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Abstract

Primary biliary cirrhosis (PBC) is usually diagnosed by
the presence of characteristic histopathological features
of the liver and/or antimitochondrial antibodies (AMA) in
the serum traditionally detected by immunofluorescence.
Recently, new and more accurate serological assays
for the detection of AMA, such as enzyme-linked
immunosorbent assay (ELISA), immunoblotting, and
enzyme inhibition assay, have been developed. Of these,
the enzyme inhibition assay for the detection of antipyruvate dehydrogenase complex (PDC) antibodies
offers certain advantages such as objectivity, rapidity,
simplicity, and low cost. Since this assay has almost
100% specificity, it may have particular applicability
in screening the at-risk segment of the population in
developing countries. Moreover, this assay could be also
used for monitoring the disease course in PBC. Almost
all sera of PBC-suspected patients can be confirmed
for PBC or non-PBC by the combination results of
immunoblotting and enzyme inhibition assay without
histopathological examination. For the development of
a “complete” or "gold standard" diagnostic assay for
PBC, similar assays of the enzyme inhibition for anti2-oxoglutarate dehydrogenase complex (OGDC) and
anti-branched chain oxo-acid dehydrogenase complex
(BCOADC) antibodies will be needed in future.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Primary biliary cirrhosis (PBC) is a chronic autoimmune
cholestatic liver disease characterized by the destruction
of small and medium-sized bile ducts and the presence
of antimitochondrial antibodies (AMA) in the serum
traditionally detected by immunofluorescence [1,2]. The
"gold standard" procedure for the diagnosis of PBC is
histopathological examination of liver tissue. However, the
characteristic histopathological changes of PBC are not
always evident in biopsy specimens. Therefore, serological
examination such as AMA is useful for the diagnosis of
PBC because this is non-invasive and therefore can be
repeated throughout the course of the disease. The major
mitochondrial autoantigens recognized in the sera of
PBC patients are members of 2-oxo-acid dehydrogenase
complex (2-OADC) family, including E2 subunit of
pyruvate dehydrogenase complex (PDC-E2), E2 subunit
of branched chain oxo-acid dehydrogenase complex
(BCOADC-E2), and E2 subunit of 2-oxoglutarate
dehydrogenase complex (OGDC-E2)[1,3]. Unfortunately,
however, there is so far no "gold standard" assay (i.e., with
100% sensitivity and 100% specificity) for the detection of
AMA in PBC.
PBC is present among various ethnic and racial
populations, but its incidence and prevalence varies quite
widely, from the highest among Northern European
populations to vanishingly low in certain parts of Asia[3].
This difference may be due, at least in part, to the
diagnostic awareness of physicians for asymptomatic cases.
Therefore, reliable and easy-to-use tool for screening PBC
in general population is needed.
Serological assays for the detection of AMA
AMA is one of the most diagnostically useful of all
autoimmune markers, since both the sensitivity and
specificity for the diagnosis of PBC are acceptably high[1].
Indirect immunofluorescence assay using either Hep-2
cells or mouse kidney/stomach sections as the substrate
and enzyme-linked immunosorbent assay (ELISA)
using semipurified PDC as the antigen source are now
widely used in clinical laboratories. Traditional indirect
immunofluorescence assay has high sensitivity, and can
detect reactivity to all 2-OADC enzymes. However, this
assay is non-automated and labor-intensive, and the
"readout" is subjective. The reactivity of serum with
mitochondrial antigens other than PBC specific 2-OADC
enzymes and nonspecific staining or high background
could influence its specificity and sensitivity [3] . The
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sensitivity, specificity, positive predictive value, negative
predictive value, and accuracy determined in our previous
study were 89%, 99%, 98%, 94%, and 95%, respectively[4].
Recently, new and more accurate serological assays
for the detection of anti-2-OADC, such as ELISA,
immunoblotting, and enzyme inhibition assay, has been
developed. ELISA can detect more precisely the reactivity
to a single 2-OADC enzyme in each run, and is nonsubjective readout. Recently, more sensitive ELISAs
using PDC-E2, BCOADC-E2 and OGDC-E2 as coating
antigens have been developed [5-8] . In ELISA using
commercially available MESACUP-2 Test Mitochondria
M2 kit (Medical & Biological Laboratories Co., Nagoya,
Japan), the sensitivity, specificity, positive predictive value,
negative predictive value, and accuracy are 90%, 98%,
95%, 96%, and 94%, respectively[9]. Immunoblotting has
been reported to have almost 100% sensitivity, and can
detect individual reactivity to 2-OADC enzymes [10,11].
In our immunoblotting assay condition, the sensitivity,
specificity, positive predictive value, negative predictive
value, and accuracy were 99%, 86%, 89%, 99%, and 93%,
respectively [11]. However, this assay is labor intensive,
and can only be performed in specialized laboratories.
Moreover, its specificity has not been well established[12].
The enzyme inhibition assay, which measures the capacity
of PBC sera to inhibit the catalytic activity of PDC, is
non-subjective compared to immunofluorescence, is more
rapid and technically simpler than immunoblotting and
ELISA. This assay has almost 100% specificity[6,13-16], but
the sensitivity has been reported to be around 80%[6,15,16].
This lower sensitivity can be explained by the fact that
this assay does not detect the inhibitory activity of sera to
2-OADC enzymes other than PDC, such as BCOADC or
OGDC.
Enzyme inhibition assay
A striking property of AMA in PBC sera is their capacity
to rapidly inactivate the catalytic function of 2-OADC
in vitro[17]. Enzyme inhibition assay has been utilized to
demonstrate a population of autoantibodies in PBC
sera that inhibit enzyme function, and a miniaturized
semiautomated enzyme inhibition assay was developed for
the detection of anti-PDC antibodies in PBC in 1991[18]
(Figure 1). Several subsequent studies have assessed its
objectivity, rapidity, simplicity, and costeffectiveness,
by comparing these parameters to other assays such as
immunofluorescence, ELISA, and immunoblotting[13,15].
Immunoblotting might be the most expensive, and enzyme
inhibition assay might have most cost-effectiveness in
many countries. Recently, an automated enzyme inhibition
assay kit, TRACE enzymatic mitochondrial Antibody
(M2) assay (EMA) kit (Thermo Trace, Victoria, australia),
became available commercially. In principle, the "Substrate
reagent" (250 mL) containing sodium pyruvate, magnesium
acetate, cocarboxylase, coenzyme A, and nicotinamide
adenine dinucleotide (NAD), is placed in flat-bottomed
microtiter wells. Thereafter, 4 mL of undiluted test serum
is added to each well and incubated for 1 min at 37 ˚C
before adding 50 mL of the "Enzyme reagent" containing
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Enzyme inhibition assay
Enzyme
Serum (PDC)

Substrate
(pyruvate)

Microtiter well
+
Pyruvate + NAD + Coenzyme A
PDC

inhibition

Serum (anti-PDC)

Acetyl-CoA + NADH + H++ CO2
Measurement using plate reader

Figure 1 Principle of enzyme inhibition assay.

