.9 years). Liver biopsy was performed
in all cirrhotic patients except for those whose clinical,
laboratory, endoscopic and imaging studies (abdominal
ultrasound and CT) were typical and without any doubt for
severe liver cirrhosis. Etiological diagnosis was made using
standard diagnostic rules. All alcoholic patients admitted
had a previous regular drinking of alcohol more than 80 g/d,

A

R

H

B

R
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patients with viral hepatitis B and C were confirmed by
specific antibodies and/or PCR DNA/RNA positivity.
Patients with primary biliary cirrhosis were AMA positive,
patients with primary sclerosing cholangitis had typical
cholangiography, all cholestatic patients were confirmed
by liver biopsy. Similarly strict criteria were used for other
etiologies. All patients were originally examined for the
liver transplantation program and six-month alcohol
abstinence in alcoholic patients was proved by independent
observers, i.e. family members, primary care physicians
and psychiatrists trained in substance abuse treatment.
All subjects, including the healthy volunteers, abstained
from alcohol during 48 h before MR examination and
underwent standard clinical biochemical testing just
before the MR examination which was performed in early
morning after an overnight fast (at least 8 h of fasting).
A Child-Pugh score [1-3] was obtained in all patients (mean
CPS = 9.3) and patients were distributed into groups A, B,
and/or C for statistical evaluation. MELD score was not
used because of its main application in donor allocations.
The subjects were fully informed and signed the protocol
of the examination in accordance with rules approved
by the ethical committee, which conform to the ethical
guidelines of the 1975 Declaration of Helsinki.
MR examination
MR examination was performed on a Siemens Vision
(Erlangen, Germany) whole-body MR imager operating at
1.5 Tesla equipped with a commercial dual 1H/31P surface
coil. The subjects were examined in a prone position with
the liver centered on the surface coil. Neither ECG nor
breathing monitoring due to this position was found to be
necessary. No tremor because of encephalopathy which
might also influence the quality of MR examination was
observed. Basic MR images in all orientations were obtained
for the localization of voxels (Figure 1). 31P MR spectra were
measured using a standard two-dimensional chemical shift
imaging (CSI) technique[5] in the transversal plane with the
following parameters: TR = 323 ms, TE = 2.3 ms, matrix
16×16, field of view (FOV) = 480 mm, flip angle = 90º, slice
thickness = 4 cm, voxel volumes were 3 cm×3 cm×4 cm, 12
acquisitions, acquisition time = 16 min.

C

H

A

Figure 1 MR images of a healthy volunteer in all orientations with selected matrix for spectroscopic measurement and indicated volume of interest for spectra evaluation.
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Spectra evaluation
Approximately 12 voxels (in the normal size of the liver)
were selected from a whole CSI matrix (256 voxels). The
most appropriate voxel for the quantitative evaluation[11]
had to fulfill two conditions: (1) no visible PCr signal
characterizing the presence of abdominal muscles; (2) no
visible large intrahepatic blood vessels (portal vein truncus
and its left and right lobar branches, inferior vena cava and
large branches of hepatic veins). Such voxel was chosen
using a standard postprocessing method (the movement
of the whole CSI matrix) and considered as volume of
interest (VOI) for quantitative evaluation. However, the
contribution of small hepatic veins to measured signal
intensities could not be excluded.
Spectra were evaluated using standard Siemens
Numaris software (Gauss apodization with halfwidth = 30
ms, manual phase and spline baseline correction, Fourier
transformation and curve fitting with the assumption
of Gaussian line shapes). We used Pi chemical shift =
5 ppm as a standard frequency for the assignment of
observed signals. Signal intensities of PME, Pi, PDE
and βATP (αATP and γATP signals were not used for
the evaluation because of overlap with signals of other
compounds) were used for the measurement of absolute
molar concentrations. The methodology of the absolute
quantification using the CSI sequence was published
previously[11,12]. The signal intensity ratios were not used
because of the signal intensity dependence on the distance
of the VOI from the center of the surface coil.
Statistical analysis
The comparison of several neighboring voxels from
different places in the liver was performed and a VOI
of 36 mL was found to be large enough to disregard
structural heterogeneities. All data represented three
independent evaluations and were expressed as mean±SD
unless otherwise indicated.
Statistical analysis was performed using paired t tests
and the technique of "contrast analysis" in the ANOVA
module of STATISTICA 6[13] for multiple comparisons.
Pattern recognition analysis of data was performed by
principal component analysis (PCA) using the Multivariate
Explanatory Techniques module of the STATISTICA
software and by linear and nonlinear discriminant analyses
(LDA and NDA, respectively)[14] using MaZda B11[15].
A Levene's test of homogeneity of variances in groups
confirmed that there was no effect at P<0.05. This means
data had the same variance and could be compared by
standard t test. The null hypothesis H 0 (group means
are not different from the control group) was rejected if
P <0.05 (5 % error level).
RESULTS
Figure 2 shows typical examples of phosphorus spectra
from healthy and cirrhotic liver tissue. The altered hepatic
phosphorus metabolism in cirrhosis could be described by
calculated molar concentrations of selected compounds
in the liver tissue. The spectroscopic data of patients and
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Figure 2 31P MR spectra of the liver in a healthy volunteer (A) and in a patient
with liver cirrhosis (B). PME - phosphomonoesters; Pi - inorganic phosphate; PDE
- phosphodiesters; γATP, αATP, βATP - γ, α and β phosphates of adenosine
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Table 1 Concentrations of 31P visible metabolites (mmol/L) in the liver
according to the degree of liver injury
n

PME

Pi

Controls
All patients

11
80

3.09±1.45
3.53±1.45

1.63±0.55
1.33±0.61

CPS-A
CPS-B
CPS-C

18
25
37

3.64±1.68
3.60±1.31
3.44±1.46

1.37±0.56
1.31±0.57
1.33±0.66

PDE
10.83±2.68
7.16±2.88d
9.16±2.32
7.31±2.62d
6.07±2.80d,f

ATP
3.72±0.99
2.95±0.84b
3.24±0.85
2.93±0.78a
2.83±0.87b

a

P<0.05, bP<0.01, dP<0.001 vs the control group; fP<0.01 vs the CPS-A group.

controls together with Child-Pugh score are summarized
in Table 1. Compared to controls, molar concentrations
of PDE and ATP were significantly lower in all patients
with liver cirrhosis. We divided patients into three groups
according to CPS, independent of etiology. In this case,
no significant differences were found between controls
and patients with mild cirrhosis status (CPS-A) whereas
groups CPS-B and CPS-C showed statistical differences
to the control g roup in PDE (P <0.001) and ATP
(P <0.02). If groups of patients were compared to each
other, differences in patients within the CPS-A grouping
increased for PDE as CPS worsened, no statistical
differences were found in ATP. The relationship between
calculated molar concentrations and the known etiology of
liver cirrhosis is summarized in Table 2.
S p e c t r o s c o p i c d a t a ( P M E , P i , P D E a n d AT P
concentrations) were also evaluated by various pattern
recognition methods. We found similar levels of
misclassification of subjects by using PCA, LDA and NDA
procedures[15]. For demonstration and graphical output we
used PCA plots from STATISTICA software[13], LDA and
NDA results were not shown. To distinguish the different
etiology and functional status of the liver cirrhosis from
the controls, we highlighted individual subgroups of
patients in PCA plots. If individual etiological groups
were projected together with a control group, trends
demonstrating the functional status of the liver were
highlighted, i.e. the distance from the control area directly
depended on CPS. The alcoholic group differed from
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Table 2 Concentrations (mmol/L) of 31P visible metabolites in the liver according to different etiologies and CPS
n

PME

Controls
Alcohol

11
33

3.09±1.45
3.48±1.53

1.63±0.55
10.83±2.68
1.19±0.39a,c 6.52±2.29d,f

3.72±0.99

-

-

2.86±0.80b

Viral

22

3.64±1.55

1.57±0.77c

6.47±3.13d,f

2.84±0.92b

Cholestatic 16

3.59±1.31

1.43±0.63

9.36±2.70

3.27±0.90

A
B
C
A
B
C
A
B
C

5
6
22
7
8
7
2
10
4

1

Pi

PDE

ATP

CPS

n

PME

Pi

3.87±2.05
3.50±1.32
3.38±1.51
3.47±1.92
3.99±1.51
3.40±1.41
3.44±1.26
-

PDE

-

-

1.17±0.32
1.17±0.35
1.21±0.43a
1.54±0.69
1.51±0.63
1.66±1.04
1.26±0.66
-

8.35±1.26
6.22±2.01c
6.18±2.40c
8.95±2.37
6.23±2.72c
4.26±2.66c
8.94±2.34
-

ATP
3.43±0.53
2.92±0.55
2.71±0.87b
3.27±1.20
2.59±0.74b
2.69±0.74a
3.24±0.89
-

a

P<0.05, bP<0.01, dP<0.001 vs the control group; cP<0.05 between alcohol and viral etiological groups; fP<0.001 vs the cholestatic group.
The cholestatic group was not divided into subgroups reflecting CPS because of the insufficient number in groups CPS-A and CPS-C.
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Figure 4 Results of principal component analysis (etiology). (A) Individual positions
of spectra of patients with CPS-B and C together with a control group are displayed
on the PCA plot. Etiological groups (alcoholic, viral and cholestatic) and controls are
bounded. Principal component 1 explains 46 % of total variance, principal component
3 explains 17% of total variance; (B) Projection of the principal component loadings
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Figure 3 Results of principal component analysis (CPS). Individual positions of
spectra displayed on the PCA scatterplots. Principal components are standardized
(centered and scaled to unit variance). Principal component 1 explains 47 % of total
variance, principal component explains 3 16% of total variance. (A) Patients with
only alcoholic etiology and controls; (B) patients with only viral etiology and controls.
Child-Pugh score subgroups (A, B, and C) and controls are bounded. (C) Projection
of the principal component loadings on the planes 1 and 3.

controls in the CPS-C area, whereas the viral group
differed in the CPS-B area (Figure 3). Because of the
insufficient number of cholestatic patients in the CPS-A
and CPS-C groups, that plot was not presented.
As data from the CPS-A groups overlapped with
controls, we used patients with CPS-B or CPS-C liver
status for another statistical analysis (Figure 4). In this case,
principal component analysis confirmed clear separation
of viral patients from controls. Partial overlap was seen
between alcoholic patients and controls. Finally, the group
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of cholestatic patients overlapped all groups.
By comparing differences in 31 P MR spectra of
patients to controls we could distinguish alcoholic, viral
and cholestatic etiologies of liver cirrhosis. Patients with
alcoholic and viral etiology differed in PDE and ATP
from the control group. Unlike viral etiology, patients with
alcoholic etiology also differed from the control group in
Pi (P <0.05). No significant changes were found in patients
with cholestatic disease and the control group; however, this
group differed from both alcoholic and viral groups in PDE.

DISCUSSION
Diagnosis of liver cirrhosis is mainly based on invasive
methods such as liver biopsy, laparoscopy, various
radiological examinations and other clinical tests. The
functional severity of liver cirrhosis is usually described
by CPS which is partially based on subjective parameters.
Thus, this description is not fully sufficient and can
impair accuracy. On the other hand, signals from 31P
MR spectroscopy reflect intracellular and membrane
metabolism in vivo non-invasively and they are objective
parameters[6,7,8,10].
From our data above, we are able to conclude: (1) three
basic etiologies can be distinguished by using correlation
with metabolite concentrations; (2) there exists a correlation
between the Child-Pugh score and the concentration of
PDE and ATP, which is also observable in single etiologies.
The majority of published 31P MR spectroscopic studies
have dealt with quantification of relative signal intensities
characterized by ratios such as PCr/Pi, Pi/ATP etc. Unlike
previous studies, where only relative signal ratios were used,
we measured absolute concentration of the metabolites[11].
Absolute quantification of metabolites in mmol/L is not
often used because of technical problems[12,16]. However,
we believe that only relative quantification using signal
intensity ratios cannot fully describe metabolic changes and
absolute quantification should be taken into account even
if a number of correction factors must be calculated. For
example, if two or more compounds increase or decrease
together, only the absolute quantification of independent
metabolites accurately describes the event as signal ratios
may remain unchanged.
PCA analysis of PME, Pi, PDE and ATP concentrations
showed different localization of the etiological groups
and trends in accordance with the CPS (Figures 3 and 4).
Projection of the variables confirmed the similarities of ATP
and PDE spectroscopic parameters. The best separation
was obtained in the projection on the principal componentplanes 1 and 3 despite losing some information available
in the projections 1 and 2. The principal component 2
correlated specifically with PME. Nevertheless, in our
study PME had high variation so that we did not use the
projection on the component-plane 1 and 2.
Standard statistic tests confirmed the trends observable
in PCA graphs. Data show a mean decrease of about 23%
in ATP in patients with alcohol etiology versus the control
group. A similar decrease of ATP concentration was also
observed in the group of patients with viral etiology. In
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both groups we found that the decrease strongly depend
on the CPS. Nevertheless, the higher difference was foud
between CPS group A and CPS groups B and C. A very
small difference was observed between CPS groups B
and C which could be explained by the overall severity of
hepatocyte dysfunction. Contrary to the alcoholic and viral
groups, no statistically significant changes were found in
ATP concentration in the cholestatic group.
Our findings in the group of alcoholic patients
correspond to the results of animal studies. A number
of reports show decreased levels of ATP in the liver
of animals chronically fed ethanol. ATP levels could be
measured using the intragastric feeding model[17,18]. In rats
feeding a high-fat, low protein diet plus alcohol (similar to
the diet of malnourished human alcoholics) levels of ATP
decreased and remained constant at 35 % lower than levels
of ATP in control animals. Hypoxia resulted in a decrease
in hepatic levels of ATP in both ethanol-fed and control
rats, but the magnitude of the decrease was significantly
greater in the ethanol-fed group. Levels of adenosine
monophosphate (AMP) and adenosine diphosphate (ADP)
were not changed.
T h e m o s t i m p o r t a n t ch a n g e wa s a d e c r e a s e d
concentration of PDE which is considered to be an
indicator of membrane phospholipids and catabolic
processes. The rate of PDE change was different in various
etiologies. When etiological groups were compared to the
control group regardless of CPS status (Table 2), mean
PDE values were found to be about 60% in alcoholic and
viral patients (P<0.001 to controls, and P<0.005 compared
to the cholestatic group) and about 86% in the cholestatic
group (without statistical significance). Moreover, in
CPS-C groups, PDE concentration decreased to 39% of
the control value in viral patients (58% in CPS-B) whereas
in alcoholic patients PDE did not further decrease (57%
of control PDE value in CPS-B and CPS-C). The fact
that the changes are already significant in milder stages of
cirrhosis (CPS-B) can improve the diagnostic effectiveness
of this method. Unlike a previous study[9], our results were
more pronounced in more severely affected patients.
We also studied PME concentration, which mainly
represents intermediates on the phospholipid biosynthesis
pathway. Although some other studies describe an
increased PME signal [7,9,19-21] , our data only show a
statistically non-significant trend.
The last measured concentration - inorganic phosphate
Pi - has been found to change only in alcoholic patients
(P<0.05). Thus, inorganic phosphate concentration could
be used to separate patients with alcoholic and viral
etiology.
Observed signals in 31P MR spectra describe many
metabolites in intra and extracellular liver tissue. It is known
that many types of cells (hepatocytes, cholangiocytes,
vascular wall cells, hepatic stellate cells macrophages and
others) contribute to liver metabolism depending on their
status. Changes in extracellular matrix also influence the
concentration of energetic metabolites. Although 31P
MR signals from the liver represent whole parenchymal
tissue, the results of our study have confirmed previous
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findings that metabolic changes in energetic phospholipid
metabolism are obser vable by 31 P MRS in patients
with decompensated cirrhosis in contrast to patients
with compensated cirrhosis. In addition, different
concentrations of metabolites in various etiologies indicate
different damages of liver parenchyma.
In conclusion, according to differences in 31P MR
spectra of patients and controls, we can differentiate
various etiologies of liver cirrhosis, i.e. alcoholic, viral and
cholestatic. Patients with alcoholic etiology differed in all
selected metabolites except for PME from the control
group. Patients with viral etiology differed from controls
only in PDE and ATP, and no significant changes were
found in patients with cholestatic disease. We suppose that
this reflects different pathophysiological mechanisms of
various liver diseases.
The importance of a larger, multicentric study to
delineate ranges, borders and significant parameters for
different cirrhotic groups (etiological and/or functional) in
the nearest future is advisable. That will be the only way to
assess the clinical relevance and usefulness of 31P MRS in
liver cirrhosis. The application of this noninvasive method
in liver patients will increase. The ultimate goal is the use
of 31P MRS as a standard tool in the armamentarium of
clinical hepatologists.
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CONCLUSION: Most of the patients are satisfied with
the shorter incisional length following laparoscopic
surgery. Preoperative visualization of the major regional
vessels may be helpful for the secure treatment of
the anastomosis in laparoscopic surgery for colorectal
carcinoma.
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Abstract
AIM: To evaluate the usefulness of three-dimensional
computed tomography (3DCT) in laparoscopic surgery
for colorectal carcinoma.
METHODS: Seventy-two patients with colorectal cancer
who underwent curative operation at our hospital
were enrolled in this study. They were classified into
two groups by operative procedures. Sixteen patients
underwent laparoscopic surgery, laparoscopic group (LG),
while 56 patients underwent conventional open surgery,
open group (OG). At our institution, contrast-enhanced
CT is routinely performed as part of intra-abdominal
screening and the 3D images of the major regional
vessels are described. We have previously described
about the preoperative visualization of the inferior
mesenteric artery (IMA) by 3DCT. This time we newly
acquired 3D images of the superior mesenteric artery
(SMA)/superior mesenteric vein (SMV), ileocecal artery
(ICA), middle colic artery (MCA), and inferior mesenteric
vein (IMV). We have compared our two study groups
with regard to five items, including clinical anastomotic
leakage. We have discussed here the role of 3DCT in
laparoscopic surgery for colorectal carcinoma.
RESULTS: The mean length of the incision in LG was
4.625±0.89 cm, which was significantly shorter than that
in OG (P <0.001). The association between ICA and SMV
and SMA was described in the right-sided colectomy. The
preoperative imaging of IMA and IMV was created in the
rectosigmoidectomy. There was no significant difference
in anastomotic leakage between the two groups, but no
patients in LG experienced anastomotic leakage.

INTRODUCTION
Laparoscopic colectomy has been generally accepted,
a n d t h e i n s t r u m e n t s a n d t e c h n i q u e s h a ve b e e n
developed considerably. The advantages of laparoscopic
approaches include shorter hospital stay, quicker return
of gastrointestinal function, less pain, fewer wound
complications, and quicker recover y [1-6] . However,
laparoscopic colorectal surgery for malignancies requires
the use of advanced surgical techniques that entail a long
learning curve[7,8]. In right-sided colon cancer, the regional
anatomy is relatively complicated[9]. In the lymph node
dissection around the surgical trunk, it is important to
recognize two patterns in the relationship between the
ileocecal artery (ICA) and the superior mesenteric vein
(SMV). One pattern is that the ICA is in front of SMV
(Type A), and the other is that ICA is in back of SMV (Type
B)[10]. A previous study have described about the risk of
more anastomotic leakage in the converted laparoscopic
colorectal surg er y compared to the conventional
open surgery [11] . In laparoscopic colorectal surgery,
understanding of the anatomical orientation, including the
regional vessels, is important. We have previously reported
that preoperative visualization of the inferior mesenteric
artery (IMA) by three-dimensional computed tomography
(3DCT) is useful in colorectal surgery[12]. In this study, we
have described about the three-dimensional (3D) images
of the other major visceral vessels, such as the superior
mesenteric artery (SMA), SMV, ICA, middle colic artery
(MCA), and inferior mesenteric vein (IMV). Here, we have
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Patients
Between April 2002 and March 2005, 72 patients with
colorectal cancer underwent curative surgery at our
hospital. Operative procedures were laparoscopic
colorectal surgery [laparoscopic group (LG); 16 patients:
5 men and 11 women] and open colorectal surgery [open
group (OG); 56 patients: 32 men and 14 women]. The
mean age was 66.6±7.4 years (range, 52-83 years) in LG
and 68.2±11.3 years (range, 36-91 years) in OG. The
following data were examined and compared between LG
and OG: (1) patient's age and gender; (2) Duke’s staging; (3)
presence of the postoperative ileus; (4) length of incision
for exteriorization and resection of the specimen; (5)
wound infection; and (6) clinical anastomotic leakage.
Methods
Contrast-enhanced CT is routinely performed to screen
for intra-abdominal malignancies before the surgery at
our hospital. Dual-phase helical CT was performed with a
high-speed scanner [multi-detector CT (MDCT); Aquilion
M8, Toshiba Medical Systems Co., Ltd, Tokyo, Japan] on
the patients. During each phase, scanning was performed
in a single breath-hold. Dual-phase helical CT data were
then transferred to a Zio M900 workstation (Ziosoft,
Inc., Morgan Hill, CA, USA), and 3DCT images of the
major visceral vessels, such as SMA, SMV, ICA, IMA, and
IMV, were reconstructed. The detailed imaging techniques
have been described in the previous literatures[12,13]. In
right-sided colectomy, the association between ICA and
SMV, the variation of the right colic artery (RCA) and
the image of the middle colic artery were confirmed by
3DCT before the surgery. In the resectioning of advanced
sigmoid colon and rectal cancer, we routinely dissect the
lymph nodes around the root of IMA while preserving
the left colic artery (LCA), because resection of the root
of IMA occasionally causes ischemia of the oral side of
the sigmoid colon, sometimes leading to anastomotic
leakage[12].
Statistical analysis
Data were expressed as the mean±SD. Statistical analysis
was perfor med using Mann-Whitney U test, χ 2 and
Student’s t-test. P values of less than 0.05 were considered
statistically significant.

RESULTS
There was no significant difference in age, gender,
Duke’s staging, presence of the postoperative ileus or
wound infection between the LG and the OG (Tables 1
and 2). The mean length of incision in the LG (4.625±
0.885 cm) was significantly shorter, than that in OG (15.91

Table 1 Characteristics of patients in the two groups
LG (n = 16)
Age (yr)
Male/female
Duke’s staging
A
B
C

OG (n = 56)

66.6±7.4 (52–83)
5/11

68.2±11.3 (36–91)
32/14

7
6
3

P
NS
NS
NS

12
24
20

NS: not statistically significant

Table 2 Complications of surgery
LG (n = 16)
Postoperative ileus
Wound infection
Anastomotic leakage

OG (n = 56)

0
2
0

5
13
3

P
NS
NS
NS

Preoperative visualization of the ICA in front of the
SMV (Type A) and that in back of the SMV (Type B) is
shown in Figures 1A and 2A, respectively. The variation of
the RCA and MCA was evaluated. Intraoperative findings
of the association between ICA and SMV are shown in
Figures 1B, 2B and C. Figure 3 shows the MCA diverging
at a more peripheral portion of SMA than usual. The
image of IMA and LCA to be preserved can be seen (Figure
4A). The intraoperative findings are shown in Figure 4B.
Preoperative visualization of the essential vessels was
described in all the patients undergoing contrast-enhanced
CT.
A

B

SMV

←

ICA
ICA

←

MATERIALS AND METHODS

±2.51 cm, P<0.001). Three patients in OG experienced
anastomotic leakage, while no patients in LG experienced
it. However, there was no statistically significant difference
in anastomotic leakage between these two groups. Two
of the three patients undergoing anastomotic leakage in
OG suffered from advanced rectal cancer. The root of
IMA was resected because of the wide-ranging lymph
node metastasis. In one of the two patients, lymph node
metastasis spread around the marginal vessels of the
sigmoid colon.

←

evaluated the efficacy of 3DCT in performing laparoscopic
colorectal surgery for carcinoma.
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SRA
LCA

← IMA

Figure 2 ICA situated in back of SMV at 3DCT (A) and at intraoperative findings (B);
C: ICA existed after the ileocecal vein (ICV) had been resected. The arrow head
shows the cut end of the ICV.

Figure 4 Three-dimensional images of the IMA, the IMV, the LCA and the superior
rectal artery (SRA) were obtained (A) and were helpful in resecting the SRA (B).

←

SMA

←

MCA

Figure 3 Preoperative visualization of the SMA showing the MCA to branch at a
more peripheral portion of the SMA than usual.

DISCUSSION
Laparoscopic approaches have been widely applied, but
laparoscopic colorectal surgery for carcinoma is not yet a
proven operation[1]. There exists some controversies about
the safety of the operation[14,15], the oncological results[16,17]
and the long-term survival rate[18]. Recently, a number of
studies have shown a favorable outcome of laparoscopic
surgery for colon cancer [19-23]. There appears to be no
significant differences in perioperative complications
between laparoscopic and open colorectal surgery[24]. In
our study, we acquired the same results in the presence
of postoperative ileus and wound infection. The mean
length of the wound used for the extraction of specimens
in LG was significantly shorter than that in OG. Most
of the patients in LG were satisfied with the shortness
of the incisional length during the perioperative period
and the subtlety of the incisional scar during the followup period, as they had said[25]. In addition, laparoscopic
surgery has been found to be associated with significantly
decreased intraoperative blood loss and postoperative
complications[19,26]. The anastomotic leak rate reported
in a larger series of laparoscopic anterior resection was
considerably less than 10%, which was comparable to
that of conventional open anterior resection [18,27]. To
date, the laparoscopic approach for colorectal surgery is
not associated with a higher risk of anastomotic leaks[28].

In a previous report, four instances (25%) of clinical
anastomotic leakage occurred in patients in whom the
laparoscopic dissection had been difficult [11]. For the
prevention of leakage, it is essential that there is a good
supply to the colorectal anastomosis site[29]. Therefore, we
preserve the LCA when dissecting lymph nodes around
the root of IMA. Understanding the vascular anatomy
of the regional vessels is important [12] . Preoperative
visualization of SMA/SMV, ICA, MCA or IMA/IMV
is crucial when performing a right-sided colectomy or a
rectosigmoidectomy. Recently, a new generation of MDCT
has been used in clinical practice [30]. At our hospital,
MDCT has been performed not only to examine intraabdominal malignancies, but also to provide preoperative
visualization of the regional vessels. At our institution,
no patients in LG had experienced anastomotic leakage,
while three patients in OG experienced so. Ischemia of
the oral side colon may have caused anastomotic leakage.
There was no significant difference in anastomotic leakage
between LG and OG, sug gesting that preoperative
visualization in laparoscopic surgery may be helpful in
the prevention of anastomotic leakage. MDCT scanning
is performed in a single breath-hold during each phase.
In the past, there was a significant delay before roentgen
engineers could show us the 3D images of the regional
vessels, but now they are able to provide 3D images
promptly after CT scanning. Having 3D images of SMA/
SMV, ICA, MCA, and IMA/IMV lead to a more secure
treatment of the regional vessels in laparoscopic surgery
for carcinoma.
In conclusion, we suggest that preoperative visualization
of the major regional vessels may have advantages in
laparoscopic surgery for colorectal carcinoma.
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Abstract
AIM: To e va l u a t e t h e e x p r e s s i o n o f f i b r i n o g e n like protein 2 (fgl2) and its correlation with disease
progression in both mice and patients with severe viral
hepatitis.
METHODS: Balb/cJ or A/J mice were infected
intraperitoneally (ip) with 100 PFU of murine hepatitis
virus type 3 (MHV-3), liver and serum were harvested
at 24, 48, and 72 h post infection for further use. Liver
tissues were obtained from 23 patients with severe
acute chronic (AOC) hepatitis B and 13 patients with
mild chronic hepatitis B. Fourteen patients with mild
chronic hepatitis B with cirrhosis and 4 liver donors
served as normal controls. In addition, peripheral blood
mononuclear cells (PBMC) were isolated from 30 patients
(unpaired) with severe AOC hepatitis B and 10 healthy
volunteers as controls. Procoagulant activity representing
functional prothrombinase activity in PBMC and white
blood cells was also assayed. A polyclonal antibody
against fgl2 was used to detect the expression of both
mouse and human fgl2 protein in liver samples as well as
in PBMC by immunohistochemistry staining in a separate
set of studies. Alanine aminotransferase (ALT) and total
bilirubin (TBil) in serum were measured to assess the
severity of liver injury.

RESULTS: Histological changes were found in liver
sections 12-24 h post MHV-3 infection in Balb/cJ mice.
In association with changes in liver histology, marked
elevations in serum ALT and TBil were observed. Mouse
fgl2 (mfgl2) protein was detected in the endothelium
of intrahepatic veins and hepatic sinusoids within the
liver 24 h after MHV-3 infection. Liver tissues from
the patients with severe AOC hepatitis B had classical
pathological features of acute necroinflammation. Human
fgl2 (hfgl2) was detected in 21 of 23 patients (91.30%)
with severe AOC hepatitis B, while only 1 of 13 patients
(7.69%) with mild chronic hepatitis B and cirrhosis had
hfgl2 mRNA or protein expression. Twenty-eight of thirty
patients (93.33%) with severe AOC hepatitis B and 1
of 10 with mild chronic hepatitis B had detectable hfgl2
expression in PBMC. No hfgl2 expression was found
either in the liver tissue or in the PBMC from normal
donors. There was a positive correlation between hfgl2
expression and the severity of the liver disease as
indicated by the levels of TBil. PCA significantly increased
in PBMC in patients with severe AOC hepatitis B.
CONCLUSION: The molecular and cellular results
reported here in both mice and patients with severe
v i ra l h e p a t i t i s s u g g e s t t h a t v i r u s - i n d u c e d h f g l 2
prothrombinase/fibroleukin expression and the
coagulation activity associated with the encoded fgl2
protein play a pivotal role in initiating severe hepatitis.
The measurement of hfgl2/fibroleukin expression in
PBMC may serve as a useful marker to monitor the
severity of AOC hepatitis B and a target for therapeutic
intervention.
©2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Viral hepatitis remains a major public health problem
and the most common type of liver disease worldwide[1,2].
There are an increasing number of patients with chronic
hepatitis B who develop acute hepatitis on chronic
condition (AOC) and die of acute hepatic failure both as
a result of our lack of understanding of the pathogenesis
of the disease and lack of effective treatment [3]. The
hallmark of AOC is the extreme rapidity of the necromicroinflammatory process resulting in widespread or total
hepatocellular necrosis in weeks or even in days[3]. Our
previous studies have shown that macrophage activation
and expression of fgl2, encoding a serine protease
capable of directly cleaving prothrombin to thrombin,
result in widespread fibrin deposition within the liver and
hepatocyte necrosis[3-6]. The present study was designed
to assess the expression of fgl2 and its correlation with
disease progression in both mice and patients with severe
viral hepatitis.

MATERIALS AND METHODS
Virus
MHV-3 was purchased from the American Type Culture
Collection (ATCC), plaque was purified on monolayers of
DBT cells and grown to a titer of 1×106 PFU/mL in 17
CL cells. Viral titers were determined on monolayers of L2
cells by a standard plaque assay as described elsewhere[5].
Animals
Female Balb/cJ mice, 8-10 wk of age and weighing 20-22 g,
were purchased from Hubei Provincial Institute of Science and
Technology. Female A/J mice, 8-10 wk of age and weighing
20-22 g, were purchased from Jackson Laboratory (Bar
Harbor, ME, USA).
Main reagents
The affinity-purified polyclonal antibody to both murine
and human fgl2 prothrombinases was produced by 21
repeated injections into rabbits with a 14-amino-acid
hydrophilic peptide (CKLQADDHRDPGGN) from exon
1 of the fgl2 prothrombinase coupled to keyhole limpet
hemocyanin. Rabbit brain thromboplastin was purchased
from Sigma Chemical Company (St. Louis, MO, USA).
Murine hepatitis model
All animal experiments were carried out according to the
guidelines of the Chinese Council on Animal Care and
approved by the Tongji Hospital of Tongji Medical College
Committees on Animal Experimentation. The research
protocol was reviewed and approved by the Hospital
Institutional Review Board of Tongji Hospital, Huazhong
University of Science and Technology, Wuhan, China. All
mice were housed in the animal facility in Tongji Hospital.
Mice received 100 PFU of MHV-3 by intraperitoneal
injection. The liver and serum were collected from
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both Balb/cJ and A/J mice 0, 24, 48, and 72 h after
intraperitoneal injection of MHV-3.
Patients
Biochemical, histological, and clinical features were used
to define patients with severe AOC hepatitis B or mild
chronic viral hepatitis B and compensated cirrhosis. The
patients with chronic viral hepatitis B were evaluated on
the basis of a thorough history and physical examination
with special emphasis on risk factors for co-infection (with
hepatitis C, D, or HIV), alcohol use, family history of viral
hepatitis B and liver cancer. Liver tissues were obtained by
biopsies from patients in 1995-2001, including 23 severe
AOC hepatitis B patients (20 males and 3 females, 36.0±
7.8 years on average with a mortality of 82% ALT 586.0±
570.2 IU/L, TBil 452.9±227.2 μmol/L, and PT 35±10 s),
13 mild chronic hepatitis B patients (11 males and 2 females,
43.8±5.6 years on average, ALT 300.5±325.2 IU/L, TBil 78.3
±175.4 μmol/L, and PT 12±1 s), 14 compensated cirrhosis
hepatitis B patients (all males, 45.0±8.6 years on average,
ALT 265.3±215.8 IU/L and TBil 46.6±27.6 μmol/L, PT
14±2 s). All mild chronic hepatitis B and compensated
cirrhotic hepatitis B patients recovered from the disease.
There were no significant differences in HBV DNA levels
among different groups of patients. Liver biopsies were
performed within 30 min after the patients died of acute
hepatic failure. Liver samples were also obtained from
four liver donors as normal controls. PBMCs were freshly
isolated from 30 patients (all males, 37.7±9.1 years on
average) with severe AOC hepatitis B, elevated ALT (108.9±
75.2 IU/L) and TBil (389.3±116.9 μmol/L), elevated PT (40
±31 s). Ten mild chronic hepatitis B patients (8 males and 2
females, 34.0±10.5 years on average) had normal ALT and
TBil. The isolated PBMCs were smeared on slides and kept
at -80 ℃ for further study. Liver tissue histological sections
were stained with hemotoxylin and eosin.
Immunohistochemical staining
Immunohistochemical staining was performed with a
rabbit polyclonal antibody against the fgl2 prothrombinase
as described previously[3,6].
Procoagulant activity (PCA)
PBMC and white blood cells (WBC) were evaluated for
functional PCA in a one-stage clotting assay. Freshly isolated
PBMC and WBC were washed twice with PBS (pH 7.0) and
resuspended at a concentration of 106/mL. Samples were
assayed for the ability to shorten the spontaneous clotting
time of normal citrated human platelet-poor plasma.
Milliunits of PCA were assigned by reference to a standard
curve generated with serial log dilutions of a standard
rabbit brain thromboplastin as described previously[2].
Statistical analysis
Quantitative data were expressed as mean±SD. Statistical
analysis was carried out by one-way analysis of variance.
P<0.05 was considered statistically significant.
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Figure 1 HE staining of liver tissue 48 h (A) and 72 h (B) after MHV-3 infection in Balb/cJ mice and 72 h (C) after MHV-3 infection in A/J mice. Arrows represent areas of
hepatocyte necrosis.
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Figure 2 Serum ALT (A) and TBil (B) levels in MHV-3 infected Balb/cJ and A/J
mice. bP <0.01 vs A/J mice group.

RESULTS
Peritoneal administration of MHV-3-induced fulminant viral
hepatitis in Balb/cJ mice
Small and discrete foci of necrosis with sparse
polymorphonuclear leukocyte infiltrates were seen 12-24 h
after MHV-3 infection. After 48 h, the area of these lesions
enlarged and became confluent necroses (Figures 1A and 1B).
There was no evidence of necrosis in the livers of MHV-3
infected A/J mice (Figure 1C). In Balb/cJ mice, serum
ALT and TBil levels increased after 16-24 h, peaked at
72 h and remained elevated thereafter, while there were no
significant ALT and TBil changes in MHV-3-infected A/J
mice (Figures 2A and 2B).
Elevated expression of mfgl2 prothrombinase in MHV-3infected Balb/cJ mice
mfgl2 prothrombinase expression increased in MHV-3-

Figure 3 Mfgl2 expression in liver 24 h after MHV-3 infection Balb/cJ (A)
and A/J (B) mice by immunohistochemical staining. Arrows represent mfgl2
positive cells.

infected Balb/cJ mice starting from 12 to 24 h (Figure 3A)
and was sustained until the animals died days after infection
(data not shown). There was no evidence of mfgl2 staining
in normal Balb/cJ mice (data not shown) or MHV-3infected A/J mice (Figure 3B).
Increased hfgl2 prothrombinase and PCA in patients with
severe AOC hepatitis B
Hfgl2 was detected in 21 of 23 patients (91.30%) with
severe AOC hepatitis B (Figure 4A), while only 1 of
13 patients (7.69%) with mild chronic hepatitis B and
cirrhosis (no evidence of active disease) had hfgl2 mRNA
or protein expression. Twenty-eight of thirty patients with
severe AOC hepatitis B (93.33%) and 1 of 10 with mild
chronic hepatitis B had detectable hfgl2 expression in
PBMC (Figure 4C). There was no hfgl2 expression either
in the liver tissue or in the PBMC from the normal donors.
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There was a significant increase in PCA activity in patients
with serve AOC hepatitis B compared to patients with
mild chronic hepatitis B, while there was no significant
difference in PCA in various groups of patients (Figure 5).
Expression of hfgl2 prothrombinase correlates with the
severity of hepatitis B
Hfgl2 expression both in liver and in PBMC was semiquantified by a MPIAS-500 scanning analysis system. The
data indicated that there was a close correlation between
hfgl2 expression and the severity of the disease as shown
in Figures 6A and 6B.

DISCUSSION
The inability to propagate human hepatitis viruses in
culture and the lack of suitable animal models have
impeded the determination of the pathological mechanisms
of fulminant hepatic failure (FHF). However, animal
models of FHF induced by murine hepatitis virus strain
3[4,7], transgenic models of hepatitis B virus infection[8,9]
and clinical cases of FHF have provided insights into the
pathogenesis of viral FHF[3,6]. MHV-3 produces a broad
spectrum of diseases, including pneumonitis, encephalitis,
enterocolitis, nephritis, and hepatitis [10,11]. This report
demonstrated that Balb/cJ mice after MHV-3 infection
developed fulminant viral hepatitis. HE staining showed

B

hfgl2 expression level (scanned desity)

800

hfgl2 expression level (scanned desity)

Figure 4 Immunohistochemical staining of hfgl2 in liver of patients with server AOC hepatitis B (A) and mild chronic hepatitis B (B) or in PBMC of patients with severe AOC
hepatitis B (C). Arrows represent hfgl2 positive cells.

210
200
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180
170
160
150

171-342
343-513
>513
Total bilirubin value (μmol/L)
Y = 136.4 + 0.09 x

Figure 6 Correlation of hfgl2 expression in liver (A) and PBMC (B) with serum TBil
level.

infiltration of lymphocytes and massive hepatic necrosis
in association with mfgl2 expression in the endothelial
cells of hepatic sinusoids and in areas of focal necrosis.
The serum ALT and bilirubin levels reflected the damage
of liver tissue in MHV-3-induced FHF in Balb/cJ mice.
In contrast, there was no or only minor hepatocyte injury
with no mfgl2 in MHV-3-infected A/J mice. Therefore,
these results further demonstrate that though MHV-3
replicates in tissues of both resistant and susceptible
animals, suggesting that host factors may be more critical
than viral replication in the pathogenesis of MHV-induced
hepatitis. Our previous study have demonstrated that
MHV-3 infection of macrophages results in transcription
of host inflammatory cytokines, including TNF-α, IL-1,
and superoxides[4]. Cytokines can play an important role in
the course of inflammatory injury in vivo, and interference
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with their action can alter the course of inflammatory
diseases[12-15]. The importance of mfgl2 prothrombinase
in the pathogenesis of MHV-3 infection is supported
by the observation that a neutralizing antibody to this
protein prevents fibrin deposition and protects mice from
the lethality of MHV-3 infection. Furthermore, mfgl2
knockout mice lack fibrin deposition and liver necrosis and
survival increased from 0% to 33%[3,16].
To address the relevance of hfgl2 in human chronic
viral hepatitis, we studied patients with both minimal and
severe AOC hepatitis B. We detected robust expression
of hfgl2 near or within the areas of hepatic necrosis and
elevated levels of hfgl2 were seen in PBMC isolated from
patients with severe AOC hepatitis B. These findings
are in contrast to the lack of expression of hfgl2 in
the livers and PBMC of patients with minimal chronic
hepatitis B. Functional assay of hfgl2 prothrombinase
in PBMC showed a robust increase of PCA in patients
with severe AOC hepatitis B compared to patients with
minimal chronic hepatitis B. Semiquantitative analysis of
hfgl2 expression both in liver tissue and PBMC showed
a close correlation with the severity of the disease as
indicated by elevations in serum bilirubin levels. There
was no significant difference in terms of HBeAg level and
HBV DNA level between different groups of patients,
further supporting that host factors may be critical in the
pathogenesis of severe hepatitis.
In conclusion, MHV-3-induced hfgl2 prothrombinase/
fibroleukin expression and the potent function of the
protein it encodes play a pivotal role in initiating both
acute and fulminant hepatitis on chronic liver injury. The
measurement of hfgl2 expression in PBMC may serve as a
useful marker to monitor the severity of AOC hepatitis B
and a target for therapeutic intervention.
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Abstract
AIM: To observe the interaction between the expression
of telomerase activity (TA) and its associate genes in
regulation of the terminal restriction fragment length
(TRFL) in esophageal squamous cell carcinoma (SCC).
METHODS: Seventy-four specimens of esophageal SCC
were examined. The TA was measured by telomeric
repeat amplification protocol (TRAP) assay, and the
associated genes [human telomerase-specific reverse
transcriptase (hTERT), hTERC, TP1, c-Myc, TRF1,
and TRF2] were detected using RT-PCR method. The
TRFL was measured by Telomere Length Assay Kit
and Southern blotting. The correlations between the
expression of telomerase and its associated genes with
the TRFL and survivals were examined.
RESULTS: Expressions of the TA, hTERT, hTERC, TP1,
c-Myc, TRF1, and TRF2 genes were observed in 85.1%,
64.9%, 79.7%, 100.0%, 94.6%, 82.4%, and 91.9% of
the tumor tissues, respectively. The TRFL of the tumor
and normal esophageal tissues were 2.70±1.42 and 4.93
±1.74 kb, respectively (P <0.0001). The TRFL of the
telomerase positive and telomerase negative tumor tissues
were 2.72±1.44 and 2.58±1.32 kb, respectively (P = 0.767).
The TRFL ratios (TRFLR) of the telomerase positive and
telomerase negative tumor tissues were 0.55±0.22 and
0.59±0.41, respectively (P = 0.742). The expression rates
of h-TERT (P = 0.0002), hTERC (P <0.0001), and TRF1
(P = 0.002) in the tumor tissues are higher than those
of the normal paired tissues. Though TA is markedly
activated in tumor tissues (P <0.0001), its expression is
not related to clinicopathological parameters including

gender, tumor differentiation, and TNM stages. The
cumulative 4-year survival rates of telomerase positive
and telomerase negative cases were 35.86% and 31.2%,
respectively (P = 0.8442). The cumulative 4-year survival
rates of patients with their TRFLR ≤85% and >85%
were 38.7% and 15.7%, respectively (P = 0.1307).
CONCLUSION: Though telomerase expression is
not related to tumor stages and prognosis, our data
support that the TA increased as the TRFL decreased,
probably under the control of hTERT, hTERC, and TRF1.
When telomerase expression was activated, only TRF2
overexpression persisted to stabilize T-loop formation.
Furthermore, as the TRFLR decreased to 85%, a trend
of better prognosis was observed. Cox model analysis
indicates a higher t/n TRFLR and distant metastasis are
independent poorer prognostic factors (P = 0.035 and
P = 0.042, respectively).
©2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Telomere; Telomerase; hTERT; Terminal
restriction fragment length; Esophageal cancer
Hsu CP, Lee LW, Shai SE, Chen CY. Clinical significance
of telomerase and its associate genes expression in the
maintenance of telomere length in squamous cell carcinoma
of the esophagus. World J Gastroenterol 2005; 11(44):
6941-6947

http://www.wjgnet.com/1007-9327/11/6941.asp

INTRODUCTION
Telomerase is a ribonucleoprotein, which is responsible
for the synthesis and maintenance of the telomeric repeats
at the distal ends of human chromosomes. These end
structures, named telomeres, serve as protective caps and
consist of specific tandem repeats (5’-TTAGGG-3’) with
an average length of 5-20 kb[1-3]. Upon each cell division,
the chromosomal ends shorten at a rate of 50-200 bp[4]
This molecular erosion sets a physical limit to the potential
number of cell divisions and serves as a “mitotic clock”
defining the lifespan of somatic cells. Unlike somatic cells,
new telomeric repeats are added to the chromosomal
end of the germline cells to maintain their stability and
also preserve their full genomic information for the next
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generation[5]. Similarly, immortalized cell lines and more
than 85% of the cancer cells can prevent the telomere
from progressive shortening by telomerase activation. This
phenomenon is regulated by a length-sensing feedback
mechanism when the critical point is reached[6]. Telomerase
contains a catalytic human telomerase-specific reverse
transcriptase (hTERT) and a RNA template (hTERC) for
the telomere, provides the cancer cells unlimited replicative
capacity and prevents lethal chromosomal instability. Other
telomerase-independent mechanism called as alternative
lengthening of telomeres (ALT) may ensure the same
chromosome ends replication functions.
Nor mally, the 3’ DNA ter minal protein-DNA
complexes of the telomeres form capping structures to
stabilize chromosomal ends and prevent them from being
recognized as DNA double-strand breaks by the cells. The
current model for chromosome capping is that telomeres
form a higher-order chromatin structure that physically
hides the 3’-chromosome end from cellular activities. This
protective structure could be provided by the ability of
the 3’-overhang to fold back and invade the double-strand
region of the telomere forming the so-called T-loop and
D-loop with the help of TRF1 and TRF2 [7,8]. If these
checkpoints fail, chromosomal instability may ensue
leading to oncogenic mutations.
Since 1994, the telomeric repeat amplification protocol
(TRAP) assay was extensively used for the detection
of TA. Our previous report has demonstrated good
correlations between the expressions of hTERT (not
telomerase) and its associated genes such as c-Myc, TRF1
and TRF2[9]. We also found that the expression of the
TA may indicate poorer prognosis[10]. A tumor-to-normal
telomere restriction fragment length ratio (t/n TRFLR) ≤
75% indicates a better prognosis[11]. In addition, we found
a negative linear correlation between the t/n TRFLR
and expression of TA, suggesting a negative feedback
mechanism in the maintenance of TRFL[11]. In this study,
we investigated for correlations between the changes of
t/n TRFLR and expression of the telomerase associated
genes including c-Myc, TRF1 and TRF2 in squamous cell
carcinoma of the esophagus.

MATERIALS AND METHODS
Patients and follow-up
Between June 1999 and December 2003, we included 74
cases of squamous cell carcinoma of the esophagus who
underwent surgical resection in this prospective study.
Patients who received pre-operative chemotherapy or
radiotherapy were excluded. Whole body bone scan and
liver sonography were performed for all of the patients
to rule out systemic metastasis. The tumor differentiation
included well-differentiated carcinoma in none, moderately
differentiated carcinoma in 49, and poorly differentiated
carcinoma in 25. Tumor staging was performed according
to the AJCC (6th edition) criteria[12]. The p-TNM stages
included stage I in 2, stage II in 25, stage III in 33, and
stage IV in 14. The clinicopathological characteristics of
the patients are summarized in Table 1.
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Table 1 Clinical characteristics of 74 patients with esophageal cancer
Numbers of patients
Age (mean), years
Sex
Male
Female
Differentiation
Well
Moderate
Poor
Tumor site
T1
T2
T3
T4
Lymph node
N0
N1
Metastasis
M0
M1
Stage
I
II
III
IV

36-79 (59.5)
71
3
0
49
25
3
10
50
11
24
50
60
14
2
25
33
14

Preparation of cell extracts
Twenty milligrams of frozen tissue samples were lysed
with 200 μL lysis buffer and homogenized by polytron.
Samples were then incubated in ice for 30 min and the
lysate was centrifuged at 16 000 g at 4 °C for 20 min. The
supernatant was transferred to a fresh tube and the protein
concentration was determined by the Bradford assay (BioRad Protein Assay Kit, Bio-Rad Lab., Hercules, CA, USA).
DNA isolation from tissues
Twenty-five milligrams of fresh frozen tissue was lysed
with 800 μL lysis buffer containing 0.5% sodium dodecyl
sulfate (SDS), 2 mmol/L EDTA, 0.5 mol/L NaCl, 10
mmol/L MgCl2, 10 mmol KCl and 10 mmol Tris-HCl (pH
76), and digested with proteinase K at 50 μg/mL at 50 °C
for at least 2 h. High molecular weight DNA was extracted
with phenol/chloroform.
Assay for telomerase activity
TA was measured twice in independent experiments using
1-3 μg of total protein. Assays were performed using
Telomerase PCR ELISA Kit (Boehringer Mannheim
GmbH, Mannheim, Germany) including TRAP assay
and detection by ELISA in two steps. In the first step,
using TRAP, cell extracts were incubated with biotinylated
telomerase substrate oligonucleotide (P1-TS) at 25 °C
for 30 min, followed by 94 °C for 10 min to inactivate
the telomerase. The extended products were amplified by
PCR using Taq polymerase, the P1-TS, P2 primers and
nucleotides. The PCR conditions were 33 cycles of 94 °C
for 30 s on a DNA thermocycler (GeneAmp PCR System
9700, Perkin Elmer, Norwalk, CT, USA). In the second
step, using the ELISA method, the amplified products
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were immobilized onto streptavidin-coated microtiter
plates via biotin-streptavidin interaction, and then detected
by anti-digoxigenin (DIG) antibody conjugated to
peroxidase. After the addition of the peroxidase substrate
(3,3’,5,5’-tetramethyl benzidine), the amount of TRAP
products were determined by measurement of their
absorbance at 450 nm (with a reference wavelength of
690 nm). Negative control reactions were performed by
incubating cell extracts with 1 μg/μL RNase for 20 min
at 37 °C. The results were interpreted as negative, 1+, 2+,
and 3+ when the optic density (OD) values were <0.2, 0.2-1,
1-2, and >2, respectively.
Moreover, to confirm the ELISA results, amplified
products were systemically run on 15% non-denaturing
polyacrylamide gel. After transferring the PCR products
onto a positively charged nylon membrane, Southern
blotting was performed by the semi-dry electrophoretic
blotting instrument (Multiphore II NovaBlot Unit,
Amersham Pharmacia Biotech, Buckinghamshire, UK).
The membrane was then incubated with a streptavidin
alkaline phosphatase conjug ate (1:5 000 dilute in
blocking solution), and after rinsing, blotted products
were visualized by Biotin Luminescence Detection Kit
(Boehringer Mannheim). In addition, all telomerasenegative tumor specimens were re-checked by additional
TRAP assay using a 150 bp internal telomerase assay
standard to exclude the possibility of Taq DNA
polymerase inhibition in the tumor extracts[13].
Reverse transcription-polymerase chain reaction (RT-PCR)
for telomerase-associated genes
Total RNA was isolated from tissue by SV Total RNA
Isolation System (Promega Corporation, USA). First strand
complementary DNA (cDNA) was synthesized using 5 mg
of total cellular RNA with reverse transcriptase (Invitrogen
Tech-Line SM, USA) and random primers (Protech
Technology Enterprise Co. Ltd). PCR was performed
using RT-MPCR* Kits for Human Telomerase Genes
(Maxim Biotech, Inc., USA). RTMPCR* Kits included PCR
primers for human 18S (hTELS-18S, 554 bp), PCR primers
for human TRF-1 (hTELS-TRF1, 433 bp), PCR primers for
human c-Myc (hTELS-MYC, 381 bp), PCR primers for human
TRF-2 (hTELS-TRF2, 337 bp), PCR primers for human
TP-1 (hTELS-TP1, 292 bp), PCR primers for hTERT
(hTELS-TERT, 255 bp), and PCR primers for human TER
(hTELS-TER, 191 bp). PCR reaction mixture contained
RT-MPCR buffer, 200 mM each of dATP, dCTP, dTTP,
and dGTP, 5U Taq DNA polymerase and 1 mL primers.
The thermal cycles of PCR were performed as follows:
3 cycles at 95 °C for 1 min and 56 °C for 4 min followed
by 30 cycles at 94 °C for 1 min and 55 °C for 2.5 min and
then an extension of 1 cycle at 70 °C for 10 min. PCR
products were subjected to electrophoresis through 3%
agarose gel stained with ethidium bromide.
Terminal restriction fragment (TRF) length measurement
and tumor-to-normal TRFL ratio (t/n TRFLR)
TRFL measurement was performed using TeloTAGGG
Telomere Length Assay Kit (Roche, Mannheim, Germany).
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Eight micrograms of genomic DNA was digested with
each 30U Hinf 1/Rsa l at 37 °C for 16 h. The resulting
fragments were fractionated by electrophoresis on 0.8%
agarose gel and transferred to nylon membrane using
Southern blotting. After transfer, the transferred DNA was
fixed on the membrane by UV-crosslinking (120 mJ). The
membrane was first pre-hybridized at 42 °C for 30 min
and then hybridized with telomere-specific DIG-labeled
probe at 42 °C for 3 h. After washing the membrane in
2× SSC, the membrane was incubated with anti-DIGalkaline phosphatase (1:5 000 dilute in blocking solution).
Finally, the immobilized telomere probe was visualized
by alkaline phosphatase metabolizing CDP-Star, a highly
sensitive chemiluminescent substrate. The membrane was
then exposed to X-ray film, and the average TRFL was
determined by comparing the signals relative to a molecular
weight standard (using BIO-PROFIL Bio-1D Software,
Version 99, Vilber Lourmat, France), and the mean of
three measured TRFLs deducted by 2.5 kb was used as the
presented telomere length[14,15]. Furthermore, the TRFLR
was defined as the ratio between the length of tumor tissue
TRF (t-TRF) and their paired normal tissue TRF (n-TRF)
from the same patient.
Statistical analysis
All probabilities were two-tailed, with a P-value less than
0.05 regarded as statistically significant. The statistical
calculations were conducted with SPSS software (v10.5,
SPSS Inc., Chicago, IL, USA).

RESULTS
Expression of telomerase activity and its associated genes
Positive TAs were observed in 63 of 74 (85.1%) tumor
tissue samples, and 24 of 74 (32.4%) nor mal tissue
samples, respectively. Expressions of hTERT, hTERC,
TP1, c-Myc, TRF1 and TRF2 genes were observed in
64.9%, 79.7%, 100.0%, 94.6%, 82.4%, and 91.9% of
the tumor tissues, respectively. Representative samples
showing the expression of the TA by TRAP assay, and
the associated genes in paired tumor (T) and normal (N)
tissues are shown in Figure 1. Expression of TA according
to the patient’s clinicopathological characteristics are listed
in Table 2. Expression of the telomerase associate genes in
normal and tumor tissues are listed in Table 3. Expression
of the telomerase associate genes in tumor tissues
according to the TA are listed in Table 4.
Terminal restriction fragment (TRF) length and tumor-tonormal TRFL ratio (t/n TRFLR)
The mean TRFL of the tumor and normal esophageal
tissues were 2.70±1.42 and 4.93±1.74 kb, respectively
(P<0.0001). The mean TRFL of the telomerase positive
and telomerase negative tumor tissues were 2.72±1.44 and
2.58±1.32 kb, respectively (P = 0.767). The TRFLR of the
telomerase positive and telomerase negative tumor tissues
were 0.55±0.22 and 0.59±0.41, respectively (P = 0.742).
The mean TRFL were 3.04±0.42 kb in stage I tumor,
2.65±1.44 kb in stage II tumor, 2.83±1.44 kb in stage III
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Table 2 Expression of telomerase activity according to the
clinicopathological characteristics of 74 esophageal cancer patients
Telomerase (+)
Gender
Female
Male
Differentiation
Well to moderate
Poor
Tumor Size
T1+T2
T3+T4
Lymph node
N0
N1
Metastasis
M0
M1
Stage
I+II
III+IV

Telomerase (-)

3
60

0
11

20
43

5
6

11
52

2
9

19
44

5
6

49
14

11
0

21
42

6
5

P value1
1.0

0.492

1.0

0.321

0.110

0.194

1

Fisher's exact test (if expectation<5) or Yate's correction of contingency.

Table 4 Expression of telomerase associate genes of the tumor
tissues according to the telomerase activity in 74 esophageal cancer
patients
Telomerase (+)

Telomerase (-)

P-value1

hTERT

0.737

Positive
Negative
hTERC
Positive
Negative
c-Myc
Positive
Negative
TRF1
Positive
Negative
TRF2

40
23

8
3

51
12

8
3

61
2

9
2

53
10

8
3

Positive
Negative
TP1
Positive
Negative

60
3

8
3

0.103

0.396

0.0391

N/A
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Table 3 Expression of telomerase associate genes of the tumor
and normal tissues in 74 esophageal cancer patients
Expression

Positive

TRF1
Tumor
Normal
TRF2
Tumor
Normal
c-Myc
Tumor
Normal
hTERT
Tumor
Normal
hTERC
Tumor
Normal
TP1
Tumor
Normal
Tissue
Tumor
Normal

Negative

P-values1
0.002

61
43

13
31

68
67

6
7

70
64

4
10

48
24

26
50

59
30

14
44

74
74

0
0

63
24

11
50

1.0

0.160

0.0002

<0.0001

N/A

0.288
<0.0001

1

Pearson’s χ2-test.

Table 5 TRFL and t/n TRFLR of the tumor tissues according to the
telomerase expression and TNM stages
Variables

0.684

63
0

November 28, 2005

Tissues
Normal
Tumor
Telomerase
Positive
Negative
Tumor stages
Stage I
Stage II
Stage III
Stage IV
Total

TRFL

P- values

t/n TRFLR

P- values

<0.00011
4.93±1.74 kb
2.70±1.42 kb
0.7671

0.7422

2.72±1.44 kb
2.58±1.32 kb

0.55±0.22
0.59±0.41
0.9362

0.8672

3.04±0.42 kb
2.65±1.44 kb
2.83±1.44 kb
2.41±1.49 kb
2.70±1.42 kb

0.818±0.019
0.686±0.184
0.729±0.265
0.649±0.185
0.73±0.24

P values: 1Paired t-test, 2Independent t-test.

11
0

1

Fisher's exact test (if expectation<5) or Yate's correction of contingency.

tumor, and 2.41±1.49 kb in stage IV tumor, respectively
(stage I+II vs stage III+IV, P = 0.936). The t/n TRFLR
were 0.818±0.019 in stage I tumor, 0.686±0.184 in stage
II tumor, 0.729±0.265 in stage III tumor, and 0.649±0.185
in stage IV tumor, respectively (stage I+II vs stage III+IV,
P = 0.867). Table 5 lists the TRFL and t/n TRFLR data
of our patients. The representative samples showing TRFL
in paired T and N tissues are shown in Figure 2.
Survival analysis
The influence of TA expression was evaluated by
cumulative survival period. The 5-year cumulative survival

Case
Age
Sex
pStage
TRAP
h-TERT
h-TERC
TRF2
TRF1
TP1
c-Myc
18S

1
56
M
IV
T N
+ -

2
46
M
IIb
T N
+ -

3
4
56 71
M M
III IIa
T N T N
+ + - -

5
72
M
III
T N
+ -

6
77
M
III
T N
+ -

7
8
60 44
M
M
IV IV
T N T N
+ - + -

Figure 1 Representative samples showing expression of the telomerase activity by
TRAP assay, and the associated genes in paired tumor (T) and normal (N) tissues.
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Case

1
2
3
4
5
6
T NT N T N T NT N T N

7
T N

Kbp

2.3
2.0

Figure 2 Representative samples showing TRFL by telomere length assay kit in
paired tumor (T) and normal (N) tissues are shown.

100%
90%
80%
70%
60%
50%

Telomerase (+) (n = 63) =>35.76%

40%
30%

model
Relative risk (95%CI) P-values1

Coefficients (SE)

t/n TRFLR
≤85% (n = 57)
＞85% (n = 17)

0.78 (0.37)

T-status
T1+T2 (n = 13)
T3+T4 (n = 61)
N-status
N0 (n = 24)
N1+N2 (n = 50)
M-status
M0 (n = 60)
M1 (n = 14 )
Stage
I+II (n = 27)
III+IV (n = 47)
Differentiation
W+M (n = 25)
P (n = 49)
Telomerase expression
Negative (n = 11)
Positive (n = 63)

1.17 (0.78)

(1.06-4.48)
1
2.18
(0.70-15.06)
1
3.24
(0.79-10.48)
1
2.88
(1.03-5.49)
1
2.38
(0.09-1.89)
1
0.41
(0.70-2.76)
1
1.39
(0.36-2.22)
1
0.90

1.06 (0.66)

0.87 (0.43)

-0.90 (0.78)

0.33 (0.35)

-0.11 (0.46)

0.035

0.134

0.108

0.042

0.251

0.352

0.811

1

Telomerase (-) (n = 11) =>31.17%

20%
10%

Table 6 Multivariate survival analysis for Cox proportional hazards
Risk factors (# Patients)

23.1
9.4
6.6
4.4
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Wald statistic

P = 0.8442

0%
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

(Yr)

Figure 3 Cumulative survival rates according to the expression of telomerase
activity in 74 SCC of esophagus.
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M (-) (n = 60) =>37.86%
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30%

90%
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0%

I+II (n = 27)=>51.45%
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M (+) (n = 14) =>16.07%

P = 0.0095
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III+IV (n = 47)=>19.54%

30%
20%
10%

Figure 5 Cumulative survival rates according to the distant metastasis in 74 SCC
of esophagus.

P = 0.0938
100%

0%
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90%
80%

Figure 4 Cumulative survival rates according to the TNM stages in 74 SCC of
esophagus.

70%
60%
t/n TRFLR≤85% (n = 57) =>38.73%

50%

rates of the patients by tumor stages and presence of
distant metastasis are shown in Figures 3 and 4. As
shown in Figure 5, the 4-year cumulative survival rates of
telomerase-positive and telomerase-negative patients were
35.8, and 31.2%, respectively (P = 0.8442). When survival
analyses were performed based on the change of TRFL
in the tumor tissues, a cut-off value of 50% demonstrated
a trend in survival difference. As shown in Figure 6, the
4-year cumulative survival rates of lower t/n TRFLR (≤85%)
and higher t/n TRFLR (>85%) patients were 38.7, and
15.7%, respectively (P = 0.1307). Multivariate survival
analysis using Cox proportional hazards model revealed

40%
30%
20%
10%
0%

t/n TRFLR>85% (n = 17) =>15.69%

P = 0.1307
0 0.5 1 1.5 2 2.5

3 3.5 4

4.5 5

(Yr)

Figure 6 Cumulative survival rates according to the t/n TRFLR in 74 SCC of
esophagus.

independent prognostic factors that includes t/n TRFLR
(P = 0.035), and M-status (P = 0.042) of the tumor (Table 6).
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DISCUSSION
Cell numbers are vigorously controlled within the body
and, in human adults, only a few cell types are capable of
continued division. Cultured cells in vitro can undergo only
a limited number of cell divisions, known as the Hayflick
limit, before entering a state of senescence where they
remain metabolically active but have lost their capacity to
replicate (M1 crisis). Reduction in telomere length could
provide the signal to cause growth arrest. Cultured cells
can be induced to continue to divide beyond the Hayflick
limit by inactivation of p53 or p16INK4a genes. During
this process of oncogenesis, their telomeres continue
to shorten with each division and at a certain point cells
enter a crisis where the majority will die (M2 crisis). Rare
immortalized clones that emerge from crisis express the
enzyme telomerase[16]. The regulation of TA is a complex
issue, involving the transcriptional activity of the hTERC
(telomerase RNA component gene), and the hTERT, as
well as the interaction of telomerase with other telomeraseassociated proteins, such as TP1/c-Myc/TRF1/TRF2/
Tankyrase. TP1, which is expressed ubiquitously, may play
a role in coordinating telomerase holoenzyme tertiary
or/and quaternary structures and/or serve as a docking/
scaffold protein in recruiting telomerase regulatory factors.
The ability of c-Myc to function as a transcription factor
has been shown to depend upon its dimerization with
the protein Max[17]. In addition to the formation of stable
complexes with c-Myc, Max also heterodimerizes with
proteins of the Mad(Mxi1) family [18]. These Mad/Max
complexes act in an antagonistic manner to c-Myc/Maxinduced transactivation and result in potent repression of
gene expression. Two proteins that bind to the doublestranded region of mammalian telomeres have been
identified: TTAGGG repeat binding factor 1 (TRF1) and
factor 2 (TRF2). These proteins are related and have a
similar domain organization. Both proteins are associated
with telomeres throughout the cell cycle and bind to
the cognate telomeric sequence as homodimers using a
carboxy-terminal myb-type DNA binding domain. TRF1
regulates telomere length and TRF2 protects chromosome
ends. These two paralogs bind to double stranded
telomeric DNA with high affinity, but no interaction
between TRF1 and TRF2 has been observed so far[19,20].
However, TRF1 and TRF2 interact with other proteins
in regulating telomeric repair. Together with tankyrase,
TRF1 is involved in telomere length regulation via negative
feedback mechanism; overexpression results in shortened
telomeres, and mutation of telobox causes elongated
telomeres [20,21] . Removal of TRF2 from the telomere
results in the loss of the 3’-overhang, covalent fusion of
telomeres, and the induction of ATM and p53 dependent
apoptosis. Overexpression of TRF2 in telomerase negative
cells prevents critically short telomeres from fusion and
delays the onset of senescence[19] .
The expression rates of telomerase and hTERT were
85.1% and 64.9%, which were consistent with other
reports. We also found telomerase expression in 32.4%
of the paired normal esophageal mucosa. This had been
attributed to actively dividing basal layer cells [22,23] or
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submucosal tumor infiltration [24]. A higher telomerase
and hTERT expression rate in the normal esophageal
mucosa makes it a distinct finding as compared with other
digestive tract mucosa[25]. The telomerase expression of the
tumor is not related to the clinicopathological parameters
including gender, tumor differentiation, and TNM stages
of the patients (see Table 2). Controversy in interpretation
of the clinical significance of telomerase expression may
be related to the presence of the alternative telomere
lengthening (ATL) mechanism. ALT cells have long
heterogeneous telomeres thought to be generated by a
recombination-based mechanism[26]. Interestingly, tumor
cells may simultaneously obtain both telomerase and ATL
mechanisms in maintaining telomere length[27]. This will
cause more complexity in analyzing the relation between
the telomerase expression, telomere maintenance, and their
impact on prognosis.
In a previous study in non-small cell lung cancers,
we found that c-Myc, TRF1, and TRF2 expression was
closely related to hTERT expression, although there was
no association with telomerase expression [9]. We also
found that when the TRFL decreased to a critical level,
the TA could be elicited[11]. This hypothesis was further
confirmed by the establishment of a negative linear
association between the t/n TRFLR and the expression
of TA in NSCLC tumor tissues[11] In the current study, we
found a higher expression rate of the hTERT, hTERC,
and TRF1 in the tumor tissues (Table 3). This suggests
that hTERT, hTERC, and TRF1 are incorporated in the
regulation of telomerase expression in the tumor tissues
as the TRFL becomes progressively shortened. However,
once the telomerase expression was activated, TRF1
expression becomes suppressed to prevent interference
with telomerase binding. Instead, TRF2 overexpression
persisted (see Table 4), which increases the number of
TRF2 molecules binding on the telomeric DNA, and
subsequently leads to more efficient and stable T-loop
formation as described in the in vitro study[28]. Therefore,
it is not only the telomere length, but also the TRF2 that
determines whether senescence ensues or not.
Though a decreased TRFL was observed in the tumor
tissues, there were no significant changes in TRFL between
different tumor stages or different telomerase expression.
Also, the t/n TRFLR did not change accordingly in
different tumor stages. But when the t/n TRFLR
decreased to a critical level (≤85%), a better survival was
observed (Figure 6). This may be due to the failure of the
tumor cells to regain an adequate telomere length, which
subsequently triggers the apoptosis pathway. Cox model
analysis also confirmed t/n TRFLR as an independent
prognostic factor in addition to distant metastasis.
In summar y, our data sug g est that telomerase
expression in esophageal cancers is not related to tumor
stages and patient’s prognosis. This may be due to a high
telomerase expression in the normal esophageal mucosa
which makes telomerase not a reliable biomarker in
esophageal tumors. However, TA can be elicited as the
TRFL decreased in the tumor tissues, probably under the
control of hTERT, hTERC, and TRF1 (but not TRF2).

Hsu CP et al . Expression of telomerase and its associate genes in esophageal cancer

Once the telomerase expression was elicited, TRF1
expression becomes suppressed to prevent interference
with telomerase binding. Instead, TRF2 overexpression
persisted, which increases the number of TRF2 molecules
binding on the telomeric DNA, and subsequently leads
to more efficient and stable T-loop formation. Moreover,
as the t/n TRFLR decreased to 85%, a trend of poorer
prognosis was observed. These findings further confirm
our previous proposal using the t/n TRFLR as an indicator
of chromosome ends replication ability[11]. The complex
interweaving of the regulatory pathway for telomere
maintenance and the mechanism involved in the detection
of telomere loss by tumor cells, which subsequently
activates telomerase expression require further study.
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albumin, bilirubin, platelet counts, BSA, HBV-DNA, and
HBeAg were analyzed.
RESULTS: For 1-year treatment, multivariate analysis
revealed that BSA (P = 0.0002) was the only factor for
the biological effect, and that ALT (P = 0.0017), HBVDNA (P = 0.0004), and HBeAg (P = 0.0021) were
independent factors for the virological effect. For 2-year
treatment, multivariate analysis again showed that BSA
(P = 0.0147) was the only factor for the biological effect,
and that ALT (P = 0.0192) and HBeAg (P = 0.0428) were
independent factors for the virological effect. For 3-year
treatment, multivariate analysis, however, could not
reveal BSA (P = 0.0730) as a factor for the normalization
of ALT levels.
CONCLUSION: BSA is a significant predictor for the
normalizing the effect of lamivudine therapy on ALT
for an initial 2-year period, suggesting that lamivudine
dosage should be based on the individual BSA.
©2005 The WJG Press and Elsevier Inc. All rights reserved.
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Abstract
AIM: To further evaluate the relationship between BSA
and the effects of lamivudine in a greater number of
cases and over a longer period of observation than in
our previous evaluation.
METHODS: We evaluated 249 patients with chronic
hepatitis B. The effects of treatment for one year (n = 249),
two years (n = 147), and three years (n = 72) were
evaluated from the levels of serum ALT and HBV-DNA,
as biological and virological effects (undetectable levels
by PCR), respectively. Moreover, several variables that
could influence the response to treatment, including ALT,

INTRODUCTION
Chronic hepatitis B is an important cause of morbidity
and mortality resulting from cirrhosis-related liver failure
and hepatocellular carcinoma (HCC)[1-3]. Lamivudine is
an oral nucleoside analog approved for the treatment of
chronic hepatitis B. It inhibits viral DNA replication by
means of chain termination, and competitively inhibits
viral polymerase. A daily dosage of lamivudine of 100 mg
has been accepted worldwide for the treatment for chronic
hepatitis B, since early studies showed that there was no
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significant difference in the effect of lamivudine at doses
of 100 and 300 mg[4,5]. However, to establish ideal dosages
in those studies, efficacy was mainly evaluated by measuring
hepatitis B virus (HBV)-DNA, and the assay used was
much less sensitive than the polymerase chain reaction
(PCR) assay. Studies in which HBV-DNA was measured
by PCR assay reported an additional viral suppressive
activity with high doses (300 mg) of lamivudine for
24 wk[6]. In addition to the limits imposed by the assay
methods that were used, the observation periods in the
studies on lamivudine doses of 100-300 mg were limited to
a period of 12[4] or 24 wk[5]. Although the effect of doses
greater than 100 mg on the emergence of YMDD mutants
has not been evaluated, baseline body mass index has been
reported to be significantly related to the emergence of
HBV mutants during lamivudine treatment in patients coinfected with HBV and human immunodeficiency virus-1
(HIV-1)[7]. In a previous study of 134 patients treated for
23.1 mo(mean observation period), body surface area (BSA)
was shown to be an independent factor contributing to the
effects of lamivudine treatment[8]. In the present study, to
further confirm these results, we evaluated the relationship
between BSA and the effects of lamivudine effects in a
greater number of patients and for longer observation
periods than those in the previous report.

MATERIALS AND METHODS
Patients
Criteria for entry into this study were as follows: (a) the
patients had not been treated with lamivudine previously;
(b) they had chronic hepatitis caused by HBV, and
persistent abnormal levels of alanine aminotransferase
(ALT); and (c) patients with HCC were excluded. A total
of 249 patients with chronic hepatitis B were evaluated.
They had been treated with 100 mg of lamivudine for more
than 1 year at Kyushu University Hospital and its affiliated
hospitals (Table 1). For all the patients, the existence

of serum HBV-DNA was confirmed by transcriptionmediated nucleic acid amplification (TMA) assay (103.7-108.7
genome equivalents/mL; 3.7-8.7 log genome equivalents
[LGE]/mL) (Chugai Diagnostic Science, Tokyo, Japan)
or by a Roche Monitor kit (102.6-107.6 copies/mL; 2.6-7.6
log copies/mL) (Roche Diagnostics, Tokyo, Japan) before
the treatment. None of the patients dropped out and all
were treated with 100 mg/d lamivudine until the end of
the observation period. After the start of medication,
basic hepatic function and serum levels of HBV-DNA
were measured at least every 3 mo for all the patients. The
efficacy of lamivudine was evaluated from the serum levels
of ALT and HBV-DNA, as biological and virological
effects, respectively. The categories for the biological
evaluation based on serum ALT were as follows: (1)
sustained responder (SR) ALT: the serum levels of ALT
decreased and remained at less than 30 U/L continuously
during the observation period; and (2) non-responder (NR)
ALT: the serum ALT was more than 30 U/L at the end of
the observation. Similarly, the categories for the virological
evaluation based on HBV-DNA were: (1) SR-HBV: serum
HBV-DNA decreased to levels undetectable by PCR
(<2.6 log copies/mL) and remained negative continuously
during the observation period; and (2) NR-HBV: serum
HBV-DNA was detectable at the end of the observation
period (>2.6 log copies/mL). BSA was calculated using
the method of DuBois.
Statistical analysis
The baseline characteristics of the patients prior to the
beginning of the lamivudine therapy are expressed as
mean±SD for the quantitative variables. In order to
determine the contribution of these variables to the
effect of the treatment, univariate and multivariate logistic
analyses were performed. For multivariate logistic analysis,
we analyzed BSA as an independent factor contributing
to the effects of lamivudine treatment variables that
showed χ2 values of more than 1.0 in the univariate logistic

Table 1 Baseline characteristics of patients treated for 1 year1
Total (range)

SR-ALT

NR-ALT

SR-DNA

NR-DNA

n
Male/female
ALT (U/L)
Albumin (g/dL)
Bilirubin (mg/dL)

249
180/67
211.1±402.4 (16-4491)
3.8±0.6 (2.2-4.9)
1.3±1.7 (0.1-12.9)

150
99/51
242.1±424.2
3.8±0.6
1.4±1.8

99
82/17
163.6±363.6
3.8±0.6
1.2±1.5

183
127/54
240.3±462.2
3.8±0.6
1.4±1.9

66
53/13
128.8±88.1
3.9±0.6
1.0±1.1

Platelet (104/mL)
BSA (m2)
HBV-DNA
≤5 (LEG/mL)
5< ≤6
6< ≤7
7<
HBeAg +/–
Age (yr)
CH/LC [Child A/B/C]

14.1±6.1 (2.6-35.5)
1.70±0.20 (1.25-2.17)

14.2±5.8
1.66±0.17

14.0±6.5
1.75±0.18

13.9±6.2
1.69±0.18

14.9±5.6
1.73±0.18

31
33
68
117
135/110
48.6±11.6 (19-73)
162/87 [61/11/15]

20
18
41
71
83/64

11
15
27
46
52/46

29
27
52
75
84/96

2
6
16
42
51/14

1

Data are shown as mean±SD.
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model. P value less than 0.05 was considered statistically
significant.

RESULTS
The effects of lamivudine for 1 year were analyzed in a
total of 249 patients (Table 1), of which 150 (60.2%) were
identified as SR-ALT and 99 (39.8%) as NR-ALT, and
183 (73.5%) were identified as SR-DNA and 66 (26.5%)
as NR-ALT (Table 1). To evaluate the contribution of
the variables to the effect of treatment, univariate and
multivariate logistic analyses were performed. In the
univariate logistic analysis, BSA and ALT in the biological
evaluation, and ALT, albumin, bilirubin, platelet count,
BSA, HBV-DNA, and HBeAg in the virological evaluation,
had χ2 values of more than 1.0 (Table 2). Therefore, we
used these factors as variables for multivariate logistic
analysis. The results of multivariate analysis revealed that

Table 2 Univariate analysis of the effects of lamivudine treatment
for 1 year
Variables
Biological effects
ALT (U/L)
Albumin (g/dL)
Bilirubin (mg/dL)
Platelet count (104/mL)
BSA (m2)
HNV-DNA (LEG/mL)
HBeAg
Virological effects
ALT (U/L)
Albumin (g/dL)
Bilirubin (mg/dL)
Platelet count (104/mL)
BSA (m2)
HNV-DNA (LEG/mL)
HBeAg

χ2

November 28, 2005

Volume 11

Number 44

BSA was the only significant factor for the improvement
of ALT levels (χ2 = 14.3, P = 0.0002), and ALT, albumin,
HBV-DNA and HBeAg were independent factors for the
disappearance of serum HBV-DNA (ALT: χ2 = 9.8, P = 0.0017;
albumin: χ2 = 5.1, P = 0.0238; HBV-DNA: χ2 = 12.6, P = 0.0004;
and HBeAg: χ2 = 9.5, P = 0.0021) (Table3).
The effects of 2-year therapy were evaluated in 147
patients (Table 4). Of these patients, 75 (51.0%) were
identified as SR-ALT and 72 (49.0%) as NR-ALT, while 85
(57.8%) were identified as SR-DNA and 62 (42.2%) as NRALT (Table 5). In the univariate logistic analysis, bilirubin,
platelet count and BSA in the biological evaluation, and
ALT, bilirubin, platelet, BSA and HBeAg in the virological
evaluation, were selected (χ2>1.0) (Table 5). Multivariate
analysis revealed that BSA was the only significant factor in
the biological effects (χ2 = 5.6, P = 0.0147), and ALT and
HBeAg were independent factors in the virological effects
(ALT: χ2 = 5.5, P = 0.0192; and HBeAg: χ2 = 4.1, P = 0.0428)
(Table 6).
Finally, the effects of 3-year therapy were evaluated in
72 patients (Table 7). Of these patients, 33 (45.8%) were
identified as SR-ALT and 39 (54.2%) as NR-ALT, while

P

2.963405
0.230408
0.934082
0.097459
15.96269
0.000983
0.275000

0.0852
0.6312
0.3338
0.7549
<0.0001
0.9750
0.6000

8.293809
3.353949
3.258437
1.331910
2.586640
14.38010
19.51400

0.0040
0.0670
0.0711
0.2485
0.1078
0.0001
<0.0001

Table 3 Multivariate analysis on the effects of lamivudine treatment
for 1 year
χ2

Variables
Biological effects
ALT (U/L)
BSA (m2)
Virological effects
ALT (U/L)
Albumin (g/dL)
Bilirubin (mg/dL)
Platelet count (104/mL)
BSA (m2)
HNV-DNA (LEG/mL)
HBeAg

P

1.921529
15.96269

0.1657
0.0002

9.797455
5.106762
0.450406
0.009626
2.222164
12.64904
9.476967

0.0017
0.0238
0.5021
0.9218
0.1360
0.0004
0.0021

SR-DNA

NR-DNA

Table 4 Baseline characteristics of patients treated for 2 years1

n
Male/female
ALT (U/L)
Albumin (g/dL)
Bilirubin (mg/dL)
Platelet (104/mL)
BSA (m2)
HBV-DNA
≤5 (LEG/mL)
5< ≤6
6< ≤7
7<
HBeAg +/–
Age (yr)
CH/LC [Child A/B/C]
1

Data are shown as mean±SD.

Total (range)

SR-ALT

NR-ALT

147
112/35
221.6±493.5 (17-4491)
3.8±0.6 (2.2-4.9)
1.5±2.1 (0.3-12.9)

75
52/23
258.9±548.5
3.8±0.5
1.7±2.5

72
60/12
182.3±428.2
3.8±0.6
1.3±1.7

85
62/23
291.3±626.3
3.8±0.5
1.7±2.6

62
50/12
122.2±132.0
3.9±0.6
1.0±1.1

13.8±6.2 (3.4-33.6)
1.71±0.18 (1.30-2.17)

12.9±5.4
1.67±0.18

14.6±6.8
1.76±0.17

13.1±5.5
1.70±0.18

14.9±5.6
1.73±0.18

7
13
19
34
41/31

12
11
26
38
41/45

6
9
16
31
41/20

18
20
42
69
82/65
48.9±11.4 (19-73)
95/54 [43/3/8]

11
7
23
35
41/34
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38 (52.8%) were identified as SR-DNA and 34 (47.2%)
as NR-DNA (Table 8). In the univariate logistic analysis,
albumin, platelet count, BSA, and HBeAg in the biological
evaluation, and no variables in the virological evaluation,
were selected (χ2>1.0) (Table 8). Multivariate analysis did
not reveal BSA as a factor for predicting the biological
efficacy of lamivudine therapy χ2 = 3.2, P = 0.0730) (Table 9).

DISCUSSION
In this present study, we found that BSA was a significant
factor that could contribute to the normalization of
serum ALT (biological response) after the treatment with
lamivudine for an initial 2-year period. Body weight was
also a significant factor contributing to the effects of
lamivudine treatment (data not shown). Because χ2 values
of BSA were higher than those of body weight and BSA
is determined with body weight and height, we used BSA

Table 5 Univariate analysis of the effects of lamivudine treatment for
2 years
Variables
Biological effects
ALT (U/L)
Albumin (g/dL)
Bilirubin (mg/dL)
Platelet count (104/mL)
BSA (m2)
HNV-DNA (LEG/mL)
HBeAg
Virological effects
ALT (U/L)
Albumin (g/dL)
Bilirubin (mg/dL)
Platelet count (104/mL)
BSA (m2)
HNV-DNA (LEG/mL)
HBeAg

χ2
0.962196
0.279331
1.384215
2.943368
8.339371
0.009964
0.077000
8.990505
0.643271
3.176521
2.064207
1.060739
0.546020
5.595000

as a variable for statistical analysis. We initially reported
that BSA was an independent factor contributing to both
the biological and virological responses[8]. The difference
in the contribution to the virological response between
the present and the previous study might be attributed to
the differences in the criteria used to evaluate treatment
effects. In our previous study, we used a third category
in addition to SR and NR transient responder (TR) which
included patients with serum ALT levels that initially
decreased to less than 30 U/L but increased to more than
30 U/L during the subsequent observation period (TRALT), and the patients in whom serum HBV-DNA initially
decreased to undetectable levels (<2.6 log copies/mL) but
became positive again during the subsequent observation
period (TR-DNA). Regardless of the differences in
evaluation criteria, both studies clearly demonstrated that
BSA independently contributed to the normalization of
ALT in the patients treated with lamivudine for an initial
2-year period. Because the pharmacokinetics of lamivudine
correlate with body weight, as is the case with many other
drugs[9], it is reasonable to conclude that patients with lower
BSA would have achieved higher blood concentrations

P values
0.3266
0.5971
0.2394
0.0862
0.0039
0.9205
0.7810

Table 6 Multivariate analysis of the effects of lamivudine treatment for 2 years
χ2

Variables
Biological effects
Bilirubin (mg/dL)
Platelet count (104/mL)
BSA (m2)
Virological effects
ALT (U/L)
Bilirubin (mg/dL)
Platelet count (104/mL)
BSA (m2)
HNV-DNA (LEG/mL)
HBeAg

0.0027
0.4225
0.0747
0.1508
0.3030
0.4598
0.0180

P values

0.496757

0.4809

0.572997
2.263849

0.4491
0.0147

5.482584
0.983777
1.098891
0.714246
0.592857
4.101478

0.0192
0.3212
0.2945
0.3980
0.4413
0.0428

Table 7 Baseline characteristics of patients treated for 3 years

n
Male/female
ALT (U/L)
Albumin (g/dL)
Bilirubin (mg/dL)
Platelet (104/mL)
BSA (m2)
HBV-DNA
≤5 (LEG/mL)
5< ≤6
6< ≤7
7<
HBeAg +/–
Age (yr)
CH/LC [Child A/B/C]
1

Data are shown as mean±SD.

Total (range)

SR-ALT

NR-ALT

72
53/19
198.6±437.2 (18-3545)
3.8±0.5 (2.5-4.9)
1.5±2.1 (0.3-12.9)

33
21/12
200.0±229.0
3.7±0.4
1.6±2.2

13.8±6.2 (3.9-33.6)
1.71±0.18 (1.30-2.17)

11.6±4.6
1.75±0.17

7
15
17
33
41/31
49.5±11.1 (21-73)
43/29 [25/0/4]

4
4
11
14
21/12

SR-DNA

NR-DNA

39
32/7
197.5±562.1
4.0±0.5
1.5±2.3

38
27/11
191.2±218.0
3.8±0.5
1.6±2.2

34
26/8
207.2±602.6
3.9±0.5
1.5±2.4

15.1±6.9
1.66±0.19

13.3±5.8
1.69±0.17

13.8±6.5
1.73±0.20

4
6
13
15
22/16

3
9
4
18
19/15

3
11
6
19
20/19
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Table 8 Univariate analysis of the effects of lamivudine treatment for 3 years
Variables
Biological effects
ALT (U/L)
Albumin (g/dL)
Bilirubin (mg/dL)
Platelet count (104/mL)
BSA (m2)
HNV-DNA (LEG/mL)
HBeAg
Virological effects
ALT (U/L)
Albumin (g/dL)
Bilirubin (mg/dL)
Platelet count (104/mL)
BSA (m2)
HNV-DNA (LEG/mL)
HBeAg

2

χ

P values

0.000598
5.541899
0.100733

0.9805
0.0186
0.7510

6.242535
4.393544
0.001477
1.113000

0.0125
0.0361
0.9693
0.2915

0.023922
0.565446
0.010128
0.137799
0.805305
0.065438
0.030000

0.8771
0.4315
0.9198
0.7105
0.3695
0.7981
0.8633

Table 9 Multivariate analysis of the effects of lamivudine treatment for 3 years
Variables

χ2

P valuesχ

Biological effects
Albumin (g/dL)
Platelet count (104/mL)
BSA (m2)
HBeAg

0.865354
2.391260
3.213451
1.252959

0.3522
0.1220
0.0730
0.2630

of lamivudine, although we did not actually monitor the
concentration of lamivudine. Recent reports suggest that
the baseline body mass index is significantly related to the
emergence of HBV mutation during lamivudine treatment
(300 mg/d, >6 mo) in patients co-infected with HBV
and HIV-1[7]. Therefore, the results of our studies again
question whether a lamivudine dosage of 100 mg/d is
adequate, particularly for long-term treatment.
The standard lamivudine dose of 100 mg daily was
based on early studies in which doses of 25, 100, and 300
mg were compared for 12[4] or 24 wk[5]. Because there
were no significant differences reported in the rates of
non-detection of HBV-DNA and normalization of ALT
levels between the 100 and 300 mg doses, the dose of 100
mg has become a well-accepted therapeutic standard[4,5].
However, several factors should be considered when
evaluating the results of these studies, including the
number of patients, duration of treatment, emergence of
lamivudine-resistant mutants over long-term treatment,
and detection limits for HBV-DNA.
In the present study, we found that there was a
significant difference in the contribution of BSA to the
biological effect, although the differences in the mean
values of BSA between SR-ALT and NR-ALT were
relatively small. Therefore, it is possible that previous
studies failed to detect a significant contribution of BSA to
the effects of lamivudine because of the smaller number
of patients examined. The major drawback of lamivudine
monotherapy is the emergence of resistant HBV with
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mutations of the tyrosine-methionine-aspartate-aspartate
(YMDD) motif. The incidence of these mutants rises
from 15-20% in the first year of therapy to 40% by the
second year, and to 67% by the fourth year[10]. In some
cases, fatal liver failure subsequent to the emergence of
the mutant was reported[11]. Therefore, observation periods
of 24 wk may not be adequate for detecting the emergence
of lamivudine-resistant mutants. In our evaluation of
HBV-DNA, the rates of NR-DNA were found to be
26.5%, 42.2%, and 57.2% in patients who were positive
for HBV-DNA (>2.6 log copies/mL) by the first, second,
and third year, respectively. Although we did not confirm
YMDD mutation in all cases of NR-DNA, the increase
in NR-DNA ratio might be attributable to the emergence
of mutants. Concomitant with the increases in HBVDNA seen over the 3-year period, the NR-ALT ratio
rose from 39.8% in the first year to 49.0% by the second
year and to 54.8% by the third year in the present study,
suggesting that the emergence of mutants could abolish
the contribution of BSA to biological effects in the third
year. Further studies will be needed to confirm whether
BSA affects the incidence of YMDD mutants.
In previous studies that showed no difference in the
effects of 100 and 300 mg lamivudine on HBV-DNA
levels (as aforementioned)[4,5], HBV-DNA was measured
quantitatively by liquid hybridization assay (Abbott
Laboratories), which has a detection limit of 107 geq/mL[12].
Honkoop et al.[6] studied the efficacy of 100 and 300 mg
lamivudine in viral suppression for 24 wk using a semiquantitative PCR method with a detection limit of 102-103
geq/mL. In the present study, we used a Roche Monitor
kit, which has detection limit of 2.6 log copies/mL, and
could not find a significant relationship between BSA and
the virological effect of lamivudine. Chun et al.[13], reported
that there was no significant correlation between viral
replication and liver damage in chronic hepatitis B. Hence,
it seems reasonable that we did not find a contribution of
BSA to the virological effects of treatment. Further study
will be needed to evaluate dose-dependent lamivudine
effects on viral suppression including the emergence of
mutants which could directly affect the viral load.
In conclusion, we have shown that BSA is a statistically
significant and potentially important factor for predicting
the efficacy of lamivudine therapy for chronic hepatitis
B. A noteworthy finding in our study was that small
differences in BSA might significantly influence the effect
of lamivudine treatment, suggesting that a small increase
in lamivudine dose might markedly increase its therapeutic
efficacy. We believe that a long-term clinical trial with
higher-dose lamivudine treatment in a large number of
cases is warranted, since lamivudine will continue to be a
first-line treatment for HBV.
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Abstract
AIM: To evaluate the effects of a portocaval shunt on
the decrease of excessive portal flow for the prevention
of sinusoidal microcirculatory injury in extremely smallfor-size liver transplantation in pigs.
METHODS: The right lateral lobe of pigs, i.e. the 25%
of the liver, was transplanted orthotopically. The pigs
were divided into two groups: graft without portocaval
shunt (n = 11) and graft with portocaval shunt (n = 11).
Survival rate, portal flow, hepatic arterial flow, and
histological findings were investigated.
RESULTS: In the group without portocaval shunt, all
pigs except one died of liver dysfunction within 24 h
after transplantation. In the group with portocaval shunt,
eight pigs survived for more than 4 d. The portal flow
volumes before and after transplantation in the group
without portocaval shunt were 118.2±26.9 mL/min/100 g
liver tissue and 270.5±72.9 mL/min/100 g liver tissue,
respectively. On the other hand, in the group with
portocaval shunt, those volumes were 124.2±27.8 mL/
min/100 g liver tissue and 42.7±32.3 mL/min/100 g liver
tissue, respectively (P <0.01). As for histological findings

in the group without portocaval shunt, destruction of the
sinusoidal lining and bleeding in the peri-portal areas
were observed after reperfusion, but these findings were
not recognized in the group with portocaval shunt.
CONCLUSION: These results suggest that excessive
portal flow is attributed to post transplant liver dysfunction
after extreme small-for-size liver transplantation caused
by sinusoidal microcirculatory injury.
©2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Since the first successful living donor liver transplantation
(LDLT) in a child[1] patient and an adult[2] patient, LDLT
has become the established method to reduce the number
of patients on the waiting list and is considered as an
alternative to standard liver transplantation [3-7] . The
survival rate of adults is significantly lower than that in
children[8] and the key to a successful LDLT, especially
in adult recipients, is the adequacy of the size of the
graft that can be safely harvested from the donor[9-11]. In
some cases, graft weight ratio of the recipient native liver
weight (GWRLW) of 30% or less has been transplanted
successfully, but in general, graft weight per recipient’s
body weight (GWBW) less than 0.8% or GWRLW less
than 40% has been considered marginal or small-forsize. These small-for-size grafts are associated with an
increased incidence of complications and graft failure[9-12].
A small-for-size graft cannot supply the metabolic demand
of an adult recipient in the early posttransplant period.
Poor early graft function is characterized by protracted

Wang HS et al . Portal flow for small-for-size liver Tx
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Figure 1 Anterior view of left tri-segmentectomy. Bold line indicates the left and
middle hepatic veins ligated by transfixing suture; arrow indicates parenchymal
transection of the left lobe and right paramedian lobe; L: left lateral lobe; M:
median lobe; R: right lateral lobe; IVC: inferior vena cava.

cholestasis, coagulopathy and ascites, and these findings
are proposed to be the essential symptoms of small-forsize syndrome[13]. However, the precise mechanism for this
dysfunction remains unclear.
Previously, we have reported that portal hypertension
after reperfusion is one of the most important factors
aggravating the microcirculatory injury of the graft[14]. In
the present study, we hypothesized that the increment of
portal flow played a major role in graft injury and poor
function of small-for-size grafts, and investigated the
effects of portocaval shunt (PCS) on the excessive portal
flow for the prevention of the sinusoidal microcirculatory
injury after extremely small-for-size liver transplantation
using pigs.

MATERIALS AND METHODS
Animals
Landrace white pigs, weighing 18-28 kg, were used as
donors and recipients. All experiments were conducted
according to Principles of Laboratory Animal Care (NIH
publication No. 86-23, revised in 1985). Food was withheld
for 24 h before the operation. Anesthesia was induced by
intramuscular administration of ketamine (5 mg/kg) and
atropine sulfate (1.0 mg/body) followed by endotracheal
intubation and maintenance with oxygen and isoflurane by
positive pressure mechanical ventilation. A catheter was
placed in the internal jugular vein for fluid administration
and central venous pressure (CVP) monitoring and fixed
at the back of the neck for postoperative venous sampling.
A carotid arterial line was also placed for intraoperative
blood sampling and monitoring mean arterial pressure
(MAP). In recipients, an opposite internal jugular vein was
used for the venovenous bypass from the portal vein and
femoral vein. Eleven transplantations were carried out in
each group.
Donor operation
After laparotomy, the left hepatic artery supplying the
left lateral and left median lobes was ligated and divided.
Glisson’s sheaths of the left lobe and the right median lobe
were identified and resected. After mobilization of the
liver, by dissecting all ligamentous attachments, the left and

C

← IVC
← PCS
← PC

Figure 2 Schematic view of the liver graft with PCS placed by side-to-side
anastomosis of PV and IVC. R: right lateral lobe; C: caudate lobe; PV: portal vein;
IVC: inferior vena cava; PCS: portocaval shunt.

middle hepatic veins were ligated with transfixing sutures
(Figure 1). Parenchymal transection of the left lobe and
the right median lobe was performed and finally left trisegmentectomy of the liver was done.
Following intravenous administration of heparin,
catheters were cannulated in the lower abdominal aorta
and splenic vein. The diaphragm was widely opened and
the supradiaphragmatic aorta was divided and encircled.
Cold University of Wisconsin (UW) solution (4℃) was
flushed in from both the aorta and the splenic vein after
aortic clamp. The right lateral lobe was removed and
preserved in UW solution.
Back table operation
In the group with shunt, the PCS was made on the back
table and placed by means of side-to-side anastomosis
between the portal vein and the infra-hepatic inferior vena
cava (IVC) (Figure 2). The diameter of the PCS was 6 mm.
The graft was weighed after the back table preparation.
Recipient operation
Total hepatectomy was performed under ilioportaljugular
venovenous bypass [15]. The reduced-size graft with or
without PCS was implanted orthotopically with end to
end vascular anastomosis of the suprahepatic IVC, the
portal vein, the infra-hepatic IVC, and the hepatic artery.
Before anastomosis of the portal vein, rinse solution was
perfused into the portal vein of the graft. Hepatic arterial
reconstruction was performed under a microscope. A
catheter was inserted into the common bile duct for bile
drainage.
After transplantation, the pigs were placed in a warmed cage
with free access to water and food. FK506 (0.1 mg/kg·d) was
injected for immunosuppression from postoperative day
(POD) 1-7. When recipients died, autopsy was performed
to exclude the possibility of technical complications and to
confirm the patency of all anastomoses. Liver grafts were
also weighed.
Monitoring
Systemic hemodynamic monitoring of MAP and CVP
was carried out continuously during the operation, as
well as portal vein pressure was monitored. Portal flow
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and hepatic arterial flow (HAF) were measured before
hepatectomy in donors and after arterial reperfusion in
recipients using ultrasound transit time flow probes and
a flow meter (Transonic Systems Inc., Ithaca, NY, USA).
The diameter of the probe was 8 mm for the portal vein
and 3 mm for the artery. Total liver blood flow (TLBF)
was calculated as the sum of portal flow and HAF. Liver
biopsies were performed before hepatectomy, after
reperfusion, and on every other day up to POD 7, and
tissue specimens were examined under light microscope
and Ki-67 staining was performed for the determination
of proliferating hepatocytes. Transmission electron
microscopical findings were also investigated in the
specimen after reperfusion. Arterial blood samples were
obtained hourly for gas analysis during the operation and
determining alanine aminotransferase (ALT), aspartate
aminotransferase (AST), total bilirubin (T-Bil), and antithrombin III (AT-III) before the operation, at 3 and 6 h
after reperfusion and on every POD up to POD 7.
The graft weight at the time of transplantation
expressed as a percentage of GWRLW and GWBW was
calculated.
Statistical analysis
Values of parameters were expressed as mean±SD. Statistical
significance was determined by Student’s t-test. The survival
rate was calculated by the Kaplan-Meier method. Values
between the two groups were statistically analyzed by
generalized Wilcoxon test. P values less than 0.05 were
regarded as statistically significant.
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Survival rate
In the group without PCS, all pigs except one died of
liver dysfunction within 24 h after reperfusion. On the
other hand, in the group with PCS, eight pigs survived for
more than 4 d and the remaining three died of portal vein
thrombosis at the anastomotic site of PCS or perforated
gastric ulcer within 3 d. The PCS significantly improved the
survival rate of the animals in comparison to the animals
without the shunt after transplantation (P<0.05) (Figure 3).
Portal pressure
There were no significant differences in portal vein
pressures at laparotomy in both groups. However, after
reperfusion, portal vein pressures significantly increased up
to 2.2±0.7 KPa in the group without PCS and 1.6±0.6 KPa
in the group with PCS (Figure 4).
Hepatic hemodynamics
Hepatic hemodynamic parameters including portal flow,
HAF and TLBF at laparotomy and after reperfusion
in both groups are shown in Table 2. The portal flow
after reperfusion in the group without PCS increased
significantly more than that at laparotomy, whereas it
decreased in the group with PCS (P<0.01). The HAF after
reperfusion decreased compared to that at laparotomy in
the group without PCS, while it increased more than that
at laparotomy in the group with PCS (P<0.05).

1

0.6
0.4
0.2

Group without PCS (n = 11)

0
0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

Postoperative day

Group with PCS
(n = 11)
20.8±1.1
22.1±2.6
139.3±32.0
548.3±63.8
25.4±3.4
0.63±0.13
41±4
263±44
161±20

DBW: donor body weight; RBW: recipient body weight; GW: liver graft
weight at implantation; RLW: recipient native liver weight; GWRLW:
percentage of GW to the recipient native liver weight; GWBW: percentage of
GW to the recipient body weight.

Group without PCS

25
Portal vein pressure (mmHg)

21.8±2.7
22.8±1.2
131.8±18.3
525.4±41.4
25.1±2.7
0.58±0.09
43±2
261±28
151±51

0.8

Figure 3 Survival rates. bP<0.01 vs the group without PCS.

Table 1 Graft characteristics (mean±SD)
Group without PCS
(n = 11)

Group with PCS (n = 11)
Survival rate (%)

Graft volume and operation time
Body weight, graft volume, and operation time are shown
in Table 1. The graft volume was approximately 25% of
the recipient native liver volume, and 0.6% of the recipient
body weight in both groups. The cold ischemic time in the
group with PCS was slightly longer than that in the group
without PCS because of the time required for the PCS
at the back table, but there was no statistical difference.
There was no significant difference in MAP or CVP

DBW (kg)
RBW (kg)
GW (g)
RLW (g)
GWRLW (%)
GWBW (%)
Anhepatic time (min)
Operation time (min)
Total ischemic time (min)

Volume 11

between the two groups (data not shown).