pyruvate dehydrogenase and dithiothreitol. After 30 s of
lag time, the rate of reaction is monitored by measuring
the rate of increase in absorbance at 340 nm in a
microplate reader. The reaction rate (RR) is calculated using
the absorbance values at 0 and 2 min based on the following
formula: (final absorbance - initial absorbance)/time. The
units of activity (%) are derived from the formula: (test
RR/standard RR) x 100. The standard RR is derived from
the "Calibrator" wells that contain anti-PDC antibodyfree serum (100% activity). The unit of PDC activity of
less than 70% is considered as anti-PDC positive with
sensitivity and specificity of 82% and 100%, respectively,
based on the information provided by the manufacturer[16]
(Figure 2). By using this kit, Schmit et al. [14] tested the
enzyme inhibition assay for 23 sera from patients with
AMA-positive PBC and 92 sera from non-PBC including
healthy controls, and compared the results to those
of immunofluorescence and in-house ELISA. They
reported that the sensitivity and specificity of EMA were
quite sufficient compared to other assays. Our previous
Reaction curve

Calibration
PBC serum
CH-C serum

0.5
Absorbance 340nm
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Figure 2 Representative reaction curve of automated enzyme inhibition assay
using TRACE enzymatic mitochondrial antibody (M2) assay (EMA) kit. PBC;
primary biliary cirrhosis, CH-C; chronic hepatitis C.
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Table 1 Detection of enzymatic inhibitory antibody to PDC by enzyme inhibition assay in non-PBC s
First
author 		

Year

Teoh

1991

Teoh

1994

Omagari

1996

Schmit

1999

Jois

2000

Hazama

2000

		
Jensen

2000

		
Masuda

2002

Hazama

2002

Case studied

Antigen source

Serum
Serum
amount
dilution
(μL)
Normal subject,
Commercial PDC
1002
1:500		
AIH, ALD, RA, 						
SLE
						
Healthy subject,
Commercial PDC
1002
1:500		
immunopathic diseases 							
Adult blood donors,
Commercial PDC
2		
Undiluted
healthy women
							
Healthy controls,
TRACE EMA kit
4
Undiluted
viral hepatitis, AIH 								
Normal subject,
Commercial PDC
2
Undilute
AIC, AIH, ALD, 								
RA, SLE, etc.
Healthy subject,
TRACE EMA kit
4
Undiluted
ALD, viral hepatitis, 							
fatty liver
AIH, abnormal
TRACE EMA kit
4
Undiluted
LFT patients,
							
Normal blood donors, etc.
Healthy subject,
TRACE EMA kit
4
Undiluted
ALD, viral hepatitis, 							
fatty liver, etc.
Healthy subject,
TRACE EMA kit
4
Undiluted
ALD, viral hepatitis, 							
fatty liver, etc.

Positivity rate
(%)1
0 / 62

(<1.7)

0 / 42

(<2.4)

0 / 186

(<0.6)

0 / 92

(<1.1)

4 / 1055 ( 0.4)

0 / 50

(<2.0)

0 / 250

(<0.4)

0 / 130

(<0.8)

0 / 97

(<1.1)

1

When the numerator is zero, the percentage is calculated as a nominal value of <1.
100 μL of doubling dilutions of serum from 1:500 in phosphate-buffered saline solution. PDC, pyruvate dehydrogenase complex; PBC, primary biliary cirrhosis;
AIH, autoimmune hepatitis; ALD, alcoholic liver disease; RA, rheumatoid arthritis; SLE, systemic lupus erythematosus; EMA kit,Enzymatic mitochondrial
2

Antibody (M2) Assay kit; AIC, autoimmune cholangitis; LFT; liver function tests.

study of EMA indicated sensitivity, specificity, positive
predictive value, negative predictive value, and accuracy of
72%, 100%, 100%, 87%, and 90%, respectively. We also
concluded that EMA is useful for the diagnosis of AMApositive PBC and could be used to monitor the disease
course of PBC, particularly due to the small amount of
serum requested, objective read-out, and rapid turnaround
time[16,19]. Jensen et al.[6] also reported that the sensitivity
and specificity of EMA were 83% and 100%, respectively,
and the EMA compared favorably against commercial
ELISA methods.
Clinical utility of enzyme inhibition assay in PBC
Enzyme inhibition assay including commercially available
EMA kit has the advantages of few procedural steps, small
amount of test serum requested (only 4 mL of undiluted
test serum), rapid turnaround time (approximately 6 min
for 10 serum samples), and non-subjective readout[14,19].
Moreover, this assay has almost 100% specificity (Table 1).
This means that if the serum is positive for enzymatic
inhibitory antibody to PDC by enzyme inhibition assay,
the diagnosis of PBC is almost confirmed. The result from
our laboratory is in line with this finding because none of
245 non-PBC sera was positive for enzymatic inhibitory
antibody to PDC by enzyme inhibition assay, whereas 96
(76%) of 127 PBC sera were positive (detailed data are
not shown). Therefore, enzyme inhibition assay may have

particular applicability in screening the at-risk segment
of the population, middle-aged to elderly females[15]. This
assay is also applicable in developing countries due to its
objectivity, rapidity, simplicity, and low cost. However,
this assay may not be suitable for screening in a particular
country or area such as Japan. This assay has relatively low
sensitivity compared with that of immunofluorescence
and immunoblotting due to the lower frequency of
autoantibodies to PDC-E2 among the Japanese compared
with Caucasian patients with PBC, and a correspondingly
higher frequency of antibodies to E2 subunits of the other
2-OADC enzymes[20].
This assay could also be used for monitoring the
disease course in PBC. In our previous study, we
determined the serial changes in enzymatic inhibitory
antibody to PDC by enzyme inhibition assay using EMA
kit in Japanese patients with PBC[ 19]. The units of PDC
activity by EMA correlated significantly and inversely with
AMA titers by immunofluorescence, and serum reactivity
to PDC-E2 by immunoblotting, respectively. Indeed, in
three patients who showed a decrease in AMA titers by
immunofluorescence, AMA titers correlated more with
EMA results than immunoblotting. Moreover, in a patient
with fluctuating AMA titers by immunofluorescence, the
units of PDC activity by EMA paralleled AMA titers[19]
(Figure 3). These data suggested that PBC disease course
might influence the EMA results.
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Units of PDC
activity by EMA
(%)
0
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Figure 3 The units of pyruvate dehydrogenase complex (PDC) activity by enzymatic mitochondrial antibody (M2) assay (EMA) did not significantly vary in all the 9 patients
in whom the titer of antimitochondrial antibodies (AMA) by immunofluorescence (IF) did not change during the course of follow-up. However, the number of anti-2-oxo-acid
dehydrogenase complex (anti-2-OADC) bands by immunoblotting (IB) changed in 4 of these patients (2 increased and 2 decreased) (A). The units of PDC activity by EMA
decreased in all 4 patients whose AMA titers by IF had increased, but the number of anti-2-OADC bands by IB did not change in 1 patient (B). The units of PDC activity
by EMA increased in all 3 patients in whom AMA titers by IF had decreased, but the number of anti-2-OADC bands by IB in these patients did not decrease (C). Of the 3
patients in whom AMA titers by IF showed some fluctuation, one showed fluctuation in the units of PDC activity by EMA and two showed fluctuation in the number of anti-2OADC bands by IB (D).