RESULTS

Parameters

November 28, 2005

Group with PCS
20
15
10

5
0

At laparotomy

After transplantation

Figure 4 Changes of portal vein pressure (n = 11). aP<0.05 vs the group with PCS.
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Table 2 Changes of hepatic hemodynamics (mean±SD)
Parameters

At laparotomy

After transplantation

Portal flow

Group without PCS

Group

118.2±26.9

270.5±72.9b,a

(mL/min/100 g liver tissue)
Hepatic arterial flow
(mL/min/100 g liver tissue)
Total liver blood flow
(mL/min/100 g liver tissue)
Ratio of PF/TLBF (%)

Group with PCS
Group without PCS
Group with PCS
Group without PCS
Group with PCS
Group without PCS
Group with PCS

124.2±27.8
50.1±8.3
50.5±11.6
168.3±30.9
174.8±29.1
70.2±4.2
71.1±4.9

42.7±32.3a
37.7±21.0a
75.1±39.5
308.2±52.8b,a
117.8±42.1c
87.8±8.2b,a
36.3±19.5a

PF: portal flow; TLBF: total liver blood flow.
b
P<0.01 vs the group with PCS; aP<0.01 vs at laparotomy; aP<0.05 vs the group with PCS; cP<0.05 vs at laparotomy.

A

B

Group without PCS

Group without PCS

A

Group with PCS

B

Group with PCS

Figure 5 Histological findings of hepatic tissues after reperfusion (×100).

Histological findings
The light microscopical findings of the liver graft after
reperfusion are shown in Figure 5. In the group without
PCS, enlargement of the sinusoidal lumen and bleeding in
the peri-portal triads were observed but these abnormal
findings were not recognized in the group with PCS.
Transmission electron microscopic findings of the
sinusoid after reperfusion are shown in Figure 6. In the
group without PCS, the sinusoidal endothelial cells were
destroyed and detached into the sinusoidal space with
destruction of the Disse’s spaces, while in the group with
PCS the sinusoidal endothelial cells were well preserved,
the Disse’s spaces were intact, and the structure of
endothelial lining was well preserved.
Liver regeneration in the group with PCS
The graft weight in the recipients who survived for more
than 4 d (n = 8) increased to 87.3% of the recipient native
liver. Ki-67 labeling index before and after transplantation
is shown in Figure 7. The Ki-67 labeling index showed
only 1.0% of hepatocytes at laparotomy. However, it
increased abruptly after transplantation, reaching a peak

5 μm

2 μm

Figure 6 Transmission electron microscopical findings of the sinusoid after
reperfusion. Arrowheads indicate the destroyed or preserved or detached
sinusoidal endothelial cells into the sinusoidal space with destructed or intact
Disse’s spaces.

100

Ki-67 positive cells (%)

The TLBF after reperfusion increased significantly
higher than that at laparotomy in the group without PCS,
whereas the TLBF slightly decreased after reperfusion
in the group with PCS. After reperfusion, the TLBF in
the group without PCS was significantly greater than that
in the group with PCS (P<0.01). In the group without
PCS, the contribution of portal flow to TLBF increased
from 70.2% to 87.8%, while in the group with PCS the
contribution of the portal flow to TLBF decreased from
71.1% to 36.3%.

80

60
40

20
0

At laparotomy

POD 2

POD 4

Figure 7 Ki-67 detection in the pigs that survived for more than 4 d in the group
with PCS (n = 8).

value of approximately 60% at POD 2, and decreasing to
30% on POD 4.
Liver function
There were no significant differences in ALT, AST or
T-Bil until POD 1 after reperfusion in either group
(Table3). ALT and AST increased after reperfusion, taking
a peak value on POD 2 and POD 1 and then decreased.
However, T-Bil increased continuously until POD 4. AT-

6958

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

November 28, 2005

Volume 11

Number 44

Table 3 Changes of serum ALT, AST, T-Bil, and AT-III (mean±SD)
Parameters

Group

ALT (KU)

A
B
A
B
A
B
A
B

AST (KU)
T-Bil (mg/dL)
AT-III (%)

Preo
22±1
25±7
30±13
32±19
0.24±0.26
0.10±0.07
122±26
125±21

RP 3 h

RP 6 h

POD 1

POD 2

POD 3

16±2
18±5
80±36
78±38
0.32±0.18
0.27±0.16
69±19
86±37

20±3
25±9
144±51
172±37
0.48±0.21
0.48±0.31
57±23a
91±25

35±18
33±13
351±42
306±36
0.88±0.54
0.83±0.24
66±15a
86±34

38±15
293±46
1.39±0.37
75±14

30±11
217±21
1.75±0.71
82±12

POD 4
27±10
152±48
1.79±0.86
107±23

Preo: preoperation; RP 3 h: 3 h after reperfusion; RP 6 h: 6 h after reperfusion; POD: postoperative day; A: group without PCS; B: group with PCS; ALT: alanine
aminotransferase; KU: karmen unit; AST: aspartate aminotransferase; T-Bil: total bilirubin; AT-III: anti-thrombin III. aP<0.05 vs the group with PCS.

III decreased after reperfusion in both groups. At 6 h after
reperfusion and on POD 1, AT-III in the group with PCS
was significantly higher than that in the group without PCS
(P<0.05).

DISCUSSION
In clinical liver surgery, an extended hepatectomy of 80%
or 85% of the whole liver can be tolerable in patients
with a nor mal liver [16] . In previous reports, 70-75%
hepatectomy in animals represents a model of critical
residual liver volume and is used to study the mechanism
of liver regeneration[17-19]. This means that 25-30% of the
liver can sustain hepatic function. However, this cannot
be translated directly into a minimum graft volume in
small-for-size liver transplantation, in which grafts are
subjected to cold and warm ischemia and subsequent
reperfusion injury. This is why the minimum graft volume
for successful liver transplantation is presumably higher
than the residual liver volume in extended hepatectomy.
Currently, experience with living-related and splitliver transplantation has demonstrated that the size of
the graft required for a successful liver transplantation
is at least 40% of the recipient’s native liver volume
and more than 0.8% of the recipient body weight [6,20].
This is associated with lack of portosystemic collateral
circulation, which lessens the influence of a high portal
flow on the grafts and prevents the development of severe
portal hypertension[21]. The precise mechanism of graft
injury in a small-for-size liver transplantation remains
still unknown. But there is a case report of hemorrhagic
necrosis secondary to excessive portal flow in an adult
LDLT[22]. An adult LDLT with small-for-size graft has
been successfully performed using a mesocaval shunt
to avoid graft failure caused by portal hyperperfusion[23].
From these reports, we hypothesized that excessive portal
flow could attribute to postoperative liver dysfunction
caused by sinusoidal microcirculatory injury after smallfor-size liver transplantation. In our experiment, we
investigated the effect of PCS on excessive portal flow
for the prevention of sinusoidal microcirculatory injury
in extremely small-for-size liver transplantation in pigs,
focusing on the prevention of primary graft dysfunction.
We chose the pig model because the anatomy, metabolism,
and physiology of the liver are similar to those in human

beings. As a result, we clarified that PCS could prevent
portal hypertension and excessive portal inflow in smallfor-size liver transplantation.
The sinusoids are the principal vessels involved in the
transvascular exchange between blood and the parenchymal
cells and play an important role in hepatic microcirculation.
In an experimental transplantation model using a smallfor-size graft weighing less than 30% of the native liver,
Asakura et al.[14] and Man et al.[24] demonstrated that portal
hypertension is a determinant factor for the injury of
sinusoidal endothelial cells and hepatic parenchyma. The
portal flow through the reduced microvascular bed of the
small-for-size graft after reperfusion is likely to induce
injury of sinusoidal endothelial cells and activation of
Kupffer’s cells, which is similar to those after extended
hepatectomy in rats reported by Panis et al.[19].
In this study, TLBF after reperfusion increased
approximately twice in comparison to the flow at laparotomy
in the group without PCS. The portal flow increased
predominantly and HAF reduced. Histological findings
clearly indicated disruption of the sinusoidal lining
and disturbance of the sinusoidal microcirculation.
Furthermore, the graft became swollen after reperfusion,
progressing into severe bowel congestion and then blood
oozing. These phenomena were associated with a poor
survival rate in the group without PCS. On the other
hand, in the group with PCS, graft inflow was modified
by PCS which permitted a significantly lower portal
flow and a higher HAF. The pathological findings of
microcirculatory disturbance after reperfusion recognized
in the group without PCS were not observed in the group
with PCS. The results of our study strongly suggest that
an excessive portal flow after reperfusion in small-for-size
liver transplantation is one of the major factors that cause
sinusoidal microcirculatory injury and result in graft failure.
With regard to the graft regeneration in the group
with PCS, though the TLBF was low, the weight of the
graft and Ki-67 index increased remarkably in the pigs
that survived for more than 4 d. The decreased HAF
subsequent to the excessive portal flow observed after
reperfusion in the group without PCS was also believed
to contribute to the poor regeneration of residual liver
and the poor outcome. Sato et al.[25] reported that portal
hypertension is a trigger of liver regeneration following
partial hepatectomy. But surplus portal hypertension
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induces liver dysfunction[25]. Results of our study support
the hypothesis that portal flow controls liver regeneration
in small-for-size liver transplantation and maintains liver
function.
In conclusion, an extreme small-for-size graft weighing
less than 25% of the native liver can be successfully
transplanted with a PCS in pigs. Portal hyperperfusion in
small-for-size liver transplantation appears to play a major
role in aggravating microcirculatory injury of the graft and
attenuation of portal hyperperfusion by PCS minimizes
the injury and improves the survival. This study provides
helpful information for transplant surgeons regarding the
novel therapeutic strategies for the rescue of small-for-size
liver grafts.
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Abstract
AIM: To evaluate the protective effect of NF-κB decoy
oligodeoxynucleotides (ODNs) on ischemia/reperfusion
(I/R) injury in rat liver graft.
METHODS: Orthotopic syngeneic rat liver
t ra n s p l a n t a t i o n wa s p e r fo r m e d w i t h 3 h o f c o l d
preservation of liver graft in University of Wisconsin
solution containing phosphorothioated double-stranded
NF-κB decoy ODNs or scrambled ODNs. NF-κB decoy
ODNs or scrambled ODNs were injected intravenously
into donor and recipient rats 6 and 1 h before operation,
respectively. Recipients were killed 0 to 16 h after
liver graft reperfusion. NF-κB activity in the liver graft
was analyzed by electrophoretic mobility shift assay
(EMSA). Hepatic mRNA expression of TNF-α, IFN-γ
and intercellular adhesion molecule-1 (ICAM-1) were
determined by semiquantitative RT-PCR. Serum levels
of TNF-α and IFN-γ were measured by enzyme-linked
immunosorbent assays (ELISA). Serum level of alanine
transaminase (ALT) was measured using a diagnostic
kit. Liver graft myeloperoxidase (MPO) content was
assessed.
RESULTS: NF-κB activation in liver graft was induced in
a time-dependent manner, and NF-κB remained activated
for 16 h after graft reperfusion. NF-κB activation in liver
graft was significant at 2 to 8 h and slightly decreased
at 16 h after graft reperfusion. Administration of NF-κB
decoy ODNs significantly suppressed NF-κB activation as
well as mRNA expression of TNF-α, IFN-γ and ICAM-1 in
the liver graft. The hepatic NF-κB DNA binding activity
[presented as integral optical density (IOD) value] in the

NF-κB decoy ODNs treatment group rat was significantly
lower than that of the I/R group rat (2.16±0.78 vs 36.78
±6.35 and 3.06±0.84 vs 47.62± 8.71 for IOD value
after 4 and 8 h of reperfusion, respectively, P <0.001).
The hepatic mRNA expression level of TNF-α, IFN-γ
and ICAM-1 [presented as percent of β-actin mRNA
(%)] in the NF-κB decoy ODNs treatment group rat was
significantly lower than that of the I/R group rat (8.31
±3.48 vs 46.37±10.65 and 7.46± 3.72 vs 74.82±12.25
for hepatic TNF-α mRNA, 5.58±2.16 vs 50.46±9.35 and
6.47±2.53 vs 69.72±13.41 for hepatic IFN-γ mRNA, 6.79
±2.83 vs 46.23±8.74 and 5.28±2.46 vs 67.44±10.12
for hepatic ICAM-1 mRNA expression after 4 and 8 h
of reperfusion, respectively, P <0.001). Administration
of NF-κB decoy ODNs almost completely abolished the
increase of serum level of TNF-α and IFN-γ induced by
hepatic ischemia/reperfusion, the serum level (pg/mL)
of TNF-α and IFN-γ in the NF-κB decoy ODNs treatment
group rat was significantly lower than that of the I/R
group rat (42.7±13.6 vs 176.7±15.8 and 48.4±15.1 vs
216.8±17.6 for TNF-α level, 31.5±12.1 vs 102.1±14.5
and 40.2±13.5 vs 118.6±16.7 for IFN-γ level after 4 and
8 h of reperfusion, respectively, P <0.001). Liver graft
neutrophil recruitment indicated by MPO content and
hepatocellular injury indicated by serum ALT level were
significantly reduced by NF-κB decoy ODNs, the hepatic
MPO content (A655) and serum ALT level (IU/L) in the
NF-κB decoy ODNs treatment group rat was significantly
lower than that of the I/R group rat (0.17±0.07 vs 1.12
±0.25 and 0.46±0.17 vs 1.46±0.32 for hepatic MPO
content, 71.7±33.2 vs 286.1±49.6 and 84.3±39.7 vs
467.8±62.3 for ALT level after 4 and 8 h of reperfusion,
respectively, P <0.001).
CONCLUSION: The data suggest that NF-κB decoy
ODNs protects against I/R injury in liver graft by
suppressing NF-κB activation and subsequent expression
of proinflammatory mediators.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Liver transplantation is the only therapeutic strategy for
many inherited and acquired disorders of the liver. The
vulnerability of the transplantation liver to warm ischemia,
cold preservation, and reperfusion injury is possibly
associated with immediate posttransplant graft function
loss, and graft damage caused by ischemia/reperfusion (I/R)
is a serious problem after transplantation. Hepatic I/R
injury still leads to primary graft nonfunction in about 4%
of liver transplantation. Moreover, late consequences of
ischemia injury include intrahepatic and extrahepatic biliary
strictures, which further increase morbidity and jeopardize
graft survival. Therefore, inhibition of I/R injury has
become a more serious clinical interest.
Two distinct phases in the development of organ injury
have been identified in experimental hepatic I/R injury
animal models. During the initial phase of injury, Kupffer
cells are activated and release reactive oxygen species and
proinflammatory cytokines, including tumor necrosis
factor (TNF)-α[1-4]. The enhanced production of TNF-α
plays a more important role in the initiation of a cascade
of events that causes significant liver injury mediated
by neutrophils. One of the main functions of TNF-α is
the up-regulation of adhesion molecules and neutrophilattracting C-X-C chemokines[5,6]. The coordinated efforts
of adhesion molecules and C-X-C chemokines mediate
the recruitment of neutrophils into the liver. Sequestered
neutrophils release protease and reactive oxyg en
intermediates (ROI), which directly damage hepatocytes
and endothelial cells and also to capillary plugging causing
hepatic hypoperfusion. The transcription factor nuclear
factor (NF)-κB plays a key role in the regulation of genes
that function in immune and inflammatory systems
such as TNF-α, IFN-γ, chemokines and ICAM-1 [7-15].
Previous studies suggested that NF-κB activation plays
a deteriorative role during hepatic I/R injury [15-18]. In
contrast to these studies, Bradham et al.[19] reported that
NF-κB activation during orthotopic liver transplantation is
protective.
In the present study, we have attempted to evaluate
the exact effect of NF-κB activation on the I/R injury
in liver graft after orthotopic liver transplantation in rats.
For this aim, we used the recently developed technology
of decoy ODNs. The original concept of using synthetic
double-stranded ODN as “decoy” cis elements to block
the binding of nuclear factors to promoter regions of
target genes was introduced in 1990 by Sullenger et al.
and Bielinska et al. In 1997, Morishita et al. reported the
first in vivo application of this technology, they prevented
myocardial infarction after reperfusion in rats by direct
infusion of synthetic double-stranded 20-bp ODNs
containing the NF-κB cis element into cannulated coronary
arteries[20]. Subsequently, Kawamura et al. showed that the
direct injection of NF-κB decoy ODNs into implanted
tumors in mice inhibited cachexia, without affecting
the tumor growth[21]. In 2000, Abeyama et al. reported
that intraperitoneal and local administration of NF-κB
decoy ODNs reduces the extent of UV-induced skin
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inflammation, and this is associated with NF-κB activation
inhibition and decreased the transcription of inflammatory
cytokines TNF-α and IL-1 and IL-6[22]. Here we report
that the application of NF-κB decoy ODNs significantly
attenuates the liver graft I/R injury in rats.

MATERIALS AND METHODS
NF-κB decoy ODNs and scrambled ODNs
Double-stranded NF-κB decoy ODNs were generated
using equimolar amounts of single-stranded sense and
antisense phosphorothioate-modified oligonucleotides
containing two NF-κB binding sites(sense sequence 5’
-AGGGACTTTCCGCTGGGGACTTTCC-3’; NF-κB binding
sites bold and underlined)[23]. Scrambled ODNs (treatment
control ODNs: 5’-TTGCCGTACCTGACTTAGCC-3’)[22] were
generated in the same way. Sense and antisense strands
were mixed in the presence of 150 mmol PBS, heated to
100 ℃, and allowed to cool to room temperature to obtain
double-stranded DNA .
Experimental design and liver transplantation
Male SD rats (220-250 g) were used for the liver graft I/R
injury experiments. The animals were maintained with
a 12-h light/dark cycle in a conventional animal facility
with water and commercial chow provided ad libitum,
with no fasting before the transplantation. The following
experimental groups were compared: (1) the I/R group, in
which orthotopic liver transplantation were performed with
two-cuff method and liver graft reperfusion was initiated
after 3 h of cold-preservation in chilled (4 ℃) University of
Wisconsin (UW) solution containing NF-κB decoy ODNs
or scrambled ODNs (5 μmol/L/mL); (2) the NF-κB
decoy ODNs + I/R group, in which donor and recipient
animals were injected intravenously through the penile vein
with NF-κB decoy ODNs (1.0 mmol/L solution in PBS,
1 mL/rat ) 6 and 1 h before liver harvesting or orthotopic
liver transplantation; (3) the scrambled ODNs + I/R
group in which donor and recipient animals were injected
intravenously through the penile vein with scrambled
ODNs (1.0 mmol/L solution in PBS, 1 mL/rat ) 6 and 1 h
before liver harvesting or orthotopic liver transplantation;
(4) the sham control group in which rats only underwent
a midline laparotomy. Orthotopic liver transplantation
was performed according to the method described in our
previous study[24]. All operations were performed under
ether anesthesia in sterile conditions. The survival rate was
>89% at 24 h after liver transplantation. Liver graft tissues
and recipient blood samples (n = 5) were harvested at
different time points (0, 0.5, 1, 2, 4, 8, and 16 h) after graft
reperfusion and were immediately frozen in liquid nitrogen
(only liver samples) and kept at -80 ℃ until use.
Myeloperoxidase assay
Liver myeloperoxidase (MPO) content was assessed by
methods described elsewhere[15]. Briefly, liver tissue (50 mg)
was homogenized in 2 mL of homogenization buffer
(3.4 mmol/L KH2HPO4, 16 mmol/L Na2HPO4, pH 7.4).
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After centrifugation for 20 min at 10 000 g, 10 volumes of
resuspension buffer (43.2 mmol/L KH2HPO4, 6.5 mmol/L
Na2HPO4, 10 mmol/L ethylenediaminetetraacetic acid,
0.5% hexadecyltrimethylammonium, pH 6.0) was added to
the pellet and the samples were sonicated for 10 s. After
heating for 2 h at 60 ℃, the supernatant was reacted with
3, 3’, 3, 5’-tetramethylbenzidine (Sigma Chemicall Co.) and
read at 655 nm.
Preparation of liver graft nuclear extract
Nuclear proteins from frozen liver graft tissue were
extracted according to the method of Nanji [8] . One
gram of liver tissue was homogenized in 5 mL buffer
[0.32 mol/L sucrose, 50 mmol/L Tris-HCl (pH 7.5),
2 5 m m o l / L KC l , 5 m m o l / L M g C l 2 , 0 . 5 m m o l / L
phenylmethylsulfonyl fluoride,10 μg/mL aprotinin,
10 μg/mL tosyllysylchloromethyl ketone(TLCK)] and
centrifuged for 10 min at 600 r/min at 40 ℃. The pellet
was resuspended in 2.5 mL of 2 mol/L sucrose-Tris HCl,
KCl, and MgCl2 (TKM) buffer and homogenized. The
homogenate was centrifuged at 40 000 g at 4 ℃ for 2 h.
The supernatant was carefully removed and the pellet
containing the nuclear extract was resuspended in 40 μL of
buffer A [10 mmol/L HEPES/KOH (pH 7.9), 2 mmol/L
MgCl2, 0.1 mmol/L ethylenediaminetetraacetic acid, 10
mmol/L KCl, 1 mmol/L dithiothreitol, 0.5 mmol/L
phenylmethylsulfonyl fluoride] and left on ice for 10 min,
mixed, and centrifuged at 15 000 g at 4 ℃ for 15 s. The
pellet was then resuspended in 1.0 mL of buffer B [10
mmol/L HEPES/KOH (pH 7.9), 50 mmol/L KCl, 300
mmol/L NaCl, 0.1 mmol/L ethylenediaminetetraacetic
acid, 10% (v/v) glycerol, 1 mmol/L dithiothreitol, 0.5
mmol/L phenylmethylsulfonyl fluoride, 10 μg/mL
leupeptin, 10 μg/mL aprotinin, 10 μg/mL TPCK ] and
put on ice for 20 min. After centrifugation at 15 000 g at
4 ℃ for 5 min, the supernatant was stored at -80 ℃ as a
nuclear extract. Before the experiments, the total protein
concentration in the samples were determined according
to the method of Bradford.
Electrophoretic mobility shift assay (EMSA) for hepatic
NF-κB activity
NF-κB DNA binding activity was performed in a 10 μL
binding reaction mixture containing 1×binding buffer
[50 mg/L of double-stranded poly (dI-dC), 10 mmol/L
Tris-HCl (pH 7.5), 50 mmol/L NaCl 2 , 0.5 mmol/L
EDTA, 0.5 mmol/L-1DTT, 1 mmol/L MgCl 2 , and
100 mL/L glycerol], 5 μg of nuclear protein, and 35 fmol
of double-stranded NF-κB consensus oligonucleotide (5’
-AGTGAGGGGACTTTCCCAGGC -3’) that was endly
labeled with γ-32P (111 TBq/mol/L at 370 GBq-1) using T4
polynucleotide kinase. The binding reaction mixture was
incubated at room temperature for 20 min and analyzed
by electrophoresis on 7% nondenaturing polyacrylamide
gels. After electrophoresis the gels were dried by Gel-Drier
(Biol-Rad Laboratories, Hercules, CA, USA) and exposed
to Kodak X-ray films at -70 ℃. NF-κB DNA binding
activity was presented as integral optical density (OD)
value.
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Semiquantitative RT-PCR assay for hepatic expression of
TNF-α, IFN-γ and ICAM-1 mRNA
Analysis of the expression of TNF-α, IFN-γ and ICAM-1
mRNA was determined by semiquantitative RT-PCR
amplification in contrast with house-keeping gene β-actin.
Total RNA from 10 mg liver graft tissue was extracted
using TripureTM reagent. First-strand cDNA was transcribed
from 1 μg RNA using AMV and an oligo(dT15)primer.
PCR was performed in a 25 μL reaction system. Specific
primers used in PCR reaction were as follows: TNF-α, 5’
primer 5’-AGCCCACGTAGCAAACCACCA-3’ and 3’
primer 5’-ACACCCATTCCCTTCACAGAGCAAT-3’,
t o g ive a 4 4 6 - b p p r o d u c t ; I C A M - 1 , 5 ’ p r i m e r 5 ’
-TGGAACTGCACGTGCTGTAT-3’, 3’ primer 5’
-ACCATTCTGTTCAAAAGCAG-3’, to give a 513-bp product;
IFN-γ, 5’ primer 5’-ACAATGAACGCTACACACTG-3’,
3 ’ p r i m e r 5 ’ - T C A A AC T T G G C A ATAC T C AT- 3 ’ ,
t o g i ve a 3 6 2 - b p p r o d u c t ; β - a c t i n , 5 ’ p r i m e r 5 ’
-ATGGATGATGATATCGCCGCG-3’, 3’ primer 5’
-TGAAGGTAGTTTCGTGGATGC-3’, to give a 813-bp
product. PCR products of each sample were subjected to
electrophoresis in a 15 g/L agarose gel containing 0.5 mg/L
ethidium bromide. Densitometrical analysis using NIH
image software was performed for semiquantification of
PCR products, and mRNA expression was evaluated by
the band-intensity ratio of TNF-α, IFN-γ and ICAM-1 to
β-actin, and presented as percent of β-actin (%).
Blood assay for serum levels of TNF-α, IFN-γ and ALT
Blood was obtained by cardiac puncture at the time of
killing. Serum samples were analyzed for TNF-α and
IFN-γ by enzyme-linked immunosorbent assays (ELISA)
according to the manufacturer’s instructions. Serum
samples were also analyzed for ALT level as indices of
hepatocellular injury. Measurements of serum ALT level
were made using a diagnostic kit from Sigma Chemical Co.
Statistical analysis
All data were expressed as mean±SE . Statistical analysis
of data was performed using the Student’s t-test; P<0.05
was considered statistically significant.

RESULTS
NF-κB activation in the liver graft
NF-κB activation in the liver graft at seven separate time
points after reperfusion was determined by EMSA (as
shown in Figure 1). NF-κB activation in the liver graft
after reperfusion was induced in a time-dependent manner.
Hepatic NF-κB activation was observed to start within 30 min
after the initiation of reperfusion and continued for 16 h
after liver graft reperfusion. NF-κB activation in the liver
graft was significant at 2 to 8 h and slightly decreased at 16
h after graft reperfusion.
NF-κB decoy ODNs suppresses NF-κB activation in the
liver graft
I n t h e I / R + N F - κ B d e c o y O D N s g r o u p r a t s,
administration of NF-κB decoy ODNs group almost
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Figure 1 NF-κB activation in the liver graft. Lanes 1: Hepatic nuclear protein
extracts from sham control rat; Lanes 2-8: Liver graft nuclear protein extracts on 0,
0.5, 1, 2, 4, 8 and 16 h after reperfusion.
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Figure 2 Hepatic NF-κB activation (A) and NF-κB DNA binding activities
presented as IOD value (B). Lanes 1 and 2: Hepatic RNA extracts from sham
control group. Lanes 3 and 4: Hepatic RNA extracts from I/R group. Lanes 5 and 6:
Hepatic RNA extracts from I/R + NF-κB decoy ODNs group. b, dP<0.001 vs sham
group, f, hP<0.001 vs I/R group.
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TNF-α, IFN-γ and ICAM-1 in the liver graft were assessed
by RT-PCR. Hepatic ischemia/reperfusion increased
hepatic mRNA expression of TNF-α, IFN-γ and ICAM-1.
Administration of NF-κB decoy ODNs almost completely
abrogated hepatic ischemia/reperfusion-induced increases
of TNF-α, IFN-γ and ICAM-1 mRNA expression in
the liver graft with reperfusion for 4 and 8 h (as shown
in Figure 3). Similar effects were observed at 0.5, 1, 2
or 16 h after reperfusion (data not shown). However,
administration of scrambled ODNs did not have any
significant effect on the hepatic mRNA expression of
these inflammatory mediators (data not shown). Thus,
NF-κB decoy ODNs-mediated suppression of NF-κB
activation in the liver graft is associated with the inhibited
hepatic mRNA expression of these proinflammatory
mediators.
NF-κB decoy ODNs reduces serum level of TNF- α and
IFN-γ
To confirm the inhibitory effects of NF-κB decoy ODNs
on the inflammatory mediator production, serum levels of
TNF-α and IFN-γ were analyzed by ELISA. Serum levels
of TNF-α and IFN-γ were significantly increased within
1 h and were maximal at 8 h after liver graft reperfusion.
Administration of NF-κB decoy ODNs markedly reduced
serum levels of TNF-α and IFN-γ (P<0.001) at every time
point, respectively (Figure 4). However, administration of
scrambled ODNs did not have any significant effect on
the serum levels of TNF-α and IFN-γ (data not shown).
NF-κB decoy ODNs suppresses liver graft neutrophil
recruitment and liver graft injury
Liver graft neutrophil recruitment was determined by
liver MPO content and hepatocellular injury was assessed
by serum level of ALT. Liver graft ischemia/reperfusion
caused significant increases of liver MPO content and
serum level of ALT compared with sham controls. In the
presence of NF-κB decoy ODNs, the liver graft MPO
content and the serum level of ALT were significantly
reduced (P<0.001) (as shown in Figure 5), whereas
administration of scrambled ODNs did not have any
significant effect on the liver graft MPO content and
serum level of ALT (data not shown).

DISCUSSION
completely abrogated NF-κB activation in the liver graft
after 4 h and 8 h of reperfusion (as shown in Figure 2).
Similar effects were observed at 0.5, 1, 2 or 16 h after
hepatic reperfusion (data not shown). However, in the I/R
+ scrambled ODNs group rats, NF-κB activation in the
liver graft were not significantly changed compared with
the I/R group rats (data not shown).
NF-κB decoy ODNs suppresses hepatic mRNA expression
of TNF-α, IFN-γ and ICAM-1
To investigate whether NF-κB decoy ODNs induced
suppression of NF-κB was associated with reduced
inflammatory mediator expression, mRNA expression of

Hepatic ischemia/reperfusion injury remains a significant
problem and limitation of liver transplantation and may
result in liver failure, remote organ failure, and death.
Previous studies have identified many proinflammatory
mediators (TNF-α, MIP-2, IFN-γ, KC, ENA-78, and
ICAM-1) involved in the pathogenesis of hepatic
ischemia/reperfusion injury, and production of TNF-α
by activated Kupffer cells is central to this process[3,15, 6,25-27].
TNF-α enhances the inflammatory response in liver
by inducing the expression of adhesion molecules on
vascular endothelial cells and stimulating the production
and release of neutrophil-attracting CXC chemokines[18,28].
TNF-α[29-33] and ICAM-1[15] also play significant roles in
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the inflammatory and immune responses that mediate
allograft rejection. Thus, they are important as they are
against liver graft I/R injury and rejection to suppress the
production of these proinflammatory mediators. Each
of these mediators is controlled, at least in part, by the
transcription factor, NF-κB. Yoshidome et al.[15] reported
interleukin (IL)-10 protected against hepatic I/R injury by
suppressing NF-κB activation and subsequent expression
of proinflammatory mediators. Recent studies have
confirmed that hepatic ischemic preconditioning (IPC)
has protective effect on hepatic cold storage-reperfusion
injury, including improved graft function, reduced graft
circulatory impair ment, enhanced bile production,
augmented responses to a bile acid challenge, elevated O2
consumption, improved hepatic tissue blood flow and
decreased hepatic vascular resistance, reduced endothelial
cell damage, suppressed Kupffer cell activation, decreased
apoptosis of hepatocytes, and as a result, graft survival
improves after liver transplantation[34-43]. The recent study
have found out that attenuation of NF-κB activation and
subsequent reduction in TNF-α production after sustained
ischemia play important roles in the protective mechanism
of IPC against hepatic I/R injury[16,44]. These data suggest a
central role of NF-κB activation in the initiation of hepatic
I/R injury, and NF-κB activation inhibition could protect
against hepatic I/R injury. However, there are contrary
reports about the role of NF-κB activation during I/R
injury and liver transplantation. Maulik et al.[45] showed that
IPC activated NF-κB, of which p38 mitogen-associated
protein kinase (MAPK) might be upstream before
sustained ischemia, and also that inhibitor of p38MAPK
abolished preconditioning-induced cardioprotection.
Teoh et al.[46] recently reported that the hepatoprotective
effects of ischemic preconditioning are associated with the
activation of NF-κB and SAPKs that are associated with
entry of hepatocytes into the cell cycle, a critical biological
effect that favors survival of the liver against ischemic and
I/R injury. Bradham et al.[19] reported that the activation
of NF-κB during orthotopic liver transplantation in rats is
protective, inhibition of donor hepatic NF-κB activation
by adenoviral-mediated IκB alpha superrepressor gene
transfer resulted in increased serum ALT levels after 3 h
of transplantation. In addition, the blockade of NF-κB
resulted in increased histological tissue injury and increased

hepatic terminal deoxyribonucleotide transferase-mediated
deoxyuridine triphosphate nick end labeling (TUNEL)
staining, indicating apoptosis.
To assess the role of NF-κB activation during liver
transplantation, we examined the effect of NF-κB activation inhibition by NF-κB decoy ODNs containing two
NF-κB binding sites on the liver graft I/R injury. We
found that cold preservation-reperfusion of liver graft rapidly activated hepatic NF-κB and concomitantly elevated
hepatic mRNA expression of TNF-α, INF-γ and ICAM-1
as well as serum levels of TNF-α and IFN-γ. Administration of NF-κB decoy ODNs almost completely abrogated
the increased hepatic NF-κB activation, the up-regulated
hepatic mRNA expression of the proinflammatory mediators, the elevated serum levels of TNF-α and IFN-γ as
well as the increased hepatic neutrophil recruitment, and as
a result, attenuated liver graft I/R injury. Liver I/R injury
is considered to be primarily dependent on the activation
of Kupffer cells, these cells are a major source of ROIs,
proinflammatory cytokines or chemokines that promote
neutrophils recruitment, adhesion, and activation eventually leading to organ injury. Bradham et al.[19] reported that
the induction of TNF-α mRNA and serum protein during liver transplantation was unaffected by Kupffer cells
depletion with GdCl3. These results show that Kupffer
cells are not the only major source of TNF-α production
after liver transplantation and that stress-signaling protein
activation occurs independently of Kupffer cells. A recent
study reported that hepatic I/R injury critically depends on
liver activated T cells[47,48]. Indeed, both cyclosporine and
FK506, which are potent T cell-deactivating agents, were
reported to decrease reperfusion injury after liver transplantation or warm ischemia compared with untreated
controls. Besides the role of liver reside T cells, lymphocytes recruited from the circulatory cell pool within hours
or days after reperfusion are also involved in the cascade
of reperfusion in the kidney and in the liver[49, 50]. Circulating monocytes/macrophages are the primary systemic
sources of TNF-α[51] in response to endotoxin stimulation.
Previous studies showed that endotoxin in portal vein
blood was significantly increased during portal vein occlusion and after liver transplantation, and the increased endotoxin could stimulat macrophages that reside in spleen,
lung, and other organs, as well as circulating monocyte/
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macrophage to produce TNF-α. Tsoulfas et al. have shown
the LPS/CD14/LBP/NF-κB signaling pathway activation
in hepatic transplantation preservation injury[52]. Thus, far
besides Kupffer cells, T lymphocytes and monocytes/macrophages, either residing in the organ, or being recruited
from the blood, should definitely be considered effector
cells in I/R injury. IFN-γ released by activated T cells is
able to prime macrophages/Kupffer cells for the production of proinflammatory cytokines like TNF, and to downregulate the synthesis of IL-10, a protective cytokine which
has been identified to protect against hepatic ischemia/
reperfusion injury. Conversely, monomacrophages can
also activate T cells and promote the synthesis of INF-γ
through the release of cytokines like IL-12 and IL-18 and
the engagement of costimulatory molecules[53]. In the present study, the administration of NF-κB decoy ODNs may
attenuate not only donor hepatic Kupffer cells NF-κB
activation, but also recipient monocytes/macrophages and
T-cells NF-κB activation, and consequently decreases the
hepatic mRNA expression of TNF-α and IFN-γ as well
as the protein production of TNF-α and IFN-γ. Although
blockade of NF-κB can result in increased hepatocytes
apoptosis induced by TNF-α, the significantly decreased
production of TNF-α by NF-κB decoy ODNs may attenuates the initiation of hepatocytes apoptosis. Thus, NF-κB
decoy ODNs may protect against I/R injury in the transplanted liver graft by suppressing NF-κB activation and the
subsequent production of TNF-α, ICAM-1 and IFN-γ.
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pancreatic islet cells became dispersed, broken or atrophied
correspondingly. The differentiated neonatal cells were
identified as pancreatic islet cells by dithizone staining
method, and pancreatic β-cells were further identified
by both morphological features and electrophysiological
characteristics, i.e. the existence of recording currents
from KATP, KV, and KCA.
CONCLUSION: Islet cells differentiated from neonatal
pancreatic duct cells with the new natural protocol are
more advantageous in performing patch clamp study
over the isolated adult pancreatic islet cells.
©2005 The WJG Press and Elsevier Inc. All rights reserved.

Abstract
AIM: To induce the pancreatic duct cells into endocrine
cells with a new natural protocol for electrophysiological
study.
METHODS: The pancreatic duct cells of neonatal rats
were isolated, cultured and induced into endocrine cells
with 15% fetal bovine serum for a period of 20 d. During this
period, insulin secretion, MTT value, and morphological
change of neonatal and adult pancreatic islet cells were
comparatively investigated. Pancreatic β-cells were
identified by morphological and electrophysiological
characteristics, while ATP sensitive potassium channels
(KATP), voltage-dependent potassium channels (KV), and
voltage-dependent calcium channels (KCA) in β-cells were
identified by patch clamp technique.
RESULTS: After incubation with fetal bovine serum, the
neonatal duct cells budded out, changed from duct-like
cells into islet clusters. In the first 4 d, MTT value and
insulin secretion increased slowly (MTT value from 0.024
±0.003 to 0.028±0.003, insulin secretion from 2.6±0.6
to 3.1±0.8 mIU/L). Then MTT value and insulin secretion
increased quickly from d 5 to d 10 (MTT value from 0.028
±0.003 to 0.052±0.008, insulin secretion from 3.1±0.8
to 18.3±2.6 mIU/L), then reached high plateau (MTT
value >0.052±0.008, insulin secretion >18.3±2.6 mIU/L).
In contrast, for the isolated adult pancreatic islet cells,
both insulin release and MTT value were stable in the
first 4 d (MTT value from 0.029±0.01 to 0.031±0.011,
insulin secretion from 13.9±3.1 to 14.3±3.3 mIU/L), but
afterwards they reduced gradually (MTT value <0.031
±0.011, insulin secretion <8.2±1.5 mIU/L), and the

Key words: Pancreatic duct cells; Pancreatic precursor
cells; Insulin-producing cells; Patch clamp; Experimental
protocol; ATP sensitive potassium channels; Voltagedependent potassium channels; Voltage-dependent
calcium channels
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INTRODUCTION
The pancreatic islets (containing α, β, and δ cells that
produce glucagon, insulin, and somatostatin, respectively)
are intensively involved in the regulation of physiological
metabolic homeostasis [1] . Patch clamp technique is
considered as a very important approach for studying
the endocrine activities and mechanisms of these cells.
The traditional method for the isolation of rat intact
pancreatic islet cells [2] has been performed for almost
40 years, and is still the most widely acceptable method
in electrophysiological study of pancreatic islet cells.
Nevertheless, pancreatic islet cells usually survive poorly
after isolation because the cells are fragile in the in vitro
culture condition [3]. Thus, only the freshly isolated or
shortly cultured islet cells can be introduced for patch
clamp experiments. Fur ther more, there are some
disadvantages in performing patch clamp experiments with
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isolated islet cells. The endocrine pancreas is considered
as a slowly and continuously renewing tissue in the
kinetic balance process of apoptosis and neogenesis[4].
Thus, pancreatic β cells isolated from adult rats are
heterogeneous at different ages, including neonatal, adult,
and senile cells. The isolated adult and senile β cells are
more susceptible than neonatal β cells to the transition
from the native living surroundings to the in vitro culture.
Because the membrane of isolated adult β cells is fragile, it
is difficult to manipulate gigaseal, a key step in patch clamp
experiments.
Although there are other cell sources for performing
patch clamp experiments without obvious problems
mentioned above, such as β cell line and islet cells
differentiated from marrow mesenchymal stem cells[5] or
multipotent cells, and precursor cells of fetal pancreas,
they still show considerable shortcomings. According to
the reports, the β cell line only retains partial characteristics
of primitive pancreatic islet cells, while the islet cells
differentiated from marrow mesenchymal stem cells[6] and
precursor cells of fetal pancreas[7-11] exhibit poor insulin
secretory response to glucose. Therefore, it is essential to
seek for more optimal cell sources and approaches suitable
for patch clamp experiments.
Neonatal pancreatic duct cells are composed mainly of
precursor cells[12,13] and can be induced into endocrine cells
if appropriate morphogen stimuli are provided[10-13], and the
induced endocrine cells are stable in culture condition[12,13],
and their glucose-induced insulin secretion is evident[7-10].
Thus, we suppose that the neonatal pancreatic duct cells
might be more suitable for patch clamp experiments.
Here the pancreatic duct cells were differentiated
into endocrine islet cells with fetal bovine serum, a
physiological nutrition[14]. The cell proliferation and insulin
secretion of differentiated neonatal endocrine cells were
compared to isolated adult endocrine islet cells. ATP
sensitive potassium channels (KATP), voltage-dependent
potassium channels (KV) and voltage-dependent calcium
channels (KCA) of β cells were identified with patch clamp
technique to prove the usefulness of this protocol.

containing 950 mL/L O2+50 mL/L CO2. The isolation
of pancreatic islet cells from adult rats was performed
as previously described[2]. The isolation and induction of
duct cells were performed as follows: the pancreases were
moved from 10 neonatal rats and thoroughly washed in
KRBH solution containing (in mmol/L) 136 NaCl, 4.8
KCl, 1 CaCl2, 1.2 MgSO4, 1.2 KH2PO4, 5 NaHCO3, 25
HEPES, 1% BSA, pH 7.40. The pancreases were minced
into pieces of 1-2 mm in size. The minced pancreases
were hand-shaken while being digested by 0.5 mg/mL
type V collagenase in PBS (pH 7.40) for about 3-8 min in
a 10-mL tube bathed in 37 ℃water. Then digestion was
stopped by 4 ℃ KRBH. The production was centrifuged
(50 r/min) thrice to eliminate collagenase and broken cells.
Thereafter, the cells were suspended in the cell culture
medium and seeded in plastic dishes (18 mm in diameter)
with 2 mL culture medium in each dish. After being
cultured for about 24 h, the culture medium was moved,
and the duct cells were washed with KRBH solution five
times to remove the floated cells thoroughly. Then the
left cells were mostly duct cells (Figure 1). The cells were
kept in the cell culture medium for 20 d, during which the
dishes were replenished with a new medium every 2 d.

MATERIALS AND METHODS

MTT test
MTT assay was carried out as previously described [15].
The isolated products from neonatal or adult rats (about
10 5 cells) were equally seeded in 10 dishes (96 cells in
each dish, and each cell containing 150 μL isolated
products), one dish of cells was used every 2 d for MTT
determination, and the remaining dishes were replenished
with a new medium.

Reagents
Na2-ATP, EGTA, HEPES, repaglinide, and diazoxide were
purchased from Sigma Co. The other chemicals used were
of analytical reagent grade.
Isolation and culture of pancreatic islet cells
Sprague-Dawley rats aged 1-3 and 50-60 d were obtained
from Laboratory Animal Center, Tongji Medical College,
Huazhong University of Science and Technology. Hubei
Experimental Animal Association approved the experiments.
The culture medium used for both neonatal and adult
cells was RPMI 1640 medium (glucose 11.1 mmol/L)
supplemented with 15% fetal bovine serum, 15 mmol/L
HEPES buffer, pH 7.40, without any antibiotics (to eliminate
its possible influence on the differentiation of precursor
cells). The cells were cultured at 37 ℃ in the atmosphere

Morphology observation
The incubated cells were obser ved under inverted
microscope each day. When the marked morphologic
changes were observed, photograph of the cells was taken
by phase difference microscopy.
Insulin measurement
All the isolated products from neonatal duct cells or
adult pancreatic islet cells were equally seeded in gelatincoated dishes (18 mm in diameter), and each dish contained
2 mL isolated products (about 104 cells). The supernatant
of culture media in the five dishes was harvested every
2 d and kept at -20 ℃ for insulin deter mination by
radioimmunoassay. The dishes were washed with KRBH
solution twice, then 2 mL of the cell culture medium was
added again for further culture.

Identification of pancreatic islet cells
The pancreatic islet cells were identified by dithizone
staining method[16]. The viable cells were determined by
trypan blue exclusive test.
Identification of pancreatic β cells
Two steps were performed to identify pancreatic β cells
from α and δ cells [17]. Therefore, only large cells with
a capacitance of >5 pF were selected as β cells. Then
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a depolarizing protocol was applied to the large cells
to identify the properties of voltage-dependent Na +
currents[18]. Thus, cells in which a Na+ current could be
activated by a small depolarizing pulse from a prolonged
holding potential of -70 mV were discarded. By contrast,
cells exhibiting a Na+ current only after a hyperpolarizing
pulse to -140 mV were considered to be β cells[19].
Patch clamp experiments
Patch clamp experiments were performed on β cells of
isolated islet cells only in the first 4 d after the isolation, the
β cells beyond this period of time could not be introduced
into patch clamp experiments. The β cells differentiated
from islet cells of neonatal rats were applied for patch
clamp experiments from d 10 to d 16.
Rat pancreatic islet cells plated on the plastic dishes
were placed in a recording chamber mounted on an
inverted microscope (Olympus). Patch clamp recordings
were done for cells that were not in contact with the other
cells to avoid possible cell-cell coupling artifacts. For
recording KATP currents, the solutions were as follows (in
mmol/L): internal solution containing 140 KCl, 2 CaCl2, 4
MgCl2, 10 EGTA, 0.65 Na2-ATP, and 20 HEPES (pH 7.15
with KOH); and external solution containing 140 NaCl, 5.6
KCl, 1.2 MgCl2, 2.6 CaCl2, 0.5 glucose and 10 HEPES (pH
7.4 with KOH). KATP currents were measured at a holding
potential of -70 to -80 mV and -60 mV at 15-s intervals,
and diazoxide (100 μmol/L) and repaglinide (100 μmol/L)
were added respectively to further confirm whether it
was KATP currents or not. For KV currents recording, the
solutions were the same as for recording KATP currents
except that 100 μmol/L repaglinide was added into
external solution to block KATP currents. The cells were
held at -120 mV and depolarized at 15-s intervals to 30 mV
to activate KV currents. For KCA recording, the solutions
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were as follows (in mmol/L): internal solution containing
70 CsCl, 1 MgCl2, 4 ATP, 20 HEPES, 5 EGTA, pH 7.2;
external solution containing 90 NaCl, 1 MgCl2, 20 TEACl, 10 HEPES, 20 BaCl2, 5.6 KCl, 5 CsCl, pH 7.15. All
cell membrane currents were measured using whole-cell
mode of patch clamp technique at 22 ℃, using an EPC-9
patch clamp amplifier (Heka Electronics, Lambrecht/
Pfalz, Germany) and the software Pulsefit. Patch clamp
electrodes were made from borosilicate glass capillaries
(Shanghai Physiology Institute, China) using a two-stage
puller (PP-830, Narishige Co., Japan) to give a resistance
of 4-5 MΩ.