Table 2 Interpretation of detection of anti-2-OADC by immunoblotting
and enzyme inhibition assay
Immunoblotting

Enzyme inhibition

(IgG/IgM/IgA)
assay		
			
Positive
Positive
Positive
Negative
			
Negative
Positive
			
Negative
Negative

Interpretation

Estimated

percentage
(%)
PBC		
72 ‑ 83
Non-anti-PDC positive PBC
10 ‑ 25
Immunoblotting false positive? 10 ‑ 15
Enzyme inhibition assay
Very rare
false positive?
Non-PBC
Very rare

These data are based on our results that the sensitivity of immunoblotting
for PBC is almost 100%, and the specificity of enzyme inhibition assay for
PBC is nearly 100%, i.e., when the result by immunoblotting is negative, the
serum is not from PBC, and when the result of enzyme inhibition assay is
positive, the serum should be from the patient with PBC. 2-OADC, 2-oxoacid dehydrogenase complex; PBC, primary biliary cirrhosis; PDC, pyruvate
dehydrogenase complex.

Interpretation of detection of anti-2-OADC by immunoblotting
and enzyme inhibition assay in PBC
Clinically, the serological diagnosis of PBC is in most
instances based on the detection of AMA by indirect
immunofluorescence and/or ELISA. As mentioned above,
however, these two assays are not yet the "gold standard"

(i.e., with 100% sensitivity and 100% specificity) for the
detection of AMA in PBC, although both the sensitivity
and specificity of these two assays are acceptably high.
Based on the fact that immunoblotting has almost 100%
sensitivity, and enzyme inhibition assay has almost 100%
specificity, interpretation of anti-2-OADC results by
combination of these two assays in PBC sera can be
established. For example, since the negative predictive
value of immunoblotting is 99%, a negative result by
immunoblotting means that the serum is not from a
patient with PBC. Since a positive predictive value of
enzyme inhibition assay is 100%, a positive result by
enzyme inhibition assay means that the serum should
be from a patient with PBC. When the serum sample
is positive for anti-2-OADC by immunoblotting but
negative for anti-PDC by enzyme inhibition assay, it can
be from non-anti-PDC positive PBC or the result of
immunoblotting may be false positive. Conversely, when
the serum is negative for anti-2-OADC by immunoblotting
but positive for anti-PDC by enzyme inhibition assay, the
result of enzyme inhibition assay may be false positive
(Table 2). Thus, almost all sera from PBC-suspected
patients can be confirmed for PBC or non-PBC by the
combination results of immunoblotting and enzyme
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inhibition assay without histopathological examination. For
the development of a “complete” or "gold standard" (100%
sensitivity and 100% specificity) diagnostic assay for PBC,
similar assays of the enzyme inhibition for anti-OGDC
and anti-BCOADC antibodies (or one-step assay for antiPDC, OGDC, and BCOADC antibodies) will be needed in
the future.
Conclusions
For the diagnosis of PBC, enzyme inhibition assay may have
particular applicability in screening the at-risk segment of
the population since this assay has almost 100% specificity.
This assay is also applicable in developing countries due to
its objectivity, rapidity, simplicity, and low cost.
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Abstract

Neoplastic progression is generally characterized
by the accumulation of multiple genetic alterations
including loss of tumor suppression gene function.
Loss of heterozygosity (LOH) has been used to identify
genomic regions that harbor tumor suppressor genes
and to characterize different tumor types, pathological
stages and progression. LOH pattern has been detected
by allelotyping using restriction fragment length
polymorphism, and later by simple sequence length
polymorphisms (SSLPs or microsatellite) for 10 years.
This paper reviews the detection of LOH by recently
developed single nucleotide polymorphism (SNP) arrays
(all analyzed by Affymetrix array); furthermore, its
advantage and disadvantage were analyzed in several
kinds of cancer.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Cancer arises from the accumulation of inherited
polymorphism (i.e. SNPs) and mutation and/or sporadic
somatic polymorphism (i.e. non-germline polymorphism)
in cell cycle, DNA repair, and growth signaling genes[1].
Neoplastic progression is generally characterized by the
accumulation of multiple somatic-cell genetic alterations

as the tumor progresses to advanced stages[2-6]. The classic
mechanism of tumor suppressor gene inactivation is
described by the two-hit mode in which one allele is
mutated (or promoter hyper methylation or a small
intragenic deletion) and the other allele is lost through
a number of possible mechanisms, resulting in the loss
of heterozygosity (LOH) at multiple loci [7-11]. Loss of
heterozygosity is the most common molecular genetic
alteration observed in human cancers. In the model of
colorectal tumorigenesis, mutational inactivation of tumor
suppressor genes predominates[12].
Loss of heterozygosity and studying methods
LOH is caused by a variety of genetic mechanisms,
including physical deletion of chromosome nondisjunction,
mitotic nondisjunction followed by republication of
the remaining chromosomes, mitotic recombination,
and gene conversion. The mechanisms of LOH are
remarkably chromosome-specific. Some chromosomes
display complete loss. However, more than half of the
losses are associated with the loss of only a part of the
chromosome rather than the whole chromosome [13] .
LOH is also a common form of allelic imbalance and
the detection of LOH has been used to identify genomic
regions that harbor tumor suppressor genes and to
characterize different tumor types, pathological stages, and
progression[14,15].
In addition to the inherited and sporadic polymorphisms,
many tumors exhibit aneuploidy and chromosomal
instability in which the diploid structure of the genome
is corrupted. A modest increase in copy number (such
as trisomy for a region) would not give rise to allelic
imbalance in the SNP assay. Allelic imbalance in the SNP
assay should thus usually indicate true LOH, except in the
case of extreme amplification[16].
Global patterns of LOH can be analyzed through
allelotyping of tumors with polymorphic genetic markers
from each chromosomal arm[17]. Most investigations have
concentrated on defining the minimal regions of loss of
specific chromosomes in various cancers in an effort to
identify the putative tumor suppressor genes targeted by
the losses. Two allele RFLPs and Southern analysis give
way to simple sequence length polymorphisms such as
PCR-based microsatellite, and both have been proved to
be reliable genetic markers for studying LOH[18]. RFLP
markers have low heterozygosity rates and are available in
small number, gel-based microsatellite assay is difficult to
automate and not readily scalable[19]. Microsatellite markers
are reliable genetic markers for studying LOH, but only
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a modest number of SSLPs are used in LOH studies
because the genotyping procedure is rather tedious and
difficult to automate and are not readily scalable.
As a result, most genome-wide scans for LOH have
been conducted at low resolution with a relatively small
number of polymorphic markers. Previous allelotyping
analysis of cancer by many groups was restricted to
particular chromosomal regions or arms, or else used a
relatively low density of markers. For example, an average
of 120 microsatellites has been used to determine the
allelotype of multiple different human neoplasms in
a series of studies since 1995, and the highest density
microsatellite allelotype is ~280 polymorphic markers
before the year 2000[20-24].
We conducted a genome-wide LOH study of 83
tumor samples obtained from Chinese patients in sporadic
colorectal cancer. We employed 400 fluorescence-labeled
microsatellite marker primers to amplify the corresponding
loci of genomic DNA and then electrophoresed the
polymerase chain reaction products and analyzed the
fluorescent signals. The LOH frequencies were high
(>35%) but not associated with the tumor stage and
progression in 20 loci. Loss of other loci, including two
narrow regions on chromosome 2, was related to the
tumor stage [25,26]. In some loci, we performed detailed
deletion mapping to narrow the loss region.
SNPs are the most common for m of sequence
variation in human genome, occurring approximately in
every 1 200 bp[27]. SNPs may occur at more than 2 million
sites in the genome, thus making it possible to place SNPs
at high density along the genome[28].
High-throughput polymorphism detection technologies
hold great promise for the characterization of complex
diseases including cancer. High-density mapping of genetic
losses reveals potential tumor suppressor loci and might
be useful in the clinical classification of individual tumors.
SNP array has been introduced recently for genome-wide
screening of chromosome imbalance.
Higher density SNP array can be used effectively to
detect small regions of chromosomal changes and provide
more infor mation regarding the boundaries of loss
regions. In addition, more markers increase confidence
in a detected event. If multiple adjacent SNPs show a
consistent change, the confidence in the call is much
higher than when it is based on a single SNP[15].
HuSNP chip (the first generation of SNP chip), an
array of oligonucleotide probes for 1494 SNP loci, is
distributed in all human chromosomes with an average
of 2.57 cm between each SNP markers. A recent study
using microarray has demonstrated a 97% accuracy on
65% of the SNPs surveyed[29]. The Affymetrix 10K SNP
array (the second generation) contains 11 560 SNP alleles
with high frequency of heterozygosity (average 36%
based on Affymetrix in-house data). The Affymetrix 100K
SNP array, a new SNP array platform, provides a high
accuracy (99.5%), a reproducibility (91.1%) and a high call
(heterozygous or homozygous) rate (95%)[30]. The average
accuracy is calculated as 81% at 95% significance with a
median inter-SNP distance of 105 kb in osteosarcoma
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using 10K array[30].
The HuSNP chip call rate does not differ between
normal and tumor samples[16]. The genotyping accuracy
of the chip calls is estimated at 95.4% on the basis of
validation of random SNPs in normal and tumor samples
by gel-based length multiplex single-base extension (LMSBE)[16].
Tumor sample purity mixing experiment
LOH involves complete loss of one of the two alleles
at a locus, but normal cell contamination can confound
the distinction between true LOH and other mechanisms
of allelic imbalance [31]. However, studies using flowcytometrically purified samples have shown that complete
LOH can be detected in tissue samples[32,33].
Tumor sample purity mixing experiment showed that
samples with 90% tumor purity give essentially identical
results than those with 100% tumor purity, when the purity
decreases to 80%; it results in an increase in “uncertain”
calls and a few false positive “retention”. Accuracy
decreases steeply when the purity is 70% or lower, because
the lost allele contains 15% or more of contaminated
samples. Although tumor purity is dependent on tumor
type, a purity of 80% can often be achieved using
gross dissection or microdissection[16,34]. With the SNP
arrays, Mei et al.[15] found that chromosomal changes are
detectable in heterogeneous samples with a background of
up to 50% normal DNA.
The DNA fragment that occurs with formalin fixation
does not seem to affect HuSNP array analysis result[35].
However, it is believed that formalin reduces the size of
PCR segments that may be amplified from a sample[36].
There is significant agreement between the LOH result
obtained from formalin-fixed paraffin embedded prostate
tumor sections and those for freshly cultured cancer
cells[34].
SNP array principle and methods
DNA sample is subjected to 24 multiplex PCR reactions,
the resulting products are pooled, hybridized to the SNP
array, stained with streptavidin-phycoerythrin, and assayed
by fluorescence detection.
Briefly, the detector for each SNP locus contains four
rows of 25-mer oligonucleotides, two of which contain
oligonucleotides that perfectly match either SNP allele
A or SNP allele B, whereas the other two contain singlebase mismatches at various positions. The allelotype at a
locus is determined by fluorescence intensity ratios in an
automated fashion. Affymetrix HuSNP mapping system is
used to determine tumor and normal allelotypes.
A general scanner scans chips and genotyped “call”
is made from the collected hybridization signals using
Affymetrix HuSNP 3.1 software. Tumor and normal
samples are allelotyped on separate chips. For each
patient’s tumor, each SNP locus is scored as LOH,
retention of heterozygosity, uninformative, or uncertain
by comparing the genotype calls for tumor and normal
(autologous) pairs. The possible SNP calls made by
Affymetrix genotyping software are A, B, AB, AB_A (i.e,
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AB or A), AB_B (i.e, AB or B), and “no call”. “no call”,
AB_A, AB_B calls are considered to be noninformative[15].
Both amplified and unamplified DNA give similar
results in terms of SNP call and LOH[30]. LOH can be
established or inferred from 10K SNP array data using
only amplified tumor DNA with the Affymetrix Genechip
chromosome copy number tool.
SNP array application in LOH detection
Using SNP detection array, Wang et al.[37 ] found that breast
cancer is highly heterogeneous, with the proportion of
LOH ranging widely from 0.3% to >60% of heterozygous
markers.
The call rate is 74.9-83.2% over all samples, yielding
1 120–1 205 SNPs scored per sample using HuSNP
array[8,14,34,37,38]. The median of heterozygous loci is 341-349
with an average coverage of one SNP per 7.9-8.7cm[14,37].
Using 10K SNP array, the call rate is 91.1% over all
samples[39]. In lung and breast cancer, the average call rate
does not vary significantly between the lymphoblastoid
and tumor cell lines[8,37].
LOH result comparison between SNP array and microsatellite
Very few reports have presented allelotyping data on
multiple sites in the same tumor using two different
methods, LOH between SNP array and microsatellite is
concordant in the majority of analyzed kinds of cancer
samples[16,34,37]. Most affected LOH regions are consistent
with those in previous LOH studies, lending validity to
both the method and results[34].
The range of consistency between two methods
in different loci varies from 50% to 100% in bladder
cancer[14]. Moreover, when the two methods are compared
by chromosome arms, the concordance is very robust[14].
In osteosarcoma assay, 14 of 18 microsatellite markers
have associated SNPs with LOH[30].
By comparing the microsatellite results in selected areas
of several chromosomes with SNP array-based detection
of allelic imbalance, in 69 sites, 60 microsatellite markers
correlate, but nine microsatellite markers do not correlate
with adjacent HuSNP markers[35].
Janne et al. [8] found that neither HuSNP nor SSLP
is perfect. Using two methods together, the combined
informative rate is 84%, and both methods provide calls
for loci that were not informative by the other methods.
However, a combined analysis is unlikely to be practical for
future studies.
The comparison shows that, given a sufficient number
of polymorphic markers, the SNP array can be used to
screen both small and large chromosomal losses. But
neither technique is currently infallible in identifying
LOH[14].
LOH conflict between SNP array and microsatellite
Lindblad-Toh et al.[16] examined a number of instances of
apparent conflict between SSLPs and SNP-based analysis
by repeating the analysis and found that discordance is
slightly more often due to the errors in SSLP rather than
in SNP genotyping. SNP genotyping thus appears to be at
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least as accurate as the SSLP approach.
SNPs associated with the remaining four microsatellite
markers do not show any LOH[30]. Allelic imbalance has
been detected in microsatellite analysis but not detected by
the SNP, which is probably caused by a no-signal genotype
call either in the tumor or in normal DNA or in both. This
problem can be solved by increasing the number of SNPs
for the specific loci and by developing a more sensitive
method for the generation of calls[14].
Possible reason of discrepancy
Because of the lower average heterozygosity rate of
SNPs (0.33) compared to microsatellite, approximately a
threefold SNPs is required for an equivalent resolution.
It is difficult to determine whether the apparent
discordance is due to the technical limitation or if the
microsatellite markers recognize a smaller region with
a different allelic loss pattern compared to the adjacent
regions scored by SNP[35].
The possible reasons are as follows: limitation of
mapping data; differences in resolution, amplification
efficiency, and differential sensitivity between microsatellite
and SNP, technical limitations such as a genotype call by
the Affymetrix softwares, the presence of bad SNPs in the
array[14,30].
Cancer classification by LOH pattern using SNP array
Finding unique LOH pattern by SNP array in different
groups of breast cancer, in part defined by expression
signature, adds confidence to newer schemes of molecular
classification. Furthermore, exclusive association between
biological subclasses and restricted LOH event provide
rationale to search for targeted genes [37]. Janne et al. [8]
demonstrate that clustering of LOH data can distinguish
SCLC from NSCLC with reasonable accuracy.
Advantage of SNP array
SNP array assay is accurate, automatic, and readily
adaptable to the clinical setting and high-density mapping.
Analysis of genetic alterations with HuSNP assay saves
considerable time over microsatellite analysis. The assay
involves multiplex amplification and other methods that
can be completed in one day. The SNP array method
is also a molecular technique that allows the detection
of chromosomal imbalance in tumor DNA. A minimal
quantity (120-135 ng) of sample DNA is needed for each
SNP assay. The amplification step makes it possible to use
only a small amount of genomic DNA, which is often
essential when working with limited clinical materials[14,15].
The 10K array also provides calls (either LOH or
retention) for 71.7% and 22.3% of the loci identified
as non-informative by HuSNP and SSLP, respectively.
The proximal and distal ends of the deletion are clearly
identified and single LOH events identified using SSLP fall
within these regions. The mapping 10K array can identify
more than twice the number of LOH regions compared to
SSLP or HuSNP. The minimum, mean, and median sizes
of these regions are substantially smaller by the mapping
10K array than by the other two methods. The maximum
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size of the LOH regions is similar by the three methods[8].
Disadvantage of SNP array is.
SNP array is difficult to distinguish all polymorphisms
and to detect low level polymorphism and requires PCR
amplification.
The average proportion of LOH informative markers
out of callable markers is 31–33%, which is a considerably
lower heterozygosity rate than that of SSLPs (typically
70%), but can readily increase to about 50% by selecting
SNP with higher heterozygosity[14,16].
High false positive rate (11-21%) and false negative
rates (19.9%) have been observed with this technology,
limiting its utility in both SNP and tumor analysis[30,41].
Array-based methods of SNP detection may have a
certain degree of inaccuracy (“noise”), and moreover,
the precise genomic mapping of each SNP is still not
completely stable. Thus, “true” regions of LOH can
be interrupted by apparently false positively “retained”
SNP alleles. Conversely, true regions of retention of
heterozygosity may be interrupted by false LOH calls[42].
In summary, with the increasing number of SNPs
available and technical progression [43], it is possible to
probe the entire genome, and specific regions at much
higher resolution. SNP array hybridization is an accurate
and efficient method for evaluating genome-wide tumor
LOH at present.