RESULTS
Morphological evolvement and identification
The neonatal rat pancreatic duct cells were organized
in duct-like cells when incubated for 3-4 d (Figure 1A).
There were precursors of pancreatic islet cells among
them. When cultured for 5-10 d, some duct cells changed
into round cells organized as islet clusters, being similar
to pancreatic islet cells in vivo (Figure 1B). Then the cells
grew bigger and budded out (Figures 1C and 1D). The
buds grew bigger and bigger and became new ground cells
in clusters (Figure 1E), which were further identified as
pancreatic islet cells by dithizone (Figure 1F), a chemical
considered to selectively stain pancreatic islet cells[16].
In contrast, the freshly isolated pancreatic islet cells
from adult rats were round, but g radually became
dispersed, broken or atrophied. After being cultured for a
week, the islet cells were dispersed to be single cells, and
the cell number was greatly reduced (data not shown).
Insulin release
For neonatal pancreatic islet cells, the insulin concentration in

A

B

C

D

E

F

Figure 1 Morphological change of neonatal pancreatic duct cells cultured for 3-4 d (A), 5-7 d (B), 8-10 d (C and D) and more than 10 d (E), as well as identification of
pancreatic islet cells by dithizone (F).
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Figure 2 Insulin release curve (A) and MTT value curve (B) during the culture
period of isolated adult islet cells and neonatal endocrine cells.

the cell culture medium was low (from 2.6±0.6 to 3.1±0.8 mIU/L)
in the first 4 d, then quickly increased (from 3.1±0.8 to
12.1±2.1 mIU/L ) from d 5 to d 10. Thereafter, the insulin
release reached its high plateau (>18.3±2.6 mIU/L). For
isolated pancreatic islet cells from adult rats, the insulin
concentration was high (from 13.9±3.1 to 14.3±3.3 mIU/L)
in the first 4 d, and gradually reduced (from 8.2±1.5 to 2.9
±0.7 mIU/L) from d 5 to d 10. Then the insulin release
was very low (<2.9±0.7 mIU/L) (Figure 2A).
MTT value
For neonatal pancreatic islet cells, the MTT value was low
(0.024±0.003 to 0.028±0.003) in the first 4 d and gradually
increased (0.028±0.003 to 0.052±0.008) from d 5 to d 10.
Thereafter, the MTT value reached its high plateau (>0.052
±0.008). For isolated pancreatic islet cells from adult rats,
the MTT value was stable (from 0.029±0.01 to 0.031±
0.011) in the first 4 d and gradually reduced (0.031±0.01 to
0.014±0.008) from d 5 to d 10. Then the MTT value was
very low (<0.014±0.008) (Figure 2B).
Identification of pancreatic islet cells and β cells
The big round cells (with a diameter >10 μm) were
selected and their capacitance was determined (>5 pF).
Then a depolarizing protocol was used to identify the
properties of voltage-dependent Na+ currents. The results
showed that voltage-dependent Na+ currents of selected
cells could not be recorded at a holding potential of -70 mV
(Figure 3B). On the contrary, the voltage-dependent Na+

s

Figure 3 Identification of pancreatic β cells. A: Currents recorded from α or δ
cells; B: currents recorded from β cells.

currents of small round cells (capacitance <5 pF) could be
detected at a holding potential of -70 mV (Figure 3A). It
was demonstrated that the big round cells were pancreatic
β cells, while small round cells were not.
KATP current recording
With certain internal and external solutions and protocol,
the currents recorded in pancreatic β cells were almost
entirely K ATP currents [19] . To verify this, 100 μmol/L
diazoxide, a special opener of KATP channels, and 100 μmol/L
repaglinide, a special antagonist of KATP channels, were
added correspondingly. The results showed that diazoxide
enhanced, while repaglinide reduced the currents greatly
(Figure 4), suggesting that the detected currents were from
KATP channels.
KV current recording
Repaglinide was used in the external solution to block
K ATP currents. Then the currents recorded should be
almost entirely KV currents with the internal and external
solutions and protocol. The recorded outward currents
showed that the channels were inactive from -120 to -55 mV
and active from -55 to 0 mV and the currents increased
in proportion to voltage. When added with 100 μmol/L
TEA, the currents could not be recorded, suggesting that
the detected currents were from KV channels (Figure 5).
KCA current recording
To efficiently record KCA currents, Cs + was added in
the internal solution, while TEA and Ba + were added
in the external solution to block voltage-dependent
outward potassium currents. Meanwhile, Ba+ enhanced
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KCA currents. Inward currents were recorded at -40 mV
and reached their peak at 0-10 mV, and then turned
over at 50-60 mV. These dynamic electric patterns were
characteristic of KCA currents[20,21]. Furthermore, special
opener and antagonist of KCA channels were introduced
to verify their existence. When added with 100 μmol/L
Bay K8644, the currents enhanced greatly; while 100
μmol/L nifedipine was added, the currents reduced
strikingly (Figure 6). These facts suggest that the detected
currents were KCA currents (mainly of L-type calcium
currents).
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It has been reported that pancreatic endocrine cells of
neonatal rats can be used in long-term study of secretion
and electrophysiology[22]. According to the experimental
protocol, fibroblasts are cleared away by timerosal to
enhance insulin release. However, the enhancing effect of
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timerosal cannot be interpreted by the clearing away of
fibroblasts, but might be produced due to the modified
effects of timerosal on sulfonylurea receptor which
regulates insulin release, because timerosal can modify
mitochondrial sulfonylurea receptor [23] . Fibroblasts
are present as the mesenchyme of islet cells, which
may provide fibroblast growth factors and matrix to
help the differentiation and replication of endocrine
cells[24,25]. Therefore, alterations were made to optimize
the experimental protocol correspondingly. Firstly, the
fibroblasts in the pancreatic islet cells for the normal
differentiation and replication of endocrine cells were
retained. Secondly, timerosal was not introduced in our
protocol to exclude its insulin regulating effect. Instead,
fetal bovine serum, a physiological nutrition that does not
intervene the normal neogenesis process, was administered
in the cell incubation. With this natural protocol, the
neonatal duct cells were successfully induced into
endocrine cells.
It was reported that neonatal duct cells are composed
mainly of precursor cells [12,13] . Thus, the har vested
endocrine cells from neonatal rats should be mostly
differentiated from precursor cells that lie in the pancreas
duct tree. The harvested endocrine cells from the neonatal
rats auto-organized as islet clusters (Figure 1B). Our
observations that the islet cells changed from duct-like
into round shape and that the round cells then budded
outward in vitro culture, were in conformity with the report
by Gershengorn et al.[26].
Gigaseal, the key step in patch clamp experiments,
is difficult to perform on isolated islet cells because
the membrane is fragile and easily gets broken by the
electrode. Even when gigaseal was completed, the
currents recorded may be deformed or lower than normal
because there are tiny gaps between cell membrane and
the electrode, through which the currents might leak out.
However, we found that it was easy to manipulate gigaseal
on islet cells differentiated with this natural protocol. To
explain this phenomenon, we compared the morphological
and functional characteristics of neonatal and adult
pancreatic islet cells in culture condition. For differentiated
neonatal islet cells, insulin release was low during the early
phase, but increased rapidly from d 5 to d 10, and then
kept in high plateau (Figure 2). Correspondingly, the cell
mass grew much bigger. As for isolated islet cells from
adult rats, insulin release was high in the first 4 d, but
then reduced quickly (Figure 2). Correspondingly, the islet
cells became dispersed, broken or atrophied. For neonatal
endocrine islet cells, the MTT value increased quickly from
d 5 to d 10 and then kept in high plateau. For isolated islet
cells from adult rats, the MTT value was stable in the first
4 d and then reduced quickly (Figure 3). The data are in
conformity with the idea that isolated islet cells survive
poorly in culture condition[3] and support that neonatal
pancreatic islet cells are more preferable for long-term
and stable culture, thus more suitable for patch clamp
experiments.
It was reported that the differentiated neonatal
pancreatic islet cells have evident glucose-induced insulin

6973

secretion property[7-10]. To understand its mechanism, we
investigated the electric activities of KATP, KV, and KCA,
regulators of glucose-induced insulin secretion process.
The role of KATP channels of β cells in glucose-induced
insulinotropic process has been well demonstrated[27]; the
KCA and KV channels are also suggested to couple with
glucose-dependent insulinotropic effects[28-32]. Thus, the
properties of these channels in differentiated islet cells
were studied. The fact that KATP, KV, and KCA channels in
differentiated islet β cells are sensitive to corresponding
antagonist and/or opener (Figures 4-6) indicates that
the differentiated islet cells have evident glucose-induced
insulin secretion properties.
In conclusion, the natural protocol illustrated in this
paper enables the long-term incubation of stable endocrine
islet cells, which will greatly optimize and facilitate the
performance of patch clamp experiments and other single
cell studies.
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Abstract
AIM: To construct the recombinant Lactococcus lactis as
oral delivery vaccination against malaria.
METHODS: The C-terminal 19-ku fragments of MSP1
(MSP-119) of Plasmodium yoelii 265-BY was expressed in
L. lactis and the recombinant L. lactis was administered
orally to BALB/c and C57BL/6 mice. After seven interval
vaccinations within 4 wk, the mice were challenged with P.
yoelii 265-BY parasites of erythrocytic stage. The protective efficacy of recombinant L. lactis was evaluated.
RESULTS: The peak parasitemias in average for the experiment groups of BALB/c and C57BL/6 mice were 0.8±
0.4% and 20.8±26.5%, respectively, and those of their
control groups were 12.0±0.8% and 60.8±9.6%, respectively. None of the BALB/c mice in both experimental
group and control group died during the experiment.
However, all the C57BL/6 mice in the control group died
within 23 d and all the vaccinated mice survived well.
CONCLUSION: The results imply the potential of
recombinant L. lactis as oral delivery vaccination against
malaria.
©2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The development of efficacious vaccines against malaria
is one of the greatest challenges for the application of
current life sciences in infectious diseases. The easiness of
administration of a vaccine provides an attractive alternative to continue drug treatments in a population exceeding
hundreds of millions of people with limited health care
resources. Merozoite surface protein 1 (MSP1) is present
in all species of Plasmodium[1,2], and has been widely studied
as the major candidate for vaccine against malaria [3-5].
The high level expression of MSP1 by Plasmodium in the
asexual stage is closely related to its invasion into erythrocytes. MSP1 can be proteolytically cleaved into five
fragments by two processing steps after the maturation
of merozoite, with the carboxyl-terminal 19-ku fragment
(MSP-1 19) remaining on the merozoite surface[6-8]. The
MSP-119 comprises two epidermal growth factor (EGF)like modules. Antibodies directed to this fragment have
been shown to inhibit the invasion of Plasmodium falciparum
into erythrocyte in vitro[9,10] and intranasal or subcutaneous immunization may protect mice against the challenge
of Plasmodium yoelii asexual blood-stage parasite[11]. The
recombinant MSP-119 has been expressed in several host
organisms, such as Escherichia coli[12], Saccharomyces cerivisae[11],
Bacillus Calmette-Guerin (BCG)[13], and Baculovirus[14]. It
has also been proven to be immuno-effective against the
challenge of parasite. In vaccination experiments with
recombinant MPS-119 from P. yoelii, immunized mice were
protected against challenge with blood-stage parasites, and
the protection was confirmed to be largely mediated by
antibodies[15-17].
The development of efficient mucosal vaccines is one
of the hotspots in modern vaccinology. One approach to
deliver the protective antigens to the mucosal surfaces is to
use live bacteria carrying plasmids responsible for the expression of specific antigen. Until recently most of these
are derived from attenuated pathogenic microorganisms,
such as Salmonella typhi[18] and chlorella[19]. As an alternative
to this strategy, non-pathogenic food grade bacteria such
as lactic acid bacteria are being focused for their efficacy as
live antigen carriers[20]. Lactococcus lactis has a long history of
being used in food fermentations and has been, therefore,
generally regarded as a safe (GRAS) status[21]. This foodgrade lactic acid bacterium is able to survive through the
gastrointestinal tract of human beings and other animals,
with a retention time of 2-3 d, but it does not invade or
colonize the mucous and does not evoke strong host im-
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mune responses[21]. The availability of various food-grade
genetic engineering systems for L. lactis[22] makes the bacteria a potentially functional food or medicines by expressing heterogeneous peptides. Recent report using L. lactis
preloaded with a bacterial antigen, tetanus toxin fragment
C of Clostridium tetanus, demonstrated the feasibility of this
approach: a protective systemic antibody response was
elicited after nasal or oral immunization of mice[21]. Similar study was carried out by Lee et al.[23], in which urease
subunit B (UreB) gene of Helicobacter pylori was expressed
in L. lactis MG1363 and the recombinant bacterium was
used as an oral vaccine against H pylori infection in mice.
However, in this case no protective effect was observed,
which implied that the adjuvant effects of L. lactis are likely
to be insufficient to produce an effective immune response
to protect against H pylori challenge, when used to deliver a
weak immunogen like UreB.
Since the use of oral (or other mucosal) routes for
immunization against malaria is also desirable due to the
easiness of administration, we attempted L. lactis as the live
vehicle for vaccine development against malaria. In this
work, we showed that the oral immunization, with recombinant L. lactis constitutively expressing MSP-119 antigen,
could protect BALB/c and C57BL/6 mice against malaria
parasites challenge.

MATERIALS AND METHODS
Genes, plasmids, bacteria, and malarial parasites
The DNA fragment encoding for MSP-119 domain was
amplified from the genomic DNA of P. yoelii. Plasmid
pTRKL2 was from Prof. Todd R. Klaenhammer at Food
Science Center, North California University, USA[24]. Cloning vector pBluescriptSKII(+) was from Strategene (La
Jolla, CA, USA), and fusion-protein expression vector
pGEX-5X-3 was from Amersham Pharmacia. L. lactis
LM2345 was from Prof. Keith Thompson at Agriculture
and Food Science Center, Newforge Lane, Northern Ireland. Lactobacillus brevis (ATCC8287) and Bacillus subtilis
BR151 (ATCC33677) were purchased from the American
Type Culture Collection. P. yoelii 265-BY was by Professor Weibin Guan at Second Military Medical University,
Shanghai, China.
Construction of expression vector
The plasmid for the expression of MSP-1 19 fragment
was constructed by conventional DNA recombination
manipulation. The promoter region and the first five
amino acids of the signal peptide-coding region of S-layer
protein A (SlpA) gene (nucleotides 1-282, GenBank
Z14250) was amplified by polymerase chain reaction (PCR)
from genomic DNA of L. brevis with forward primer
GCTGAGCTCGATTACAAAGGCTTTAAGCAGGTTAGTGAC (with SacI site) and reverse primer GTCGGATCCTAAACTTGATTGCATAATCTTTCTTCCTCC
(with BamHI site). The DNA fragment encoding MSP-119
(nucleotides 5 040-5 451, GenBank AF165928) was
amplified from the genomic DNA of P. yoelii 265BY, with
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forward primer ACGGGATCCAA CACATAGCCTCAATAGCT (with BamHI site) and reverse primer ACGGAATTCTAGCTGG AAGAACTACAGAA (with
EcoRI site). The terminator of N-acetylmuramoyl-Lalanine amidase (cwlB) (nucleotides 2 187-2 471, GenBank
M81324) was amplified from Bacillus subtilis BR151 by
PCR with forward primer CTCGAGCTCCACAAGCTATTCATGAC (with XhoI site) and reverse primer GGTACCTCTCT GCACTCACTG ACACA (with KpnI site).
The PCR products were cloned on T-vector (Promega,
USA) first, and then joined together in a tandem way on
pBluescriptSKII(+) with restriction enzyme pairs of SacI/
BamHI, BamHI/EcoRI, and XhoI/KpnI respectively to obtain plasmid pSK-PSGT. For expression of MSP-119 in L.
lactis, pSK-PSGT was then digested with PvuII to release
the 1.6-kb blunt-end fragment, which was then inserted
into the EcoRV site of shuttle vector pTRKL2[24]. The final
construct was referred as pL2-PSGT. For expression of
fusion protein GST-MSP-119 in E. coli, the DNA fragment
encoding MSP-119 was derived by PCR and joined to fusion protein expression vector pGEX-5X-3 with BamHI
and EcoRI sites. The derived plasmid was noted as pGEXMSP-119.
Transformation
Electroporation[25] was used to transform L. lactis LM2345
with pL2-PSGT. CaCl2 method was used to transform E.
coli BL21 with plasmid pGEX-5X-3.
Preparation of antiserum against P. yoelii 265-BY
The antiserum against P. yoelii 265-BY was prepared from
BALB/c mice infected with 104 asexual blood stage parasites. The serum was collected from the eye veins 4 d after
burst with 104 parasites one month after infection, and
stored at 4 ℃.
Expression and analysis of MSP-119 in E. coli and L. lactis
The BL21 transfor mant harboring plasmid pGEXMSP-119 was cultured in L-broth to A600 around 1.0, and
was treated with supplement containing 1.0 mmol/L of
isopropylthio-β-galactoside (IPTG) for 3 h. The fusion
protein GST-MSP-1 19 was purified from cell lysate by
affinity chromatography of Glutathione Sepharose-4B
according to manual instruction provided by the manufacturer. The purified fusion protein was used as positive control of immunoblotting. To express MSP-119 in L. lactis, the
transformant harboring plasmid pL2-PSGT was cultured
overnight in MRS medium[26] supplemented with 10 mg/L
erythromycin. The cells were collected by centrifuge, and
the lysates were analyzed by using SDS-polyacrylamide gel
electrophoresis analysis followed with immunoblotting by
using antiserum against P. yoelii 265-BY (1:500 dilution).
All other operations were performed following standard
protocols[27].
Oral immunization of BALB/c and C57BL/6 mice with recombinant L. lactis
Oral immunization experiments were performed according
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to the protocol described by Robinson et al.[21]. The BALB/
c and C57BL/6 mice were divided into groups of 10 mice
and fed for 6-8 wk. The test group was administered with
recombinant L. lactis constitutively expressing MSP-119,
and the control groups were administered with free L. lactis
bacteria or phosphate-buffered saline (PBS). For BALB/c
mice, every dose containing 5×109 bacterial cells in the
suspension buffer (0.2 mol/L sodium bicarbonate, 5% Casino acids, and 0.5% glucose); and for C57BL/6 mice (two
dosage groups), every dose containing 5×109 or 1×108
cells were administered. All the groups were administered
with recombinant L. lactis on d 1, 2, 3, 29, 30, 31, and 36,
respectively.
Challenge infections and evaluation of protective efficacy
Mice in each group were challenged on d 49 with 1×105
asexual blood stage P. yoelii parasites obtained from a donor mouse. Parasitemia was monitored every two days after challenge using microscopic examination of blood film
with Giemsa staining.

RESULTS
Expression of fusion protein GST-MSP-119 in E. coli
The fusion protein GST-MSP-119 was expressed in E. coli
BL21 transformed with plasmid pGEX-MSP-1 19. The
transformed BL21 cells were cultured in L-broth until the
A600 reached 1.0, and then induced with 1.0 mmol/L IPTG
for 3 h. Total proteins of BL 21 E. coli cells were analyzed
by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). As shown in lane 4 of Figure 1, the
thick band of the expressed protein showed a molecular
weight of 45 ku, matching well with the theoretical value
of fusion protein GST-MSP-119. The expressed fusion
protein was about 40% of the total protein of E. coli cells.
Most of the fusion protein was found in inclusion body,
but a small fraction was soluble. Glutathione Sepharose-4B
affinity chromatography was carried out with the soluble
fraction of E. coli cell lysate, and the derived fusion protein
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was used as the positive control of immunoblotting.
Expression of MSP-119 in L. lactis
For the expression of MSP-119 in L. lactis, the transformant harboring plasmid pL2-PSGT was cultured overnight
at 30 ℃ in MRS medium[26] supplemented with 10 mg/L
erythromycin. The cells were collected by centrifuge, and
the lysates were analyzed with SDS-PAGE. However, no
obvious protein bands around 19 ku were detected. Immunoblotting with antiserum against P. yoelii 265-BY was
applied to check if there was low-level expression of
MSP-119. As a result, the presence of MSP-119 was confirmed by immunoblotting as shown in lane 3 of Figure 2.
The stained protein band at 19 ku was a little bit broad.
This might be the result of partial degradation of MSP-119
in E coli cells. At least part of the expressed MSP-119 was in
its native structure, since the antiserum prepared by P. yoelii
parasites infection is considered to preferentially recognize
the MSP-119 fragment located on erythrocyte membrane
with the native conformation.
In lane 2 of the positive control, two protein bands
were stained: one was at 45 ku, and the other was slightly
below 45 ku, but not detectable on SDS-PAGE with
Coomassie brilliant blue staining. When fusion protein is
isolated from inclusion body of corresponding E. coli and
refolded by rapid dilution method, only one protein band
could be stained (data not shown). Therefore, we concluded that the low molecular weight protein was the degraded
fusion protein present in the soluble fraction of E. coli.
Evaluation of protective immunity induced by recombinant
L. lactis
Previous work of Tian et al.[28] indicated that mice with
different genetic backgrounds may have quite different
responses to P. yoelii infection. C57BL/6 mice showed the
highest level against challenge with infected erythrocytes
after immunization with recombinant proteins consisting
of the PyMSP-1 C terminus in adjuvants. In this work, two
strains of mice, BALB/c and C57BL/6, were used for oral
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Figure 1 Expression of fusion protein in E. coli BL21 cells. Coomassie brilliant
blue-stained 12% SDS-polyacrylamide gel. lane 1, protein markers; lane 2,
total protein of BL21 cells; lane 3, total protein of E. coli BL21 transformed with
plasmid pGEX-5X-3 with IPTG induction; lane 4, total protein of E. coli BL21 cells
harboring plasmid pGEX-MSP-119 after with IPTG induction. The arrows indicate
the positions of GST and fusion protein GST-MSP-119.

175
145
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Figure 2 Immunoblotting analysis of MSP-119 expressed in L. lactis. Protein
samples were first analyzed on 12% SDS-polyacrylamide gel and then transferred
on nitrocellulose membrane followed by immunostaining with antiserum prepared
by infecting mouse with P. yoelii parasites. lane 1, protein markers stained by
amido black; lane 2, positive control of fusion protein GST-MSP-119 purified from E.
coli cell lysate expressing the fusion protein by pGEX-MSP-119; lane 3, total protein
of L. lactis cells harboring plasmid pL2-PSGT. The arrows indicate the position of
fusion protein GST-MSP-119 and MSP-119.
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immunization for comparison.
For BALB/c mice, two control groups were designed.
Mice were administered with phosphate-buffered saline in
control group 1, with 5×109 per dose of original L. lactis
cells in control group 2, and with 5×109 per dose of L.
lactis cells carrying pL2-PSGT construct in the test group,
respectively. After seven doses of vaccination, each mouse
was challenged with 1×105 asexual blood stage parasites.
The parasitemias were measured from the next day of
parasite challenging. The average and standard deviation of
each group are shown in Figure 3. The peak p-arasitemias
were 0.8±0.4% at d 4 for test group, 16.0±1.2% at d 8 for
control group 1, and 12.0±0.8% at d 8 for control group 2,
respectively. There was little difference between the peak
parasitemias of the two control groups. Therefore, the
non-specific immunity caused by the adjuvanticity of L.
lactis was little. It should be noted that the appearance of
parasitemia in the test group was one-day delayed compared with the control groups. None of the mice in any
of the three groups died during the experiment. Overall,
the BALB/c mice in all the three groups had the ability to
scavenge P. yoelii parasites from their bodies by themselves.
For C57BL/6 mice, one control group and two test
groups were designed. Mice were administered with 5×
109 plasmid-harbored L. lactis cells per dose in test group
1, and 1×108 cells per dose in test group 2. Vaccination
was performed by the same protocol for BALB/c mice,
and the parasitemias were measured from the next day of
parasite challenging. As shown in Figure 4A, the average
peak parasitemias for the three groups were 60.8±9.6%
for the control group, 41.6±8.8% for test group 1, and
20.8±26.5% for test group 2, respectively. Surprisingly,
test group 2 administered with 1×108 bacterial cells per
dose gained significantly stronger immune protection than
test group 1, which was administered with 15 times more
bacterial cells per dose. However, the standard deviation
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of test group 2 was remarkably bigger than the other two
groups. This was largely due to the difference between
individuals. Another important fact that should be noted
was that all the mice in the control group died within 23 d
after parasite infection, whereas all the vaccinated mice
survived despite the high parasitemias (Figure 4B). After
30 d counting from the day of parasite challenging, malarial parasites were no more detectable in both of the two
test groups (data not shown), implicating the complete
elimination of the P. yoelii parasites.
We also checked the duration of recombinant bacteria
in mice gut by investigation of the titers of recombinant
bacterial cells in mice feces. After feeding of a single dose
of 5×10 9 recombinant cells, the recombinant L. lactis
reached a peak at 6 h with a density of 1×107 cells/g of
feces, and then gradually decreased with time. The density
of recombinant cells decreased to 1×104/g at 48 h, and
1×103/g at 72 h. Therefore, the interaction between the host
and recombinant bacterial cell could be as long as 3 d per dose.
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Figure 3 Blood-stage parasitemia of immunized BALB/c mice challenged with
P. yoelii 265BY parasites. Mice were orally administered with PBS in the control
group 1 (-□-), with 5×109 per dose of free L. lactis cells in the control group 2
(-○-), and with 5×109 per dose of L. lactis cells carrying pL2-PSGT construct in the
test group (-▲-), respectively. Immunization procedure is described in Materials
and Methods, and each mouse was challenged with 1×105 asexual blood-stage P.
yoelii parasites.

Figure 4 (A) Blood-stage parasitemia of immunized C57BL/6 mice challenged
with P. yoelii 265BY parasites. Mice were orally administered with 5×109 per dose
of free L. lactis cells in the control group (-□-), with 5×109 pL2-PSGT plasmidharbored L. lactis cells per dose in the test group 1 (-▲-), and with 1×108 cells
per dose of pL2-PSGT plasmid-harbored L. lactis cells in the test group 2 (-●-).
Immunization procedure is described in Materials and Methods, and each mouse
was challenged with 1×105 asexual blood-stage P. yoelii parasites. (B) Time
course of survivals of the mice in the three groups is indicated in A.
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DISCUSSION
It is known that the immunogenicity of soluble protein
is low when administered orally but when expressed by
genetically engineered bacteria and can be considerably
enhanced. To achieve this goal, promoters that can drive
the expression of a gene constitutively are essential. S-layer
protein is a protein that forms regular crystalline arrays on
prokaryotic cell surface. The slpA promoter can express
the β-lactamase constitutively at a high level in L. lactis[27].
However, it failed to express MSP-119 with high efficiency
in this study. The expression of MSP-119 in L. lactis could
be detected only by immunoblotting; therefore, it was estimated at the level of several nanograms per 107 bacterial
cells.
Unexpectedly, the low-level expression of MSP-119 in
L. lactis was still able to elicit strong protection against P.
yoelii infection on both BALB/c and C57BL/6 mice by
oral administration. Although BALB/c mice seemed to be
able to scavenge the malarial parasites by themselves, the
parasitemia was reduced more than 10-folds (less than 1%)
in the test group compared with the control groups. In the
case of C57BL/6 strain, all the members in the control
group died within 26 d after the infection, whereas all the
members in the two test groups survived, and the parasites
disappeared from both groups one month after the parasite challenging.
The different immune responses of the two C57BL/6
test groups also support the point of view that the expression level of MSP-119 is not critical for the elicitation of
immune response, i.e., the group administered with a low
dose of the recombinant bacterium gained stronger protection than the group administered with a high dose. The
reason for the difference between the two groups is not
clear at present; however, this might be partially due to immune tolerance caused by overdose. In the study by Robinson et al.[21], expression of tetanus toxin fragment C of
C. tetanus in the intracellular accumulation of L. lactis was
up to 3% of soluble cellular protein, and 5×109 cells were
orally administered per dose to gain complete protection
of mice from tetanus. Therefore, the optimal dose and the
time schedule for oral administration should be carefully
determined for each antigen.
It is striking to find the difference in immune response
between the two strains of mice, BACL/c and C57BL/6.
Our results partially support the report by Tian et al.[28] that
C57BL/6 mice are most sensitive to P. yoelii infection. In
most cases, BALB/c and C3H/He mice are used for protection test of a vaccine. Our results suggest that at least
for protection experiments, C57BL/6 mice are better to be
used in parallel.
In vaccination experiments with recombinant MPS-119
of P. yoelii, the protection effect has been found to be
mediated by humoral immune response[15-17]. Robinson et
al.[21] also reported high titers of IgG against tetanus toxin.
We also tried immunoblotting and ELISA test with sera
from the survivals of C57BL/6 mice in the test groups (data
not shown). Nearly all the mice generated IgG against
MSP-119, and there were no significant differences between
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the two test groups at the titers of IgG. In general, the
titers were between 5×10 2 and 3×10 3, lower than the
titers reported by Robinson et al. On the other hand,
Lee et al.[23] measured the antigen-specific IgG titers in
monkeys immunized with recombinant L. lactis bacterium
expressing H pylori UreB gene, and titers as high as 1×105
were detected. However, despite the presence of hightiter antigen-specific IgG, all monkeys were infected after
H pylori challenge, and there were no differences in the
density of colonization. Taking our results obtained from
low-dose test group of C57BL/6, we suggest that hightiter antigen-specific IgG should not be considered as
the major indicator of the protective immune response.
The role of cell-mediated immunity played in live bacteria
vaccine should be focused.
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(50.67±6.95)%, (54.17±7.86)%, and (64.33±6.47)%,
respectively, (P <0.05)). The protein contents of P53
and P21WAF-1 were both significantly decreased in A
group compared to R group (P <0.05) at 2-12 h after
reperfusion, while the mRNA levels of P53 and P21WAF-1
in A group were obviously lower than those in R group at
6-12 h after reperfusion (P <0.05).
CONCLUSION: P53 and P21WAF-1 protein accumulations
are associated with intestinal barrier injury induced by
I-R insult, while intravenous aFGF can alleviate apoptosis
of rat intestinal cells by inhibiting P53 and P21WAF-1
protein expression.
©2005 The WJG Press and Elsevier Inc. All rights reserved.

Abstract
AIM: To detect the effect of acid fibroblast growth factor
(aFGF) on P53 and P21WAF-1 expression in rat intestine
after ischemia-reperfusion (I-R) injury in order to explore
the protective mechanisms of aFGF.
METHODS: Male rats were randomly divided into four
groups, namely intestinal ischemia-reperfusion group (R),
aFGF treatment group (A), intestinal ischemia group (I),
and sham-operated control group (C). In group I, the
animals were killed after 45 min of superior mesenteric
artery (SMA) occlusion. In groups R and A, the rats
sustained for 45 min of SMA occlusion and were treated
with normal saline (0.15 mL) and aFGF (20 μg/kg, 0.15 mL),
then sustained at various times for up to 48 h after
reperfusion. In group C, SMA was separated, but without
occlusion. Apoptosis in intestinal villi was determined
with terminal deoxynucleotidyl transferase-mediated
dUTP-biotin nick-end labeling technique (TUNEL).
Intestinal tissue samples were taken not only for RTPCR to detect P53 and P21WAF-1 gene expression, but
also for immunohistochemical analysis to detect P53 and
P21WAF-1 protein expression and distribution.
RESULTS: In histopathological study, ameliorated
intestinal structures were observed at 2, 6, and 12 h
after reperfusion in A group compared to R group. 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 A group, which were apparently lower
than those in R group at their matched time points

Key words: Acid fibroblast growth factor; Ischemia;
Reperfusion; P53 gene; P21WAF-1 gene
Chen W, Fu XB, Ge SL, Li WJ, Sun TZ, Sheng ZY. Exogenous
acid fibroblast growth factor inhibits ischemia-reperfusioninduced damage in intestinal epithelium via regulating P53
and P21WAF-1 expression. World J Gastroenterol 2005;
11(44): 6981-6987
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INTRODUCTION
Intestinal ischemia-reperfusion (I-R) injury is characterized
histologically by inflammation, villus abscission, and
mucosal epithelial cell apoptosis[1]. Agents can modulate
or prevent apoptosis after I-R[2-6]. Though the mechanisms
of action are diverse, all these agents ultimately show their
potent antiapoptotic properties that account, at least in
part, for their protective effects. Accumulation of P53
protein, which is well known as a tumor suppressor gene
product, plays a central role as the initiator of the intrinsic
apoptotic cascade triggered by a wide variety of insults[7-10]. In
addition, a role of P53 in regulating the extrinsic receptormediated apoptotic pathway has also been reported[11].
P21WAF-1, which is a downstream mediator of P53
function, plays a key role in determining the ultimate
sensitivity of cells to myriad stimuli and insults that induce
apoptosis[12-14]. Thus, P53 and P21WAF-1 are poised as the
ideal candidates for mediating apoptosis after I-R, a setting
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where many insults coexist.
Acid fibroblast growth factor (aFGF) is a mitogen in
vitro for most of the ectoderm- and mesoderm-derived
cell lines. In addition, this factor shows a wide range of
endocrine-like activities[15,16]. As a multiple function growth
factor, aFGF is involved in embryo development and tissue
repair[17,18]. Previous studies have shown that intravenous
administration of exogenous aFGF could improve the
physiological functions of intestine after I-R injury[19,20].
Since the mechanism by which aFGF inhibits apoptosis
is unknown, we investigated the effects of aFGF on gene
expression and protein contents of P53 and P21WAF-1
underlying the protective mechanisms of aFGF against
intestinal I-R injury.

MATERIALS AND METHODS
Animal model and experimental design
Healthy male Wistar rats weighing 220±20 g (Animal
Centre, Academy of Military Medical Sciences, Beijing)
were used in this study. Animals were housed in wirebottomed 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 food. The
animals were anesthetized with 3% sodium pentobarbital
(40 mg/kg) and underwent laparotomy. The superior
mesenteric artery (SMA) was identified and freed by blunt
dissection. A micro-bulldog 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 four groups, namely intestinal ischemia-reperfusion
group (R), intestinal ischemia group (I), reconstructive
aFGF treatment group (A) and sham-operated control
group (C). In group I, the animals were killed after 45 min
of SMA occlusion. In groups R and A, the rats sustained
for 45 min of SMA occlusion and were treated with 0.15 mL
normal saline and 0.15 mL saline plus aFGF (20 μg/kg)
injected from tail vein, then sustained for 15, 30 min, 1,
2, 6, 12, 24, and 48 h of reperfusion respectively. In C
group, 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.
Six specimens of the intestine were obtained at each time
point from six rats. When any rat died during the study,
additional rats were used until six specimens could be
obtained from six rats at each time point. A small part of
the intestine specimen was fixed with 10% neutral buffered
formalin for immunohistochemical detections of intestinal
epithelial apoptosis, and protein expression of P53 and
P21WAF-1. The remaining tissue samples were placed in
liquid nitrogen for RT-PCR to detect P53 and P21WAF-1
gene expression.
Histopathological study
Formalin-fixed, paraffin-embedded intestinal samples
were cut into 5- μm -thick sections, deparaffinized in
xylene, rehydrated in graded ethanol, and then stained with
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hematoxylin-eosin (HE) for histological observation under
light microscope.
In situ detection of cell death
The apoptotic cells in intestinal tissues were detected by
the terminal deoxynucleotidyl transferase (TdT)-mediated
dUTP-biotin nick-end labeling (TUNEL) method.
Specimens were dewaxed and immersed in phosphatebuffered saline containing 0.3% hydrogen peroxide for
10 min and then incubated with 20 μg/mL proteinase K
for 15 min. Seventy-five microliters of equilibration buffer
was applied directly onto the specimens for 10 min, followed
by 55 μL of TdT enzyme and incubation, which were then
incubated 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 and
then covered with 55 μL of anti-digoxigenin peroxidase
and incubated for 30 min. 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. The results
of positive cells and their distribution were observed under
400× microscope. Sixty intestinal villi per time point were
required for counting, and then the apoptotic ratios were
calculated and analyzed.
Immunohistochemistry
Immunostaining for proteins of P53 and P21WAF-1 was
performed in paraffin sections with a high-temperature
antigen-unmasking method in citrate buffer and ABC
peroxidase, using P21WAF-1 monoclonal mouse antibody
(Santa Cruz Cor, sc-6246) and P53 polyclonal rabbit
antibody (Santa Cruz Cor, sc-6243) against antigens
(1:100 in PBS). Tissues were fixed overnight in 4%
paraformaldehyde, dehydrated, and embedded in paraffin.
Five-micrometer thick sections were deparaffinized and
rehydrated using graded alcohol concentrations. Antigen
retrieval was performed by incubation in 100 mmol/L
sodium citrate, pH 6.0, at 90 ℃for 20 min. Then, sections
were blocked with 5% normal swine serum in PBS for
30 min at 25 ℃, followed by incubation with primary
antibodies at a concentration of 5 μg/mL overnight at
4 ℃. Control slides were incubated with PBS without
primary antibodies. Tissue sections were then incubated for
60 min with biotinylated secondary antibody. After being
washed in PBS, the sections were exposed to acidin-biotin
complex for 60 min, reacted with 0.05% (wt/vol) DAB in
50 mmol/L Tris-HCl (pH 7.4) with 0.1% (vol/vol) hydrogen
peroxide for 5 min and counterstained with hematoxylin.
The results of positive staining cells and their distribution
were observed under 400× microscope. Sixty intestinal villi
per time point were required for counting, and then the ratio
of positive cells was calculated and analyzed.
RNA extraction and RT-PCR analysis
Tissue total RNA was extracted using TRIzol reagent
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(Gibco BRL, USA). RNA was serially diluted with water
containing 1 unit RNase inhibitor per μL and 3 mmol/L
dithiothreitol (DTT). One microliter RNA, 1 μL oligo
(dT12-18), 1 μL avian myeloblastosis vir us reverse
transcriptase (AMV-RT), 2 μL 10 mmol/L deoxynucleoside
triphosphate (dNTP), 2 μL 0.1 mol/L DTT, 4 μL 5×
buffer, and sterilized distilled water up to a total volume
of 20 μL were incubated at 37 ℃ for 60 min. Subsequently,
2 μL of each reaction product was amplified in 50 μL of
a PCR mixture. Then 29 cycles were performed with a
Perkin-Elmer Cetus/DNA thermal cycler (Takara Shuzo
Co., Tokyo, Japan) at 94 ℃ for 1 min, at 50 ℃ for 1 min, at
72 ℃for 1 min, and then at 72 ℃ for 10 min at the end of
the procedure. In this study, β-actin, which is ubiquitously
expressed, was used as a positive control in a pilot study
before formal experimentation, and PCR reaction for
each primer set was repeated four times to verify the
reproducibility of results. After PCR, 5-μL sample aliquots
was 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
transcription was expressed as the ratio of gray density of
the gene to β-actin.
Statistical analysis
All values were expressed as mean±SD. The statistical
significance was determined by one-way analysis of
variance (ANOVA) followed by the Student’s and
Newman-Keuls multiple comparison tests. P<0.05 was
considered statistically significant.

RESULTS
Histopathological findings
After the SMA was clamped near its origin from the
aorta, the entire small intestine showed a dark purple,
cyanotic color within 45 min. The histological evaluation
revealed that damage to the small intestine in I group
was small, with slightly edematous villus tips and intact
crypts just after the ischemic period. Two hours after
reperfusion, partial loss of the mucosa could be observed.
During 6-12 h after reperfusion, the damage of intestinal
epithelial cells, hemorrhage and apoptosis could be found
accompanied with inflammatory cells infiltrated into the
intestinal wall, and the crypt-villus structure was seriously
spoiled. 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 very effective 2-12 h after
reperfusion. The structures of crypt and villus were both
guarded, with less damage of intestinal mucosa in A group
compared to R group.
Change of cellular apoptotic rates
To quantify the extent of apoptosis after ischemia and
reperfusion, TUNEL reaction was performed in serial
sections prepared from the middle quarter of the small
intestine (jejunum). The time, when the animals were killed
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after a 45-min SMA occlusion followed by reperfusion,
varied to further define the apoptotic response. Statistically
significant increase in TUNEL-positive cells was not
detectable until 1 h after reperfusion and reached its peak
at 12 h. The cellular apoptotic rate in intestinal mucosa at
12 h after reperfusion was 3.3 times of that in C group.
After reperfusion for 24 and 48 h, the mucosal apoptotic
rates were restored to the level of C group. Administration
of aFGF resulted in statistically significant decrease of
the apoptotic rates compared to R group 2-12 h after
reperfusion (P<0.05). No statistically significant decrease
of apoptotic rates was observed at 24 and 48 h after
reperfusion (Table 1).
Table 1 Effect of aFGF on apoptotic rates in intestinal mucosa after
ischemia-reperfusion insult (n = 6, mean±SD, %)
Groups
C group
I group
15 min after reperfusion
30 min after reperfusion
1 h after reperfusion
2 h after reperfusion
6 h after reperfusion
12 h after reperfusion
24 h after reperfusion
48 h after reperfusion

R group
19.67±3.50
27.67±9.63
29.50±5.61
28.00±7.02
34.67±5.47a
50.67±6.95a
54.17±7.86a
64.33±6.47a
28.50±5.47
26.00±5.76

A group
19.67±3.50
27.67±9.63
25.17±6.43
26.00±4.86
29.83±7.08
41.17±3.49ac
42.83±5.23ac
53.33±6.92ac
23.33±3.83
22.00±4.60

a

P<0.05 vs C group; cP<0.05 vs R group at matched time point.

Expression characteristics of P53 and P21WAF-1 proteins
Quantitative immunohistochemical results for P53 and
P21WAF-1 proteins are summarized in Table 2. Protein
expression levels of P53 were weaker in the sham-operated
intestinal and ischemic tissues, and positive particles were
mainly located in the epithelial cells of the upper part
of villi. However, the positive cellular rates elevated with
the increment of duration after reperfusion injury. In
the period of 1-12 h after reperfusion, P53 protein was
expressed at a dramatically higher level in comparison to
C group (P<0.05) and the maximum level was 2.1-fold of
C group at 6 h after reperfusion. The positive signals of
P53 were mostly distributed in the nuclei and cytoplasm
of epithelial cells of villi and crypts. At 24-48 h after
reperfusion, the positive cellular rates were not substantially
changed compared to C group. Treatment with aFGF
could apparently inhibit the protein contents of P53 in
intestinal mucosal epithelial cells 2-12 h after reperfusion in
comparison to R group at different matched time points
(P<0.05, Figures 1A-1C). The levels of P21WAF-1 protein
were also significantly increased 2-12 h after reperfusion
with a peak at 12 h after reperfusion (1.5-fold of C group,
P<0.05). The positive particles of P21WAF-1 were
mainly localized in the cytoplasm and nuclei of intestinal
epithelial cells (Figures 1D-1F). By 24-48 h after I-R, the
P21WAF-1 levels tended to normalize back to baseline of
C group (P>0.05). Compared to the saline-treated group,
the positive cellular rates of P21WAF-1 were significantly
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Figure 1 Expression of P53 and P21WAF-1 protein in C group (A and D, respectively), A group (B and E, respectively) and R group (C and F, respectively).

Table 2 Effect of aFGF on protein expression of P53 and P21WAF-1 in intestinal mucosa after ischemia-reperfusion (n = 6, mean±SD, %)
Groups

C group
I group
15 min after reperfusion
30 min after reperfusion
1 h after reperfusion
2 h after reperfusion
6 h after reperfusion
12 h after reperfusion
24 h after reperfusion
48 h after reperfusion

P53

P21WAF-1

R group

A group

R group

A group

23.67±4.55
29.17±4.45
27.00±3.90
30.67±3.98
33.17±3.19a

23.67±4.55
29.17±4.45
23.83±5.08
26.67±3.78

32.50±3.94
35.83±4.83
34.67±4.76
36.17±3.31

32.50±3.94
35.83±4.83
31.50±4.37
37.00±4.86

32.50±3.27a
33.83±5.04a,c
42.67±3.88a,c
37.50±4.81a,c
25.33±3.33
25.67±4.32

39.83±4.58
49.33±4.18a
53.00±4.39a
57.50±3.62a
34.50±6.02
33.83±7.31

37.83±4.36
41.83±6.65a,c
44.67±4.46a,c
49.33±3.78a,c
30.00±3.79
30.67±4.18

a

40.33±3.50
50.50±4.23a
45.67±5.65a
30.00±6.13
28.17±8.89

a

P<0.05 vs C group; cP<0.05 vs R group at matched time point.

Table 3 Effect of aFGF on mRNA contents of P53 and P21WAF-1 genes in intestinal mucosa after ischemia-reperfusion (n = 6, mean±SD, %)
Groups

P53
R group

C group
I group

23.5±6.0
38.9±5.1a

15 min after reperfusion
30 min after reperfusion
1 h after reperfusion
2 h after reperfusion
6 h after reperfusion
12 h after reperfusion
24 h after reperfusion
48 h after reperfusion

53.9±3.9a
34.0±4.4a
48.5±3.2a
46.7±5.4a
48.8±5.2a
51.0±4.5a
55.3±7.3a
56.4±8.3a

a

P<0.05 vs C group; cP<0.05 vs R group at matched time point.

P21WAF-1
A group

R group

A group

22.4±2.5

26.7±2.0

24.6±4.1

34.8±4.2a
45.8±10.7a
41.9±5.2a,c
44.7±5.4a
41.3±6.3a
38.3±4.7a,c
34.1±4.8a,c
56.9±5.3a
61.0±4.0a

32.6±2.0a
33.4±2.3a
23.3±4.2
24.8±2.3
26.5±2.7
30.8±3.0a
32.7±1.6a
28.8±3.1
29.0±2.3

31.7±2.0a
24.0±3.4c
22.9±2.0
23.8±3.2
24.9±3.0
20.9±2.6c
21.9±2.8c
28.5±5.0
28.9±3.8
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Figure 2 Expression of P53, P21WAF-1, and β-actin genes in normal saline-treated (A, C, E, respectively) and aFGF treated (B, D, F, respectively) rat intestinal villi. Bar
indicates the size of RT-PCR cDNA products. Lanes 1-8: 48, 24, 12, 6, 2, 1 h, and 30, 15 min after reperfusion; lane 9: ischemia group; lane 10: sham-operated control
group; lane 11: DL 2000 marker.

lower 2 to 12 h after reperfusion in aFGF-treated group
(P<0.05, Table 2).
Expression characteristics of P53 and P21WAF-1mRNA
We investig ated the g ene expression of P53 and
P21WAF-1 in differentially treated intestinal villi through
RT-PCR analysis (Table 3). The P53 gene amplification
product was composed of 266 bp (Figures 2A-2C).
Expression of this gene was remarkably and rapidly
increased in intestinal mucosa after ischemia during the
whole period of reperfusion. After aFGF administration,
the mRNA level of P53 in villus cells was lower than that
in normal saline-treated group. Especially at 30 min, 6 and
12 h after reperfusion, the discrepancy of P53 expression
levels between the two groups was apparent (P<0.05,
Table 3). Figures 2D-2F show that the length of RT-PCR
products of P21WAF-1 was 219 bp. The P21WAF-1 gene
was expressed at a pronounced high level in villi compared
to sham-operated group at 15 min, 6 and 12 h after
reperfusion (P<0.05). After treatment with aFGF, although
P21WAF-1 gene expression was not substantially decreased
after reperfusion in A group compared to C group, the
content of P21WAF-1 gene transcript were markedly
reduced at 15 min, 6 and 12 h after reperfusion in A group
compared to R group (P<0.05, Table 3).

DISCUSSION
The major clinical disorders involving gastrointestinal
circulation are hemorrhage and ischemia. It is well
recognized that the small intestine is extremely sensitive
to the deleterious effects of I-R, and it has been clearly
demonstrated that I-R causes both mucosal and vascular

injury within the small intestine[21,22]. Intestinal I-R injury
may also cause release of bacteria and toxins 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 found that I-R, following occlusion of
the SMA, induced apoptosis in the intestinal mucosal
cells. Results of TUNEL method displayed that the
apoptotic rate increased during ischemia and peaked at
12 h after reperfusion. The locations of apoptotic cells
were extended from villus tip in sham-operated rats to
the whole structure of mucosa in rats insulted by I-R.
The quantification of apoptosis was corroborated with
histological examination using HE staining. It was also
found that administration of exogenous aFGF could
reduce the intestinal injury caused by I-R insult. The
antiapoptotic effect of aFGF was achieved by inhibiting
the expression of some apoptosis-related genes. Previous
experimental data showed that the change of expression
of apoptosis-related genes played a pivotal role in
alleviating cardiac, myocardial[23], cerebral[24,25], muscular[26],
cutaneous[27], and adrenal cortex[28] apoptosis induced by
I-R, which was in agreement with our results that I-R
promoted P53 and P21WAF-1 expression.
After 45 min of ischemia, although gene expression of
P53 was quickly increased, and lasted for the whole period
after reperfusion, P21WAF-1 gene was only strongly
expressed at 15 min, 6 h, and 12 h after reperfusion.
The difference of time in the kinetics between these two
genes may indicate that P21WAF-1 gene transcription
might be activated in a P53-independent manner.
Moreover, although protein levels of P53 and P21WAF-1
accumulated after reperfusion, there was a time lag in the
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onset of elevation and the peak time point between these
two proteins. These results indicate that the P21WAF-1
translation is activated by the elevated P53 protein contents.
In this current study, we also found that the kinetics between
the levels of P21WAF-1 and P53 protein expression and
the apoptotic rate were similar, suggesting that protein
levels of P21WAF-1 and P53 might be related to cell
apoptosis. When severe histological damage of intestinal
villi 2-12 h after reperfusion is considered, DNA damage
in the intestinal cells cannot be repaired, resulting in
cell apoptosis. Our study also found that the rate of
apoptosis in intestinal villi insulted by I-R was significantly
decreased by aFGF administration. aFGF could inhibit
the increments of P21WAF-1 and P53 protein expression
2-12 h after reperfusion in comparison to normal saline
treatment, suggesting that the decrement of P21WAF-1
and P53 protein contents caused by aFGF might be one
of the mechanisms attenuating ischemia-reperfusioninduced apoptosis.
Studies have demonstrated that the activated neutrophils
and oxygen free radicals produced in ischemic tissue during
reperfusion play an important role in developing the injury
of the intestine[26,28]. Free radicals are produced mainly by
the activated neutrophils and xanthine dehydrogenase/
xanthine oxidase enzyme system after reperfusion, but the
free radicals produced from the neutrophils play a more
important role than xanthine oxidase in mediating tissuedestroying events[29]. Our histopathological study showed
that leukocyte sequestration into the villi was evident 6-12 h
after reperfusion, and exogenous aFGF could alleviate
leukocyte infiltration into intestinal villi. It is well known
that free radicals cause DNA damage, and the series of
cell reactions mediated by P53 might be investigated by
free radicals produced during the reperfusion process. The
protective mechanism of aFGF might inhibit P53 and
P21WAF-1 protein translation by scavenging free radicals.
The current study also demonstrated that apoptosis
occurred 1 h after reperfusion and returned to baseline
values after 24 h, suggesting that I-R-induced intestinal
apoptosis and mucosal recovery is a rapid process. The
mechanism underlying this interesting kinetics of induction
of mucosal cell apoptosis and restoration is unclear. A timedependent increment in protein expression of apoptosispromoting factors including P53 and P21WAF-1 during
ischemia and early phases of reperfusion, and decrement
with prolonged reperfusion might be an alternative cause.
Therefore, the protective effect of aFGF against intestinal
I-R insult might be not only associated with inhibiting
epithelial cell apoptosis but also related to inducing
mucosal cell restoration.
In conclusion, the protective effects of aFGF against
I-R in rat intestinal villi might be partially due to its
ability to inhibit I-R-induced apoptosis. aFGF exerts its
antiapoptotic effect via regulating P53 and P21WAF-1gene
transcription and translation. The precise mechanisms of
aFGF underlying the inhibition of intestinal I-R injury and
attenuation of apoptosis need further investigation.
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Anti-Saccharomyces cerevisiae antibody titers are stable
over time in Crohn’s patients and are not inducible in murine
models of colitis
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Frank Seibold
CONCLUSION: The propensity to produce ASCA in a
subgroup of CD patients is largely genetically predetermined
as evidenced by their stability and lack of correlation
with clinical disease activity parameters. Furthermore,
in animal models of colitis, mere oral exposure of mice
to yeast does not lead to the induction of marked ASCA
titers irrespective of concomitant colonic inflammation.
Hence, environment may play only a minor role in
inducing ASCA.
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Abstract

Müller S, Styner M, Seibold-Schmid B, Flogerzi B,
Mähler M, Konrad A, Seibold F. Anti-Saccharomyces
cerevisiae antibody titers are stable over time in Crohn’s

AIM: To investigate ASCA production over time in CD
and murine colitis in order to further our understanding
of their etiology.

World J Gastroenterol 2005; 11(44): 6988-6994
http://www.wjgnet.com/1007-9327/11/6988.asp

MATERIALS AND METHODS: Sixty-six CD patients
were compared to ulcerative colitis (UC) and irritable
bowel syndrome patients with respect to ASCA
production as measured by ELISA. ASCA IgG or IgA
positivity as well as change in titers over a period of up
to 3 years (ΔIgG/A) was correlated with clinical parameters
such as CD activity index (CDAI) and C-reactive protein
levels (CRP). Moreover, two murine models of colitis (DSS
and IL-10 knock out) were compared to control animals
with respect to ASCA titers after oral yeast exposure.
RESULTS: ASCA IgG and IgA titers are stable over
time in CD and non-CD patients. Fistular disease was
associated with a higher rate of ASCA IgA positivity
(P = 0.014). Ileal disease was found to have a significant
influence on the ΔIgG of ASCA (P = 0.032). There was
no correlation found between ASCA positivity or ΔIgG/A
and clinical parameters of CD: CDAI and CRP. In mice,
neither healthy animals nor animals with DSS-induced
or spontaneous colitis exhibited a marked increase in
ASCA titers after high-dose yeast exposure. On the other
hand, mice immunized intraperitoneally with mannan
plus adjuvant showed a marked and significant increase
in ASCA titers compared to adjuvant-only immunized
controls (P = 0.014).

©2005 The WJG Press and Elsevier Inc. All rights reserved.
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patients and are not inducible in murine models of colitis.