REFERENCES
1

Kirk BW, Feinsod M, Favis R, Kliman RM, Barany F. Single
nucleotide polymorphism seeking long term association with
complex disease. Nucleic Acids Res 2002; 30: 3295-3311
Fults D, Pedone CA, Thomas GA, White R. Allelotype of
2
human malignant astrocytoma. Cancer Res 1990; 50: 5784-5789
Sato T, Tanigami A, Yamakawa K, Akiyama F, Kasumi F,
3
Sakamoto G, Nakamura Y. Allelotype of breast cancer:
cumulative allele losses promote tumor progression in
primary breast cancer. Cancer Res 1990; 50: 7184-7189
Tsuchiya E, Nakamura Y, Weng SY, Nakagawa K, Tsuchiya
4
S, Sugano H, Kitagawa T. Allelotype of non-small cell lung
carcinoma--comparison between loss of heterozygosity in
squamous cell carcinoma and adenocarcinoma. Cancer Res
1992; 52: 2478-2481
Yamaguchi T, Toguchida J, Yamamuro T, Kotoura Y, Takada
5
N, Kawaguchi N, Kaneko Y, Nakamura Y, Sasaki MS, Ishizaki
K. Allelotype analysis in osteosarcomas: frequent allele loss on
3q, 13q, 17p, and 18q. Cancer Res 1992; 52: 2419-2423
Thrash-Bingham CA, Greenberg RE, Howard S, Bruzel
6
A, Bremer M, Goll A, Salazar H, Freed JJ, Tartof KD.
Comprehensive allelotyping of human renal cell carcinomas
using microsatellite DNA probes. Proc Natl Acad Sci U S A
1995; 92: 2854-2858
Knudson AG Jr, Nakahara memorial lecture. Hereditary
7
cancer, oncogenes, and anti-oncogenes. Princess Takamatsu
Symp 1989; 20: 15-29
8 Janne PA, Li C, Zhao X, Girard L, Chen TH, Minna J, Christiani
DC, Johnson BE, Meyerson M. High-resolution singlenucleotide polymorphism array and clustering analysis of loss
of heterozygosity in human lung cancer cell lines. Oncogene
2004; 23: 2716-2726
Knudson AG Jr, Mutation and cancer: statistical study of
9
retinoblastoma. Proc Natl Acad Sci U S A 1971; 68: 820-823
10 Hansen MF, Cavenee WK. Genetics of cancer predisposition.
Cancer Res 1987; 47: 5518-5527
11 Brown MA, Tumor suppressor genes and human cancer. Adv
Genet 1997; 36: 45-135