INTRODUCTION
Much attention has been focused on serologic markers in
inflammatory bowel disease (IBD). The anti-Saccharomyces
cerevisiae antibody (ASCA) is one such marker, which
possesses an intermediate sensitivity and a high specificity
for Crohn’s disease (CD) [1-5]. Antibodies to S cerevisiae in
CD were first described by Main et al..[6], using whole killed
yeast cells as antigens. Sendid et al.[3] demonstrated greater
diagnostic value for CD with S cerevisiae Su1, a strain of
brewer’s yeast, and identified the antigenic oligomannosidic
epitopes of this organism. Subsequent work demonstrated
that CD patients develop antibodies to a variety of baker’s
and brewer’s yeast strains[4]. The antigen reacting with ASCA
is a phosphopeptidomannan, a component of the S. cerevisiae
cell wall[3].
Aside from the diagnostic role performed by ASCA,
uncertainty remains as to whether they possess a
pathophysiologic significance. One can argue for a genetic
origin due to ASCA presence in 20-25% of unaffected firstdegree family members [7-10]. Healthy monozygotic twins
of CD patients also demonstrate increased IgA, IgG, and
IgM ASCA levels [11]. In one study of non-IBD families,
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ASCA were found to be familial with a vertical transmission
pattern[12]. ASCA stability over time and independence from
disease activity further indicate a genetic link[11,13]. Moreover,
we have shown that T cells from ASCA-positive patients
proliferated upon stimulation with mannan[14]. We were able
to show that mannan binding lectin (MBL) deficient patients
were significantly more frequently ASCA-positive and showed
an enhanced T cell proliferation upon mannan stimulation
compared to MBL wildtype patients[15]. These results further
support the importance of genetic determination of ASCA.
Nevertheless, some of the familial studies have yielded
conflicting data. For example, one group showed increased
ASCA production in familial vs sporadic CD[7], but others
have shown equal or increased ASCA prevalence for sporadic
CD[9,16-18]. Thus, the case for an environmental etiology for
ASCA has been articulated as well. For instance, a decline in
ASCA levels has been observed post-surgically in a pediatric
CD population[5]. Another group demonstrated lower ASCA
titers in CD patients taking mesalazine than in CD patients
not taking mesalazine [19]. Additionally, both brewing and
baking strains of S cerevisiae provoke an antibody response
in CD, implicating dietary antigens in disease pathogenesis[4].
One group has noted higher ASCA IgG antibody levels
in patients with small bowel Crohn’s disease vs those with
colonic disease [18]. This same study found high levels of
ASCA IgG but not IgA in celiac disease, indistinguishable
from levels seen in CD. It was, thus, concluded that ASCA
may result from a mucosal permeability defect. However,
Vermeire et al.[20] were not able to show a correlation between
ASCA and intestinal permeability.
In this study, our aim was to characterize ASCA over time
in patients with IBD in order to further our understanding
of their etiology. Furthermore, we assessed the possibility to
induce an ASCA response in animal models.

MATERIALS AND METHODS
Patients
Sixty-six Crohn’s disease (CD) patients, 29 ulcerative colitis
(UC) patients, and 10 irritable bowel syndrome (IBS)
patients with informed consent were enrolled in the study,
and the study was approved by the ethical committee of
the local authorities. Patient serum samples were drawn
during routine outpatient visits (Gastroenterology clinic,
University Hospital, Bern, Switzerland) for ASCA IgG and
IgA analysis. Diagnosis of CD and UC was established by
endoscopic, histological, and clinical criteria. Diagnosis of
IBS was established by the Rome criteria[21].
A subgroup of CD (73 sera from 29 patients), UC (26
sera from 12 patients) and IBS (22 sera from 10 patients)
patients, whose serum samples were drawn on at least 2
consecutive (maximally 4 consecutive) routine out-patient
visits, were retrospectively selected for ASCA IgG and IgA
titer analysis. An assessment of the Crohn’s disease activity
index (CDAI) was obtained at each CD patient's visit to
the clinic[22]. The serum CRP levels were obtained at each
clinic visit as well. Three patients with stoma were excluded
from the CDAI analysis. One patient was excluded from
the clinical analysis, since this patient’s CDAI and CRP
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could not be obtained.
Mice
Four to six-weeks-old female interleukin-10 knockout mice
(Il10tm1Cgn; henceforth abbreviated as IL-100/0) on a C3H/
HeJBir background were obtained from the University
of Bern breeding facility (Bern, Switzerland) and housed
under specified pathogen-free conditions. Four to sixweek-old BALB/c mice were obtained from Harlan (Horst,
The Netherlands). All procedures involving animals were
performed in compliance with the local authorities on the
use of animals in research.
ASCA ELISA for mouse and human sera
Investigators were blinded to disease status when
performing the ELISA. Phosphopeptidomannans from
baker’s yeast (Hefe Vital Gold, Deutsche Hefewerke,
Nürnberg, Ger many) were extracted as previously
described[8,23]. Ninety-six well ELISA plates (MaxiSorb,
Nunc, Wiesbaden, Germany) were coated with 100 μL
of 0.25 μg/mL phosphopeptidomannans in carbonatebicarbonate buffer, pH 9.6 and incubated overnight at
4 °C. Serum diluted 1/1 000 was applied to the coated
plates in triplicates. The plates were incubated for 1 h at
37 ° C. Secondary antibody was added and plates were
incubated for 1 h at RT. The secondary antibodies
(Sigma, Buchs Switzerland) were as follows: goat antimouse polyvalent immunoglobulin peroxidase conjugate
at 1/1 000; goat anti-human IgA (alpha-chain specific)
peroxidase conjugate; and goat anti-human IgG (Fc
specific) peroxidase conjugate, both at 1/5 000. The plates
were developed using TMB substrate (Sigma) and the
reaction was stopped with sulfuric acid. The absorbance
at 450 nm (reference filter = 490 nm) was read by an EL
800 microplate reader (Bio-Tek Instruments, Winooski,
Vermont). The mean absorbance value for the healthy
control sera plus two standard deviations was used to
discriminate between positive and negative subjects.
Absorbance units equal to or above this value were
considered positive for ASCA antibodies. A patient was
considered ASCA+, when positive for ASCA IgG, IgA or both.
For the human ELISA, one serum highly positive
for ASCA was used to obtain a standard cur ve at
dilutions ranging from 1/100 to 1/102 400. The curve
was fitted using a four parameter logistic function to the
logarithmically scaled dilutions. Human titers are expressed
as dilution units from this curve. We computed the average
change of IgG and IgA (∆ IgG/A) in human ASCA titer
as our main variable of interest. An increase of ∆IgG/A
represents a decrease in ASCA levels and vice versa. Of
the CD patients, two patient’s IgG titer and one patient’s
IgA titer could not be reliably calculated from the standard
curve after two repeated assays and thus were excluded
from the IgG/A titer analysis. The murine ASCA titers are
expressed as optical density (OD).
Preparation of yeast solution
Baker’s yeast (Hefe Vital Gold, Deutsche Hefewerke,
Nürnberg, Germany) was freshly grown in YPD broth
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(Becton Dickinson, Le Pont de Claix, France) for 12 h
at 30 ºC in a shaker at 200 r/min. The yeast solution was
centrifuged at 2 000 r/min for 5 min. The cellular pellet
was washed twice, resuspended in sterilized water and
sonicated at 100 W for 2 min. Protein concentration was
determined using the Bradford reagent (Sigma, Buchs,
Switzerland).
Induction of chronic dextran sulfate sodium-induced
(DSS) colitis, oral yeast administration and histological
assessment
The previously described model of chronic DSS colitis
was adapted from Mähler et al.[24]. Briefly, Balb/c mice
were given three 5-day cycles of 3% DSS (DSS salt,
MW= 36 000-50 000, ICN Biomedicals, Inc., Ohio), each
interrupted by the 7th d without DSS. All mice received
yeast ad libitum at a protein concentration of 100 or 500
μg/mL for the entire experiment. Murine serum samples
were drawn on d 0 and the day of killing (d 36) for ASCA
immunoglobulin analysis.
Mice were euthanized via CO2 asphyxiation. Colons
were har vested, fixed in 4% phosphate-buffered
for maldehyde, embedded in toto and H&E-stained
sections were examined by a pathologist (Mähler) blinded
to the code. The sections were scored on a previously
described[24] scale ranging from 0 (no inflammation) to 4
(severe inflammation). A total colonic inflammation score
was obtained by averaging the individual scores of the
proximal, middle, and distal colon.
Immunizations
Balb/c mice from our central animal facility were
intraperitoneally injected with 50 μg phosphopeptidomannans
or ovalbumin (Sigma, Gaithersburg, MD) mixed 1:1 (v/v)
with GERBU adjuvant (GERBU, Gaiberg, Germany).
Injection was repeated after two weeks and mice were
killed for analysis one week later. Serum samples were
obtained before primary immunization by tail tip bleeding
and after euthanization by puncture of the caval vein.
Statistical analysis
We analyzed the CD population in regard to ASCA IgG
and IgA positivity to test for a significant influence of
the following patient variables: age, gender, anatomical
location of disease, medication, fistulae, and extraintestinal manifestations. Significance of each variable was
computed via unpaired, two-tailed Student’s t-test assuming
equal variances if the additional F-test was non-significant.
We analyzed the titer subgroup in respect to ASCA IgG
and ASCA IgA positivity to test for a significant influence
of the above-mentioned variables and additionally CD
activity index (CDAI) and C-reactive protein (CRP) levels.
In order to qualitatively assess the amplitude and
distribution of IgG and IgA, the respective ∆ IgG/A
histograms for the CD, UC, and IBS titer subgroups were
computed. The quantitative assessment is shown via the
mean, SD and 95% confidence interval of each ∆IgG/A
distribution and via unpaired, two-tailed Student’s t-tests. We
also employed Student's t-tests for testing ∆IgG/A differences
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with regard to gender, anatomical location of disease,
fistulae, extra-intestinal manifestations, and medication.
To assess the differences between the three patient groups
with regard to IgG and IgA ∆IgG/A, we applied the one-way
ANOVA test. The correlation coefficients between ∆IgG/A
and the two clinical parameters, change in CDAI (∆CDAI)
and change in CRP (∆CRP), were also computed.
The differences between the mice groups on day 36
were statistically assessed using the unpaired, two-tailed
Student’s t-test. Significance level for all tests was 0.05.

RESULTS
ASCA positivity in the study population
Thirty-five of sixty-six CD patients, 4 of 29 UC patients
and 3 of 10 IBS patients were ASCA positive. The
sensitivity, specificity, and positive predictive value of the
ASCA assay in distinguishing CD from UC are 53%, 86%,
and 90%, respectively.
Fistular disease is associated with higher rate of ASCA
IgA positivity
The baseline clinical characteristics of the patients and
controls can be seen in Table 1. None of the following
clinical characteristics had a significant effect on ASCA
IgG and IgA positivity in the Crohn’s disease patients:
age, gender, anatomical locations of disease, medication,
and extra-intestinal manifestations. Patients with fistular
disease were significantly more likely to possess ASCA IgA
positivity (P = 0.014, 71% vs 32%) than patients with nonfistular disease.
ASCA IgG and IgA titers are stable over time in CD and
non-CD patients
ASCA IgG and IgA titers in the CD subgroup, expressed
as logarithmically (ln) scaled dilutions of a high positive
control, have been plotted over a time-period of up
to 3 years (Figure 1). The change in titers did not vary
significantly as can be seen in the Gaussian distribution
in the histogram, which is centered close to zero for all
patient groups with respect to both IgG and IgA titers
(Figure 2). The means, standard deviations and 95%
confidence intervals of ∆IgG/A are shown in Table 2 and
indicate stable titers over time. Nevertheless, the patient
groups are significantly different in regard to ∆IgA values
(P<0.05, ANOVA), specifically between CD and UC
patients (P<0.05, ANOVA post hoc). This suggests that
patients with UC were more likely to experience a decrease
in IgA ASCA levels over time than patients with CD. The
patient groups are not significantly different with regard to
∆IgG values.
Anatomic location of disease significantly influences the
∆IgG of ASCA
Of the clinical parameters assessed upon entry, ileal disease
was found to have a significant influence on the ∆IgG of
ASCA (Table 3). The mean ∆IgG value for patients with
ileal disease vs those without ileal disease was 0.13 and
-0.34, respectively. This suggests that patients without ileal
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Table 1 Baseline characteristics of the study populations tested for anti-Saccharomyces cerevisiae IgG and IgA antibodies. Unless otherwise
indicated values are numbers of patients (%)
Crohn’s disease (n = 66)

Ulcerative colitis (n = 29)

38±16
14-82
32 (48)

37±15
16-78
15 (52)

58 (88)
45 (68)
3 (5)
15 (23)
4 (6)

29 (100)

22 (33)
5 (8)
4 (6)
4 (6)
29 (44)
19 (29)

9 (31)
3 (10)
11 (38)
0 (0)
15 (52)
7 (24)

CD

CD
UC
IBS

∆IgA

Mean

SD

95%CI

0.01
0.05
0.05

0.56
0.15
0.08

(-0.20, 0.22)
(-0.03, 0.14)
(-0.003, 0.09)

Mean
-0.04
0.16
-0.01

SD
0.25
0.24
0.12

95%CI
(-0.13, 0.05)
(0.02, 0.29)
(-0.08, 0.06)

UC

IBS

ASCA igG/A dilution factor

A

9
8

ASCA igG/A dilution factor

57±13
41-81
6 (60)

12
10
8
6
4
2
0
6
5
4
3
2
1
0
5
4
3
2
1
0

IgG

IgA

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2 -1.5 -1 -0.5 0 0.5 1 1.5 2
Change in titer (∆IgG/A)

Figure 2 Histogram of change in ASCA IgA and IgG titers (∆IgG/A) in patients with
Crohn’s disease (CD), ulcerative colitis (UC) and irritable bowel syndrome (IBS).
CD patients demonstrate higher variability as compared to UC and IBS.

7
6
5
4
3

B

40±13
17-74
10 (56)

IBS patients (n = 10)

1 (3)
0 (0)

Table 2
Mean, standard deviation (SD) and the 95% confidence
interval of the mean of the change in ASCA IgG and IgA titers
∆IgG

Healthy controls (n = 18)

Number of patients

Study population
Age, yr
Mean±SD
Range
Male sex
Disease location
Colonic
Ileal
Upper gastrointestinal involvement
Presence of fistulae
Extraintestinal manifestations
Medical therapy
Azathioprine
Infliximab
5-ASA compounds
Methotrexate
Oral steroids
None of the above

0

50

100

150

200 (Wk)

9
8

disease were more likely to experience an increase in ASCA
level as opposed to patients with ileal disease. All other
tested clinical parameters did not significantly influence
the ∆IgG/A of ASCA. Regarding the clinical parameters of
disease, no strong corre=lation was found between the ∆
CDAI and ∆IgG (c = -0.086) and ∆IgA (c = -0.127). Moreover,
no strong correlation was found between the ∆CRP and ∆IgG
(c = 0.424) and ∆IgA (c = -0.245).

7
6
5
4
3

0

50

100

150

200

(Wk)

Figure 1 Anti-Saccharomyces cerevisiae (A) IgG and (B) IgA antibody titers in
ASCA-positive patients with Crohn’s disease expressed as a logarithmically (ln)
scaled dilution unit of a highly positive control over a time-period of up to 3 years.

Anti-S cerevisiae antibodies are not efficiently induced
upon oral yeast administration, irrespective of
concomitant induction of colitis in Balb/c or IL-100/0 mice
All mice given yeast lysate and unfed controls exhibited
slightly increased ASCA titers at the end of the
experimental period compared with values obtained at the
beginning of the experiment. A slight increase in ASCA
titers was observed in mice exposed to 500 μg/mL yeast
lysate in their drinking water when compared with mice
exposed to 100 μg/mL (Figure 3A). Concomitant DSS-
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Table 3 Effect of the CD clinical characteristics on the following parameters: ASCA IgG and IgA positivity and change in IgG and IgA ASCA
titers. Results are expressed as P-values of the mean-difference tests or as correlation coefficients (c)
Clinical characteristics

ASCA IgG

ASCA IgA

Correlation with age
Male vs female
Disease Location
Colonic vs non-colonic
Ileal vs non-ileal

c = –0.140
0.881

c = 0.198
0.881

c = –0.340
0.089

0.667
0.285

0.169
0.285

0.203
0.032a

0.152

0.075

0.499

0.395
0.907

0.881
0.233
0.806
0.512

0.881
0.233
0.233
0.385

0.749
0.870
0.903
0.475

0.375
0.844
0.491
0.531

0.285

0.577

0.438

0.117

Fistular vs Non-fistular disease
Medical therapy
Azathioprine
Infliximab
5-ASA compounds
Oral steroids
None of the above medical
therapy vs medical therapy

∆IgG

∆IgA
c = –0.197
0.571
0.289

a

P<0.05.

A

0.900

W/O colitis
+ colitis

0.800

OD 450-490

0.700
0.600
0.500
0.400
0.300
0.200
0.100
0.000

B

Start of
Untreated 100 μg/mL 500 μg/mL
experiment
End of experiment
a

0.900

a

0.800

OD 450-490

0.700

Before immunization
Adjuvant only
Immunogen + adjuvant

0.500
0.300

a

0.200
0.100
0.000

ASCA titers are induced in mice after immunization with
yeast mannan
Groups of Balb/c mice were immunized with adjuvant
alone, or with adjuvant plus yeast mannan or, as a positive
control, ovalbumin (Figure 3B). Mannan-immunized mice
showed an average two-fold increase in ASCA titers when
compared with mice receiving adjuvant only (P = 0.014).
Mannan was poorly immunogenic compared to ovalbumin
(P = 0.038) since specific serum antibody titers after
ovalbumin plus adjuvant-immunization increased about
seven-fold over adjuvant-only injected controls (P = 0.015).

DISCUSSION

0.600
0.400

Balb/c group, and 1.5±0.19 for the IL-100/0 group.

Mannan
Ovalbumin
Immunogen

Figure 3 OD at 450 nm representing relative levels of polyclonal antiSaccharomyces cerevisiae antibody (ASCA) (A) in control Balb/c mice (empty
columns) or mice with DSS-induced experimental colitis (shaded columns). Basal
ASCA titers were determined at the start of the experiment. During the experiment,
mice received water containing 100 μg/mL or 500 μg/mL yeast solution ad libitum.
(B) Balb/c mice were immunized with water or 50μg yeast mannan or ovalbumin
mixed 1:1 (v:v) in GERBU adjuvant. After 2 wk, mice received a booster injection
and ASCA or anti ovalbumin antibodies were determined 7 d later. aP<0.05.

treatment (Figure 3A) or onset of colitis in IL-100/0 mice
(data not shown) did not lead to a further increase in
ASCA titers. Development of colitis was evidenced by
the observation of clinical signs such as soft stools and in
some cases anal ulcerations and bloody stools. The average
histological score±SD was as follows: 1.056±0.25 for the
DSS-treated Balb/c group, 0±0 for the non-DSS-treated

Antibodies to the S cerevisiae cell wall mannans have been
widely studied as a diagnostic tool to distinguish CD from
UC. In this study, the rates of CD patient ASCA positivity
correlate well with our previous results[8] as well as those
cited in the literature[7,10,13]. Of all the clinical variables
tested, fistular Crohn’s disease was found to be associated
with ASCA IgA positivity. This study is not the first to
demonstrate such an association. Others have shown that
the subgroup of CD patients with high levels of IgG and
IgA ASCA has more aggressive, small-bowel fistulizing
disease[25].
Our study was the first to assess time-period streamlined
ASCA titers. We found no association between the change
in ASCA titers and the following clinical characteristics:
age, gender, presence of fistulae, medical therapy, CDAI
or CRP levels. Of the clinical parameters tested, patients
without ileal disease were more likely to encounter an
increase in their ASCA titers over time as compared
with CD patients with ileal disease. There is no good
explanation why anatomic location of CD should provoke
an increase or decrease in ASCA titers. It should be noted
that Giaffer et al. noted increased ASCA IgG positivity
association with small bowel disease as compared to

Müller S et al . ASCA over time in IBD and experimental colitis

colonic disease[18]. Nevertheless, this study does not explain
why these patient’s titers were more likely to change over
time. Also of special interest is the lack of association
between Δ CDAI and ∆ IgG/A and Δ CRP and ∆ IgG/A . ASCA
stability over time in relation to the changes in CDAI was
demonstrated by Landers et al.[13], utilizing a time period
of at least 4 mo. Recently, Teml et al. established ASCA
stability during a course of steroid or 5-ASA therapy[26].
Our data further strengthen this stability and lack of
association with CDAI or medical therapy with the
addition of CRP as a serologic marker of disease. This
lack of association with clinical activity leads others and
us away from thinking of ASCA as a subclinical marker
of disease activity as it does not follow CD clinical status
variations.
In line with the results obtained with human sera, the
murine ASCA titers were rather stable, at least during the
time of the experimental procedure (36 d). This is the
first study to investigate murine ASCA production in the
setting of DSS and IL-100/0 colitis. After oral treatment
with a high antigen dose (500 μg/mL), we observed a
slight increase of ASCA titers compared to untreated
controls or mice treated with 100 μg/mL. Interestingly,
we observed slightly lower ASCA titers in young untreated
mice compared to untreated mice at the end of the
experiment. It is very likely that ASCA titers in mice may
slightly vary between the breeder company and our animal
facility as a consequence of differential exposure to yeastantigens depending on the hygiene status of the animal
facility and/or the composition of food pellets. We did
not, however, observe a further increase upon induction
of colitis. Therefore, the impairment of mucosal barrier
during inflammation and/or the enhanced presence of
immune competent cells alone does not lead to markedly
enhanced ASCA generation.
In contrast, systemic immunization of mice with
phosphopeptidomannans in the context of appropriate
adjuvant leads to a significant increase in ASCA titers.
However, the increase of ASCA titers is much less
pronounced than that of anti-ovalbumin antibodies
after ovalbumin immunization. Thus, these data show
that mannans are not very efficient antigens when used
for immunization, further indicating that nor mally
mice and human beings are tolerant to mannans. Local
inflammation during colitis is not sufficient to break this
tolerance. In our recent study we were able to show that
ASCA positivity was associated with MBL deficiency[15].
Furthermore, family studies show an increased incidence
of ASCA in healthy family members[7,8,20]. Thus, generation
of ASCA in a subgroup of CD patients and healthy
family members may be mainly a result of a genetic
predisposition, although biochemical and genetic analyses
supporting this notion are not currently available.
In conclusion, we have demonstrated the stability of
the ASCA titers over time and their lack of association
with clinical activity in the form of CDAI and CRP.
These findings are in line with the observation that
ASCA are only marginally inducible in mice via high
dose oral exposure, and are not further influenced by
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concomitant induction of colitis. Hence, we speculate that
the propensity to produce ASCA in a subgroup of CD
patients is largely genetically predetermined and, thus, may
reflect a predisposition of distinct genetic backgrounds
to establish immune responses against normally tolerated
antigens.
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Abstract
AIM: To introduce a computer-aided morphometric
method for quantifying the necro-inflammatory phase
in liver biopsy specimens using fractal geometry and
Delaunay’s triangulation.
METHODS: Two-micrometer thick biopsy sections
taken from 78 chronic hepatitis C virus-infected patients
were immunohistochemically treated to identify the
inflammatory cells. An automatic computer-aided image
analysis system was used to define the inflammatory cell
network defined on the basis of Delaunay’s triangulation,
and the inflammatory cells were geometrically classified
as forming a cluster (an aggregation of a minimum of
three cells) or as being irregularly distributed within the
tissue. The phase of inflammatory activity was estimated
using Hurst’s exponent.
RESULTS: The proposed automatic method was rapid
and objective. It could not only provide rigorous results
expressed by scalar numbers, but also allow the state of
the whole organ to be represented by Hurst’s exponent
with an error of no more than 12%.
CONCLUSION: The availability of rigorous metrical
measures and the reasonable representativeness of
the status of the organ as a whole raise the question
as to whether the indication for hepatic biopsy should
be revised by establishing clear rules concerning the
contraindications suggested by its invasiveness and
subjective interpretation.
©2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Biopsy; Grading; Image analysis; Fractal
geometry; Topography; Delaunay
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INTRODUCTION
The antiviral treatment of chronic hepatitis C is expensive,
efficacious in only 50% of cases, and has sometimes major
undesired effects. The criteria for selecting the patients
to treat are therefore a central problem and its solution is
sought by evaluating the inflammatory lesions (grading)
and fibrosis (staging) histologically observed in bioptic
specimens.
A single bioptic sample is still the most effective means
of obtaining the greatest amount of information for
formulating a diagnosis of chronic hepatitis, excluding
other diseases, hypothesizing the prognosis, and defining
therapeutic indications [1-4]. However, taking a bioptic
sample is expensive, carries a certain risk, and the results
are not reliable insofar as they do not express real
measures, but only semi-quantitative categories of severity,
and its evaluation entirely depends on the subjective skill
and experience of the pathologist[5-9]. It therefore follows
that such semi-quantitative data cannot be used for
statistical purposes[10,11].
T he recently proposed alter native methods of
estimating hepatic tissue inflammation by measuring the
blood levels of molecules associated with the evolution
of liver inflammation (including the extremely and widely
used measurement of transaminase levels) have not shown
any sure correspondence with actual tissue status[12-16].
It is therefore necessary to develop more rigorous and
objective morphometric methods capable of providing
scalars for the metrical quantification of inflammation
structures within a liver biopsy sample. We have herein
described the first results of our metrical measurements
of the fractal spaces covered by necro-inflammatory lesions
observed in the biopsies of consecutive chronic hepatitis C
patients, and obtained by means of a totally computerized
analysis that excludes any subjective influence.
The phase of inflammatory activity in the examined
samples has been estimated using Hurst’s exponent (H).
H was first excogitated in the middle of the last century
in order to study the local variations in water flow in the
branches of the Nile delta during the construction of the
Aswan dam[17]. Further refined in 1965 and 1969, it can
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now be drawn from the fractal dimension (D)[18,19]. As it
can describe even subtle quantitative differences in the
smoothness of the configurations of natural objects with
fractal properties, we used it to describe the phase of the
inflammatory process on the basis of the fractal space
occupied by inflammatory cells. In our case, a high H value
indicates a small number of inflammatory cells within
the tissue (i.e. the natural state), and a low value indicates
the presence of many inflammatory cells (i.e. severe
inflammatory states). H can be considered as a quantitative
descriptor of the configuration pattern expressing the
phase of the inflammatory process, and thus gives
inflammatory cell density, the significance of a physical
variable.

MATERIALS AND METHODS
Biopsy specimens
The study was conducted in accordance with the guidelines
of the Ethics Committee of Istituto Clinico Humanitas,
Rozzano, Milan, Italy.
The 72 liver specimens (>10 mm long) came from 43
male and 29 female chronic hepatitis C patients (mean age
50.3±14 years; range 25-77 years) admitted to our Hepatogastroenterology Unit.
Histochemistry
Two consecutive 2-μm-thick sections were cut from the
formalin-fixed and paraffin-embedded specimens. One was
subsequently stained with hematoxylin-eosin (HE) solution,
and the other was used for immunohistochemistry. HE
stained sections were graded by two hepato-pathologists
using a semi-quantitative scoring system.
Immunohistochemistry
In order to classify the inflammatory cells, the histological
sections were treated with primary antibodies raised against
human leukocyte common antigen (LCA, monoclonal
mouse anti-LCA) for 1 h at room temperature, 1 mg/mL
mouse IgG1 (Dako, Milan, Italy) was used as a negative
control.
In order to distinguish settled macrophagic mesenchymal
Kupffer cells from recruited inflammatory T cells, a further
section was immersed in an antigen retrieval bath (Dako,
Milan, Italy) for 30 min at 98 °C in 1 mmol/L of a
freshly made EDTA solution. The inflammatory T cells
were classified using primary antibodies raised against
human CD3 (Dako, Milan, Italy), and the Kupffer cells by
treatment with primary antibodies raised against human
CD68 (Dako, Milan, Italy) at room temperature, or with
1 mg/mL mouse IgG1 (Dako, Milan, Italy) as a negative
control.
The sections were then incubated with the DAKO
Envision Doublestain System (Dako, Milan, Italy). Fast red
was used as a chromogen to yield the red reaction products
for CD68, and 3,3’-diaminobenzidine tetrahydrochloride
(DAB, Sigma Ltd, MO, USA) to yield the brown reaction
products for LCA and CD3.
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The nuclei were lightly counterstained with Harris’s
hematoxylin solution (Medite, Bergamo, Italy).
Quantitative image analysis
The histological sections were digitized using an image
analysis system consisting of a Leica DMLA microscope
(Leica, Italy) equipped with an x-y translator table, a digital
camera (Leica DC200, Leica, Italy), and an Intel dual
Pentium IV, 660 MHz computer with incorporated ad hoc
constructed image analysis software[20].
The computer program automatically selected the
surface covered by the whole LCA-immunopositive
inflammatory system. In this paper, the term true area
indicates the surface of the liver tissue section without
unfilled natural holes, vascular and biliary cavities,
sinusoidal spaces or artificial spaces due to the needle
excision and histological manipulations [20] . All the
measurements were made at an objective magnification of ×20.
Determination of Hurst’s exponent
This was obtained using the general relationship:
H=E+1-D
(1)
where E indicates the Euclidean topological dimension
and D the fractal dimension of the surface covered by the
whole LCA-immunopositive inflammatory system.
D was automatically estimated using the box-counting
method and the formula:
DB =lim logN(ε)
ε→0 log(1/ε)
(2)
where D B is the box-counting fractal dimension of
the object, ε the side length of the box, and N(ε) the
smallest number of boxes of side ε required to cover
the surface of the object completely, i.e. the whole LCAimmunopositive inflammatory system. As the zero limit
cannot be applied to biological objects, the dimensions
were calculated as D=d, where d is the slope of the graph
of log [N(ε)] against log 1/ε. The log-log graphs were
plotted and the linear segments were identified using least
squares regression. Their gradients were calculated using
an iterative resistant line method[20-28].
On the basis of the H value, two categories were
considered. The first included all the samples characterized
by 0.5<H<1.0, and the second included all the samples
verifying the relationship 0<H<0.5.
Dynamic side of the shapes of chronic liver inflammation
The pictures indicating chronic liver inflammation
appeared as portal, periportal, and perilobular aggregations
o f l y m p h o c y t e s, p l a s m a c e l l s, a n d m o n o c y t e s /
macrophages (Figure 1). The extent of intralobular focal
necro-inflammation varied with the severity of the disease,
with confluent necrosis expressing its most severe clinical
exacerbation[29-33].
These cell conglomerates arose when the viral
etiological agent shaped critical points in the liver tissue
consistent with hepatocyte necrosis. Each critical point
acted as an attractor of the inflammatory cells naturally
present within the liver tissue and recruited lymphocytes,
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Figure 1 Liver biopsy section immunohistochemically treated with antibodies
against LCA (A) and computer-aided recognition of the inflammatory cell network (B).

plasma cells and other white blood cells. The trajectories
of the inflammatory cells would die inside the attraction
basin created by the necro-inflammatory process, where
the motion of the recruited cells came to an end, and
they formed a cluster marking the metrical space covered
by the inflammation basin. The cell density of the cluster
was transient and depended on the evolution of the
inflammation connected to necrosis healing.
Definition of cluster outlines
As the cells of a cluster were not settled in tasseled forms,
they were not bounded by a distinguishable contour. This
meant that, in order to measure the fractal spaces they
covered, the canonical step was to fix their bounds. To
this end, we used a triangulation method based on the
principles of Delaunay’s tessellation[34-37], which can be
very efficiently adapted to cluster geometry and involves
the metrical measurement of the distances between the cells
belonging to the whole inflammatory system.
Each inf lammator y cell on the surface of the
histological specimen was considered as a node of
a continuous framework covering the entire section
characterized by very irregular triangular windows in which
any two triangles have one common side (Figure 1).
The border of the cluster (Figure 2) was arbitrarily
fixed at the level of the continuous line formed by the set
of the most external triangle sides with a length of ≤20
μm, corresponding to about twice the mean diameter of a
lymphocyte (7-12 μm)[38]. All the points within this border
were considered as belonging to the subset of clusterresident cells, and those connected by longer segments as
belonging to the non-clustered subset of inflammatory
cells.
Geometrical structure of inflammatory clusters
The dynamics of the necro-inflammation shaping a cluster
generate metrical spaces covered by two overlapping
components. One belonged to the entire attraction basin
of hepatocyte necrosis bounded by the cluster contour
drawn by the triangulation, the other belonged to the sum
of the surfaces of the inflammatory cells residing within
the attraction (necro-inflammation) basin. The outline of
the true area of the biopsy sample was indicated by the

Figure 2 Border of clustered and non-clustered inflammatory cells.

symbol AB, the area of the triangulation-defined cluster
(necrosis attraction zone) was indicated by the symbol AC,
and the sum of the areas of cluster-resident inflammatory
cells was indicated by the symbol ACINF (Figure 3). The
dispersed cells were indicated by the symbol APINF, and
their areas added to the area of resident inflammatory cells
provided the area covered by the inflammation system as a
whole, which was indicated by the symbol ATINF
Physical parameters of inflammation
The physical parameters of inflammation were taken
from analyses of the clusters consisting of at least three
inflammatory cells. Smaller aggregates were considered as
randomly united cells.
In the two dimensions of a histological section, we
obtained the following physical parameters relating to
the state of inflammation: (1) cluster extension: the area
of the necro-inflammation basins identified by means
of Delaunay’s triangulation; (2) the area covered by the
inflammatory cells resident within the cluster perimeter: i.e.
the intracluster mass of inflammatory cells; (3) the whole
area occupied by all the inflammatory parenchymal cells not
residing inside the clusters; (4) the AC/ACINF ratio; (5) the
extent of inflammatory tissue as a whole (ACINF+APINF); (6)
the discrimination of inflammatory T cells from Kupffer
cells; (7) Hurst’s exponent in order to evaluate the spatial
heterogeneity of the chronic inflammatory process, i.e. the
phase of the inflammatory process.

AB
ACINF

AC

APINF

Figure 3 Geometrical structure of clustered inflammatory cells. AB=true area
of the biopsy sample; A C=area of the triangulation-defined cluster (necrosis
attraction zone); ACINF=sum of the areas of cluster-resident inflammatory cells;
APINF=dispersed non-clustered cells.
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Statistical analysis
All the data were expressed as mean±SD.

November 28, 2005

A

Volume 11

Number 44

B

RESULTS
Cluster extension
The area of the necro-inflammation basins obtained by
Delaunay’s triangulation ranged from 0.010% to 33.74%
(mean 5.22±6.5%) of the area of the histological section.
This area was a perceptible and measurable marker of the
necrosis subtending each cluster. The sum of these areas
could express the overall extension of the necrotic process
in the evaluated section.
Area covered by clustered inflammatory cells
This area ranged from 0.021% to 15.36% (mean 2.22
±2.9%) of the area of the histological section. As it
represented effective inflammatory activity, its measure
indicated the inflammatory potential of the set of clusters
identified in the biopsy section.
Area of dispersed inflammatory cells
The area covered by the whole set of LCA-immunopositive
inflammatory cells lying outside the clusters recognized
in the histological sections ranged from 0.024% to 3.93%
(mean 0.91±0.83%).
AC/ACINF ratio
This parameter, which expresses the density of the
inflammatory cells lying within the clusters, ranged from
0.34 to 3.28 (mean 0.56±0.35).
Extension of inflammatory tissue
This area was drawn from the sum of the clustered and
dispersed inflammatory cells immunopositive for LCA,
and ranged from 0.045% to 18.58% (mean 3.13±3.30%).
Discrimination of recruited inflammatory T cells from
resident macrophagic Kupffer cells
The whole LCA-immunopositive inflammatory area was
shared by recruited blood cells (lymphocytes, monocytes,
plasma cells, mast cells) and settled macrophagic Kupffer
cells (Figure 4). The different range of the areas of
Kupffer cells suggested that the number of Kupffer cells
potentially capable of being activated might explain the
distinction between fast and slow fibrosis. It is worth
mentioning that this preliminary study found a high
percentage of macrophages among the dispersed cells
and a very low percentage in the clusters, which mainly
consisted of lymphocytes and other recruited blood
inflammation cells (Figure 4).
Quantification of spatial histological heterogeneity of
chronic inflammatory process
This was evaluated using Hurst’s exponent, the values
of which range from 0 to 1 and indicate the actual phase
of the inflammatory process. H coefficients of >0.5
were considered as belonging to tendentially less severe
inflammatory pictures, and those of <0.5 as belonging to

Figure 4 High percentage of macrophages among dispersed cells (A) and low
percentage in clusters of lymphocytes and other inflammatory cells (B).

more severe pictures. The mean H value of all the cases
was 0.67±0.14 (range 0.36-1).

DISCUSSION
Given a hierarchy of logical concepts going from the
purely qualitative or classificatory, to the semi-quantitative
or ordering, and finally to the entirely quantitative or
metrical (i.e. scientific variables), it is not a prejudice to
consider that the maturity of a discipline is reflected by the
number of quantitative concepts it adopts.
From this viewpoint, the phasing out of the clinical
use of qualitative and semi-quantitative methods when
evaluating the extension of chronic inflammatory lesions
can be correlated with the maturity of hepatological
disciplines. In this study, we used measurement theory,
which forms the basis of our concrete knowledge of
the real world and discriminates the specificity of its
interrelationships, to construct a method of evaluating the
different pictures of chronic liver inflammation.
Studying the measurement of inflammation (or the
intensity of a process) obliged us to think in different
terms from those that we were used to. In order to express
new facts in intelligible terms, the confusion generated
by the vague and emotive semi-quantitative definitions
dictated by an observer’s skill must be removed from every
conceptual structure.
The method adopted by us is highly objective insofar
as it is entirely computerized. Its foundations lie in the
theory of measurement, a basic point of reference for all
conceptual structures organizing knowledge[39].
The liver tissue lesions related to the inflammatory
process at any given time caused variations in the
concentrations of some specific blood molecules. These
have been grouped and proposed as disease indices despite
the fact that their concentrations depend not only on their
production, but also on the rate of their metabolism in
the bloodstream, thus depriving them of much of their
significance as a quantitative index of the hepatic structure
producing them. The changes in the concentrations of
these blood indices over time can be described by the
general equation:
(3)
dxi/dt = fi (x1, x2,…, xn)
where xi denotes the blood concentration of the molecular
species used, t is time, and the functions fi are determined
by the specific reactions of each xi with the environmental
factors in the bloodstream that affect their mean life (many
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of which are unknown).
This makes these blood molecules independent variables
that are incapable of expressing the state conditions of
hepatic tissue even when the most sophisticated statistical
methods are used. Similar conclusions can be made
concerning the figured elements of blood (granulocytes,
red cells, and platelets), and the characteristics of
independent variables can also be found in the case of
hepatofuge circulations (esophageal, gastric, hemorrhoidal,
and umbilical varices). It therefore follows that the
only variables describing the state of a chronic necroinflammatory hepatic tissue lesion are those obtained by
measuring their characteristics in the tissue in which they
occur.
Since all theoretical hepatologists freely admit that the
forms of chronic viral inflammation are so numerous and
that they elude a complete verbal description, metrical
measurements estimating the size of the tr ue area
covered by inflammatory cells and the density of the cells
occupying it are the most real means of defining the stage
of the process.
In practical terms, measuring chronic hepatitis B and
C virus-related inflammation on the basis of a histological
section of liver tissue is a problem of estimating the
density of the points aggregated in clusters and those
isolated in the interstitium of the hepatic parenchyma. As
the points of the former (lymphocytes, monocytes, plasma
cells) and the latter (which also include Kupffer cells) have
the same mesenchymal nature and a similar capacity of
activation during disease, it can be reasonably presumed
that the degree of activity of the chronic viral process can
be estimated by measuring the metrical spaces occupied by
these cells and their density within them.
Whatever the method used, it is always difficult
to determine the density of the punctiform particles
representing the recruited inflammatory blood cells in a
cluster because it depends on what is assumed to be the
boundary of these basic elements of the chronic hepatitis
virus-related process of liver tissue inflammation. After
repeated tests (not described here), we decided to use cell
sequences characterized by intercellular distances of ≤20
μm. Although this resolved our case, it certainly did not
provide definitive solutions.
One basic question raised by our study is how much
new knowledge of inflammation we have acquired after
recognizing, measuring and classifying it. A first reply can
be that we are able to acquire rigorous and repeatable
metrical data concerning the anatomical (i.e. physical) state
of the lesions induced by the etiological agent, which can
be used as a reference point to give some significance to
the hematological indices of disease whose uncertainty is
always due to partially unknown factors. No other method
of tissue or hematological analysis offers a result that is so
near to reality.
Furthermore, using the same equation (4), we can now
geometrically describe the morphometry of the histological
picture offered by a liver biopsy. In this case, xi represents
the observable (i.e. measurable) quantities indicating the
phase of the dynamic state of the inflammatory lesions
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that directly mark the evolution of the disease, t is time,
and the functions f i are determined by both viral and
immune activity.
We included in xi the observable, directly perceivable
and metrically quantifiable measures that can change
the blood concentrations of the individual molecules
indicative of chronic liver disease.
Tissue and hematological indices can both be seen as
dynamic variables and written using the same formula, but
the hematological indices described by equation (3) are
completely different functions (fi) from those determining
the dynamics of anatomical lesions. It therefore follows
that blood indices cannot be used to validate the results of
our method, and that the changes in hematological indices
are due to the action of very different independent factors.
At this point, it may be wondered what qualitative
differences distinguish our method from previous
recognition/classification and evaluation procedures. The
most immediate reply is the rigorousness of the results
expressed by scalar numbers, but it should also be added
that our method allows the state of the whole organ to be
represented by Hurst’s exponent with an error of no more
than 12% (manuscript in preparation).
The availability of rigorous metrical measures and the
reasonable representativeness of the status of the organ
as a whole raise the question as to whether the indication
for hepatic biopsy should be reviewed by establishing clear
rules in relation to the contraindications suggested by its
invasiveness.
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Abstract
AIM: To study the efficacy, safety, and feasibility of a
granulocyte adsorptive type apheresis system for the
treatment of patients with chronically active ulcerative
colitis despite standard therapy.
METHODS: An open label multicenter study was carried
out in 39 patients with active ulcerative colitis (CAI
6-8) despite continuous use of steroids (a minimum
total dose of 400 mg prednisone within the last 4 wk).
Patients received a total of five aphereses using a
®
granulocyte adsorptive technique (Adacolumn , Otsuka
Pharmaceutical Europe, UK). Assessments at wk 6 and
during follow-up until 4 mo comprised clinical (CAI) and
endoscopic (EI) activity index, histology, quality of life
(IBDQ), and laboratory tests.
RESULTS: Thirty-five out of thirty-nine patients were
qualified for intent-to-treat analysis. After the apheresis
treatment at wk 6, 13/35 (37.1%) patients achieved
clinical remission and 10/35 (28.6%) patients had
endoscopic remission (CAI<4, EI<4). Quality of life
(IBDQ) increased significantly (24 points, P <0.01)
at wk 6. Apheresis could be performed in all but one
patient. Aphereses were well tolerated, only one patient

experienced anemia.
CONCLUSION: In patients with steroid refractory
ulcerative colitis, five aphereses with a granulocyte/
monocyte depleting filter show potential short-term
efficacy. Tolerability and technical feasibility of the
procedure are excellent.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Systemically acting corticosteroids are mainstay in the
treatment of patients with severely active ulcerative colitis
(UC). But steroid free remission cannot be achieved in up
to 40% of these selected patients[1,2]. Thus, there is a need
of alternative treatment options.
Etiology of inflammatory bowel disease (IBD) is still
unknown, but the pathogenesis is thought to comprise
interaction between genetic factors, intestinal flora, and
immunomediated tissue injury[3] Extravasation of a large
number of granulocytes and macrophages into the mucosa
plays a major role in the release of proinflammatory
cytokines[4,5], reactive oxygen derivatives[6-9], and degradative
proteases[10]. Accordingly, immunosuppressive therapy has
been introduced for refractory patients. Azathioprine/6mercaptopurine, cyclosporin, and tacrolimus are widely
used at present. But drawbacks such as delayed efficacy,
adverse events, and costs are currently still limiting the
clinical success in severely ill patients and proctocolectomy
is necessary in about one-third of these patients. The
search for a better treatment strategy has failed as yet.
Trials with methotrexate, infliximab, and interferon have
shown no convincing effects.
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In view of the pathogenetic key role of granulocytes
and macrophages, it makes sense to focus on therapeutic
goals here. A recently developed adsorptive carrierbased g ranulocyte and monocyte apheresis device
has demonstrated significant effects on inflammatory
processes both in vivo and in vitro[11]. Preliminary data have
shown promising therapeutic efficacy in IBD, rheumatoid
arthritis, and other conditions [11]. Expanding on these
findings, we have reported the results of an open label
study on the efficacy of granulocyte apheresis treatment in
severely ill patients with chronically active UC despite high
doses of systemic corticosteroids.

MATERIALS AND METHODS
This was a prospective and open label trial investigating
the efficacy, safety, and feasibility of therapeutic apheresis
in patients with active UC despite chronic intake of
high doses of systemic corticosteroids. The study was
conducted in eight European gastrointestinal (GI) referral
centers (Germany, Sweden, Italy, Spain) according to the
Declaration of Helsinki (as amended in Edinburgh) and
the good clinical practice (GCP) guidelines. The study was
approved by the “Ethikkommission der Ärztekammer
Nordrhein”, Germany as well as local ethics committees
of the participating centers. All patients received materials
in their own language and gave written consent.
Patients were included if they were aged between 18
and 75 years and diagnosed with active disease (clinical
activity index/CAI≥6 and ≤8, and endoscopic index/
EI>4)[12]. Additional inclusion criteria were as follows:
patients who were dependent on steroids and relapsed
despite continuous use of steroids (a minimum total dose
of 400 mg prednisone or equivalent within the last 4 wk,
dose of steroids was not changed 2 wk prior to the study),
history of at least one previous attack with an unsuccessful
attempt to taper corticosteroids, immunosuppressants, and
aminosalicylates were constant, 3 mo and 4 wk prior to the
study, respectively.
Exclusion criteria were patients with severe activity
(CAI>8); pregnancy, nursing; arterial hypotension/
systolic pressure <11.97 kPa and/or diastolic pressure
<8.645 kPa or hypertension (systolic pressure >23.94 kPa
or diastolic pressure >15.96 kPa); serious renal, hepatic or
cardiovascular disease; laboratory abnormalities such as
neutrophils <1×109/L, platelets <100×109/L, hemoglobin
<10 g/L, aPT >1.25 times upper range, aPTT >1.66 times
upper normal range, AST or ALT >3 times upper normal
range, total bilirubin >2.5 times upper normal range,
creatinine >1.8 mg/L; allergy to heparin; viral infection
within 4 wk prior to the study; positive stool microbiology;
major bowel resection.
Study treatment
Each patient was intended to receive a total of five
apheresis sessions, each per week for 5 consecutive
weeks. An apheresis session lasted for 60 min at a flow
rate of 30 mL/min. Most treatments were performed
in an outpatient clinic, partly in dialysis units and also in

November 28, 2005

Volume 11

Number 44

apheresis non-specialized settings.
The apheresis system used consists of a pump with an
integrated monitor (Adamonitor®, manufactured by Otsuka
Electronics, Japan) and a single use polycarbonate column
(Adacolumn®, CE-Mark; EC certificate GI030136676005,
TUV) with a capacity of about 335 mL, filled with 220 g
cellulose acetate beads (about 35 000 pieces) of 2 mm in
diameter (carriers) bathed in physiological saline and steam
sterilized (manufactured by JIMRO, Japan).
Concomitant medication according to inclusion criteria
was permitted.
Study design
The aim of this open label pilot study was to investigate
the therapeutic effects of a granulocyte adsorptive type
apheresis system in patients with chronically active UC
despite high doses of corticosteroids. Clinical efficacy
as well as feasibility and safety of the procedure were
evaluated.
Clinical examination and laboratory tests
Assessments were performed at the beginning and end of
the study as well as after 1, 2, 3, 4, and 5 wk of treatment.
Clinical (clinical activity index, CAI) and endoscopic
(endoscopic index, EI) findings were defined according
to Rachmilewitz[12]. Endoscopies were performed at the
beginning and the end of study. Histology was reviewed
by pathologists who were blinded to the study. Clinical
remission was defined by a score of CAI≤4, while clinical
response was defined as a drop of CAI≥3. Endoscopic
remission was defined by an EI≤4, while endoscopic
response was defined as a drop of EI≥2. In addition,
quality of life was assessed according to the IBDQ scoring
system [13]. IBDQ was not assessed in Italian patients
(n = 5). Physician’s global assessment was asked for and
the consumption of steroids was noted.
Laborator y tests included a differential blood
count, hemoglobin, hematocrit, fibrinogen, aPT, aPTT,
ESR, CRP, orosomucoid, calcium, sodium, potassium,
phosphorus, creatinine, BUN/urea, uric acid, bilirubin,
total protein albumin, alpha1-antitrypsin, haptoglobin,
alkaline phosphatase, AST, ALT, GGT, LDH, and standard
urine analyses.
Statistical analysis
The primary objective of this open multicenter study was
to find the number of patients achieving clinical remission
(CAI≤4) at the end of the treatment (wk 6). Because of
the uncontrolled pilot characteristics of the study, only
descriptive statistical analyses were performed. Sample
size was set at 35 patients. Two groups of patients were
analyzed. The intent-to-treat (ITT) population consisted
of all patients who experienced at least one complete (60 min)
treatment of apheresis. Only patients who fulfilled the
protocol without major violations were included into the
per-protocol (PP) population. Comparisons were made
using Wilcoxon signed rank test.
If not otherwise mentioned, data were expressed as
mean+SE. P<0.05 was considered statistically significant.
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Recruited into
the study n = 39
No complete apheresis
– High grade dysplasia at entry colonoscopy
–Venous access impossible
–Change of CAI after screening evaluation to < 4
st
–Withdrawal of consent during the 1 apheresis
Intent-to-treat
Safety

80

Clinical remission

70

Clinical remission +
improvement of CAI

60
50
% 40
30
20

Analysis

10
0

n = 35
Protocol
Violations
n =1

–Significant increase of steroids
during the study n = 1

Wk 6
(n = 35)

Follow-up till mo 4
(n = 31)
Best estimate

Figure 2 Patients (ITT analysis) in clinical remission or improved during a 4-mo
follow-up period without additional apheresis therapy.

Per-protocol-analysis
n = 34

Figure 1 Patients: Analysis sets and drop outs.

12
10

Table 1 Biographical and clinical characteristics of the patients
studied (intent-to-treat population1)

8

Patients (ITT analysis)

n = 35

6

(20-72)
(28.6)
(5.7)
(54.3)

4

Age: median/range (yr)
Female n (%)
Smoker n (%)
Ex-smoker n (%)

35
10
2
19

Disease: duration (mean+SE, yr) 7.2+0.8
Site of disease: extent n (%):
Proctosigmoiditis
Left sided
Pancolitis

3
9
23

Pretreatment (all patients had steroids)
Aminosalicylates n (%)
Immunosuppressants n (%)

25
13

(8.6)
(25.7)
(65.7)

(74.4%)
(37.1%)

1

Note: Per-protocol population comprised all but one ITT patient.