12
13

14

15

16

17
18
19

20
21
22

23
24
25

26
27

28

29

6743

Fearon ER, Vogelstein B. A genetic model for colorectal
tumorigenesis. Cell 1990; 61: 759-767
Thiagalingam S, Laken S, Willson JK, Markowitz SD, Kinzler
KW, Vogelstein B, Lengauer C. Mechanisms underlying losses
of heterozygosity in human colorectal cancers. Proc Natl Acad
Sci U S A 2001; 98: 2698-2702
Hoque MO, Lee CC, Cairns P, Schoenberg M, Sidransky D.
Genome-wide genetic characterization of bladder cancer: a
comparison of high-density single-nucleotide polymorphism
arrays and PCR-based microsatellite analysis. Cancer Res 2003;
63: 2216-2222
Mei R, Galipeau PC, Prass C, Berno A, Ghandour G, Patil N,
Wolff RK, Chee MS, Reid BJ, Lockhart DJ. Genome-wide
detection of allelic imbalance using human SNPs and highdensity DNA arrays. Genome Res 2000; 10: 1126-1137
Lindblad-Toh K, Tanenbaum DM, Daly MJ, Winchester E,
Lui WO, Villapakkam A, Stanton SE, Larsson C, Hudson TJ,
Johnson BE, Lander ES, Meyerson M. Loss-of-heterozygosity
analysis of small-cell lung carcinomas using single-nucleotide
polymorphism arrays. Nat Biotechnol 2000; 18: 1001-1005
Vogelstein B, Fearon ER, Kern SE, Hamilton SR, Preisinger
AC, Nakamura Y, White R. Allelotype of colorectal carcinomas.
Science 1989; 244: 207-211
Weissenbach J, Gyapay G, Dib C, Vignal A, Morissette J,
Millasseau P, Vaysseix G, Lathrop M. A second-generation
linkage map of the human genome. Nature 1992; 359: 794-801
Gruis NA, Abeln EC, Bardoel AF, Devilee P, Frants RR,
Cornelisse CJ. PCR-based microsatellite polymorphisms in
the detection of loss of heterozygosity in fresh and archival
tumour tissue. Br J Cancer 1993; 68: 308-313
Hatta Y, Yamada Y, Tomonaga M, Said JW, Miyosi I, Koeffler
HP. Allelotype analysis of adult T-cell leukemia. Blood 1998;
92: 2113-2117
Piao Z, Park C, Park JH, Kim H. Allelotype analysis of
hepatocellular carcinoma. Int J Cancer 1998; 75: 29-33
Shih YC, Kerr J, Hurst TG, Khoo SK, Ward BG, ChenevixTrench G. No evidence for microsatellite instability from
allelotype analysis of benign and low malignant potential
ovarian neoplasms. Gynecol Oncol 1998; 69: 210-213
Mao X, Barfoot R, Hamoudi RA, Easton DF, Flanagan AM,
Stratton MR. Allelotype of uterine leiomyomas. Cancer Genet
Cytogenet 1999; 114: 89-95
Yustein AS, Harper JC, Petroni GR, Cummings OW, Moskaluk
CA, Powell SM. Allelotype of gastric adenocarcinoma. Cancer
Res 1999; 59: 1437-1441
Peng Z, Zhang F, Zhou C, Ling Y, Bai S, Liu W, Qiu G, He L,
Wang L, Wei D, Lin E, Xie K. Genome-wide search for loss of
heterozygosity in Chinese patients with sporadic colorectal
cancer. Int J Gastrointest Cancer 2003; 34: 39-48
Peng Z, Zhou C, Zhang F, Ling Y, Tang H, Bai S, Liu W, Qiu
G, He L. Loss of heterozygosity of chromosome 20 in sporadic
colorectal cancer. Chin Med J (Engl) 2002; 115: 1529-1532
Sachidanandam R, Weissman D, Schmidt SC, Kakol JM, Stein
LD, Marth G, Sherry S, Mullikin JC, Mortimore BJ, Willey
DL, Hunt SE, Cole CG, Coggill PC, Rice CM, Ning Z, Rogers
J, Bentley DR, Kwok PY, Mardis ER, Yeh RT, Schultz B, Cook
L, Davenport R, Dante M, Fulton L, Hillier L, Waterston RH,
McPherson JD, Gilman B, Schaffner S, Van Etten WJ, Reich D,
Higgins J, Daly MJ, Blumenstiel B, Baldwin J, Stange-Thomann
N, Zody MC, Linton L, Lander ES, Altshuler D. A map of
human genome sequence variation containing 1.42 million
single nucleotide polymorphisms. Nature 2001; 409: 928-933
Marth G, Yeh R, Minton M, Donaldson R, Li Q, Duan S,
Davenport R, Miller RD, Kwok PY. Single-nucleotide
polymorphisms in the public domain: how useful are they?
Nat Genet 2001; 27: 371-372
Patil N, Berno AJ, Hinds DA, Barrett WA, Doshi JM, Hacker
CR, Kautzer CR, Lee DH, Marjoribanks C, McDonough
DP, Nguyen BT, Norris MC, Sheehan JB, Shen N, Stern D,
Stokowski RP, Thomas DJ, Trulson MO, Vyas KR, Frazer

6744

30

31

32

33
34

35

36

37

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

KA, Fodor SP, Cox DR. Blocks of limited haplotype diversity
revealed by high-resolution scanning of human chromosome
21. Science 2001; 294: 1719-1723
Wong KK, Tsang YT, Shen J, Cheng RS, Chang YM, Man TK,
Lau CC. Allelic imbalance analysis by high-density singlenucleotide polymorphic allele (SNP) array with whole genome
amplified DNA. Nucleic Acids Res 2004; 32: e69
Hahn SA, Seymour AB, Hoque AT, Schutte M, da Costa LT,
Redston MS, Caldas C, Weinstein CL, Fischer A, Yeo CJ.
Allelotype of pancreatic adenocarcinoma using xenograft
enrichment. Cancer Res 1995; 55: 4670-4675
Barrett MT, Galipeau PC, Sanchez CA, Emond MJ, Reid BJ.
Determination of the frequency of loss of heterozygosity in
esophageal adenocarcinoma by cell sorting, whole genome
amplification and microsatellite polymorphisms. Oncogene
1996; 12: 1873-1878
Paulson TG, Galipeau PC, Reid BJ. Loss of heterozygosity
analysis using whole genome amplification, cell sorting, and
fluorescence-based PCR. Genome Res 1999; 9: 482-491
Dumur CI, Dechsukhum C, Ware JL, Cofield SS, Best AM,
Wilkinson DS, Garrett CT, Ferreira-Gonzalez A. Genomewide detection of LOH in prostate cancer using human SNP
microarray technology. Genomics 2003; 81: 260-269
Zhao X, Li C, Paez JG, Chin K, Janne PA, Chen TH, Girard L,
Minna J, Christiani D, Leo C, Gray JW, Sellers WR, Meyerson
M. An integrated view of copy number and allelic alterations
in the cancer genome using single nucleotide polymorphism
arrays. Cancer Res 2004; 64: 3060-3071
Greer CE, Lund JK, Manos MM. PCR amplification from
paraffin-embedded tissues: recommendations on fixatives for
long-term storage and prospective studies. PCR Methods Appl
1991; 1: 46-50
Wang ZC, Lin M, Wei LJ, Li C, Miron A, Lodeiro G, Harris L,
Ramaswamy S, Tanenbaum DM, Meyerson M, Iglehart JD,