RESULTS
According to the inclusion criteria a total of 39 patients
were recruited. Among the patients who underwent
proctocolectomy, one patient received surgery before he
started apheresis therapy because high grade dysplasia was
found in the initial colonoscopy, the other two patients
were operated upon because of refractory disease at
wk 6 during the follow-up period. Figure 1 displays the
different analysis sets and reasons for exclusion. Biographic
and clinical characteristics are listed in Table 1. Suitable
venous access could not be accomplished in one patient.
All the other patients who started treatment received
five treatments with apheresis. A total of 176 apheresis
procedures could be performed without major technical
difficulties. The majority of the patients (18/35) were
treated in GI units, while 17/35 patients were treated in
specialized dialysis units. Aphereses lasted for 60±3 min in
90.3% of the procedures and were prematurely stopped
(50-55 min) in 1.7% procedures and the respective
apheresis exceeded (65-91 min) in 8.0% procedures.

EI
CAI

a

f

d

b
a

2
0

Screening Baseline wk 2

wk 3

wk 4

wk 5

wk 6

Figure 3 Course of clinical and endoscopic activity indices (CAI, EI) throughout
the apheresis treatment. aP<0.05 vs Et at wk 6, bP<0.01 vs Et at wk 5, dP<0.01 vs
Et at wk 4, fP<0.05 vs Et at wk 3.

Intent-to-treat analysis
At the end of the treatment period (at wk 6) 13/35 patients
(37.1%) achieved clinical remission (CAI≤4). Remission
or clinical improvement was observed in 15/35 (42.8%)
of the patients. During a follow-up period (up to 4
mo), the number of patients achieving clinical remission
increased to 20/31 patients (65%) (best estimate) (Figure 2).
Except for doses of steroids no other relevant changes in
medication occurred during the follow-up. Four patients
lost the follow-up. The clinical remission rate of patients
with concomitant immunosuppressants was 23% (3/13
patients) at wk 6 and 54.5% (6/11 patients) at the end
of the follow-up. Figure 3 displays the course of clinical
(CAI) and endoscopic (EI) activity. Both indices dropped
significantly between the beginning and end (at wk 6) of
the treatment period.
Endoscopic remission (EI<4) was observed at wk 6 in
10/35 (28.6%) patients. Mucosal healing (vulnerability of
mucosa and mucosal damage scores) was improved in 19
patients, unchanged in 13 patients and deteriorated in 3
patients (P<0.001).
Between wk 0 and 6, changes in histology improved in
14 (44%) patients, no change in 16 (50%) and deteriorated
in 2 (6%) patients (P<0.002).
Quality of life of the 30 non-Italian patients (IBDQ)
improved rapidly by 17 points within 3 wk of treatment
(P<0.01) and reached 162±6.4 points at wk 6 which was
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Figure 4 Course of neutrophil, lymphocyte, and monocyte counts as well as CRP between the beginning and wk 6 of the study (numbers are given as means; no significant
differences).

significantly (P<0.01) better than that at the beginning of
the study (138.1±4.8 points).
Physician’s global assessment at wk 6 was ‘very much
improved’ (11.4%), ‘much improved’ (37.1%), ‘minimally
improved’ (25.7%), ‘no change’ (20.0%), ‘minimally worse’
(5.7%) and ‘much worse’ (0%).
Figure 4 displays the results of blood cell counts and
CRP serum concentrations between the beginning and
wk 6 of the study. With the exception of the lymphocyte
count all other numbers dropped, but none of those
changes reached statistical significance.
Consumption of systemic steroids decreased significantly
(P<0.05) throughout the whole treatment period. The
median total dose of systemic steroids was decreased from
20.0 mg/d at baseline to 15.0 mg/d at wk 6. The means
were 26.1+18.04 mg/d and 16.5+15.56 mg/d, respectively.
At the end of 4-mo follow-up period, the median daily dose
of steroids was 6.5 mg (mean daily dose: 14.6+16.8 mg).
Per-protocol analysis
One patient of the ITT patient group experienced several
changes of his dose of steroids (increase or decrease >10 mg)
throughout the study. He was, therefore, excluded from the
per-protocol analysis. The patient did not achieve clinical
remission but had clinical improvement.
Safety analysis
No unexpected adverse events occurred. The 35 patients
included experienced a total of 46 adverse events (AEs)
in 65 episodes recorded. Three events were serious:
thrombosis of the lower leg, worsening of UC, and
a significant drop of hemoglobin which could not be
explained despite extensive investigations (the patient
recovered quickly). The causality was judged as unlikely,
none and possible, respectively. All other AEs were judged
as non-serious and mild or moderate. Ten had no causal
relationship to the study treatment, 38 had a possible, and
3 had a probable relationship. The three AEs probably
related to the therapy were finger edema, right arm
phlebitis, and paresthesia of the left hand. All of them
were classified as mild. The 38 events judged as possibly
related were headache, abdominal disorder, dysesthesia,
dizziness, nausea, flush, muscle cramps, fatigue, vegetative

dystonia, mood alteration, prostate inflammation, and
urinary tract infection. They were judged as mild (28) or
moderate (10). Those events classified as unlikely related to
the study treatment were oral aphthae, vertigo, headache,
common cold, cramps, thrombosis, arthralgia, meralgia,
ankle swelling, and bronchopneumonia. Laboratory testing
as mentioned in Methods did not reveal any significant
alterations.

DISCUSSION
Granulocyte apheresis application with five scheduled
sessions strongly suggests efficacy in chronically active
steroid refractory UC in the study reported here. A short
treatment period of 5 wk resulted not only in significant
clinical but also in significant endoscopic and histological
improvements. Moreover, when aphereses were stopped,
further beneficial effects could be observed. A followup period of 4 mo demonstrated carryover effects of the
initial treatment leading to clinical remission in three out
of four patients. Apheresis treatment was safe and well
tolerated.
These very good results must be critically seen in the
light of the open uncontrolled study design. Extracorporal
treatment, apparently different from medicinal or surgical
therapy, is a new method also for ‘experienced’ patients, a
fact which may hold some placebo effects. Other studies
demonstrated that the placebo effect is up to 30% in
similar patient groups (e.g. 14) but to our knowledge, none
of those trials allowed ongoing intensive treatment (dose
of steroids, immunosuppressants) at entry to the study
as in the present study. All patients kept on having their
initial unsuccessful treatment with steroids and in part
with immunosuppressants. Recent results of other studies
support our findings. Yamamoto et al.[15] described 70%
clinical remission in 30 patients with active distal UC and
Naganuma et al.[16] found a remission rate of 55% in either
steroid refractory or dependent patients. Both trials used a
similar treatment protocol.
The apheresis system is used to remove excess and
activated leukocytes from peripheral blood. The release of
proinflammatory cytokines in the peripheral blood such
as tumor necrosis factor-α (TNF-α), interleukin-1β (IL-
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1β), IL-6, and IL-8 is suppressed as well as the leukocyte
adhesion molecules (L-selectin) and neutrophil adhesion to
IL-1β-activated endothelial cells are downregulated[17-20]. In
addition, it exerts antioxidant effects[21] and the production
of anti-inflammatory substances such as IL-1 receptor
antagonist (IL-1ra), IL-10, and soluble TNF-α receptors
I and II (sTNF-α RI and sTNF-α RII) is increased[22,23].
UC patients with high mucosal content of IL-8mRNA
responding well to granulocyte apheresis and mucosal
IL-8mRNA can be significantly reduced[24]. Granulocyte
apheresis seems also to modulate apoptosis[17]. These far
reaching interventions on inflammatory immune reactions
may explain the carryover effects of granulocyte apheresis,
when its application is stopped and standard treatment is
continued.
Adsorption techniques may lead to a decrease of
circulating blood cells. Indeed peripheral granulocytes
decrease significantly by 22% after a 60-min apheresis
application in UC patients, but no granulocytopenia
occurs [18] . Measurements of pre- and post-column
blood cell counts have demonstrated adsorption of
65% of granulocytes, 55% of monocytes, and 2% of
lymphocytes, but the number of peripheral leukocytes
does not fall below the normal level[19]. Flow cytometry
has shown an increase in the number of immature
circulating granulocytes (CD 10 - neutrophils) which
should be less proinflammatory[17]. The modest effect of
apheresis on blood cell counts may prevent dangerous
immunosuppressive adverse events seen in systemically
acting immunosuppressants.
The protocol of our study prescribed 5-wk apheresis
sessions with a duration of 60 min and a flow rate of
30 mL/min, a procedure which is based on empiricism.
Intensification of this low exchange technique might
create more rapid and/or more favorable therapeutic
results. In a large trial in patients with rheumatoid arthritis
the protocol here was compared to apheresis twice per
week and no therapeutic advantage of intense treatment
could be observed[20]. In a small study in patients with UC,
intensified apheresis revealed more rapid but not superior
therapeutic effects[25]. As yet the most effective procedure
remains unclear. Another way to intensify the effects of
apheresis is to increase the exchange of blood per time
by augmenting the flow rate during the procedure. This
may create technical difficulties. The easy technical success
of the protocol as it occurred in the present study is
based on the low exchange protocol. Simple handling is
a prerequisite of the method for its introduction to non
specialized (apheresis) units.
In conclusion, granulocyte apheresis seems to be a very
promising treatment, particularly in severely ill patients
with UC. For patients refractory to standard therapies, it
could offer an alternative which is safe and well tolerated.
Controlled studies are urgently warranted.
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Abstract
AIM: To assess the appropriateness of referrals and to
determine the diagnostic yield of colonoscopy according
to the 2000 guidelines of the American Society for
Gastrointestinal Endoscopy (ASGE).
METHODS: A total of 736 consecutive patients (415
males, 321 females; mean age 43.6±16.6 years)
undergoing colonoscopy during October 2001-March
2002 were prospectively enrolled in the study. The 2000
ASGE guidelines were used to assess the appropriateness
of the indications for the procedure. Diagnostic yield was
defined as the ratio between significant findings detected
on colonoscopy and the total number of procedures
performed for that indication.
RESULTS: The large majority (64%) of patients had
colonoscopy for an indication that was considered
“generally indicated”, it was “generally not indicated” for
20%, and it was “not listed” for 16% in the guidelines.
The diagnostic yield of colonoscopy was highest for
the “generally indicated” (38%) followed by “not listed”
(13%) and “generally not indicated” (5%) categories.
In the multivariable analysis, the diagnostic yield was
independently associated with the appropriateness
of indication that was “generally indicated” (odds
ratio=12.3) and referrals by gastroenterologist (odds
ratio =1.9).
CONCLUSION: There is a high likelihood of
inappropriate referrals for colonoscopy in an open-access
endoscopy system. The diagnostic yield of the procedure
is dependent on the appropriateness of indication and

referring physician’s specialty. Certain indications “not
listed” in the guidelines have an intermediate diagnostic
yield and further studies are required to evaluate
whether they should be included in future revisions of
the ASGE guidelines.
©2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Over the last two decades, there has been a remarkable
advancement in g astrointestinal endoscopy, and
colonoscopy has become the most commonly performed
procedure for the diagnosis and treatment of diseases of
the large intestine as well as screening for colon cancer[1,2].
The increasing availability of colonoscopy, however,
has also led to an inappropriate referral and overuse
of this procedure, which is reported to range between
15% and 35% in different studies[3-6]. Consensus-based
guidelines for appropriate referral of both upper and
lower gastrointestinal endoscopic procedures have been
developed by several expert panels [7,8]. The American
Society for Gastrointestinal Endoscopy (ASGE) has also
developed and periodically reviews the guidelines on the
appropriate use of these procedures with the latest update
made in the year 2000[9].
The diagnostic yield of an endoscopic procedure
is defined as its capacity for identifying a lesion that is
potentially important to patient care and has been reported
for both upper and lower endoscopy in relation to the
appropriateness of the indication[8]. For colonoscopy, it is
reported to range 40-45% for procedures that are referred
for appropriate indications, and 15-20% for those with
inappropriate indications[3,6,8,10].
The objectives of this study were to evaluate the
appropriateness of referrals for colonoscopy based on
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the 2000 ASGE guidelines on the appropriate use of
gastrointestinal endoscopy, and to assess the diagnostic
yield of the procedure according to these guidelines.

MATERIALS AND METHODS
For administrative purposes, Kuwait with its population of
about 2.2 million is divided into six districts, each with a
well-defined area and population. Medical services in each
district comprise a network of primary care clinics and a
general public hospital. In addition, there are a number of
centralized specialty hospitals. Our study was conducted at
the Thunayan Al-Ghanim Gastroenterology Center, which
offers modern facilities in gastrointestinal endoscopy,
and treatment and follow-up of gastroenterology and
hepatology patients. The center provides open access
endoscopy services for five out of six general public
hospitals in Kuwait. Primary care physicians and specialists
working in hospitals can directly refer patients for
endoscopy. The majority of endoscopies are performed
without prior consultation with a gastroenterologist.
This study was carried out prospectively between
October 2001 and March 2002. Demographic data,
in/outpatient status, specialty of the referring physician,
indications for the procedure, and results of colonoscopy
(including histologic reports, if any) were recorded in a
standardized form specifically developed for this study.
The year 2000 ASGE guidelines were used to determine
the appropriateness of indication(s) for the procedure.
These guidelines were printed on the form used for data
collection, but the headings “generally indicated” and
“generally not indicated” were omitted to avoid bias.
Before starting the colonoscopy, the endoscopist obtained
a brief history from the patient to confirm the indications
for the procedure and to exclude any contraindications.
If the indications were not listed in the ASGE guidelines,
the endoscopist was asked to record it separately on the
form. If the patient had more than one indication for
colonoscopy and at least one of these was “generally
indicated” by the guidelines, then the procedure was
considered appropriate.
Diagnostic yield in relation to each indication was
defined as the ratio between significant findings detected
on colonoscopy and the total number of procedures
performed for that indication. Based on the criteria
followed in previous studies [3,6,11], the presence of any
of the following lesions was considered as a significant
finding on colonoscopy: a pre-malignant or malignant
lesion, inflammatory bowel disease (IBD) (either newly
diagnosed or a more precise diagnosis or determination
of the extent of the disease that influenced immediate
management of the disease), angiodysplasia, stricture
(benign or malignant), other colitides (infectious, ischemic,
eosinophilic, microscopic), and diverticulosis (as a definite
or presumptive cause of acute hematochezia) [12]. The
following were not considered as significant findings:
normal colonoscopy, hemorrhoids, anal fissures, previously
established IBD, uncomplicated diverticulosis, and
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nonadenomatous polyps. The study was carried out in
accordance with the ethical standards of our institution
and the Helsinki Declaration as revised in 1989.
We used Student’s t-test to compare the difference
between two means and the normal Z test to assess the
significant difference between two proportions. Multiple
logistic regression analysis was perfor med to study
the clinical parameters independently associated with
diagnostic yield of colonoscopy. P<0.05 was considered
statistically significant. All P values presented are two sided.
The data were analyzed using SPSS 13.0 for Windows
software (SPSS Inc., Chicago, IL, USA).

RESULTS
A total of 759 patients were referred for colonoscopy
during the study period. Colonoscopy could not be
performed in 23 of these patients because of inadequate
bowel preparation. None of the patients had any
contraindications for the procedure. Table 1 shows
the demographic and clinical characteristics of the 736
patients (415 males, 321 females) who were prospectively
enrolled in the study. The mean age of the patients was
43.6±16.6 years (range 1-90 years), and the large majority
(82.3%) were outpatients. The majority of the patients
were referred by general physicians (34.6%) and surgeons
(33.4%).

Table 1 Demographic and clinical characteristic of 736 patients
undergoing colonoscopy in Kuwait
Characteristic
Gender
Male
Female
Age (yr)
Mean age (SD)
<15
15-49
≥50
Referring clinician
General physician
Surgeon
Gastroenterologist
Pediatric gastroenterologist
Other1
Clinical status
Inpatient
Outpatient

n (%)

415 (56.4)
321 (43.6)
43.6 (16.6)
31 (4.2)
441 (59.9)
264 (35.9)
255 (34.6)
246 (33.4)
205 (27.9)
22 (3.0)
8 (1.1)
130 (17.7)
606 (82.3)

1

Oncologist (6), gynecologist (2).

Indications for colonoscopy
Of the 736 patients, 468 (63.6%) had colonoscopy for an
indication that was considered appropriate according to
the ASGE guidelines (Table 2). The two most common
indications were “hematochezia” and “diarrhea of
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Table 2 Indications for colonoscopy among 468 patients referred for reasons generally indicated according to the 2000 ASGE guidelines1
Indication

n (%)

1 Hematochezia
2 Clinically significant diarrhea of unexplained origin
3 Irritable bowel syndrome or chronic abdominal pain: colonoscopy done once to rule out organic disease
4 Chronic inflammatory bowel disease of the colon, if more precise diagnosis or determination of the extent of
activity of disease will influence immediate management
5 Unexplained iron deficiency anemia
6 Following adequate clearance of neoplastic polyp(s) survey at 3-5 year intervals
7 Colonoscopy to remove synchronous neoplastic lesions at or around time of curative resection of cancer
followed by colonoscopy at 3 years and 3-5 years thereafter to detect metachronous cancer
8 Evaluation of an abnormality on barium enema or other imaging study, which is likely to be clinically significant,
such as a filling defect or stricture
9 Presence of fecal occult blood
10 Examination to evaluate the entire colon for synchronous cancer or neoplastic polyps in a patient
with treatable cancer or neoplastic polyp
11 Excision of colonic polyp
12 Balloon dilation of stenotic lesions (e.g., anastomotic strictures)
13 Melena after an upper GI source has been excluded
14 In patients with ulcerative or Crohn's pancolitis eight or more years' duration or left sided colitis 15
or more years' duration every 1-2 years with systematic biopsies to detect dysplasia
15 Treatment of bleeding from such lesions as vascular malformation, ulceration, neoplasia, and polypectomy
site (e.g., electrocoagulation, heater probe, laser or injection therapy)
16 Family history of sporadic colorectal cancer before the age of 60: colonoscopy every 5 years beginning
at the age of 10 years earlier than the affected relative or every three years if adenoma is found
17 Intraoperative identification of a lesion not apparent at surgery (e.g., polypectomy site, location of a bleeding site)
18 Family history of hereditary non-polyposis colorectal cancer: colonoscopy every two years beginning at the age of 25,
or five years younger than the earliest age of diagnosis of colorectal cancer. Annual colonoscopy beginning at the age of 40
19 Palliative treatment of stenosing or bleeding neoplasms (e.g., laser, electrocoagulation, stenting)

151 (20.5)
65(8.8)
48(6.5)
34 (4.6)
27 (3.7)
24 (3.3)
23 (3.1)
19 (2.6)
12 (1.6)
11 (1.5)
9 (1.2)
9 (1.2)
8 (1.1)
8 (1.1)
7 (1.0)
6 (0.8)
3 (0.4)
2 (0.3)
2 (0.3)

1

According to 2000 American Society for Gastrointestinal Endoscopy (ASGE) guidelines on appropriate use of gastrointestinal endoscopy[9].

unexplained etiology”. Whereas, 149 (20.2%) patients
underwent colonoscopy for an indication, which was
“generally not indicated” (Table 3), and for 119 (16.2%)
patients the indication for colonoscopy was not listed in
the guidelines (Table 4). The most common indications
for patients in these two categories were “chronic, stable,
irritable bowel syndrome or chronic abdominal pain”, and
“constipation”, respectively.
Table 5 shows the appropriateness of indications for
colonoscopy in relation to patients’ gender, age, admission
status, and specialty of the referring physician. There
was no material difference in the appropriateness of
indications between males and females or in- and outpatients. The mean age of patients who had colonoscopy
for an indication that was “generally not indicated” was
significantly lower than those who had the procedure
for an indication that was “generally indicated” or “not
listed” in the guidelines (38.2 vs 44.7 years, P<0.0001).
Patients aged <15 years and those >50 years had a higher
proportion of procedures for an indication that was
considered “generally indicated” by the guidelines (77.4%
and 74.6%, respectively). On the other hand, 29.5% of
the patients aged 15-49 years had a significantly higher
proportion of colonoscopies for an indication that
was considered “generally not indicated” (P<0.0001).
There was no real difference in the age groups when the
procedure was performed for an indication that was “not

listed” in the guidelines.
Pediatric gastroenterologists referred the highest
proportion of patients (81.8%) for colonoscopy for an
indication that was considered “generally indicated”,
followed by adult gastroenterologists (66.8%), surgeons
(62.2%) and general physicians (60.4%). Among other
specialists, general physicians referred the highest
proportion of patients for colonoscopy for a reason that
was considered “generally not indicated”, while surgeons
referred the highest proportion of patients for a “not
listed” indication.
Diagnostic yield of colonoscopy
A total of 200 patients had one or more significant
findings on colonoscopy giving an overall diagnostic yield
of 27.2%. The most common significant findings were
adenomatous polyps (29.5%), new diagnosis or more
precise determination of the extent of IBD (23.5%) and
colorectal cancer (12.0%). The yield of the procedures
performed for “generally indicated” category was 37.8%,
which was significantly higher than “generally not
indicated” (4.7%, P<0.0001) and “not listed” (13.4%,
P<0.0001) categories in the ASGE guidelines (Table 5).
The yield of the procedures performed for “not listed”
indications was also significantly higher than that for
“generally not indicated” procedures (13.4% vs 4.7%,
P<0.05). Inpatients had a higher diagnostic yield of
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Table 3 Indications for colonoscopy among 149 patients referred for reasons generally not indicated according to the 2000 ASGE guidelines1
Indication

n (%)

1 Chronic, stable, irritable bowel syndrome or chronic abdominal pain
2 Routine follow-up of inflammatory bowel disease
3 Acute diarrhea
4 Metastatic adenocarcinoma of unknown primary site in the absence of colonic signs or symptoms when it will not influence management
5 Upper GI bleeding or melena with a demonstrated upper gastrointestinal source

117 (15.9)
15 (2.0)
7 (1.0)
6 (0.8)
4 (0.5)

1

According to 2000 American Society for Gastrointestinal Endoscopy (ASGE) guidelines on appropriate use of gastrointestinal endoscopy[9].

Table 4 Indications for colonoscopy among 119 patients referred for reasons not listed in the 2000 ASGE guidelines1
Indication

n (%)

1 Constipation
2 Unexplained weight loss
3 Normochromic anemia
4 Perianal abscess or fistula
5 Abdominal mass of unknown origin
6 Periodic follow up of healed benign lesions
7 Surveillance after resection of colonic polyps or cancer, at different intervals from those recommended
8 Intestinal obstruction
9 Routine examination of the colon in patients with no colon-related signs or symptoms about to have elective abdominal surgery for non-colonic disease
10 Others

71 (9.6)
14 (1.9)
7 (1.0)
6 (0.8)
4 (0.5)
4 (0.5)
3(0.4)
2 (0.3)
2 (0.3)
6 (0.8)

1

According to 2000 American Society for Gastrointestinal Endoscopy (ASGE) guidelines on appropriate use of gastrointestinal endoscopy[9].

Table 5 Appropriateness of indication and diagnostic yield of colonoscopy according to patients’ characteristics
Appropriateness of referral1 n (%)

Characteristic (no. of patients)
Generally indicated
All patients (736)
Diagnostic yield
Gender
Male (415)
Female (321)
Age (yr)
Mean age (SD)
<15 (31)
15-49 (441)
≥50 (264)
Referring clinician
General physician (255)
Surgeon (246)

Generally not indicated

Diagnostic yield (%)
Not listed

468 (63.6)

149 (20.2)

119 (16.2)

37.8%

4.7%

13.4%

27.2
-

65 (15.7)
54 (16.8)

28.0
26.2

263(63.4)
205 (63.9)

87 (21.0)
62 (19.3)

44.7 (17.3)
24 (77.4)
247 (56.0)
197 (74.6)

38.2 (12.1)
2 (6.5)
130 (29.5)
17 (6.4)

46.3 (17.3)
5 (16.1)
64 (14.5)
50 (18.9)

48.4
22.2
33.0

154 (60.4)
153 (62.2)

63 (24.7)
34 (13.8)

38 (14.9)
59 (24.0)

18.0
27.6

Gastroenterologist (205)

137 (66.8)

49 (23.9)

19 (9.3)

36.6

Pediatric gastroenterologist (22)
Other2 (8)
Clinical status
Inpatient (130)
Outpatient (606)

18 (81.8)
6 (75.0)

1 (4.5)
2 (25.0)

3 (13.6)
0

50.0
0

89 (68.5)
379 (62.5)

19 (14.6)
130 (21.5)

22 (16.9)
97 (16.0)

35.4
25.4

1
According to 2000 American Society for Gastrointestinal Endoscopy (ASGE) guidelines on appropriate use of gastrointestinal endoscopy[9].
gynecologist (2).

2

Oncologist (6),

Siddique I et al . Indication and diagnostic yield of colonoscopy

7011

Table 6 Clinical findings on colonoscopy by appropriateness of referral
Appropriateness of referral1 n (%)
Generally indicated

Generally not indicated

Not listed

Cancer

21 (4.5)

0a

Adenoma
IBD2
Other colitides3
Angiodysplasia

54 (11.5)
62 (13.2)
36 (1.3)
5 (1.1)

1 (0.7)c
6 (4.0)c
0
0

3 (2.5)
4 (3.4)a
8 (6.7)
1 (0.8)
0

1

According to 2000 American Society for Gastrointestinal Endoscopy (ASGE) guidelines on appropriate use of gastrointestinal endoscopy[9].
IBD, inflammatory bowel disease.
3
Non-specific colitis (3), infectious colitis (3), eosinophilic colitis (1).
a
P<0.05 compared to “Generally indicated”.
c
P<0.005 compared to “Generally indicated”.
2

Table 7 Odds ratios (OR) and 95% confidence intervals (95% CI) for association between selected clinical parameters and diagnostic yield of
colonoscopy
Parameter (n)
Gender
Female (321)
Male (415)
Age (years)
<50 (472)
≥50 (264)
Clinical status
Outpatient (606)
Inpatient (130)
Referring clinician
Other (531)
Gastroenterologist (205)
Appropriateness of indication3
Generally not indicated (149)
Not listed (119)
Generally indicated (468)

Diagnostic yield (%)

OR1 (95% CI2)

P

26.2
28.0

1.0 1.1 (0.8-1.5)

>0.50

23.9
33.0

1.0 1.6 (1.1-2.2)

<0.05

25.4
35.4

1.0 1.6 (1.1-2.4)

<0.05

23.5
36.6

1.0 1.9 (1.3-2.7)

<0.001

4.7
13.4
37.8

1.0 3.2 (1.3-7.9)
12.3 (5.7-27.0)

<0.05
<0.001

1

OR, odds ratio.
CI, confidence interval.
3
According to 2000 American Society for Gastrointestinal Endoscopy (ASGE) guidelines on appropriate use of gastrointestinal endoscopy[9].
2

colonoscopy compared to outpatients (35.4% vs 25.4%,
P<0.05). The highest diagnostic yield was obtained in
those aged <15 years, and in those who were referred by a
gastroenterologist.
Table 6 lists some of the significant findings on
colonoscopy by appropriateness of referrals. Colorectal
cancer, adenomatous polyps, and IBD were more likely
to be detected, if the colonoscopy was performed for
a “generally indicated” reason. The colon was reported
as completely normal in 82.6% of the patients in the
“generally not indicated” and 73.9% in “not listed” groups,
compared to 51.7% in the “generally indicated” group.

DISCUSSION

Determinants of diagnostic yield
Table 7 shows the association between selected clinical
parameters and diagnostic yield of colonoscopy. The
probability of finding a clinically significant lesion was

To our knowledge, this is the first study to assess the
appropriateness of referrals for colonoscopy and to
determine the diagnostic yield according to the year
2000 ASGE guidelines. About 64% of our patients had
an indication for colonoscopy that was appropriate or

significantly higher in patients aged ≥50 years (odds
ratio = 1.6), inpatients (odds ratio = 1.6), those referred by
gastroenterologists (odds ratio = 1.9), and those who had the
colonoscopy for “generally indicated” (odds ratio = 12.3) or
“not listed” (odds ratio = 3.2) categories. After adjustment
for the other variables, appropriateness of indications
for colonoscopy according to the ASGE guidelines and
referrals by gastroenterologist were the two independent
parameters associated with the diagnostic yield.
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“generally indicated”, according to the ASGE guidelines.
This finding is similar to the 61-66% rate reported from
open-access colonoscopy settings in the United States,
Italy and Switzerland[3,5,6,8]. A higher rate (81%) has been
reported in a study from the United States, where the
referring physicians were instructed on the accepted
indications for gastrointestinal endoscopy [4]. All these
studies were based on the 1992 version of the ASGE
guidelines. The year 2000 guidelines include several new
conditions for which colonoscopy is now considered
“generally indicated” such as all patients presenting with
hematochezia, while the older guidelines only considered
colonoscopy to be appropriate, if the hematochezia was
not thought to be from the rectum or a perianal source. In
addition, screening of asymptomatic, average risk patients
for colonic neoplasia and seven new therapeutic indications
have been included in the new guidelines. Inclusion of
these additional indications means that a higher proportion
of the patients referred for open-access colonoscopy
should have an appropriate indication for the procedure.
In our study, the overall rate of “generally indicated”
colonoscopies was comparable to the studies based on the
1992 guidelines. It is noteworthy that our patients were
relatively younger than those in other studies. Compared to
an average age of 53-62 years in other studies, the average
age of our patients was about 44 years and 60% were aged
between 15 and 49 years. This may be the reason why we
did not have a higher proportion of patients referred for
appropriate indications even though we used more “liberal”
ASGE guidelines. We did, however, observe a higher rate
of “generally indicated” colonoscopy for patients aged
<15 years (77%), which is not unexpected as colonoscopy
is usually not performed in children unless an appropriate
indication is present, and for those aged >50 years (75%).
We found no real difference between various
specialties when patients were referred for a “generally
indicated” colonoscopy. As for “generally not indicated”
procedure, the rate was lowest for surgeons, while that
for gastroenterologists was similar to general physicians.
This finding is consistent with a study of open-access
colonoscopy from Italy which reported similar rates
of “generally not indicated” colonoscopy between
gastroenterologists and family physicians [5], but is in
contrast with studies of open access upper gastrointestinal
endoscopy [13] . The majority (80%) of “generally not
indicated” colonoscopies requested by gastroenterologists
in our study were for chronic stable abdominal pain or
irritable bowel syndrome (IBS), while the other 20%
were for routine follow-up of IBD. This high referral
rate of colonoscopy for chronic stable abdominal pain
or IBS by gastroenterologists may be because in Kuwait
many such patients after failing to respond to therapy are
referred to the gastroenterology clinics by primary care
physicians. When these patients were excluded from the
analysis, the rate of “generally indicated” colonoscopy for
gastroenterologists increased to about 83%, which was
higher than that for all other specialties.
In our study, the definition of significant findings was
based on certain positive results on colonoscopy. A normal
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colonoscopy was not considered significant, although this
may be relevant to patient care as it may rule out a serious
disease in the colon. Our results show that the diagnostic
yield of colonoscopy was independently associated
with appropriateness of indications and referrals by
gastroenterologists. Our findings are consistent with
studies conducted in Europe and the United States[3,6,11],
but the difference between the yield of “generally
indicated’ and “generally not indicated’ procedures (37.8%
vs 4.7%) is much higher than reported in these studies.
Charles et al.[3] reported that 40% of patients who have
colonoscopy for an ASGE (1992 version) approved
indication have a significant pathological finding compared
to 22% of those who do not meet the guidelines. Similarly,
Morini et al.[6] have reported a diagnostic yield of 43%
for “generally indicated” and 16% for “generally not
indicated” categories. De Bosset et al.[11], using the Swiss
criteria developed by the Rand Corporation/University
of California at Los Angeles (RAND/UCLA) panel, have
reported a diagnostic yield of 26% for patients who have
colonoscopy for an appropriate or uncertain indication
and 17% for those with an inappropriate indication. The
higher difference in the diagnostic yield of colonoscopy
for a “generally indicated” and “generally not indicated”
categ or y seen in our study sug gests that the 2000
ASGE guidelines for appropriate use of gastrointestinal
endoscopy are more efficient in discriminating indications
for colonoscopy than the earlier versions or the Swiss
(RAND/UCLA) criteria.
The year 2000 ASGE guidelines clearly differentiate
between the “generally indicated” and “generally not
indicated” colonoscopies in terms of the diagnostic yield
of the procedure. Clinicians can therefore predict the
expected yield of colonoscopy as long as the indications
for the procedure can clearly be classified as “generally
indicated’ or “generally not indicated”. However, in
clinical practice there are always some patients who
undergo colonoscopy for indications that cannot be
clearly classified into either of these two categories. It
has been reported that about 12-28% of the patients
undergoing colonoscopy have indications that are not
listed in the ASGE guidelines [5,6,8] . In our study, the
proportion of patients in “not listed’ category was about
16% with a diagnostic yield of 13.4%, being about three
times higher than the diagnostic yield of colonoscopy
which is “generally not indicated”. Among the patients
in the “not listed’ category, three were diagnosed with
colorectal cancer compared to none in the “generally not
indicated” group and the proportion of patients diagnosed
with adenomatous polyps and IBD was also higher. The
ASGE guidelines appear to be deficient with regard to
these “not listed” indications, but it is acknowledged that
clinical considerations may occasionally justify a course
of action at variance with the recommendations of the
ASGE. The two most frequent unlisted indications in our
study were constipation and unexplained weight loss, and
all three cases of colorectal cancer were found in patients
who underwent colonoscopy for constipation. Clear
recommendations are needed for such common unlisted
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indications such as constipation as provided in the Swiss
and American panel-based guidelines[8]. Further studies are
needed to identify other common but unlisted indications
that may be included in future versions of the ASGE
guidelines.
In summary, the results of this prospective study
demonstrate that a large proportion of colonoscopies
performed in an open-access system in Kuwait is for the
indications considered inappropriate by, or not listed in
the 2000 guidelines of the ASGE on appropriate use of
gastrointestinal endoscopy. The probability of identifying
a significant finding on colonoscopy is particularly higher
when the indications for the procedure are judged to be
appropriate by the ASGE guidelines, but a proportion
of patients who undergo colonoscopy for an unlisted
indication also have significant findings. Further studies are
required to evaluate these unlisted indications to determine
whether they should be included in future revisions of the
guidelines. General physicians need further edification for
appropriate referrals of patients for colonoscopy.
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INTRODUCTION
Abstract
AIM: To evaluate the role of surgical treatment for
isolated loco-regional recurrences of operated gastric
adenocarcinoma.
METHODS: Among the 837 patients operated for
gastric adenocarcinoma between December 1979
and April 2004, 713 (85%) underwent resection with
curative intent. A retrospective review of a prospectively
collected gastric cancer database was carried out.
Overall recurrence rate was 44% (315 cases), with 75%
occurring within the first 2 years from the operation.
Isolated L-R recurrences were observed in 38 (12%)
patients. Symptomatic lesions were observed in 27
(71%).
RESULTS: Six (16%) patients were macroscopically
resected with curative intent. The recurrence was located
in the gastric stump after a STG in three patients, in
the esophagojejunal anastomosis after a TG in two
patients and in the gastric bed after a TG in one patient.
Surgical procedures consisted of three secondary TG,
two esophagojejunal resection and one excision of an
extraluminal recurrence. Postoperative complications
occurred in two patients (33%), including one
anastomotic leakage and one hemorrhage. The latter
patient died of sepsis 35 d after the surgery (mortality
rate 17%). All patients died of recurrent gastric cancer:
2 within 1 year from surgery (8 and 11 mo, respectively),
2 after 16 and 17 mo respectively and 1 after 28 mo
from the second operation.
CONCLUSION: Surgery plays a very limited role in the
treatment for isolated loco-regional recurrence of gastric
adenocarcinoma.

Despite the decreasing overall incidence, g astric
adenocarcinoma is still one of the most common causes
of death for cancer worldwide. Even after curative
gastrectomy, disease recurrence occurs in 22-50% of
patients, mostly within two years from the operation[1-5].
Loco-regional (L-R) recurrence results from lymphatic
spread or direct tumor propagation within the abdominal
cavity [6]. Several series tried to clarify the relationship
between clinicopathologic features of the primary tumor
and failure patterns[1-5,7-11]. In any case, effective therapies
are lacking and surgical resection is only rarely possible.
The aim of this study was to retrospectively analyze our
experience with the surgical treatment of L-R recurrence
in patients operated for gastric cancer.

MATERIALS AND METHODS
Out of the 905 patients submitted to gastric resections
between December 1979 and April 2004, 837 with
adenocarcinoma were entered and followed in a
prospectively recorded database. Among these, 713 (85%)
underwent resection with curative intent, consisting
of 392 total gastrectomies (TG) and 321 proximal or
subtotal distal gastrectomies (STG). Standard D2 lymph
node dissection was performed in most patients, with D3
dissection performed for curative intent in selected cases.
Pathologic stage distribution, according to the 1997 TNM
classification[12], included stages IA (11%), IB (13%), II
(14%), IIIA (15%), IIIB (16%), and IV (31%). All stages
up to IV were due to N category or T4 classification in the
presence of positive nodes. The most common histological
type was intestinal (53%), according to Lauren’s criteria.
All patients were included in a prospectively collected
database. Follow-up examinations were performed 1 mo
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Table 1 Resected patients’ background at the time of the primary
operation
Sex

Age

Staging

1M
2F
3M
4M
5M
6F

72
60
49
63
66
58

T3N2M0
T3N0M0
T3N2M0
T3N2M0
T4N1M0
T2N1M0

Operation
STG
STG
STG
TG
TG
TG

Adjuvant
therapy
CHT
–
CHT
CHT
CHT
–

Histology
Diffuse
Diffuse
Intestinal
Diffuse
Diffuse
Intestinal

Tumor-free
interval (mo)
9
21
12
16
24
50

Table 2 Clinical course in resected cases
Case Recurrent site
1
2
3
4
5

after the surgery, once in every 3 mo during the first 2
years, every 6 mo for the first 5 years and yearly thereafter.
Follow-up program included physical examination,
laboratory analysis including serum tumor markers (CEA,
CA 19-9, and CA 72-4) at each visit, abdominal ultrasound
or computed tomography (CT) and chest radiograph every
6 mo and endoscopy once a year. Follow-up information
was regularly obtained from outpatient clinical visits, from
the time of surgery to May 2004 or until death. Median
follow-up was 13 mo (range 1 mo to 163 mo).
Recurrences were classified according to the definition
of Lenhert et al. as distant metastasis and L-R recurrences,
including local lymph nodes metastasis, extraluminal
recurrence, recurrence within the gastric remnant after
STG and esophagojejunal anastomosis recurrence after
TG[6].
Overall recurrence rate was 44% (315 cases), with
75% occurring within the first 2 years from the operation.
Disease recurrence was rare after 5 years (5%). Isolated
L-R recurrences were observed in 38 (12%) patients, while
distant metastasis only in 167 (53%) and combined in the
remaining 110 (35%). Symptomatic lesions were observed
in 27 (71%), mostly including upper digestive obstruction
and pain. In the asymptomatic patients, the recurrence
was incidentally discovered during routine follow-up, most
commonly by CT scan and occasionally by endoscopy or
tumor markers elevation.

RESULTS
Six (16%) patients were macroscopically resected with
curative intent, representing 4% only of all observed L-R
recurrences. The other 32 patients underwent conservative
treatment in 25 cases (66%), laparotomy only in five cases
(13%) and by-pass procedure in two cases (5%). Resected
patients’ background at the time of the primary operation
is shown in Table 1. Mean tumor-free interval was 22 mo.
The recurrence was located in the gastric stump after a
STG in three patients, in the esophagojejunal anastomosis
after a TG in two patients and in the gastric bed after a
TG in one patient. Surgical procedures consisted of three
secondary TG, two esophagojejunal resection and one
excision of an extraluminal recurrence. Postoperative
complications occurred in two patients (33%), including
one anastomotic leakage and one hemorrhage. The latter
patient died of sepsis 35 d after the surgery (mortality
rate 17%). Three patients received adjuvant chemotherapy
(CHT) after the second operation, in two combined with
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6

Gastric stump

Operation

Adjuvant
therapy
–

Survival Recurrence
(mon)
16
Distant

TG-liver
segmentectomy
Gastric stump TG-splenectomy CHT+IORT
Gastric stump TG-liver
CHT+IORT
segmentectomy
Esophagojejunal Resection
–
anastomosis
Esophagojejunal Resection
–
anastomosis
Gastric bed
Excision
CHT

28
17
1
8

Distant
Combined
–
Combined

11 Loco-regional

intraoperative radiation therapy (IORT). Clinical course of
the resected cases is described in Table 2.
All patients died of recurrent gastric cancer: 2 within
1 year from surgery (8 and 11 mo, respectively), 2 after 16
and 17 mo respectively and 1 after 28 mo from the second
operation (Table 2). Mean survival of the palliated or nonresected patients was 8 mo.

DISCUSSION
Despite considerable improvement in the surgical
treatment of gastric adenocarcinoma, recurrences still
constitute the main cause of death in operated patients.
Recent series showed overall incidence rates of 22-50%
after curative surgery, mostly (75-80%) occurring within
2 years[1-5,7-11]. Our 44% recurrence rate is probably due
to the high incidence (62%) of advanced operated gastric
cancer cases, as for most Western experience. Moreover,
our results confirm that recurrences beyond 5 years are
rare (3-9%) [1,4,5,10,13]. Median survival from the time of
recurrence is approximately 6 mo[1,2,7,10,13].
Gastric cancer recurrence include: L-R recurrence
(regional lymph nodes, perianastomotic region, gastric
bed, and stump), peritoneal recurrence and hematogenous
metastasis (liver, lungs, bones, brain, and skin) [2,3,5,7-11].
As confirmed by our experience, combined recurrences
are frequently observed and hematogenous or lymphatic
spread without intra-abdominal metastases occur
rarely[2,6-8]. An isolated L-R recurrence is reported in 6-46%
of patients[1-3,7,8,10,11,13] and they were 12% in our series.
Such differences may be explained by variations in the
presentation of data, the definition of recurrence, as well
as the mode and timing of detection[6,7,10,11].
Clinicopathologic features of the primary tumor that
predict L-R recurrences are: proximal location, older age
and male gender, advanced stage of disease (T3-4, N+),
infiltrative growth, diffuse type and stromal reaction[2-5,7-11].
Although not statistically significant, almost all our cases
were males, with advanced age (median 61 years), T4
N+ and diffuse type. Even though advanced stage of
the disease is a common risk factor, early gastric cancer
(EGC) may relapse in 1.4-6.4% of patients, mostly being
hematogenous metastasis, but in approximately 20% of
cases, L-R recurrences[2,14].
Diagnosis is improved with modern imaging and
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mainly suggested by tumor markers elevation, endoscopy,
and CT scan. As occurred in our experience, most patients
are symptomatic and diagnosis is earlier in such cases[10,13].
Since early detection of recurrence do not improve overall
survival of patients; however, according to some authors,
until the development of a more effective treatment,
routine follow-up is not indicated and should be reserved
for symptomatic patients and to provide psychological
support[1,13,15].
Some retrospective and small series showed the
usefulness of CEA, CA 19-9 and CA 72-4 monitoring in
detecting the recurrence of operated gastric cancer[16,17].
However, their elevation is often seen much later than
detection of recurrence by imaging, especially in patients
with low preoperative levels.
Endoscopic surveillance is the most accurate method
to identify anastomotic or gastric stump recurrences
after STG, allowing early diagnosis and radical treatment
in highly selected cases[18], as it occurred for one patient
of our series. Helical CT scan is the most commonly
employed diagnostic tool in such cases, but its sensitivity
is very low because of the limit in differentiating recurrent
tumor from postoperative fibrotic and inflammatory
changes[1,19,20].
Once the diagnosis of L-R recurrence has been made,
curative surgical resection is only rarely possible. Available
data in the literature do not allow a valid interpretation with
respect to the different types of recurrence[6]. Excluding
anecdotal cases of local lymph nodes or extraluminal
recurrence excision[21-23], it appears that a curative resection
is possible when a partial gastrectomy was previously
performed. Approximately 20% of patients undergo
surgical resection but in 2-6% only it may be considered
curative, with a mean survival lower than 2 years[1,2,6,13,17,21].
In our series, the resection rate was extremely low. In fact,
considering the 38 patients with isolated L-R recurrence,
only six (16%) were resected. The remaining group was
excluded from surgery mostly because the recurrences
were not considered amenable to a curative resection or
to the poor general condition. According to some authors,
adjuvant chemoradiotherapy has a potential effect on
improving prognosis[6,21,23].
Palliative resections are indicated in highly selected
symptomatic patient, mainly to restore the food passage,
while tumor reduction is of minor importance[2,6]. In those
with poor general conditions and a short life expectancy,
placement of covered expandable metallic stents is
technically feasible and clinically effective[24,25].
In conclusion, surgery plays a very limited role in the
treatment for isolated L-R recurrences of gastric cancer.
In low-risk patients, especially if symptomatic, an attempt
at resection may be justified in specialized center with
acceptable postoperative mortality and morbidity, as there
are no effective alternative therapies. At present, however,
prevention or reduction of the frequency of recurrence,
with more extended lymph nodal resection and the
combination of perioperative adjuvant treatment[2,4,6,7,10,11],
seem more important than the early detection and surgical
treatment.
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CONCLUSION: Hct is not a useful marker to predict
a worse outcome in acute pancreatitis. In spite of the
high negative predictive value of hemoconcentration, the
prognosis gain is limited due to an already high incidence
of mild disease.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Abstract
AIM: To determine whether the hematocrit (Hct) at
admission or at 24 h after admission was associated with
severe acute pancreatitis (AP), organ failure (OF), and
pancreatic necrosis.
METHODS: A total of 336 consecutive patients with a first
AP episode were studied. Etiology, Hct values at admission
and at 24 h, development of severe AP according to
Atlanta’s criteria, pancreatic necrosis, OF and mortality
were recorded. Hemoconcentration was defined as
Hct level >44% for males and >40% for females. The
t -test and χ2 test were used to assess the association
of hemoconcentration to the severity, necrosis and OF.
Diagnostic accuracy was also determined.
RESULTS: Biliary disease was the most frequent etiology
(n = 148). Mean Hct levels at admission were 41±6%
for females and 46±7% for males (P <0.01). Seventyeight (23%) patients had severe AP, and OF developed
in 45 (13%) patients. According to contrast-enhanced
computed tomography scan, 36% (54/150) patients
showed pancreatic necrosis. Hct levels were elevated in
58% (55/96) and 61% (33/54) patients with interstitial
and necrotizing pancreatitis, respectively. Neither Hct
levels at admission nor hemoconcentration at 24 h were
associated with the severity, necrosis or OF. Sensitivity,
specificity and positive predictive values for both
determinations were very low; and negative predictive
values were between 61% and 86%, being the highest
value for OF.

Acute pancreatitis (AP) is an inflammatory process of
the pancreas with variable involvement of peripancreatic
tissues or remote organ systems. Mostly, it develops
as a mild and auto-limited disease, but around 25% of
patients present the severe form with an elevated mortality
rate (30%), when compared with overall mortality
(2-16%) [1,2] . This worrisome condition is due to the
eventual development of organ failure (OF) and sepsis[3,4],
both complications are associated with the concurrent
development of necrotizing pancreatitis that occurs in
20-30% of the cases [2,5]. Severity is currently defined
according to the Atlanta International Symposium on AP
by the presence of local complications (pancreatic necrosis,
pancreatic pseudocyst, and pancreatic abscess) and/or
OF (cardiovascular, pulmonary or renal insufficiency,
and gastrointestinal bleeding)[6]. Several efforts have been
made to describe prognostic factors that could help for
the identification of high risk patients in order to maintain
a closer vigilance, thereby providing a more aggressive
medical treatment and an earlier admittance to the
intensive care unit[7].
The usefulness of multiple clinical and laboratory
tests to predict severe and/or necrotizing pancreatitis
has been studied [8]. Ranson’s criteria are most widely
accepted for the assessment of high risk patients; however
numerous parameters need to be measured during the
first 48 h after admission[9,10]. Other scales like Glasgow
or APACHE II are commonly used, but these also require
several measurements and have not been proven superior
to Ranson’s criteria [11,12] . More recently, biochemical
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Figure 1 Mean hematocrit values at admission and 24 h later.

[13]

markers, such as C-reactive protein , polymorphonuclear
elastase [14] , interleukin-6 and trypsinogen activation
peptide[15,16], have been used as predictors of severity in
AP. C-reactive protein is a useful marker only 48 h after the
onset of acute episodes[13,14] and overall usefulness of the
remaining markers is restricted by their limited availability
or elevated cost. Thus, so far, no early, accessible and
economical predictive marker for severe AP has yet been
described.
Hematocrit (Hct) is routinely assessed in every AP
case at admission and is an accessible and low-cost test.
Recent studies have proposed that hemoconcentration
may constitute a good marker for severity of AP, but
others were unable to find a significant correlation
with the development of OF, pancreatic necrosis or
death[17-20]. Thus, the value of hemoconcentration in the
initial assessment of AP patients and its implications in
prognosis remain controversial. We, therefore, aimed to
determine whether hemoconcentration at admission and
in the following 24 h was associated with the development
of severe AP, pancreatic necrosis and/or OF.

MATERIALS AND METHODS
Patients with a first AP episode admitted consecutively
to a tertiary medical center between June 1998 and
December 2001 were included in this study. AP diagnosis
was confirmed by typical clinical presentation and an
increase in amylase or lipase concentration at least thrice
the upper limit of normal, and/or evidence of pancreatic
inflammation revealed by contrast-enhanced abdominal
computed tomography [21] . Medical records of all the
patients were reviewed retrospectively for the following
variables: gender, age, etiology, Hct level at admission,
Hct level at 24 h after admission, development of OF,
and severity of AP (both defined according to Atlanta’
s criteria)[6], evidence of necrosis in contrast-enhanced
abdominal computed tomography, total hospital stay and
mortality. Exclusion criteria included patients with previous
AP episode(s) or with a first AP episode previously treated
in other institutions.
Hematocrit levels at admission and 24 h later were
compared with the severity of the pancreatitis, the presence
of necrosis or OF. Categorical variables are expressed
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as absolute and relative frequencies and continuous
variables as mean±SD. Receiver operator characteristic
(ROC) curves were plotted for the range of Hct levels.
Hemoconcentration was defined as an Hct level >44%
for male and >40% for female patients[17-20]. The t test was
used to analyze continuous variables, whereas the χ2 or F
tests were used on categorical variables, when appropriate.
A P value <0.05 was considered statistically significant.
Statistical analysis was performed using commercially
statistical software SPSS 10 (SPSS, Chicago, IL, USA) and
NCSS-2000 (NCSS, Kaysville, UT, USA).

RESULTS
Three hundred and thirty-six AP cases were included
in the current study. Mean age was 45±17 (range, 15-90
years) years and 55% (n = 185) of patients were females.
Sixteen patients (4.7%) were anemic according to reference
values established for our population[22]. Mean Hct levels
at admission were 41±6 for women and 46±7 for men
(P = 0.00001). Biliary disease was the most common
cause of the acute episode (n = 148, 44%), followed
by alcohol abuse (n = 48, 14%). Other causes included:
hypertriglyceridemia (9%), post endoscopic retrograde
cholangiopancreatography (7%), drugs-induced (5%), post
surgery (4%), obstructive disease (3%), hypercalcemia (1%),
trauma (1%) and vasculitis (1%). Thirty-eight events were
considered idiopathic (11%). When divided according to
gender, biliary disease was more frequent in women and
alcoholic pancreatitis was more frequent in men [odds
ratio (OR) = 2.16; 95%CI 1.3-3.5 and OR = 40; 95%CI
9.7-243, respectively].
A mild AP episode was diagnosed in 258 (77%)
patients, while the remaining 78 (23%) suffered from a
severe attack. Organ failure developed in 45 (13%) patients.
A contrast-enhanced abdominal computed tomography
was performed during the first week after admission to
assess the presence of necrosis in 150 cases. The Hct was
determined in 233 (69%) patients 24 h after admission; of
these, 183 patients (79%) presented with mild AP and 50
(21%) with severe AP. No differences were found in Hct
levels at admission regardless of the presence of severe
AP, necrosis or OF. A significant decrease in Hct levels
was noted in all the patients at 24 h after admission, which
was found to be independent of the severity status (Figure 1).
There were no differences between the necrotizing and
interstitial pancreatitis groups in terms of the fall in Hct
levels after admission (7.5±4% vs 6.5±4%, respectively).
A ROC curve analysis for several cut offs of Hct levels
at admission failed to show a single point combining good
sensitivity, specificity, positive and negative predictive
values for the detection of severe AP, necrotizing
pancreatitis or OF (Figure 2).
However, the optimal cut-off values of Hct were
similar to those used to define hemoconcentration (>44%
for males and >40% for females). Neither the presence
nor the absence of hemoconcentration at admission
was associated to severity, necrosis or OF (Table 1).
Hemoconcentration was present in 58% (55/96) and
61% (33/54) of patients with interstitial and necrotizing
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Table 1 Hemoconcentration at admission as a marker for severe acute pancreatitis (AP), necrotizing AP and organ failure
Hemoconcentration
(Hct≥44% M, Hct≥40% F)1
Severe AP (n = 336)
No
Yes
Necrotizing AP (n = 150)
No
Yes
Organ failure (n = 336)
No
Yes

No hemoconcentration
(Hct <44% M, Hct <40% F)

Odds ratio ( 95%CI )

P value (χ 2)

168
46

90
32

0.77
(0.4-1.3)

0.32

55
33

41
21

1.17
(0.5-2.4)

0.64

187
27

104
18

0.83
(0.4-1.7)

0.58

1

Hct: hematocrit; M: male; F: female.

pancreatitis, respectively. Hemoconcentration at 24 h
was not associated to severity, necrosis or OF (Table 2).
Hemoconcentration at admission and 24 h later had very
low sensitivity, specificity, and positive predictive values for
severity, necrosis or OF. Better results were obtained for
negative predictive values (Table 3).
Hospital and intensive care unit stays were higher in
patients with severe AP than mild cases (18±15 and 8±3 d
vs 10±7 and 0.5±0.1 d, P<0.05). Mortality was significantly
higher in patients with severe AP (13% vs 0.03%, P = 0.001).

DISCUSSION
One of the most important actions to cope with patients
suffering from AP is to quickly and accurately assess the
severity of the attack. Earlier identification of patients at
risk of developing pancreatic necrosis and OF potentially
improves their care via prompt admission to intensive care

unit[23-25].
Besides the development of several prognostic systems
for severity in AP, there are multiple biochemical tests[13-16]
and clinical parameters[8,9,26-29] proposed as single markers
for severe or necrohemorrhagic pancreatitis. Most of the
laboratory assays have significant limitations in clinical
practice mainly because they are expensive and not
widely available. The clinical features might be the most
economical and easily available parameters because they
result from routine patient assessment. Among them, the
presence of older age[8], alcohol etiology[9], time interval
between onset of symptoms and admission[26], rebound
tenderness/guarding [27] , obesity [28] , and android fat
distribution[29] have been associated with the subsequent
development of severe AP. The identification of these
parameters as risk factors for the development of severe
AP contributed to the understanding of the disease, but
their impause of several drawbacks, such as biased clinical
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Table 2 Hemoconcentration at 24 h as a marker for severe acute pancreatitis (AP), necrotizing AP and organ failure
Hemoconcentration
(Hct≥44% M, Hct≥40% F)1
Severe AP (n = 233)
No
Yes
Necrotizing AP (n = 100)
No
Yes
Organ failure (n = 233)
No
Yes

No hemoconcentration
(Hct <44% M, Hct <40% F)

P value(χ2)

Odds ratio (95%CI)

125
29

58
21

0.64
(0.3–1.2)

0.23

39
22

24
15

0.9
(0.4–2)

0.97

139
15

68
11

0.68
(0.3–1.5)

0.47

1

Hct: hematocrit; M: male; F: female.

Table 3 Accuracy of hemoconcentration at admission and at 24 h later as a marker for severe acute pancreatitis (AP), necrotizing AP and
organ failure
Groups
Severe AP
Necrotizing AP
Organ failure

Sensitivity (%)
Admission
24 h
59
61
60

Specificity (%)
Admission
24 h

58
59
58

35
42
36

PPV (%)
Admission

31
38
32

24 h

21
37
13

NPV(%)
Admission

24 h

18
36
10

74
66
85

73
61
86

specificity (%)

PPV (%)

NPV (%)

PPV: positive predictive value; NPV: negative predictive value.

Table 4 Prognostic values of hemoconcentration in previous studies
Studies
Baillargeon et al.[17]

Brown et al.[18]

Goulis et al.[37]

n
64

128

63

Lankisch et al.[20]

316

Pezzilli et al.[36]

158

Khan et al. [16]

58

Present study

336

Prognostic criteria
Necrosis
≥47% at admission
Failure to decrease at 24 h
Necrosis
>44% at admission
Failure to decrease at 24 h
Organ failure
>44% at admission
Failure to decrease at 24 h
Necrosis
>44% at admission
Necrosis
>43% for male and >39.6% for
female at admission
Necrosis
>43.8 at admission
Severity
>47% at admission
>44% at admission
Hct not decreasing
Severity
>44% for male and 40% for
female at admission
Necrosis
>44% for male and 40% for
female at admission
Organ failure
>44% for male and 40% for
female at admission

data obtainment, controversial results and low sensitivity
and/or specificity, and the results have been controversial.
AP is considered as a consequence from an insult to the
pancreatic parenchyma that generates a local inflammatory
reaction which then propagates and gives place to a
generalized inflammatory response. Multiple studies have

sensitivy (%)
34
81

91
88

44

87

72
94

83
69

68
61

85
96

60
87

75
65

26
27

93
97

78

83

50

94

74

45

24

88

52.3

74.6

0
32
21

92
82
66

0
46
24

65
71
63

59

35

21

74

61

42

37

66

60

36

13

85

underlined the role of cytokines (e.g., tumor necrosis factor-α
and interleukin-1, -6, and -8) and other inflammatory
response mediators (e.g., platelet activating factor) in this
propagating process[30]. Interestingly, the inflammatory
response is always accompanied by the increase in
vascular permeability that produces extravasation of
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intravascular fluid into the peritoneal cavity[31,32]. The fluid
loss significantly decreases the perfusion pressure into
the pancreas leading to microcirculatory changes that
contribute to pancreatic necrosis [33]. Thus, it has been
proposed that hemoconcentration resulting from this fluid
loss might well be associated with AP severity.
G r ay a n d Ro s e n m a n [ 3 4 ] i n 1 9 6 5 r e p o r t e d t h a t
hemoconcentration at admission was a poor prognostic
sign in patients with AP, but Talamini et al.[35] did not find
significant differences of Hct levels obtained within 24 h of
admission in survivors and non-survivors of AP. On the
other hand, the classic study of Ranson[10] found that a fall
in Hct level by greater than 10% during the initial 48 h of
therapy correlates with severity and mortality. Thereafter,
Baillargeon et al.[17] in a retrospective study reported that
an admission Hct ≥47% or, opposed to Ranson’s finding,
a failure of Hct to decrease at 24 h were predictive of
necrosis but not of OF. The same group of authors in
a subsequent prospective study of 128 patients with AP
established an admission Hct ≥44% and a failure to decrease
after 24 h as the best binary predictor for necrosis and OF[18].
Both studies may have a referral bias in patient selection
because the included patients transferred from other hospitals
may correspond to sicker cases with a delay or less vigorous
hydration. In some of the subsequent studies[36,37], elevated
values of admission Hct were reported in necrotizing
pancreatitis and also associated with serious complications
but in all the studies, neither hemoconcentration at admission
nor an Hct not decreasing after 24 h were able to predict
severity (Table 4). In the current study, we could not find
differences in the admission Hct between severe and
mild cases. In every case, independently of the presence
or absence of necrosis and/or systemic complications,
there was a significant decrease in Hct levels at 24 h after
admission. This finding might be explained by the common
practice of aggressive fluid resuscitation in most of our
patients with AP. The mean Hct fall at 24 h was under 10%,
being non-significantly lower in necrotizing pancreatitis
as expected in agreement with Ranson. According to our
results, the accuracy of hemoconcentration at admission
and at 24 h later as a marker for severe AP, necrotizing
pancreatitis or OF lies in its high negative predictive value,
mainly for OF (85% and 86%, respectively), as has been
found in the previous reports (Table 4).
We analyzed a series of consecutive patients, including
4.7% of them with anemia, in order to test the utility
of the Hct in a realistic clinical setting as was done by
Khan et al.[16]. Our results were similar to those found by
them, unlike our higher mean Hct levels. Admission Hct
was analyzed separately in males and females as done
by Lankisch et al.[20], but in addition to their approach,
we also analyzed the Hct at 24 h after admission. Since
Hct levels may differ according to atmospheric oxygen
pressure (higher in high altitudes) and to gender (lower in
females)[22], we constructed ROC curves that displayed cutoff values of Hct to define hemoconcentration at risk for
severity in agreement with those previously reported by
others[17-20]. Thus, anemia does not seem to play a role in
the poor predictive accuracy of Hct in our study.
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Our study is the only one that proves that
hemoconcentration analyzed according to gender at
admission and at 24 h is not a g ood predictor for
severity in AP. We consider that our findings of the poor
prognostic value of Hct at admission in AP cannot be
attributed to sample bias. However, this is a retrospective
study and only 69% of the patients had Hct determination
at 24 h after admission; thus the lack of utility of the Hct
at this time cannot be established strongly.
In conclusion, the sole clinical application that follows
from the current study and several previous reports
could be that patients without hemoconcentration have
a very low likelihood of developing pancreatic necrosis
or organ failure. However, we consider that in spite of
the consistent findings of high negative predictive value
of hemoconcentration for necrosis and/or OF, there
is no prognostic gain because of the pre-existing 75%
prevalence of mild AP.
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Abstract
AIM: To estimate the incidence of catheter tract
implantation metastasis among patients undergoing
percutaneous transhepatic biliary drainage (PTBD) for
extrahepatic cholangiocarcinoma, and to provide data
regarding the management of this unusual complication
of PTBD by reviewing cases reported in the literature.
METHODS: A retrospective analysis of 67 consecutive
patients who underwent PTBD before the resection of
extrahepatic cholangiocarcinoma was conducted. The
median follow-up period after PTBD was 106 mo. The
English language literature (PubMed, National Library
of Medicine, Bethesda, MD, USA), from January 1966
through December 2004, was reviewed.
RESULTS: Catheter tract implantation metastasis
developed in three patients. The cumulative incidence
of implantation metastasis reached a plateau (6%)
at 20 mo after PTBD. All of the three patients with
implantation metastasis died of tumor progression
at 3, 9, and 20 mo after the detection of this
complication. Among the 10 reported patients with
catheter tract implantation metastasis from extrahepatic
cholangiocarcinoma (including our three patients), two
survived for more than 5 years after the excision of
isolated catheter tract metastases.
CONCLUSION: Catheter tract implantation metastasis is
not a rare complication following PTBD for extrahepatic
cholangiocarcinoma. Although the prognosis for patients
with this complication is generally poor, the excision
of the catheter tract may enable survival in selected
patients with isolated metastases along the catheter
tract.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Percutaneous transhepatic biliary drainage (PTBD)
has been widely employed as a biliary decompression
procedure for malignant biliary obstruction [1-5]. It may
cause implantation metastasis along the catheter tract,
which has generally been considered as an unusual and
lethal complication[6,7]. Although sporadic cases of such
implantation metastasis have been reported [6-10] , the
incidence of this complication following PTBD is yet to
be determined. Also, there is a paucity of data regarding
the management of this complication. Taken together,
these facts prompted us to conduct the current study.
The aims of this study were to estimate the incidence
of catheter tract implantation metastasis among patients
undergoing PTBD for extrahepatic cholangiocarcinoma,
and to provide data regarding the management of this
unusual complication by reviewing cases reported in the
literature.

MATERIALS AND METHODS
Patient population
A total of 87 patients with carcinoma arising from the
extrahepatic bile ducts (extrahepatic cholangiocarcinoma)
underwent resection with curative intent at our department
during the 15-year period between January 1988 and
December 2002. Carcinoma arising from the cystic duct
was categorized as extrahepatic cholangiocarcinoma
according to the tumor-node-metastasis staging system[14].
Three patients who also had gallbladder carcinoma were
excluded. Of the remaining 84 patients, 67 jaundiced
patients underwent PTBD before the resection. They
formed the basis of this retrospective study, and included
39 men and 28 women with a median age of 65 years (range:
35-88 years). All patients were Japanese.
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Figure 1 The cumulative incidence of catheter tract implantation metastasis after
percutaneous transhepatic biliary drainage among 67 patients who underwent
resection of extrahepatic cholangiocarcinoma.

Resectional procedure of the primary tumor
The resectional procedures were chosen according to
the primary tumor location. Forty-one patients with
hilar cholangiocarcinoma underwent a hepatectomy
with bile duct resection, 12 with non-hilar tumor
underwent a Whipple procedure or a pylorus-preserving
pancreaticoduodenectomy, six underwent a bile duct
resection, and eight underwent a combination of
hepatectomy and pancreaticoduodenectomy. Regional
lymphadenectomy was performed in all patients.
Pathologic examination
The resected specimens were submitted to the Department
of Surgical Pathology at our hospital for histologic
evaluation. The histologic findings were described
according to the tumor-node-metastasis staging system[14].
The histologic grade was determined based on the areas
of the tumor with the highest grade[14]. Adenocarcinoma
was identified as the primary tumor in 64 patients and
adenosquamous carcinoma was identified in three patients.
Patient follow-up
Patients were followed up regularly at outpatient clinics
every 3 mo. The median follow-up period after PTBD was
106 mo (range: 4 to 186 mo). By the time of disease status
assessment, 38 patients had died of tumor recurrence.
Seven patients had died of other causes with no evidence
of tumor recurrence. One patient was alive with recurrent
disease, and the remaining 21 patients were alive without
disease.
Review of the literature
The English language literature (PubMed, National Library
of Medicine, Bethesda, MD, USA), from January 1966
through December 2004, was reviewed, and revealed
that a total of seven patients undergoing resection of
extrahepatic cholangiocarcinoma suffered from catheter
tract implantation metastasis following PTBD[7-13].
Statistical analysis
Medical records and survival data were obtained for all the
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67 patients. The causes of death were determined based
on the medical records. The follow-up period was defined
as the interval between the date of PTBD and that of the
last follow-up. The Kaplan-Meier method was used to
estimate both the cumulative incidence of catheter tract
implantation metastasis and the cumulative patient survival
rates. The differences in survival were evaluated using the
log rank test. All statistical evaluations were performed
using the SPSS 11.5J software package (SPSS Japan Inc.,
Tokyo, Japan). All tests were two-sided, and the differences
with P values of <0.05 were considered statistically
significant.

RESULTS
The incidence of catheter tract implantation metastasis
after PTBD in the current series
Catheter tract implantation metastasis after PTBD
presented as a subcutaneous nodule in 3 of the 67 patients
during the follow-up period. The interval between PTBD
and the detection of implantation metastases was 7, 14,
and 20 mo for those 3 patients. The cumulative incidence
of this complication reached a plateau (6%) at 20 mo after
PTBD (Figure 1).
Of the three patients with implantation metastases, one
underwent a resection of the catheter tract (patient 9 in
Table 1), one underwent local radiation (patient 8), and the
other received the best supportive care (patient 10). They
died of disease at 3, 9, and 20 mo after the detection of
this complication.
A review of the literature on catheter tract implantation
metastasis from extrahepatic cholangiocarcinoma
An analysis of the 10 reported patients (including our
three patients; Table 1) with catheter tract implantation
metastasis revealed that the histologic grade of the primary
tumor was well differentiated in four patients, moderately
differentiated in three, poorly differentiated in one, and not
documented in two. The median interval between PTBD
and the detection of this complication was 14 mo (range:
3 to 45 mo).
Catheter tract implantation metastasis was isolated
(without recurrences at other sites) in six patients, whereas
it was non-isolated (with recurrences at other sites) in
the other 4 patients (Table 1). Although the survival after
the detection of implantation metastasis was generally
poor, two patients who underwent excision of isolated
implantation metastases survived for more than five years.
Among the nine patients with documented outcomes,
those with isolated implantation metastases survived longer
than those with non-isolated implantation metastases
(P = 0.0457; Figure 2).

DISCUSSION
The incidence of catheter tract implantation metastasis
after PTBD has been reported to range from 0.6 to 6% in
patients with malignant biliary obstruction due to tumors
of various origins[7,11,15-17]. Nimura et al.[18] have reported
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Table 1 Implantation metastases along the PTBD tract among patients who underwent a resection for extrahepatic cholangiocarcinoma
n

First
author

1
2
3
4
5
6
7

Sano[7]
Inagaki[8]
Matsumoto[9]
Shimizu[10]
Tersigni[11]
Omokawa[12]
Uenishi[13]

M/68
F/51
F/61
M/75
M/66
M/45
F/57

Adeno
As
Adeno
Adeno
Adeno
Adeno
Adeno

G1
nd
G2
G2
G1
nd
G1

45
6
21
16
13
3
14

–
–
–
–
–
Pleura (right)

Sakata1
Sakata1
Sakata1

F/63
M/70
M/76

Adeno
Adeno
Adeno

G1
G2
G3

14
20
7

Bone, Local
Peritoneum
Local

8
9
10

Sex/age
(yr)

Histology of the primary tumor
Type
Grade

Detection of
implantation
metastases
after PTBD
(mo)

Sites of
recurrences
other than
the PTBD
tract

Management
of implantation
metastases

Hx
Hx, EAW
Hx
Hx
RTx, CTx
Hx
Pleuropneumonectomy, ECW2
RTx
EAW
BSC

Outcome
after the
detection
of implantation
metastases
(mo)
100; NED
65; NED
24; NED
14; NED
4; DOD
nd; nd
21; DOD
20; DOD
9; DO
3; DOD

PTBD: percutaneous transhepatic biliary drainage; Adeno: adenocarcinoma; As: adenosquamous carcinoma; G1: well differentiated; G2: moderately
differentiated; G3: poorly differentiated; Hx: hepatectomy; EAW: excision of the abdominal wall; RTx: radiotherapy; CTx: chemotherapy; ECW: excision of the
chest wall, BSC: best supportive care; NED: (alive with) no evidence of disease; DOD: died of disease; nd: not documented. 1Present case. 2A PTBD catheter had
been introduced transphrenically via the right pleural cavity in this patient.

Cumulative survival rate (%)

100

Isolated metastasis (n = 5)

80
60
40

p = 0.0457

Non-isolated metastasis (n = 4)

20
0

0
1
2
3
4
5
Years afer the detection of implantation metastasis

Figure 2 Kaplan-Meier estimates of survival after the detection of catheter tract
implantation metastasis among nine patients with documented outcomes (Table 1).
The median survival time was not reached with a cumulative 1-year survival
rate of 80% in patients with isolated implantation metastasis, whereas it was
9 mo with that of 25% in patients with non-isolated metastasis. Patients with
isolated implantation metastases survived longer than patients with non-isolated
implantation metastases (P = 0.0457).

a 3% incidence of such implantation metastasis among
133 patients with hilar cholangiocarcinoma. In the current
series, the cumulative incidence of this complication
increased with time and reached a plateau (6%) 20 mo after
PTBD (Figure 2). The above data suggests that catheter
tract implantation is not a rare complication following
PTBD for extrahepatic cholangiocarcinoma.
Uesaka et al. [19] have reported that catheter tract
implantation metastasis from hilar cholangiocarcinoma
o c c u r r e d m o r e f r e q u e n t l y i n p a t i e n t s w i t h we l l
differentiated tumors. Among the 10 reported patients
with this complication (Table 1), only one had a poorly
differentiated tumor, implying that differentiated
tumors may be more related to the development of
this complication than poorly differentiated ones. The
association between implantation metastasis after PTBD and
the histologic grade of extrahepatic cholangiocarcinoma
warrants further investigation.
Although Sano et al.[7] have reported the occurrence

of a late implantation metastasis arising 46 mo after
PTBD for extrahepatic cholangiocarcinoma, most of our
collected patients suffered from this complication within
21 mo after PTBD (Table 1). Thus, patients undergoing
PTBD for extrahepatic cholangiocarcinoma should be
monitored for catheter tract implantation for around 2 years.
The survival of patients with catheter tract implantation
metastasis from extrahepatic cholangiocarcinoma was found
to be generally poor (Table 1), as with our patients. Despite
the metastatic nature of this condition, surprisingly,
the outcome after the excision of the implantation
metastasis was not so dismal in some patients with isolated
implantation metastases (patients 1-4). The possibility that
the course of deceased patients is unlikely to be reported
(a publication bias) may, in part, explain this. In order
to excise catheter tract metastases following PTBD, a
hepatectomy is usually required, because the catheter tract
runs through the liver parenchyma; in some patients, a
local excision of the abdominal wall is also required. Two
of the five patients who underwent a hepatectomy, with or
without a local excision of the abdominal wall, for isolated
implantation metastases (patients 1 and 2) survived for
more than 5 years with no evidence of the disease. This
clearly demonstrates that excision of the metastases offers
the only chance for long-term survival.
The issue how to prevent catheter tract implantation
metastasis following PTBD is yet to be resolved. Although
excision of the catheter tract along with the resection of
the primary tumor appears to be effective, it is practically
difficult to excise the whole catheter tract between the
surface of the skin and the punctured intrahepatic bile
ducts. Some authors have advocated ethanol injection into
the catheter tract to prevent cancer implantation[10,19,20].
However, Shimizu and colleagues have reported a case
of implantation metastasis following ethanol injection[10].
Further investigation is warranted to conclude the effects
of this procedure.
In conclusion, catheter tract implantation metastasis is
not a rare complication following PTBD for extrahepatic
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cholangiocarcinoma. Although the prognosis for patients
with this complication is generally poor, excision of the
catheter tract, which usually requires a hepatectomy,
enables long-term survival in selected patients with isolated
implantation metastases.
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Abstract
AIM: This study shares Asian clinical experiences
of carcinoid tumors that originated in the upper
gastrointestinal tract.
METHODS: From May 1987 to June 2002, we had
found only 13 cases of histologically confirmed carcinoid
tumors in the upper gastrointestinal tract by endoscopic
examinations. There were eight males and five females.
The mean age was 53.16±20.51 years that ranged
from 26 to 82 years. Each of their clinical presentations,
locations, tumor morphology, and size and the treatment
outcome were analyzed and discussed.
RESULTS: One patient had a polypoid lesion at the
lower esophagus, nine were stomach lesions and three
located at the duodenum. All patients with polypoid and
submucosal tumor types were of small size (<1.7 cm) and
all patients survived after simple excision or polypectomy.
Four of the five patients in tumor mass forms died and
the tumors were more than 2.0 cm in size.
CONCLUSION: Carcinoid tumors rarely originated from
the upper gastrointestinal tract and are usually found
accidentally after endoscopic study. Bigger size (more
than 2 cm) tumor masses may indicate a more severe
disease and poor prognosis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Carcinoid tumors are a type of very slow-growing neuroendocrine tumors that originate from the embryonic neural
crest. Their prominent feature is the production of multiple hormones[1]. The incidence is increasing at rates around
24.7-44.8 cases per million in the United States each year.
Over 90% of all carcinoid tumors originate in the GI tract.
Most carcinoid tumors are GI in origin, yet they only account for 1.5% of all gastrointestinal neoplasms. Most
carcinoids are, in fact, found incidentally. Neither cytology
nor histology can determine if the lesion is benign or malignant. Only the presence of distant metastases confirms
malignancy.
However, all carcinoids must be considered malignant
when found because of the high threat of metastasis.
Although carcinoids <1 cm in diameter are unlikely to
metastasize, a wide excision is recommended[1]. Five-year
survival rates of patients with a local excision of carcinoid
are >95%, metastases to the liver constitute a dismal 20%
5-year survival rate. Therefore, early detection as with most
cancers is, desirable. In the past 15 years, we found only 13
cases of upper gastrointestinal tract carcinoid tumors by
endoscopic examination. We tried to analyze and correlate
the clinical settings, the sizes of tumors, their morphology,
and the outcome of the disease.

MATERIALS AND METHODS
The medical records of these 13 patients who were diagnosed as upper GI carcinoid tumors at Chang Gung
Memorial Hospital, Kaohsiung Center, Taiwan from May
1987 to June 2002 were reviewed. We excluded all the cases
with an uncertain diagnosis, small-bowel cancers found in
the GI tract but thought to have metastasized there from
an extra-abdominal primary site, and patients were operated on for periampullary tumors. The final study population composed of 13 patients who were treated. There
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Figure 1 Cumulative survival of the upper gastrointestinal carcinoid tumors.
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Figure 2 Subject A: A polypoid carcinoid lesion at the gastric fundus site about 0.8 cm with typical yellowish color of the lesion; B: A submucosal carcinoid lesion at the
duodenal bulb about 1.7 cm; C: A carcinoid tumor with ulceration, at the antrum site, about 4.0 cm in size.

Table 1 Demographic data, morphology, sizes, treatment and outcome of patients with upper gastrointestinal carcinoid tumors
Patients
1
2
3
4
5
6
7
8
9
10
11
12
13

Age (yr)
26
81
33
26
70
63
46
62
68
30
64
40
82

Sex
Male
Female
Female
Female
Female
Male
Male
Male
Male
Male
Female
Male
Male

Symptom
GI bleeding
GI bleeding
Epigastralgia
Epigastralgia
Epigastralgia
Abdominal pain
GI bleeding
GI bleeding
Epigastralgia
Epigastralgia
Epigastralgia
Epigastralgia
Jaundice

Location
Esophagus
Stomach
Stomach
Stomach
Stomach
Stomach
Stomach
Stomach
Stomach
Stomach
Duodenum (bulb)
Duodenum (bulb)
Duodenum (second portion)

Morphology
Polyp
Polyp
ST
ST
Polyp
Tumor
ST
Tumor
Tumor
Tumor
Polyp
ST
Tumor

Size(cm)
0.7
0.4
0.9
1.0
0.5
10
4.3
4.0
1.5
>4.0
0.9
1.7
>2.0

Treatment
Polypectomy
Polypectomy
Polypectomy
Polypectomy
Polypectomy
Surgery
Surgery
Surgery
Surgery
Supportive care
Polypectomy
Duodenectomy
Stenting

Outcome
(Survive)
(Survive)
(Survive)
(Survive)
(Survive)
(Expired)
(Survive)
(Expired)
(Survive)
(Expired)
(Survive)
(Survive)
(Expired)

ST: submucosal tumor; All patients with polypoid and submucosal tumor types were of small size (<1.7 cm) and all survived. Four of the five patients in tumor
mass form died and were more than 2.0 cm.

were eight males and five females. The mean age was 53.15
±20.51 years ranging from 26 to 82 years (Figure 1).
T h e m o r p h o l o g y o f t h e t u m o r s o b s e r ve d by
endoscopic examinations was divided into three main
categories: polypoid (Figure 2A), submucosal (Figure 2B),
tumor-like (Figure 2C) lesions. A single surgical pathologist
reviewed pathological specimens and histological features.
Routine hematoxylin-eosin stains, immunohistochemistry,
or elevated urinary 5-hydroxyindole acetic acid levels es-

tablished the diagnosis of carcinoid tumor. Survival duration was measured from the time of diagnosis to the last
follow-up evaluation or death. The follow-up observations
were obtained from the medical records of the patients or
direct contact with the patients, their relatives, or primary
care physician. The endoscopic observations of the lesions
such as the morphologic appearance and the sizes were
analyzed in correlation to the treatment course and prognosis of each recorded patient (Table 1).
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RESULTS
This study group included eight men and five women, with
the median follow-up duration of 36 mo. The most common symptom was abdominal pain (53%), followed by
weight loss (38.5%), GI tract bleeding (23%) and jaundice
(7.7%). Some patients had more than one symptom or
physical finding, though no combination of signs, symptoms, or acuity of presentation was thought to have any
influence on the prognosis.
Only one 26-year-old male patient had a 0.7-cm esophageal carcinoid lesion, polypoid in appearance and located
at the lower esophagus. Polypectomy was done for him
and no signs of recurrence for more than 5 years. Nine
patients suffered from gastric carcinoid tumors and three
of them died. All these three patients had gastric tumor
masses of at least 4 cm in size found by endoscope. One
patient had tumor involving colon, spleen, and pancreas,
while the other had metastatic mesenteric lymphnodes.
Both underwent surgery but still failed to survive due to
sepsis and organ failure.
A 30-year-old female had a huge mass over the pelvis
extended to almost the whole of the left side abdomen.
Endoscope showed a 4.0-cm ulcerated mass over the cardiac portion and fundus. Carcinoid tumor was proven by
snare biopsy. She also suffered from a septic right knee.
Due to the poor general condition, she received supportive
treatment only. One 68-year-old male patient had a 1.5-cm
tumor mass at gastric antrum who received complete
resection already and survived for 6 years. One 46-yearold male patient had been suffering from repeated gastroduodenal ulcers bleeding. Scope reviewed a more than
4 cm slightly elevated submucosal lesion at the antrum.
Computer tomography and angiography showed a tumor
mass bulging out posterior to the stomach. He had been
well after surgical resection of the antrum.
All four patients who had gastric carcinoid lesions
smaller than 1.0 cm survived, and the morphology were
polypoid (n = 2) and appearance of submucosa (n = 2).
Two received polypectomies and two mucosectomies and
there are no signs of recurrence so far.
Three patients had duodenal carcinoid lesions, two located in the duodenal bulb and one in the second portion
of the duodenum. One 64-year-old female patient had a
0.9-cm polypoid lesion at the bulb portion, and polypectomy was performed. The other 40-year-old male patient
who had a 1.7-cm submucosal lesion at bulb received duodenectomy. Both of them are still alive and disease-free at
4 and 6 years status post therapy. However, one 82-yearold female patient who suffered from obstructive jaundice
by a carcinoid tumor mass at the duodenal second portion
was not as fortunate. Stent was placed by using endoscope
to relieve her obstructive jaundice but she still died because
of sepsis shortly after.
The cumulative 5-year survival rate was 64% in the carcinoid tumor. Gastric carcinoid had the worse prognosis in
this study with 5-year survival of less than 40%. Duodenal
carcinoid tumor had a 5-year survival of about 60%. Only
one case was found with a carcinoid in the esophagus and
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the patient is still surviving but the total number of patients is too small to come to any conclusion.

DISCUSSION
Carcinoid tumor of the esophagus is exceedingly rare,
and the knowledge about this tumor is based primarily on
case reports[2]. Several case reports have emphasized that
esophageal carcinoid tumors are associated with a poor
prognosis[2]. Primary endocrine tumors of the esophagus
are rare tumors that include small cell carcinoma, large
cell neuroendocrine carcinoma, atypical carcinoid tumor,
classical carcinoid tumor, and combined endocrine
tumor and adenocarcinoma[2]. Small cell carcinoma of the
esophagus accounts for 1% of all esophageal tumors, and
the overall median survival is 3.1 mo[3]. The only one case,
who had a small polyp at distal esophagus, still survives, 50 mo
after endoscopic polypectomy. Although only one case was
treated, it supported that esophageal carcinoid tumors are
not always associated with a poor prognosis probably as a
non-small cell carcinoma.
Three types of gastric carcinoids have been described[4,5].
Type I is associated with chronic atrophic body-fundus
gastritis type A. Type II is seen in Zollinger-Ellison
syndrome/multiple endocrine neoplasia type I (MEN-1)
syndrome. Type III is a sporadic tumor [6] . Gastric
carcinoids arise from endocrine cells in gastric mucosa and
recent reports indicate that 10-30% of all gastrointestinal
carcinoids occur in the stomach[6].
Type I gastric carcinoids is the most frequent type
encountered in about 65% of cases[7]. The tumors are
usually small (<1 cm) polypoid lesions located in the
gastric body or fundus [8] . Adjacent atrophic mucosa
contains foci of precursor lesions, which are at different
stages of ECL cell hyperplasia, dysplasia, and neoplasia.
Hypergastrinemia is usually present[6]. Nodal metastasis
is reported in up to 16% of cases and hepatic metastasis,
in up to 4% [9] . Endocrine symptoms are rare; 5-year
survival is high in our series, four gastric carcinoids were
less than 1.0 cm in size, either in polypoid or submucosal
in morpholog y endoscopically. Polypectomies and
endoscopic mucosectomy were performed smoothly and
they still survive.
One of our patients who belonged to type II gastric
carcinoids suffered from repeated GI bleeding and
hypergastrinemia. After receiving operation, he is still
healthy. The adjacent mucosa is non-atrophic and entirely
comprised precursor lesions[6]. Prognosis is intermediate,
between types I and III[7].
Type III gastric lesions make about 20% of gastric
carcinoids[6]. Forty percent occur in the antropyloric area[6]
when discovered; they are usually single tumor more than
2 cm. They arise from ECL, EC, or X cells. There is no
hypergastrinemia and no precursor lesions. They can cause
either a classic syndrome of facial flushing, abdominal
cramps, diarrhea, left-sided endocardial fibrosis, and 24 h
urinary 5-HIAA more than 10 mg, or an atypical carcinoid syndrome associated with vasoactive substances and
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polypeptide hormone production[6]. Nodal metastasis is
reported in 55% of patients and liver metastases, in 25%
of patients[5]. Five-year survival is only 50%[7]. All the four
of our patients with gastric tumor masses of more than 4 cm
in size were associated with adjacent and distant metastasis. Two had carcinoid syndrome. Three received surgical
intervention and one had supportive care. Three of them
expired.
Schneider et al.[10] showed that the patients with gastric
carcinoids had an eight times higher risk of developing a
secondary malignancy as compared with the normal population. None of our gastric carcinoids had secondary carcinomas so far.
The management of gastric carcinoids depends on the
type; presence of symptoms, or metastases spread, size,
and number of tumors[6]. Although multiple studies have
been published, the treatment in many cases still remains
controversial. Most agreed on the management of type III
(or sporadic) carcinoids, which have the worst prognosis
and the highest rate of metastasis and associated carcinoid
syndrome[6]. The recommended therapy is en bloc surgical
resection with regional lymph node dissection, especially
for lesions of more than 2 cm[5,11,12]. If the tumor penetrated the serosa, gastrectomy is also recommended[13].
For the patients with liver metastasis, surgical resection
of tumor foci or selective hepatic artery ligation or embolization may reduce the symptoms and improve survival[6].
Chemotherapy of disseminated disease with streptozocin,
5-FU, cyclophosphamide, and doxorubicin were reported
to produce a 20-40% response rate[6]. Leukocyte interferon
produced a temporary response in some patients[5]. Somatostatin analogs, octreotide, and lanreotide have been used
successfully in recent years to relieve the symptoms of
carcinoid syndrome[14]. Recently, the results of trials with
long-acting formulations octreotide-LAR (10, 20, or 30 mg
every 28 d) and lanreotide-PR (30 mg every 2 wk) were
published and demonstrated effectiveness and convenience
of the treatment[15-18].
The optimal management of the types I and II gastric
carcinoids is less clear[6]. Many authors base their recommendations on the size and number of the tumors[6]. For
lesions less than 1 cm in diameter and less than 3-5 in
number, endoscopic removal and semiannual EGD surveillance is recommended[6]. If there is a recurrence, or if
the lesions are larger than 1 cm or more than 3-5 in number, then antrectomy with endoscopic excision is recommended[5,13].
Type I is considered as the most benign type of gastric
carcinoids, rarely affecting the 5-year survival[8]. There are
strong arguments supporting surgery[6]. Although type I
carcinoid is the most benign type, it is still associated with
some incidence of lymph node and liver metastasis[7,8].
Most gastric carcinoids regress after antrectomy[12,19-21]. In
contrast, improved overall survival for metastatic neuroendocrine tumors after the complete resection of primary
and hepatic metastases is accomplished, with an actuarial
5-year survival rate of 70%.
Carcinoid tumor was the most common small bowel
tumor. It occurred in 24% of patients. Forty-six percent
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of patients were asymptomatic during life, the tumors being found either at autopsy or during other surgical procedures. Of those that were symptomatic, half presented
with intestinal obstruction and the rest with long-standing
symptoms. An abdominal mass, which occurred in 14% of
cases, is an uncommon physical finding since the majority
present as small submucosal tumors. Fifty-eight percent
overall and 72% of those having surgery had evidence
of regional spread, either by local invasion or in the form
of regional nodal involvement. Seven percent of patients
have died because of their disease. Excision surgery should
be performed for all cases where feasible, and repeated for
recurrent symptoms[22].
Ampullary carcinoids are rare tumors. Like the 82-yearold male in our series, they most commonly present
with obstructive symptoms like jaundice and nonspecific
abdominal discomfort. They are difficult to diagnose
preoperatively secondary to their relatively small size and
submucosal location. Rarely, ulcerated duodenal carcinoids
can present as a source of significant gastrointestinal
bleeding. Overall, approximately 80-90% of all carcinoids
secrete serotonin or its precursor 5-hydroxy tryptophan,
and other tumors rarely do so. Measurements of serotonin
and its metabolites like urinary 5-hydroxy indole acetic acid
(5-HIAA) have been described to be very helpful in the diagnosis and postresection follow-up of carcinoids. In our
patient, those levels were not obtained preoperatively as
the patient did not have any signs, symptoms, or histologic
evidence to suggest a diagnosis of carcinoid tumor[23].
In conclusion, carcinoid tumors rarely originated from
the upper gastrointestinal tract in the eastern countries and
are usually found incidentally after endoscopic study. Bigger size (more than 2 cm) tumor mass form may indicate a
more severe disease and poor prognosis.
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INTRODUCTION
Hepatocarcinoma cells have a better reaction to X-rays.
The mechanism of radiosensitivity of hepatocarcinoma
cells after radiotherapy is not very clear. In this study,
we have used primary cultured human hepatocarcinoma
cells in vitro to evaluate the change of growth characteristics
and radiosensitivity of progeny of irradiated primary
hepatocarcinoma cells.

MATERIALS AND METHODS
Abstract
AIM: To evaluate the change of growth characteristics
and radiosensitivity of irradiated primary cultured human
hepatocarcinoma cells.
METHODS: All tumor tissue samples were obtained
from 39 hepatocarcinoma patients with a mean age
of 49.6 years (range 22-76 years). We divided the
samples into irradiated group and non-irradiated group
and measured their plating efficiency (PE), population
doubling time (PDT), radiosensitivity index SF2 and cell
cycle.
RESULTS: The PDT of primary culture of hepatocarcinoma
cells was 91.0±6.6 h, PE was 12.0±1.4%, SF2 was 0.41±0.05%.
The PDT of their irradiated progeny was 124.8±5.8 h, PE was
5.0±0.7%, SF2 was 0.65±0.09%. The primary cultured human
2
hepatocarcinoma cells showed significant S reduction and G
arrest in a dose-dependent manner. The progeny of irradiated
primary cultured hepatocarcinoma cells grew more
slowly and its radiosensitivity increased.
CONCLUSION: The progeny of irradiated primary
cultured human hepatocarcinoma cells grows more
slowly and its radiosensitivity increases.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Specimens
All tumor tissue specimens were obtained from 39
hepatocarcinoma patients with a mean age of 49.6 years
(range 22-76 years).
Cell culture
Primar y he patocarcinoma tissue specimens were
obtained from hepatocarcinoma patients. The volume of
the sample was 1.5 cm3. Cells were grown in Dulbecco’s
minimal essential medium (DMEM) containing 25% fetal
calf serum and incubated at 37 ° C in 50 mL/L CO 2.
Most cells were anchored after inoculation for 16 h and the
cell growth could be seen after inoculation for 48 h. Then
the primary cultured human hepatocarcinoma cells entered
the experimental growth phase. The proliferation was
very productive and ended 7-8 d after incubation. The
density of cells was 50-95% in flask with a few fibroblasts.
The time was the best opportunity for irradiation in flask.
Irradiation condition
The samples were divided into irradiated group and nonirradiated group. Cells in the experimental growth phase
were irradiated with 2-8 Gy of X-ray at a dose rate of
200 cGy/min and divided into five groups (0-8 Gy). The
lucite was placed in dishes.
Population doubling time (PDT)
Cells in the experimental growth phase were digested into
single-cell suspension by 2.5 g/L trypsin. In vitro transduction
was performed by plating 1×105 cells in 6-cm2 flasks. Cells
were digested after being irradiated for 48, 72, 96, 120, 144 h
and counted. The experiment was repeated thrice. The cell
growth curve was drawn and the cell PDT was calculated.
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Table 1 PDT and PE between irradiated and non-irradiated human
hepatocarcinoma cells (mean±SD)
PDT
(PDT) (t/h)
91.0±6.6
104.7±2.1
120.4±2.8
133.5±1.4
141.8±5.8a

0
2
4
6
8

PE
(%)
12.0±1.4
10.2±0.6
8.2±0.4
6.0±1.1
5.0±0.7b

P<0.05, bP<0.01 vs 0 Gy.

Progeny of irradiated
hepatocarcinoma cell

0.1

0.01

Primary culture hepatocarcinoma cell of human

200

400
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Figure 2 Cell survival curve of primary human hepatocarcinoma cells and
irradiated progeny.
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Number 44
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a

40

Survival fraction

Dose (Gy)
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Volume 11

parameters were expressed as mean±SD. Student’s t-test
was used to compare the difference between the two
groups.

20
Progeny of irradiated
hepatocarcinoma cell
0
0

1
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4

5

Culture time (d)

Figure 1 Cell growth curve and irradiated progeny of primary cultured human
hepatocarcinoma cells.

Colony assay
Cells in the experimental growth phase were digested
into single-cell suspension by 2.5 g/L trypsin. In vitro
transduction was performed by plating 1×10 5 cells in
3-cm2 flasks. Cells were irradiated with 2-8 Gy. After 12-15
d of plating, the culture was ended. Cells were fixed by
formaldehyde and stained with Giemsa. The number of
colonies exceeding 50 was defined as positive. The survival
fraction rate was the colony rate. Three parallel samples
were set in each dosage point and the experiment was
repeated thrice. The formulations [SF2 = e-(αD+βD2)] (the
secondary equation) and [(S = 1-(1–e-KD)N)] (the multitarget click model) were used to simulate the cell survival
curve of hepatocarcinoma cells. The radiosensitivity
parameters such as SF2, α, D0, and N were calculated.
Detection of cell cycle
Cells in the experimental growth phase were irradiated
with 2-8 Gy (Linear Accelerator Saturn 43 type). Cells after
being irradiated were retrieved at five time points (0, 6, 12,
24, 36 h) and centrifuged (800 r/min). Then the cells were
washed twice with PBS. The single-cell suspension was fixed
in 80% ethanol and then treated with RNase. At last, the cells
were resuspended and incubated for 30 min at 4 ℃. Cellular
fluorescence was measured by FASort flow cytometry
(Becton Dickinson). The data were analyzed by CELLQuest
software.
Statistical analysis
Using the SPSS 10.0 statistical analysis software, cell
growth curve and cell survival curve were simulated by
square regression. The cell cycle ratio and radiosensitivity

RESULTS
Plating efficiency (PE) and cell population doubling time of
irradiated progeny
The plating efficiency (PE) of primary cultured human
hepatocarcinoma cells was 12.0±1.4%, the irradiated
progeny was 5.0±0.7%, being significantly higher than that of
non-irradiated cells (t = 8.547, P<0.01). The cell PDT of
progeny of irradiated human hepatocarcinoma cells was
longer than that of non-irradiated ones. The cell PDT of
primary cultured human hepatocarcinoma cells was 91.0
±6.6 h. The PDT difference between irradiated progeny
and non-irradiated cells was significant (t = 3.672, P<0.05;
Table 1 and Figure 1).
Radiosensitivity of irradiated progeny
The survival curve and irradiated progeny of human
hepatocarcinoma cells are shown in Figure 2. SF2, α, D0,
and N of primary human hepatocarcinoma cells were
0.41±0.05, 0.37/Gy, 0.43 Gy, 2.52, respectively. SF2, α,
D 0, and N of irradiated progeny were 0.65±0.09, 0.10/
Gy, 0.61 Gy, 1.08, respectively (t = 3.863, P<0.05). The
difference was significant. Both SF2 and radiosensitivity
of hepatocarcinoma cells were increased in human
hepatocarcinoma cells and irradiated progeny.
Detection of cell cycle
Cells in the experimental growth phase were irradiated
with 2-8 Gy (Linear Accelerator Saturn 43 type). The
cells decreased in S phase and increased in G2/M phase in
a dose-dependent manner (P<0.05). The DNA synthesis
time was shorter and mitosis was delayed. The cells
after mitosis entering G0/G1 phase decreased in a dosedependent manner (Table 2).

DISCUSSION
The results of radiosensitivity in vitro of carcinoma cells
are closely related with the clinical effect of carcinoma

Liu ZZ et al. Cell cycle and radiosensitivity of human hepatocarcinoma cells
Table 2 Cells in S and G2/M phase of irradiated progeny (mean±SD)
Dose (Gy)
0
2
4
6
8
a

SPF (%)
66.10±0.75
61.52±0.22
50.15±0.68
43.35±0.24
33.32±0.51a

G2/M (%)
0.91±0.19
1.73±0.53
3.32±0.68
4.51±0.92
6.48±0.57a

P<0.05 vs oGy.

radiotherapy. But most studies showed that there have
been great differences in radiosensitivity of identical
carcinomas[1-2]. Studies indicate that radiation can lead to
the instability of cell genes and survived progeny will
occur[3]. It was reported that irradiated progeny produces
resistance after radiation or DNA damage[4-5].
There is evidence that carcinoma is a cell cycle disease.
The malignant level of carcinoma is closely related with
cell cycle. The carcinoma cells in different cell cycle
phases have different radiosensitivity to chemotherapy
drugs. Proliferating cells have a good radiosensitivity.
Radiotherapy can change the processes of cell cycle. It
displays G0, G2/M, and S arrest. To study the alteration of
cell cycle after radiation is of great significance in choosing
suitable chemotherapy drugs after radiotherapy.
Our study indicated that the growth characteristics of
progeny of human hepatocarcinoma cells were changed
after being irradiated with 2-8 Gy. The growth speed was
delayed, the PE was decreased and the radiosensitivity
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was increased. The radiosensitivity of irradiated progeny
was related with G2/M arrest and cells in S phase reduced
in a dose-dependent manner. The radiosensitivity of cells
in S phase was the highest due to decreased progeny of
irradiated human hepatocarcinoma cells and PE as well as
delayed PDT cell reaction in S phase and G2/M arrest[6].
In conclusion, stereotactic radiotherapy can achieve
better results in the treatment of hepatocarcinoma.
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INTRODUCTION
Abstract
A I M : To i n v e s t i g a t e t h e p r e d i c t i o n v a l u e o f
radiosensitivity of hepatocarcinoma cells for apoptosis
and micronucleus assay.
METHODS: Clonogenic assay, flow cytometry, and CB
micronuclei assay were used to survey the cell survival
rate, radiation-induced apoptosis and micronucleus
frequency of hepatocarcinoma cell lines SMMC-7721,
HL-7702, and HepG2 after being irradiated by X-ray at
the dosage ranging 0-8 Gy.
RESULTS: After irradiation, there was a dose-effect
relationship between micronucleus frequency and
radiation dosage among the three cell lines (P <0.05). A
positive relationship was observed between apoptosis
and radiation dosage among the three cell lines. The
HepG2 cells had a significant correlation (P <0.05) but
apoptosis incidence had a negative relationship with
micronucleus frequency. There was a positive relationship
between apoptosis and radiation dosage and the
correlation between SMMC-7721 and HL-7702 cell lines
had a significant difference (P <0.01). After irradiation,
a negative relationship between cell survival rate and
radiation dosages was found among the three cell lines
(P <0.01). There was a positive relationship between cell
survival rate and micronucleus frequency (P <0.01). No
correlation was observed between apoptosis and cell
survival rate.
CONCLUSION: The radiosensitivity of hepatocarcinoma
cells can be reflected by apoptosis and micronuclei.
Detection of apoptosis and micronuclei could enhance

The prediction of cell radiosensitivity is a main content
in radiobiology and carcinoma treatment. Apoptosis
of carcinoma cells can be induced by radiotherapy.
Micronucleus is a product of abnormal mitosis. Studies
have verified that micronucleus analysis can predict
radiosensitivity of cells[1,2]. It was reported that apoptosis is
correlated with cell survival[3,4]. Apoptosis and micronuclei
occur after the first mitosis and are related with the
damage in heredity substance. To investigate apoptosis
and micronucleus assay is of significance in predicting
radiosensitivity.
T his study focused on the relationship among
apoptosis, micronuclei, and cell survival rate of three
hepatic cell lines (HL-7702, HepG2, SMMC-7721).
The prediction value of radiosensitivity for apoptosis
and micronucleus assay of hepatocarcinoma cells was
investigated in vitro.

MATERIALS AND METHODS

Three hepatic carcinoma cell lines (HL-7702, HepG2,
SMMC-7721) were cultured at 37 ℃ in RPMI 1640
medium supplemented with 10% fetal bovine serum and
divided into irradiated group and non-irradiated group.
Cells in experimental growth phase were irradiated by
X-ray at a dose of 2-8 Gy (Linear Accelerator Saturn 43
type) with a dose rate of 200 cGy/min. The lucite was
placed in dishes.
Cells in the experimental growth phase were digested
by 2.5 g/L trypsin into a single-cell suspension. In vitro
transduction was performed by plating 1×10 5 cells in
3-cm2 flasks. Cells were irradiated with 2-8 Gy. After 12-15 d
of plating, the culture was stopped. Cells were fixed by
formaldehyde and stained with Giemsa. The number
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Figure 1 Micronucleus frequency of three cell lines.
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Figure 2 Apoptosis incidence (A) and DNA content (B) in three cell lines.

of colonies exceeding 50 was defined as positive. The
survival fraction rate amounted to colony formation rate in
irradiation group. Three parallel samples were set in each
dosage point and repeated thrice.
Cells in the experimental growth phase were digested
by 2.5 g/L trypsin into single-cell suspension at the
concentration of 3×104 μg/mL and inoculated in petri
dishes. When the cells were attached to the wall, they were
cultured for 2 days and then irradiated with 2-8 Gy. After
irradiation, samples were added in 2 μg/mL cytochalasin-B,
and cultured for 48 h, and then stained in situ. The number
of micronuclei in double nuclear cells was counted. At
least 1 000 double nuclear cells were calculated. Each
dosage had three parallel exponents and the experiment
was repeated thrice.
Cells were centrifuged and washed 2-3 times with PBS
and then fixed in 80% ethanol at -20 ℃. The samples
were centrifuged for 5 min (800 r/min) and washed
with PBS, mixed into mono cell suspension and diluted
at 1:400 in PBS. The cells were treated with RNase for
30 min, resuspended in 10 μg/mL of PI and incubated
overnight at 4 ℃. Cellular fluorescence was measured by
FASort flow cytometry (Becton Dickinson, San Jose, CA,
USA). We collected the data by CELLQuest software and
analyzed the cell cycle by ModFit2.0.
Statistical analysis
Correlation analysis was made using the SPSS statistical
analysis software.