38

39

40

41

42

43

November 21, 2005 Volume 11 Number 43

Richardson A. Loss of heterozygosity and its correlation with
expression profiles in subclasses of invasive breast cancers.
Cancer Res 2004; 64: 64-71
Lieberfarb ME, Lin M, Lechpammer M, Li C, Tanenbaum
DM, Febbo PG, Wright RL, Shim J, Kantoff PW, Loda M,
Meyerson M, Sellers WR. Genome-wide loss of heterozygosity
analysis from laser capture microdissected prostate cancer
using single nucleotide polymorphic allele (SNP) arrays and a
novel bioinformatics platform dChipSNP. Cancer Res 2003; 63:
4781-4785
Zhou X, Mok SC, Chen Z, Li Y, Wong DT. Concurrent
analysis of loss of heterozygosity (LOH) and copy number
abnormality (CNA) for oral premalignancy progression using
the Affymetrix 10K SNP mapping array. Hum Genet 2004; 115:
327-330
Primdahl H, Wikman FP, von der Maase H, Zhou XG, Wolf
H, Orntoft TF. Allelic imbalances in human bladder cancer:
genome-wide detection with high-density single-nucleotide
polymorphism arrays. J Natl Cancer Inst 2002; 94: 216-223
Halushka MK, Fan JB, Bentley K, Hsie L, Shen N, Weder A,
Cooper R, Lipshutz R, Chakravarti A. Patterns of singlenucleotide polymorphisms in candidate genes for bloodpressure homeostasis. Nat Genet 1999; 22: 239-247
Lieberfarb ME, Lin M, Lechpammer M, Li C, Tanenbaum
DM, Febbo PG, Wright RL, Shim J, Kantoff PW, Loda M,
Meyerson M, Sellers WR. Genome-wide loss of heterozygosity
analysis from laser capture microdissected prostate cancer
using single nucleotide polymorphic allele (SNP) arrays and a
novel bioinformatics platform dChipSNP. Cancer Res 2003; 63:
4781-4785
Lin M, Wei LJ, Sellers WR, Lieberfarb M, Wong WH, Li C.
dChipSNP: significance curve and clustering of SNP-arraybased loss-of-heterozygosity data. Bioinformatics 2004; 20:
1233-1240

Science Editor Wang XL and Guo SY Language Editor Elsevier HK

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

ELSEVIER

World J Gastroenterol 2005;11(43):6745-6750
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• Helicobacter pylori •

Soluble adhesion molecules ICAM-1, VCAM-1, P-selectin in
children with Helicobacter pylori infection
Elzbieta Maciorkowska, Maciej Kaczmarski, Anatol Panasiuk, Katarzyna Kondej-Muszynska, Andrzej Kemonai
Elzbieta Maciorkowska, Department of Pediatric Nursing,
Medical University of Bialystok, Poland
rd
Katarzyna Kondej-Muszynska, Maciej Kaczmarski, 3
Department of Children’s Diseases, Medical University of
Bialystok, Poland
Anatol Panasiuk, Department of Infectious Diseases, Medical
University of Bialystok, Poland
Andrzej Kemona, Department of Pathomorphology, Medical
University of Bialystok, Poland
Correspondence to: Elzbieta Maciorkowska, MD, Department of
Pediatric Nursing, Medical University of Bialystok, Waszyngtona
Str., 15, 15-274 Bialystok, Poland. emaciorkowska@o2.pl
Telephone: +48-85-7-450-565
Fax: +48-85-7-450-568
Received: 2005-03-01
Accepted: 2005-04-30

in the sera of children with H pylori infection after
eradication cannot reveal any significant differences as
compared to healthy children.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: sVCAM-1; sICAM-1; sP-selectin; Helicobacter

pylori

Maciorkowska E, Kaczmarski M, Panasiuk A, KondejMuszynska K, Kemona A. Soluble adhesion molecules
ICAM-1, VCAM-1, P-selectin in children with Helicobacter
pylori infection. World J Gastroenterol 2005; 11(43):
6745-6750
http://www.wjgnet.com/1007-9327/11/6745.asp

Abstract

AIM: To assess the sICAM-1, sVCAM-1, and sP-selectin
levels in children with Helicobacter pylori (H pylori )
infection and to evaluate their significance for the
morphological changes found in gastric mucosa.
METHODS: The study included 106 children: 59
children (55.7%) with chronic gastritis and positive IgG
against H pylori , 29 children (27.3%) after previous
H pylori infection without the bacterium colonization
but with positive IgG against H pylori , and 18 children
(17%) with functional disorders of the gastrointestinal
system but with normal IgG against H pylori . Endoscopic
and histopathological evaluation of gastric mucosa was
performed based on the Sydney System classification.
The evaluation of sP-selectin, sICAM-1, sVCAM-1 levels
in the sera of children was carried out using ELISA test.
RESULTS: The assessment of gastritis activity degrees
indicated statistically significant values in the antrum and
corpus (P <0.001) of children examined. Serum sVCAM-1
levels were higher in group with gastritis due to H pylori
infection than in group without infection and differed
statistically (P <0.05). Serum sVCAM-1 levels proved
to be the highest among other adhesive molecules
in infected children and decreased after eradication
of H pylori . Serum sICAM-1 levels were similar in all
examined groups. Serum sP-selectin levels were similar
in children with and without H pylori infection.
CONCLUSION: Assessment of adhesive molecules (sPselectin, sICAM-1, sVCAM-1) in the sera of children
with active H pylori infection can show the participation
of sVCAM-1 in the pathogenesis of gastric mucosal
inflammation. sP-selectin and sICAM-1 concentrations

INTRODUCTION

In the course of Helicobacter pylori (H pylori) infection,
a selective recr uitment of neutrophils, monocytes,
macrophages, mast cells, T and B lymphocytes takes place[1].
Additionally, infiltrating cells synthesize and release mediating
cells, which influence the recruitment and activation of
further inflammatory cells and increase the triggering activity
of cytokines and chemokines. For example, neutrophils are
the source of IL-1, IL-8, TNF-α[2], and macrophages – MIP1α[1]. Adhesion molecules (selectins, their ligands, integrins,
immunoglobulin-like molecules) take part in a selective
recruitment of leukocytes[3–8]. Selectins are transmembrane
molecules with numerous extracellular domains, containing
lectin domain at the N-end – hence their name, L selectin
(CD62L) – leukocyte, E selectin (CD62E) – endothelial
cell, P-selectin (CD62P) – platelet. Saccharic residues
combined with sialic acid [blood group antigen Lewis X
(CD15) and its isoforms] expressing numerous leukocytes
are ligands for L, E, and P selectins.
Glycosaminoglycans, such as heparin sulfate and
carbohydrate residues on platelets and neutrophils, are
ligands for L- and P-selectin [9,10] . A soluble form of
P-selectin binds to the same ligand on granulocytes
as its membrane form. It does not inhibit intergrins
of g ranulocytes but supports ag onists stimulating
polymorphonuclear leukocytes, their function of secretion,
PAF synthesis and LTB4 synthesis, and secretion. Thus,
a soluble form does not differ in its activity from a
membrane form. Its high serum levels (1-20 μg/mL) are
significantly higher in the inflammatory process than in a
healthy condition (36-250 ng/mL)[11].
Soluble forms of ICAM-1 (sICAM) were described
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in 1991 and are derived basically from mononuclear cells.
Epithelial cells are unlikely to be their source[12]. They can
be found in the serum, in molecular forms: 240 ku, 430 ku,
and mainly 500 ku[13]. A functionally soluble ICAM-1 form
can be regulated by cytokines and is able to bind to LFA-1
ligand. Thus, sICAM may compete with leukocytic ligands
for binding and decrease leukocyte adhesion to endothelial
cells and may even promote their de-adhesion. sICAM-1
may be regarded as a marker of inflammation, because
its levels increase significantly in the serum in the course
of inflammation, at tissue damage or during the activity
of proteolytic enzymes[14]. In healthy individuals, ICAM-1
occurs in small amounts on surfaces of many cells, like
leukocytes, endothelial vascular cells, fibroblasts, epithelial
cells whereas in the course of inflammation correlates
with chronic inflammatory phase as well as the occurrence
of ulceration in the course of H pylori infection. ICAM-1
is considered to be a marker of chronic immunological
stimulation and thus it is potentially responsible for
chronic course of a disease. A vascular adhesion molecule
(VCAM-1) requires about 8-96 h to be activated and
expressed on cells in vitro. Its expression is enhanced
especially by TNF-α, IL- 4, and IL-13[13]. Since VLA-4
is its ligand, it binds only to mononuclear leukocytes
(lymphocytes and monocytes). Normal gastric mucosa is
free of leukocytes. Abundant infiltrations of poly- and
mono-nuclear cells and lymphatic follicles can be found in
the course of H pylori infection.
The aim of the study was to evaluate the levels of
adhesion molecules sICAM-1, sVCAM-1 and sP-selectin
in the sera of children with H pylori infection and to
determine their significance for morphological changes in
gastric mucosa.