RESULTS
After being irradiated with 2-8 Gy, the micronucleus
frequency of HepG2, SMMC-7721, and HL-7702 was
related with radiation dosage. The relationship between the
micronucleus frequency of HepG2 and radiation dosage
was significant (P<0.05, Figure 1).
After being ir radiated with 2-8 Gy, a positive
relationship was observed between apoptosis incidence and
radiation dosages. The relationship between micronucleus
frequency of HepG2, SMMC-7721 and radiation dosage
was significant (P<0.01, Figure 2). But apoptosis incidence
was negatively related with micronucleus frequency.
After being irradiated with 2-8 Gy, the cell survival rate
of three cell lines was decreased (P<0.05, Tables 1 and 2).
After being ir radiated with 2-8 Gy, a positive
relationship was found between micronucleus frequency
and cell survival rate (P<0.01, Figure 3) .
The relationship between micronucleus frequency and
apoptosis of three cell lines was not significant (P>0.05).

DISCUSSION
Hepatocarcinoma is a common malignant tumor. Stereotactic
radiotherapy of hepatocarcinoma can achieve better
effects. Hepatocarcinoma cells may have corresponding
radiosensitivity.
Micronucleus is a product of abnormal mitosis and
consists of chromatosome fragments that cannot enter the

7038

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

2
0.45±0.08
0.72±0.05
0.79±0.02

HepG2
SMMC-7721
HL-7702

Radiation dose (Gy)
4
6
0.22±0.02
0.06±0.02
0.29±0.05
0.08±0.05
0.31±0.09
0.11±0.06

Survival (%)

100

8
0±0
0±0
0±0

HepG2
SMMC-7721
HL-7702

10

1
0

25
50
75
Micronuclei (%)

Volume 11

Number 44

Table 2 SF2 of three cell lines (mean±SD)

Table 1 Cell survival rate of three cell lines (mean±SD)
Cells

November 28, 2005

100

Figure 3 Relationship between micronucleus frequency and cell survival rate.
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radiation-resistant cells occurs due to apoptosis.
Masunaga et al.[10] showed that micronucleus frequency
and apoptosis incidence can predict radiosensitivity of
carcinoma cells. Our study confirmed that micronucleus
frequency was negatively related with apoptosis incidence
of three cell lines. Apoptosis resulted from cell damage.
The impaired cells express apoptosis or micronuclei. This
result supports that once apoptosis occurs, the cells lose
the segregating opportunity, thus affecting micronucleus
formation. Apoptosis may be an important factor affecting
micronucleus frequency.
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Abstract
AIM: To establish the cell survival curve for primary
hepatic carcinoma cells and to study the relationship
between SF 2 of primary hepatic carcinoma cells and
radiosensitivity.
METHODS: Hepatic carcinoma cells were cultured in
vitro using 39 samples of hepatic carcinoma at stages
II-IV. Twenty-nine samples were cultured successfully in
the fifth generation cells. After these cells were radiated
with different dosages, the cell survival ratio and SF2
were calculated by clonogenic assay and SF 2 model
respectively. The relationship between SF 2 and the
clinical pathological feature was analyzed.

RESULTS: Twenty-nine of thirty-nine samples were
successfully cultured. After X-ray radiation of the fifth
generation cells with 0, 2, 4, 6, 8 Gy, the cell survival
rate was 41%, 36.5%, 31.0%, 26.8%, and 19%,
respectively. There was a negative correlation between
cell survival and irradiation dosage (r = -0.973, P <0.05).
SF2 ranged 0.28-0.78 and correlated with the clinical
stage and pathological grade of hepatic carcinoma
(P <0.05). There was a positive correlation between SF2
and D0.5 (r = 0.773, P <0.05).
CONCLUSION: SF2 correlates with the clinical stage and
pathological grade of hepatic carcinoma and is a marker
for predicting the radiosensitivity of hepatic carcinomas.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Hepatocarcinoma; SF 2; Radiosensitivity;
D0.54
Liu ZZ, Huang WY, Lin JS, Li XS, Lan X, Cai XK, Liang KH,
Zhou HJ. Cell survival curve for primary hepatic carcinoma
cells and relationship between SF2 of hepatic carcinoma cells
and radiosensitivity. World J Gastroenterol 2005; 11(44):
7040-7043
http://www.wjgnet.com/1007-9327/11/7040.asp

INTRODUCTION
Hepatic carcinoma is the most common malignant tumors
in China. Radiotherapy is its main therapy. But owing
to the influence of radiosensitivity and other factors,
the effect of radiotherapy on hepatic carcinoma is not
obvious. About 40% of hepatic carcinoma patients do not
respond to radiotherapy.
The cell survival curve is a curve that describes the
relationship between radiation dose and survival cells.
In general, the proliferation ability of survival cells
decreases with the increasing of radiation dose. Detecting
the SF2 is a reliable index to predict the radiosensitivity of
tumors.
In this experiment, we used the primary cell culture and
the clone-formation technique to establish the reliable cell
survival curve for hepatic carcinoma. By application of the
multi-target click model and calculation of SF2, we studied
the relationship between SF2 and D0.5. The value of SF2
for the prediction of the prognosis of hepatic carcinoma
was evaluated.

MATERIALS AND METHODS
Source of samples
Thirty-nine fresh specimens were taken from hepatic
carcinoma patients at stages II-IV. All the patients had their
final diagnosis in Tongji Hospital and did not receive any
therapy. Their average age was 49.6 years (22-76 years).
All the cases were diagnosed by pathology. Twenty-four
specimens of hepatocellular carcinoma and 15 samples
of bile duct epithelial carcinoma were taken. Nine were
in stage IIB (23%), 25 in stage IIIB (64.1%) and 5
in stage IV (12.9%). The maximum diameter of local
carcinoma was <4 cm in 22 specimens (56.9%) and >4 cm
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in 17 specimens (43.1%). The specimens were put into
RPMI-1640 medium containing 25% fetal calf serum.

1

Reagents
RPMI-1640 medium, bovine trypsin (1:250), insulin, polylysine, and hydrocortisone were purchased from JingMei
Company, Shenzhen, China. Agarose was purchased from
DIFCO Company.

0.1

Irradiation condition
The specimens were irradiated by 6 MV X-ray at the doses
of 0, 2, 4, 6, and 8 Gy. The irradiation field was 10 cm
×10 cm. The source skin distance (SSD) was 100 cm. The
absorbed dose was 200 cGy/min. The culture bottle was
covered with 1.5-cm lucite plate.
Primary culture of hepatic carcinoma cells
The specimens were rinsed 2-3 times with PBS containing
streptomycin and penicillin. Blood, fibrous and necrosed
tissue were removed. Then a small quantity of PBS was
added and the tissue was cut into micro-blocks. The
micro-blocks of tissue and PBS were left in the plate
and incubated in a 50 mL/L CO2 incubator. The plate
was kept in inversion status for 4-6 h. The anchoring
condition of cells was observed under a microscope. If
the cells in the tissue were in good condition, RPMI-1640
medium containing 15-25% fetal calf serum was added.
The anchoring condition of cells was observed under a
microscope on the next day and poly-lysine was added.
The poly-lysine promoted the anchoring of cells. In order
to provide the cells a better growing condition, we could
also add some stimulation factors such as hydrogenated
cortadren (4 μg/mL) and insulin (4 μg/mL) on the third
and fourth culture days. The culture medium was changed
after 5 d, and then every 2-3 d. After incubation for about
14 d, the cultured cells were digested for future generation.
Clone formation rate of hepatic carcinoma cells detected
by soft agarose cloning technique[1]
The fifth generation of hepatic carcinoma cells in logarithmic
growth phase was digested by 0.25% trypsinogen and
counted. T hen the cells were inoculated into cell
suspension containing 35% soft agarose. According to the
irradiation dosage, the cell suspension was put into glass
plates. The culture medium was changed after irradiation
for about 12 h. The inoculated cells were divided into five
groups and irradiated, and then cultured for 10-14 h. The
surface culture medium of the plate was stained with
hematoxylin and observed under invert microscope and
the number of colonies was more than 50. The clone
formation rate (SF) after irradiation was assayed thrice to
obtain the mean value.
Drawing cell survival curve for hepatic carcinoma cells
Three petri dishes were selected from each dosage group
to obtain the mean value. O Gy group was used in every
experiment and the colony for mation rate (SF) was
calculated. On the basis of different dosage irradiation
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Figure 1 Survival curve of hepatic carcinoma cells.

and different incubation time, the cell number was used as
the ordinate and the irradiation dosage as the abscissa to
draw the growth curve for hepatic carcinoma cells. SF2 was
calculated by the formula [SF = 1-(1-e-D/Do)N] (the multitarget click model)[2].
Regression of hepatic carcinoma in vivo
The patients were examined once a week before and during
radiotherapy. The stage plate was used to measure the
size of carcinoma. The volume of tumor was calculated
to describe the volume-dosage curve and the dosage
decreasing tumor size of 50% (D0.5) was calculated.
Determination of colony formation
The fibroblasts were diffusely distributed in petri dishes
after the culture medium was changed before one week.
A small quantity of colony formation was also seen.
The cell distribution in the center of colony was close.
The surrounding cells were distributed outward. The cell
density decreased. Different cell colonies had different
sizes. Only a few cells could be seen in some new colonies.
After 14 d, the fibroblasts in petri dishes increased and
their diameter became bigger. The cell distribution in
the center of the colony was dense. The diameter of the
biggest colony was 8 mm.
Statistical analysis
Student’s t test was used for the statistical analysis using
SPSS 10.0.

RESULTS
After hepatic carcinoma tissue was primarily cultured
for about 14-20 d, primary cell culture technique was
established in 29 of 39 samples.
The survival curve was drawn after different dosage
irradiation of hepatic carcinoma cells. The hepatic carcinoma
cells were moderately radiosensitive cells (Figure 1).
The cell survival rate was 41%, 36.5%, 31.0%, 26.8%,
and 19%, respectively, after irradiated at the dose of 0, 2,
4, 6, and 8 Gy, respectively. The survival rate of hepatic
carcinoma cells had a significantly negative relationship
with the irradiation dosage (r = -0.973, P<0.05, Figure 2).
SF2 of hepatic carcinoma cells was 0.28-0.78, which
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Table 1 SF2 of hepatic carcinoma in different clinical stages and
pathological types

0.5
Survival rate (%)

November 28, 2005

0.4

Clinical

0.3
Pathology typing
Hepatocellular carcinoma
Bile duct epithelial carcinoma

0.2
0.1
0

8 Gy

6 Gy

4 Gy

2 Gy

stage

Ⅱb

Ⅲb

Ⅳ

0.28
0.41

0.47
0.57

0.61
0.78

0 Gy

Figure 2 Relationship between survival rate of hepatic carcinoma cells and
irradiation dosage.
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Figure 3 Relationship between the SF2 (A) and D0.5 (B) in different clinical stages and pathological typing.

was related with the clinical stage of hepatic carcinoma.
The more advanced the clinical stage was, the higher the
SF 2. SF 2 was also related with the pathological typing of
hepatic carcinoma. SF 2 of bile duct epithelial carcinoma
was higher than that of hepatocellular carcinoma (Table 1).
SF2 had a positive relationship with D0.5 (r = 0.773,
P<0.05). SF 2 in different clinical stages of hepatic
carcinoma was also related with D0.5. SF2 in different
pathological types of hepatic carcinoma was correlated with
D0.5 (Figures 3A and 3B).

DISCUSSION
The determination of radiosensitivity for tumor cells is an
important component of tumor radiobiology. The final
objective of tumor radiotherapy is to eradicate tumor.
But the objective of clinical radiotherapy is to prevent
tumor from growth and to eradicate the tumor. Based on
the definition of cell survival, the judge of radiotherapy
result is based on whether the cells proliferate or not.
The survived cells are the main factor for the failure of
radiotherapy[3].
Radiosensitivity of hepatic carcinoma cells is a main
factor influencing the prognosis of radiotherapy for
hepatic carcinoma. To predict the radiosensitivity of
hepatic carcinoma cells before and during the therapy,
individualization of reasonable and effective therapy is
always the direction of tumor investigation.
Primary tumor cell culture in vitro has some difficulties
such as longer time consumption, high cost, and easy

contamination. Based on the past experience, the chief
key point to the success of this technique is to draw the
materials from tissue because it is closely related with the
culture. Aseptic technique is one of the important factors
for the success of culture.
It was reported that radiosensitivity is different in
different hepatic carcinoma cells and that the local control
rate of hepatic carcinoma with its SF2 <0.55 is higher than
that with its SF2 >0.05[4,5]. SF2 is related with the staging
and pathological typing of tumor but not related with
the age of patients and the diameter of tumor. SF2 is also
correlated with pathological typing and clinical stage of
tumor. SF2 for hepatic carcinoma cells in different clinical
pathological typing and clinical stage has some differences.
It is due to the necessity for individualized treatment of
hepatic carcinoma in different clinical pathological typing
and clinical stages.
The reports regarding the relationship between SF2
and radiosensitivity have different conclusions. But most
experiments showed that SF2 is negatively related with cell
radiosensitivity[6]. SF2 can be used as a marker for predicting
the local control of head and neck tumor. It was reported
that SF2 can predict the reaction after radiotherapy[7]. SF2
is related with the clinical prognosis of tumor[8]. In our
study, SF2 was significantly related with the radiosensitivity
of hepatic carcinoma cells, suggesting that SF2 can reflect
the radiosensitivity of hepatic carcinoma cells.
In conclusion, SF2 is a reliable marker for predicting
the radiosensitivity of hepatic carcinoma cells before and
during the therapy.
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Abstract

INTRODUCTION

Schistosomiasis is a chronic worm infection caused
by a species of trematodes, the Schistosomes . We
may distinguish a urinary form from Schistosomes
haematobium and an intestinal-hepatosplenic form
mainly from Schistosomes mansoni characterized by
nausea, meteorism, abdominal pain, bloody diarrhea,
rectal tenesmus, and hepatosplenomegaly. These
infections represent a major health issue in Africa,
Asia, and South America, but recently S mansoni has
increased its prevalence in other continents, such
as Europe and North America, due to international
travelers and immigrants, with several diagnostic and
prevention problems. We report a case of a 24-yearold patient without HIV infection, originated from
Ghana, admitted for an afebrile dysenteric syndrome.
All microbiologic studies were negative and colonoscopy
revealed macroscopic lesions suggestive of a bowel
inflammatory chronic disease. Since symptoms became
worse, a therapy with mesalazine (2 g/d) was started,
depending on the results of a bowel biopsy, but without
any resolution. The therapy was stopped after 2 wk
when the following result was available: a diagnosis of
“intestinal schistosomiasis” was done (two Schistosoma
eggs were detected in the colonic mucosa) and this was
confirmed by the detection of Schistosoma eggs in the
feces. Therapy was therefore changed to praziquantel
(40 mg/kg, single dose), a specific anti-parasitic agent,
with complete recovery. Schistosomiasis shows some
peculiar difficulties in terms of differential diagnosis
from the bowel inflammatory chronic disease, as the
two disorders may show similar colonoscopic patterns.
Since this infection has recently increased its prevalence

Schistosomiasis or Bilharziasis is a chronic worm infection
caused by a species of trematodes, the Schistosomes, which
are blood flukes that parasitize the venous channels of
definitive human hosts. The infection is transmitted by
fresh-water snails. Based on their organ localization,
we may distinguish a urinary form from Schistosomes
haematobium, and an intestinal or hepatosplenic form
from Schistosomes mansoni, Schistosomes japonicum, Schistosomes
mekongi, and Schistosomes intercalatum[1,2].
S mansoni, a main agent of the intestinal form, is a
trematode which infects human beings more frequently
and also infects other primates too. Adult females of
S mansoni deposit the eggs in the small veins around
the large intestine of infected individuals. Some of
the eggs may be trapped in the gut wall or break loose
into it and are then eliminated by defecation. The eggs
trapped in the gut wall are responsible for inflammatory
and immunopathologic responses, leading to erythema,
edema, granulomas, ulcerations, hemorrhages, and fibrosis.
The infection is characterized by nausea, meteorism,
abdominal pain, bloody diarrhea, rectal tenesmus, and
hepatosplenomegaly[3,5].
Infection with S mansoni is still a major health issue
in Africa, Asia, and South America [6-10] , but recent
epidemiological studies showed that its prevalence
increases in Europe[11-15] and USA[16,17], due to international
travelers and immigrants. In our country, the presence
of acute S mansoni infection with progression to chronic
lesions has been reported in a group of Italian travelers
returning from Africa, showing both diagnostic and
preventive problems[18].
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Figure 3 Schistosoma mansoni isolated in feces.
Figure 1 Colonoscopy before (A) and after (B) therapy.

Figure 2 Schistosoma eggs detected in colonic mucosa.

Therefore, this infection was considered in the
differential diagnosis of our patient with gastrointestinal
symptoms. In particular, it is often hard to distinguish this
infection from the bowel inflammatory chronic disease,
since these two disorders may show similar colonoscopic
patterns[19,20]. However, the contemporary presence of the
two disorders (usually a chronic schistosomiasis precede
the inflammatory disease in the same patient) represents a
rare event[21,22].
We report a case of a 24-year-old patient without
HIV infection, living in our region who immigrated
from Ghana, and was admitted for an afebrile dysenteric
syndrome. All microbiologic studies were negative and
colonoscopy revealed macroscopic lesions suggestive of
a bowel inflammatory chronic disease, and then treated
with mesalazine, but without resolution. Further studies by
bowel biopsy and feces examination revealed a Schistosoma
infection, which was treated with praziquantel, a specific
anti-parasitic agent and had a complete recovery.

CASE REPORT
A 24-year-old non-HIV patient immigrated from Ghana
for economic reasons. He had pain in the left testicle 2
years ago and was hospitalized in his own country, where
he was wrongly diagnosed and was given an unknown
therapy. However, the pain occasionally recurred with
exacerbation after the therapy. The patient was admitted
to our hospital for diffuse abdominal pain with occasional
bloody diarrhea and vomiting. Hematologic laboratory tests
revealed no abnormalities; chest X-ray, and hepatosplenic
ultrasonography were normal. The patient had no signs
of distress but pain in epigastric and mesogastric regions.
Small lymph nodes were observed in the latero-cervix area.
All microbiologic studies were negative and colonoscopy
revealed macroscopic lesions suggestive of a bowel
inflammatory chronic disease reacutization (Figure 1A),

like ulcerative colitis or a Crohn’s disease. During the
colonoscopy, a bowel biopsy was done. Since symptoms
became worse, we started a therapy with mesalazine
(2 g/d), pending the results of the intestinal biopsy. One
week later, a second colonoscopy documented a minor
improvement in the endoscopic pattern and the therapy
with mesalazine was continued.
Two weeks later, the result of the bowel biopsy was
available but did not support a diagnosis of a bowel
inflammator y chronic disease, as sug gested by the
endoscopic patterns. The histopathological findings in
colonic biopsies were negative for a bowel inflammatory
chronic disease. Glands were regular in shape, with a
normal amount of cytoplasmic mucous and without
crypt abscesses. By contrast, the number of inflammatory
cells increased in the Lamina propria, mostly eosinophils.
These aspects, together with the clinical symptoms and
the nationality of the patient, suggested that a searching
for a parasitic infestation should be made. We were able to
detect two Schistosoma eggs in the colonic mucosa, both of
them were surrounded by a granuloma’s reaction (Figure 2).
Therefore, a diagnosis of “intestinal schistosomiasis” was
made and was confirmed by the detection of S mansoni eggs
in the feces (Figure 3).
On this basis, after two weeks, mesalazine was changed
to praziquantel (40 mg/kg, single dose). Three weeks
later, a third colonoscopy documented a significant
improvement (data not shown). Therefore, the therapy
with praziquantel was continued at the same dosage, and
further improvement of the colonoscopy pattern was
documented one month later (Figure 1B). Nothing was
found in the other laboratory or radiographic tests, except
of a weak plasma eosinophilia.

DISCUSSION
Schistosomiasis is an infectious disease, which affects more
than 200 million people worldwide. Since it is endemic in
at least three continents, Africa, Asia, and South America,
it represents the most important public health problem of
the tropical and sub-tropical areas[1,2]. In particular, Ghana
is one of the African countries where schistosomiasis
is more prevalent in both the urinary and intestinal
forms[23,24].
Since the transmission of schistosomiasis is linked to
the intermediate snail hosts, in the endemic countries the
disease is more prevalent in subjects whose skin is more
susceptible to contacts with water in rivers, lakes, swamps
or artificial irrigation systems. This may occur frequently
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in water-related activities of boatmen, fishermen, and rice
workers. The infection is also promoted by unsanitary
disposal of urine and feces and can occur in animals, such
as dogs and cows[3,4,25].
S mansoni, a main agent of the intestinal for m,
together with S japonicum, S mekongi, and S intercalatum, is
a trematode which parasitizes in human beings and also
in other primates. Schistosoma eggs, upon deposition in the
feces, mature in suitable environmental conditions (such
as fresh water), giving rise to its larval forms (miracidia).
These swimming forms reach and infect snails, species of
the genus Biomphalaria (intermediate hosts), and mature
in cercarie[26,27]. The cercarie are the infective forms for
human beings and come out from the snails under specific
conditions of light and temperature and infect men
through the skin. During penetration, the cercarie shake
off their tails and change into the next stage of the life
cycle, the schistosomula, that reach the lungs and the liver.
In the intrahepatic portal system, the worms complete
the sexual stages of their development. Then, the adult
females deposit the eggs in the small veins around the
large intestine. Some of the eggs may be trapped in the
gut wall or break loose into it and are then eliminated by
feces. The eggs trapped in the gut wall are responsible
for the inflammatory and immunopathologic responses,
leading to erythema, edema, granulomas, ulcerations,
hemorrhages, and fibrosis[28,29]. Regarding the pathogenesis
of the disease, recent studies have dramatically changed
the acknowledgment in this field. The T helper (Th)
CD4+/CD8- cells, derived from hepatic granulomas of
infected mice, may produce cytokines such as interleukin-2,
interleukin-4, interferon- γ , with a type Th0 immunomediate response. After a longer period of infection, the
murine models could show a type Th2 response[30-33].
The symptoms of our patient included nausea,
meteorism, abdominal pain, bloody diarrhea, rectal tenesmus,
and hepatosplenomegaly, which are consistent with those
already reported[5]. The case showed some difficulties in
terms of differential diagnosis of a chronic inflammatory
bowel disease, since anatomical pathologic reports, in
relation to the immediate endoscopic evidence, were not
available.
Previous studies stated that colonoscopic findings
are suggestive of schistosomiasis in about 45.3% of
patients, but S mansoni eggs in feces are detectable in only
11.1% of the patients with colonic biopsies positive for
S mansoni[34,35]. Endoscopic findings may not be typical
and it is often hard to distinguish Schistosoma infection
from a chronic inflammatory bowel disease, since these
two disorders may show similar patterns, as shown in our
patient[19,20].
Moreover, cystoscopy or rectosigmoidal endoscopy
may be useful. In our case, the first probable diagnosis of
bowel schistosomiasis was made by the detection of two
Schistosoma eggs in the colonic mucosa, surrounded by a
granuloma’s reaction. During the disease’s acute phase,
the histological examination may show the presence of
eggs on the ulcerated lesions as well as polyps-like forms
on the bowel mucosa[36,37]. However, these aspects may
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be macroscopically and microscopically evocative of
other disorders, such as chronic inflammatory bowel
disease and infective colitis [38,39]. Therefore, diagnosis
of schistosomiasis can be made by urine and feces
examination and isolation of the agent.
When the correct diagnosis is made, the complete
recovery of the patient can be achieved using a specific
anti-parasitic therapy with praziquantel[40,41]. The intimate
relationship between human beings and infected water
leads to schistosomiasis elevated prevalence. Elimination
of the inter mediate hosts and avoiding the contact
with infected water sources are the measures to prevent
schistosomiasis[42]. For the treatment, current drugs include
praziquantel, metriphonate[43], and oxamniquine[44].
We reported in this paper a case of an unsuspicious
schistosomiasis, initially treated with mesalazine, for its
peculiar difficulties in terms of differential diagnosis
from a chronic inflammatory bowel disease. We suggest
that the detection of the Schistosoma eggs in feces should
always anticipate the colonoscopy examination. Since
the prevalence of schistosomiasis has been increasing
in Europe and USA, due to international travelers and
immigrants[16-18,45], schistosomiasis should be considered in
the differential diagnosis of patients with gastrointestinal
symptoms.
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Abstract
Plummer-Vinson syndrome (sideropenic dysphagia) is
characterized by dysphagia due to an upper esophageal
or hypopharyngeal web in patients with chronic iron
deficiency anemia. The main cause of dysphagia is
the presence of the web in the cervical esophagus,
and abnormal motility of the pharynx or esophagus is
also found to play a significant role in this condition.
This syndrome is thought to be precancerous because
squamous cell carcinoma of hypopharynx, oral cavity
or esophagus takes place in 10% of those patients
suffering from this malady, but it is even more unusual
that Plummer-Vinson syndrome should be accompanied
by gastric cancer. We have reported here a case of a
43-year-old woman with Plummer-Vinson syndrome who
developed stomach cancer and recovered after a radical
total gastrectomy with D2 nodal dissection.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Plummer-Vinson syndrome is characterized by dysphagia
due to upper esophageal or hypopharyngeal web in
patients with chronic iron deficiency anemia[1,2]. It is also
combined with iron deficiency anemia, mucosal lesion of
oral cavity or pharynx. This syndrome has been reported
since 1893 in various literatures describing its specific
symptoms. In 1926, Sir Arthur Hurst designated this

symptom complex as Plummer-Vinson syndrome[1]. This
syndrome is also referred to as Paterson-Kelly syndrome
or sideropenic dysphagia. The main cause of dysphagia is
the presence of a web in the cervical esophagus, and the
abnormal motility of pharynx or esophagus is also found
to play a significant role in the above causes[1,2]. It is well
known that this syndrome is associated with an increased
incidence of hypopharyngeal or cervical esophageal
cancer. However, it is even more unusual that this
syndrome is combined with gastric cancer[3]. So, we have
reported a case of a 43-year-old woman who was initially
diagnosed as Plummer-Vinson syndrome 2 years ago, and
recently developed stomach cancer, which was managed
successfully by surgery.

CASE REPORT
A 43-year-old woman was admitted to our hospital with
symptoms of nausea, dysphagia and general weakness.
She was diagnosed as Plummer-Vinson syndrome in April
2002, and has been managed conservatively on routine
follow-ups. In August 2003, her nausea and dysphagia
were aggravated. Her past history and family history
were not specific. On admission, she complained about
general weakness, mild abdominal pain and vomiting.
The blood pressure was 0.247 kPa, pulse rate 90 bpm and
body temperature 36.4 °C. The laboratory findings were
consistent with microcystic, hypochronic iron deficiency
anemia with 62 g/L hemoglobin, 22.2% hematocrit, 76.8
fL MCV, 21.5 pg MCH, 279 g/L MCHC, 325 000/μL
platelet, 46 μg/dL serum iron, 271 μg/dL total iron
binding capacity (TIBC), and 11.33 ng/mL serum ferritin.
Urine analysis, serum liver function test (LFT), and serum
electrolytes were unremarkable.
A gastrointestinal radiographic series indicated a linear
filling defect (1.5 cm length) in the upper esophagus,
which suggested an esophageal web (Figure 1). Contrastenhanced abdominal CT scan showed diffuse irregular
wall thickening with multiple calcifications at the body
and antrum of the stomach. The CT scan also showed
lymph node enlargement in the perigastric area and a mild
enlargement of the spleen (Figure 2).
Esophagogastroduodenoscopic findings showed a web
at 16 cm from the incisors. Upon endoscopic procedure
for esophageal bougienage, we found a lesion at the cardia
suspecting gastric cancer involving the upper body and
the esophagogastric junction. Endoscopic biopsy proved
to be a poorly differentiated adenocarcinoma. On surgical
exploration, the serosa of the stomach was not invaded
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Figure 1 Esophagography showing a linear filling defect (1.5 cm length) at the
upper esophagus, suggesting esophageal web.

10 cm

Figure 2 Contrast-enhanced abdominal CT scan showing diffuse irregular wall
thickness with multiple calcifications at the body and antrum of the stomach.

macroscopically by cancer, but hilar lymph nodes of the
spleen were grossly enlarged, suspecting tumor metastasis. The
patient underwent a radical total gastrectomy with D2 nodal
dissection. The spleen was taken out along with lymph node
#10 and lymph node #11 d. No transfusion was required
during and after the surgery. Excised surgical specimen
demonstrated that the tumor size was 22 cm×18 cm, and
both resection margins were tumor-free. The lesion was
histologically confirmed as mucinous adenocarcinoma,
Borrmann type IV, and it had infiltrated into the serosa with
nodal metastasis of 33 out of 62 nodes. The TMN stage
was T3N3M0 (Stage IV) (Figure 3). Iron supplemented
soft diet was commenced on the 6th postoperative day.
Peripheral blood findings improved within 2 wk after
the surgery: 87 g/L hemoglobin, 28.5% hematocrit,
81.9 fL MCV, 25.0 pg MCH, 30.5 g/dL MCHC, and 1
186 000/μL platelets. The patient was discharged on
the 19th postoperative day with no remarkable surgical
complications except a mild nausea and surgical wound
discomfort.

DISCUSSION
Plummer-Vinson syndrome, also known as Paterson-Kelly
syndrome or sideropenic dysphagia[1], is characterized by
dysphagia, iron deficiency anemia, and mucosal lesion of
the oral cavity or pharynx. In 1893, Blackenstein reported
a case with anemia, spasmodic stenosis of cer vical

20

Figure 3 Macroscopic appearance of resected stomach showing a diffuse large
Borrmann type 4 cancer in the whole body and cardia.

esophagus and dysphagia [1] . The patient’s symptoms
were improved by endoscopic bougienage. In 1911, an
another case with dysphagia due to upper esophageal web
was reported, which was also alleviated by endoscopic
bougienage. In 1912, Plummer [2] also reported cases
with upper esophageal rigidity that the patients had iron
deficiency anemia and splenomegaly. In 1922, Vinson
named a series of patients with dysphagia, anemia, and
splenomegaly as hysterical dysphagia [1] . In 1926, Sir
Arthur Hurst designated similar cases of the syndrome as
Plummer-Vinson syndrome[1].
The incidence of the Plummer-Vinson syndrome has
recently decreased because of nutritional improvement,
advanced health care, a decreased incidence of pregnancy
and improved care programs for pregnant women.
Moreover, this syndrome is now thought to be associated
with the deficient intake of vitamins and iron [1,3,4] .
Most patients are women aged over 40 years, and this
group accounts for 75% in number [5,6]. The syndrome
is usually asymptomatic, but the patients sometimes
develop dysphagia, weight loss, and weakness. Other
symptoms may include nail deformation of the hand
and foot, cheilosis, atrophic glossitis, early loss of teeth,
conjunctivitis, dermatitis seborrheica, hyperkeratosis,
keratitis, blepharitis, visual disturbances and 30% of
cases accompany splenomegaly[1]. The diagnosis of upper
esophageal web is confirmed by radiologic methods or
endoscopy. The radiologic method, however, is more
suitable because endoscopy can sometimes miss the
point of benign stricture, and does not verify most of the
motility disorders[7]. On esophagography, the web is usually
detected at the upper esophagus below the cricoid by
showing a thin membrane across esophagus[8]. Pathologic
finding of upper esophageal web shows hypertrophy or
atrophy of squamous cells and it is sometimes combined
with chronic inflammation[1].
Plummer-Vinson syndrome is known to be associated
with an increased risk of upper alimentary tract cancers,
and the incidence rate of upper esophageal cancer in this
syndrome is 3-15%[6]. In Sweden, the incidence of upper
alimentary tract cancer and hypopharyngeal cancer in
Plummer-Vinson syndrome is decreasing along with that
of the syndrome itself[3]. However, it is more unusual for
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this syndrome to be accompanied by gastric cancer. Only
two cases were reported in the literature, in which gastric
cancer developed in the lower portion of the stomach[9,10].
In our case, the gastric cancer developed in the upper
portion of the stomach involving esophagogastric
junction.
It is not clear why Plummer-Vinson syndrome
can exceptionally be associated with stomach cancer.
However, it is widely accepted that atrophic mucosal
change of alimentary tract due to iron deficiency anemia
may lead to cancer development of the upper esophagus
or hypopharynx. Therefore, careful examinations of
hypopharynx, upper esophagus and stomach are of crucial
importance for early detection of cancer development in
this syndrome.
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Abstract
Studies reported that there is a close relationship
between hepatocellular carcinoma (HCC) and testis
carcinoma. Both tumors can be presented as synchronal
tumors, or as testicular metastases of HCC or as
[7]
hepatic metastases of testicular tumor . HCC is one
of the most common malignancies worldwide and the
[8]
incidence of HCC increases with age . The relationship
between hepatitis B incidence and HCC rates is also
well recognized. Alpha fetoprotein (AFP) is produced
by 70% of HCC. Though a level of AFP >400 ng/mL is
diagnostic for HCC, in the presence of active hepatitis
B infection, the cut-off level should be considered to be
at least 1 000-4 000 ng/mL. Like HCC, germ cell tumors
of the testis also release AFP; but it is shown that some
[10]
of Sertoli cell tumors of testis can also release AFP .
Herein we have reported about the first case of HCC
in the literature which is presented concomitantly with
Sertoli-Leydig tumor of testis, leading to extremely high
level of AFP in a 21-year-old man.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Studies have reported that there is a close relationship
between hepatocellular carcinoma (HCC) and testis
carcinoma. Both tumors can be presented as synchronal

tumors[1,2], or as testicular metastases of HCC[3-5] or as
hepatic metastases of testicular tumor[6,7].
HCC is one of the most common malignancies
worldwide and the incidence of HCC increases with age[8].
Alpha fetoprotein (AFP) is produced by 70% of HCC.
Like HCC, germ cell tumors of the testis also release
AFP[9]; but it is shown that some of Sertoli cell tumors
of testis can also release AFP[10]. Herein we have reported
the first case of HCC in the literature which is presented
concomitantly with Sertoli-Leydig tumor of testis, leading
to extremely high level of AFP in a 21-year-old man.

CASE REPORT
A 21-year-old man was admitted to our clinic in May
2002, with complaints of fatigue, nausea, vomiting,
abdominal distention and weight loss. The patient was
well before two months. His mother died of cirrhosis due
to hepatitis B. His two sisters were HBsAg seropositive.
On physical examination minimal ascites was detected
and the abdomen was tender on palpation. The liver was
palpated under the rib margin as 10 cm and was also
tender. The spleen was palpated as 6 cm. Other systems
were normal on examination. On admission, laboratory
tests performed reported ALT: 64 IU/L (0-41), AST:
44 IU/L (0-37), fasting plasma glucose: 94 mg/dL,
urea: 21 mg/dL, serum creatinine: 0.65 mg/dL, LDH:
500 IU/mL (240-480), GGT: 161 U/L (0-49), ALP:
372 U/L, T prot: 67 g/L, alb: 36 g/L, glob: 31 g/L, D
bil: 0.76 mg/dL, I bil: 1.09 mg/dL, total cholesterol:
463 mg/dL, triglyceride: 130 mg/dL, LDL: 413 mg/dL,
HDL: 24 mg/dL, VLDL: 38.2 mg/dL, Na: 138 mmol/L,
K: 3.9 mmol/L, Ca: 9.4 mmol/L, Fe: 43 μg/dL, total iron
binding capacity: 396 μ g/dL, hemoglobin:11.5 g/dL,
hematocrit: 34.8%, white blood cell: 2 700, platelet: 215 000,
MCV: 83 fL, erythrocyte sedimentation rate: 12 mm/h.
Markers of viral hepatitis were HBsAg (+), antiHBs (-),
antiHCV -), HbeAg (-), antiHBe (-).
On ultrasonographic examination, the liver was
heterogenous and there were multiple hypodense lesions
in the right and left liver lobes. Thromboses were seen
in both hepatic and portal veins in Doppler ultrasound.
The AFP level was 5 181 000/mL (0-10) and betaHCG was 0.5 mIU/mL (normal range: 5-10 mIU/mL).
Computerized abdominal tomography showed that the
craniocaudal sizes of the liver and spleen were 25 and 22 cm
respectively. The liver margin was irregular, the right and
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left lobes of the liver contained multiple hypodense lesions
resembling metastasis or primary HCC. A liver biopsy was
done to identify the hypodense lesions of the liver. Diffuse
fibrosis and HCC were reported from the histopathological
examination. Hepatocytes were positive for keratin and
AFP, but negative for vimentin. Because of the young age
of the patient, the presence of multiple hepatic hypodense
lesions resembling metastasis and the extremely high
AFP level, an examination of the testis was also done to
exclude a testicular tumor. Physical examination of the
testis revealed a painless mass on the left testis. Ultrasound
sonog raphy showed a hypoechoic lesion (19 mm×
18 mm×17 mm in size) in the left testis. High inguinal
orchiectomy was performed. The tumor within the testis
was histopathologically diagnosed as Sertoli cell testis
tumor. Leydig cells were negative for keratin but positive
for vimentin. Finally, the patient who had primary HCC
and primary Sertoli cell tumor of the testis (two primary
tumors concomitantly presented) was referred to the
oncology clinic for further evaluation and therapy.

DISCUSSION
HCC is one of the commonest malignant diseases in
the world and the majority of cases of HCC arise in
individuals with chronic hepatitis B or C virus infections[11].
All ages can be affected by HCC. The mean age at
diagnosis is 53 years in Asia and 62 years in the United
States. Recently, an analysis of 76 HCC cases investigated
by Butt et al.[8] showed that the mean age is 52.2±11.3 years
and the mean AFP level is 142±155 ng/mL. In contrary,
our patient was very young and the AFP level was very
high. Transmission of hepatitis B virus from his mother at
the very early time of his life might be the cause of HCC
development at the very young age.
AFP continues to be the best marker for early diagnosis
of HCC. In adults the value of AFP up to 20 ng/mL is
considered to be normal. Patients with hepatitis B virusrelated cirrhosis having AFP level greater than 100 ng/mL
are in the very high risk group for HCC. The AFP level
usually correlates with tumor size[12]. Thus, the very high
level of AFP in our patient may be due to the large tumor
size, which was multifocal in both lobes of the liver.
Extremely high AFP levels are found in endodermal
sinus tumors (yolk sac tumors) also[13]. Such neoplasms
occur in testis, ovary and extragonadal sites. Typically they
occur in young subjects. Hence we also examined the
testis in our patient and performed orchiectomy after we
palpated a testicular mass. The histopathological result was
a Sertoli cell tumor of the testis, which was a testicular
gonadal stromal tumor. Sertoli cell tumor (SCT) is very
rare among testis tumors accounting for lower than 1%
of primary testicular neoplasms. It is subclassified into
three groups: classic, large cell calcifying (LCCSCT), and
sclerosing. Most SCTs are benign, metastases are the only
reliable indicator of malignancy, occurring in lower than
10% of cases. The most common sites for metastatic
spread are retroperitoneal lymph nodes, lungs, liver,
and bone. LCCSCT and sclerosing SCT have minimal
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metastatic potential[14].
The risk for liver cancer is very high in cirrhotic
liver. There is also evidence that the risk for extrahepatic
cancers increases in patients with cirrhosis. The reason
of the increased extrahepatic malignancy risk in cirrhosis
is not clear but may be due to many abnor mal and
metabolic alterations in cirrhosis like hyperestrogenism,
alterations in metabolism of lipid and water-soluble drugs
and other chemicals, alterations in immune functions
and risk of infections in cirrhosis[15]. In this cohort study,
Sorensen et al.[15] also reported that the occurrence of liver
cancer, tobacco- and alcohol-related cancers, testicular
cancer, stomach and colon cancer is significantly higher
in cirrhosis than expected. This study may explain two
primary cancers in our young patient which were thought
to be cirrhotic due to chronic hepatitis B infection.
Though our case was in a state of decompensated liver
failure, he had hypercholesterolemia which was parallel to
the change in serum AFP. Hwang et al.[16] also observed that
HCC patients with hypercholesterolemia have significantly
higher mean serum levels of albumin, triglyceride, and
AFP compared with age-sex-tumor volume-matched HCC
patients without hypercholesterolemia. It was reported that
11% of HCC patients have hypercholesterolemia, which
can be explained by the possible result from the absence
of dietary cholesterol suppression feedback regulation in
the damaged liver[17].
In conclusion, this case is an example showing the
increased risk of hepatic and extrahepatic tumors in
cirrhosis. In the presence of HCC in a cirrhotic patient,
there might be multiple primary cancers. The possibility of
second primary malignancy in a patient with HCC should
be kept in mind especially when a very high level of AFP
is encountered and this second primary malignancy may be
a kind of a very rare tumor. However, the co-existence of
HCC and testis tumor is very rare. As far as we know, this
is the first case report showing the co-existence of HCC
and SCT in a young boy presented with an extremely high
level of AFP.
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Abstract
Mast cell (MC) is so widely recognized as a critical
effector in allergic disorders that it can be difficult to
think of MC in any other context. Indeed, MCs are
multifunctional and recently shown that MCs can also
act as antigen presenters as well as effector elements
of human immune system. First observations of their
possible role as anti-tumor cells in peri- or intra-tumoral
tissue were mentioned five decades ago and a high
content of MCs is considered as a favorable prognosis,
consistent with this study. Believers of this hypothesis
assumed them to be inhibitors of tumor development
through their pro-apoptotic and -necrolytic granules e.g.,
granzymes and TNF-α. However, some still postulate
them to be enhancers of tumor development through
their effects on angiogenesis due to mostly tryptase.
There are also some data suggesting increased MC
density causes tumor development and indicates bad
prognosis. Furthermore, since MC-associated mediators
have shown to influence various aspects of tumor
biology, the net effect of MCs on the development/
progression of tumors has been difficult to evaluate. For
instance, chymase induces apoptosis in targets; yet,
tryptase, another MC protease, is a well-known mitogen.
MCs with these various enzyme expression patterns may
mediate different functions and the predominant MC
type in tissues may be determined by the environmental
needs. The coexistence of tryptase-expressing MCs
(MCT) and chymase and tryptase-expressing MCs (MCTC)
in physiological conditions reflects a naturally occurring
balance that contributes to tissue homeostasis. We have
recently discussed the role and relevance of MC serine
proteases in different bone marrow diseases.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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LETTER TO THE EDITOR
I read the article by Tan et al. [1] describing `prognostic
significance of cell infiltrations of immunosurveillance
in colorectal cancer with great interest. My interest in this
study is that we have recently demonstrated human mast
cell (MC) mediated cytotoxicity against different human
leukemia and lymphoma tumor cells in vitro[2-4]. Our in vitro
results seem to support their study conclusion of MC
cytotoxicity against tumor cells that might contribute to
immunosurveillance in vivo. The genuine role of MC in
tumor stroma has been a very controversial topic for the
past five decades and needs still further clarification. Here,
I have discussed further primarily the anti-tumor effects of
MC in the light of recent literature and our findings.
MC is so widely recognized as a critical effector in
allergic disorders that it can be difficult to think of MC in
any other context. Indeed, MCs are multifunctional and
recently shown that MCs can also act as antigen presenters
as well as effector elements of human immune system.
First observations of their possible role as anti-tumor
cells in peri- or intra-tumoral tissue were mentioned five
decades ago and a high content of MCs is considered
as a favorable prognosis, consistent with this study[1,5,6].
Believers of this hypothesis assumed them to be inhibitors
of tumor development through their pro-apoptotic and
-necrolytic granules e.g. granzymes and TNF-α. However,
some still postulate them to be enhancers of tumor
development through their effects on angiogenesis due
to mostly tryptase. There are also some data suggesting
that increased MC density causes tumor development and
indicates bad prognosis[7,8]. MCs with these various enzyme
expression patterns may mediate different functions and
the predominant MC type in tissues may be determined
by the environmental needs. Furthermore, since MCassociated mediators have shown to influence various
aspects of tumor biology, the net effect of MCs on the
development/progression of tumors has been difficult
to evaluate. For instance, chymase induces apoptosis
in targets; yet, tryptase, another MC protease, is a wellknown mitogen. We have recently discussed the role and
relevance of MC serine proteases in different bone marrow
diseases[9]. The coexistence of tryptase-expressing MCs
(MCT) and chymase and tryptase-expressing MCs (MCTC)
in physiological conditions reflects a naturally occurring
balance that contributes to tissue homeostasis.
In the past two decades, it was believed that murine
MC has natural cytotoxicity in the long term (>24 h)
against murine tumor cells (WEHI-164, L929, etc.) by
different mechanisms e.g. TNF-α dependent and nonTNF-α dependent[10]. Recent studies suggested that MC
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can kill targets through degranulation of serine proteases, cathepsin G, leukotrienes and NO. Lately, MCs have
been shown to contain granzyme B[11] and express Fas
ligand[12], which are the most important components of
cell mediated cytotoxicity. Chymase was also demonstrated
to induce apoptosis in neonatal rat cardiomyocytes and human vascular smooth muscle cells[13]. Thus, MC mediated
cytotoxicity seems to be operated by at least 2 pathways: by
secretory pathways via exocytosis of granules containing
serine proteases such as granzymes, chymase and soluble
TNF-α; and nonsecretory (cell-to-cell contact) pathways
via membranous TNF-α and FasL. We are the first to
show human MC cytotoxicity against NK-sensitive/resistant human leukemia/lymphoma cells in short and long
term by our established flow cytometric method[2-4]. Our
studies suggested that increased chymase content of MCs
in long-term culture could have played a role to mediate
cytotoxicity.
Tan et al. demonstrated in this study that both MCT
and MCTC may equally proliferate or infiltrate in colorectal
cancer similar to hepatocellular carcinoma and intrahepatic
cholangiocarcinoma, consistent with some earlier
literature[14]. In contrast to these reports, in some malignant
lesions, MC T`s were found to be concentrated at the
tumor edge, i.e., the “invasion zone,” whereas MCTCs were
not increased in this area[15-17]. For instance, a significant
increase of MCT phenotype was observed in the invasive
carcinoma of the cervix throughout the different stages
of malignant transformation. Furthermore, an abundant
MCT (but not MCTC) increase was detected infiltrating the
tumors in sections of invasive carcinoma although the
number of MCT was shown to be similar to that of MCTC
in benign lesions. Malignant tumors had 2 to 3 times more
MCT than MCTC and the number of MCT was noted to be
significantly higher in malignant than benign lesions.
Our studies and past literature review suggest that
increase of MC density in tumor stroma is as important
as the phenotypic change[18,19] causing predominance of
one phenotype. Consistent with this study, if chymase
containing MCs (MCTC/MCC) were dominant over MCT
in tumor stroma, this would usually be predictor of
good prognosis such as in localized bronchioloalveolar
carcinoma[20] and human renal tumors[21]. In contrast to
this opinion, there are a few data suggesting that MCTC/
MC C are related to a bad prognosis e.g. lip and some
gastrointestinal cancers[22,23]. Nevertheless, overall chymase
content of granules in MCs as well as timing of biopsy and
other factors could be also important in these exceptional
cases. If MC T`s were dominant over MC CT/MC C, this
would be a bad prognostic factor such as in cervix cancer,
B-cell non-Hodgkin’s lymphoma and others[24,25]. Mounting
evidence certainly indicates that MCs accumulate around
the tumors and could either promote or inhibit tumor
growth depending on the local stromal conditions [26].
These findings overall emphasize the role of MCT type in
the tumor development rather than chymase containing
MCs (MCC and/or MCCT) but this requires further studies
and clarification. My personal conclusion is that inhibitory
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or proliferative effects of MCs depend on multiple
interactions among MC, tumor type and the environment.
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TO THE EDITOR
We read with great interest the article by XP et al.[1] They
reported the results of their experience with transcatheter
ar terial chemoembolization (TACE) and systemic
chemotherapy for forty-five patients with liver metastases
from breast cancer and evaluate the prognostic factors.
In their study, the response and sur vival rates were
significantly better in TACE group than in chemotherapy
group. The lymph node status of the primary cancer, the
clinical stage of liver metastases, the Child-Pugh grade, loss
of weight were found to be significantly associated with
survival in both univariate and multivariate and analyses.
However, they did not mention hormone receptor status
of the patients that might have an effect on the survival
rate. Elias et al.[2] in their study evaluated 54 breast cancer
patients with liver metastases as the sole site of metastatic
disease (except for bone metastases in 3 patients) that
underwent hepatectomy. They showed that the only factor
influencing survival in both the univariate and multivariate
analyses was the hormone receptor status (P = 0.03),
and the relative risk of death increased by 3.5-fold when
hormone receptor was negative. Moreover, Mack et al [3]

reported excellent local tumor control and survival rates
achieved by laser induced interstitial thermotherapy (LITT)
in breast cancer patients with liver metastases. Regarding
the prognostic and predictive factors related to primary
tumor, they found no statistically significant difference in
terms of mean survival between the patients with N0-N1
lymph nodes and N2-N3 lymph nodes. However, they
found that the hormone receptor status is a significant
(P<0.05) prognostic factor on both mean and median
survival. The mean survival in patients with positive
hormone receptor status was 5.5 years (95%CI: 4.8-6.3
years, median survival 4.7 years) starting the calculation at
the date of diagnosis of the metastases treated with LITT.
The mean survival in patients with negative hormone
receptor status was 3.7 years (95%CI: 2.8-4.6 years, median
survival 5.1 years)[4].
In the light of the above infor mation, hor mone
receptor status of primary tumor should also be evaluated
as a prognostic factor in patients with breast cancer
and liver metastases treated with TACE and systemic
chemotherapy.
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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 μM
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 μmol/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
μmol
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

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

*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

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

73

Ecoli

E.coli

74
75
76
77

Hp
Iga
igA
-70 kDa

H pylori
Iga
IgA
~70 ku

#

3

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
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 ex
pression.
writing form of genes
writing form of proteins