MATERIALS AND METHODS

Patients
The study included 106 patients, who were divided into three
groups with regard to the presence and course of H pylori
infection. Group I : 59 children (55.7%) with chronic gastritis
in the course of H pylori infection with a positive titer of IgG
antibodies against H pylori, including 29 girls (49.2%) and 30
boys (50.8%). The children’s age ranged from 2 to 19 years,
the mean age was 12.2±4.6 years.
Group II : 29 children (27.3%) after previous H pylori
infection, without the bacterium colonization of the gastric
mucosa but with a positive titer of IgG antibodies against
H pylori, including 14 girls (14%) and 15 boys (51.7%). The
children’s age ranged from 3 to 19 years and the mean age
was 11.0±4.1 years.
Group III : 18 children (17 %) with functional
disorders of the gastrointestinal tract, without H pylori
infection but with normal IgG level against H pylori, 12
girls (66.7%) and 6 boys (33.3%). The children’s age ranged
from 5 to 17 years, and the mean age was 10.7±3.6 years
(Table 1).
Ethical approval for the research was obtained from
local Ethics Committee in Medical University.
Methods
Endoscopic examination of the upper gastrointestinal
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Table 1 Age of examined children (yr)
Groups

n
Min.
Max.
(g/b)1
value value
Group I 46 (30/29) 2.0
19.0
Group II 17 (14/15) 3.0
19.0
Group III 18 (12/6)

5.0

17.0

Mean
Median
arithmetic
12.2
13.0
11.0
11.0
10.7

10.0

SD
4.6
4.2
3.6

Lower
Upper
quartile quartile
9
16
8
14
8

13

1

g/b – girls/boys.

tract with gastric mucosa samples (corpus and antrum) was
performed in 88 children with positive IgG against H pylori
and 18 children with negative IgG against H pylori. Endoscopic
and histopathological evaluation was performed based on the
Sydney System[16]. Chronic stomachache indicated the need
for endoscopy. The assessment of sP-selectin (sP-selectin,
Bender MedSystems, Austria), sICAM-1 (sICAM, Bender
MedSystem) and sVCAM-1 (sVCAM, Bender MedSystems)
levels in the serum samples was performed using ELISA
method. The materials for the examination and assessment
of individual parameters were prepared according to the
manufacturer’s instructions. The results were read in a
spectrophotometer at 450 nm wavelength. The minimum
detection threshold in the method used equaled 1.3 ng/mL
for sP-selectin, 0.5 ng/mL for sICAM-1, and 0.9 ng/mL for
sVCAM-1.
Statistical analysis
The results of laboratory analysis were processed using
appropriate calculating techniques and statistical tests.
Descriptive statistics with central deviation measure
including arithmetic mean ( χ ), median and mode, and
measure of dispersion including standard deviation (SD),
variations and values of the upper and lower quartiles
were given to each variable (feature) measured and group
of patients. The distribution of empirical data matching
the normal distribution was checked using χ 2 test and
the Kolmogorow–Smirnow test. The results enabled to
determine the direction of further statistical analysis and
to use parametric tests or their non-parametric equivalents
in statistical analysis. Since in most cases, formal normality
tests proved that variations differed significantly from
assumed theoretical distribution, the Mann–Whitney U
test was used to examine the significance of difference in
the feature intensity between the groups examined. P<0.05
was considered statistically significant. Receiver operating
characteristic (ROC) curves were applied to the estimation
of the usability of individual diagnostic parameters.

RESULTS

While evaluating the activity of antrum gastritis in groups,
we showed the largest changes in children with H pylori
infection (group I). The severe degree activity was found
in 69.5% of this group and the moderate degree activity in
30.5% of the infected children. In children with previous
infection and after bacteria eradication (group II), no
severe or moderate degree activity was found, whereas
mild degree activity was revealed only in 20.7% of this
group (Figure 1A).
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Figure 1 Gastritis activity in antrum (A) and corpus (B) of examined children (according to the Sydney System).

The analysis of antral gastritis activity by χ2 test proved
a statistical significance (P<0.001) in examined groups.
While the corpus mucosa in children with H pylori infection
(group I) was assessed, the moderate degree activity was
found in 55.9% of children and the severe degree activity
was revealed in 44.1% of children. In children after H pylori
eradication (group II), the mild degree activity was established
only in 17.9%. No severe or moderate degree activity was
reported (Figure 1B). The histopathological evaluation of the
corpus gastritis differed statistically significant in particular
groups (P<0.001).
sP-selectin levels equaled 339.2±122.9 ng/mL in the
sera of children with H pylori infection (group I). The
similar levels of sP-selectin were observed in children after
H pylori eradication (group II) and in controls. Therefore,
no statistically significant differences were found between
the groups examined (Table 2). Based on the results
of ROC analysis of sP-selectin levels in serum, the
usefulness of this parameter was not confirmed (AUC =
0.62±0.08). The highest accuracy was obtained when the
level of 1 288.2 ng/mL was taken as the criterion of sPselectin concentration. The sensitivity was 87.2% and the

specificity was 52.9% for this value (Figure 2A).
Soluble ICAM level was 482.3±143.2 ng/mL in
children with H pylori infection (group I). Similar sICAM-1
levels were observed in children after H pylori eradication
(group II) and in controls. No statistically significant
differences of sICAM levels were proved between/among
the groups (Table 3). A linear correlation was proved
between the age of children with H pylori infection (group I)
and sICAM levels. A negative value of a slope of a line
(b = –9.43±3.98) (according to the Sydney System)
indicates that sICAM levels decreased in the serum as the
age increased. The value of the line equaled 597.18±51.91
ng/mL. This correlation was statistically significant (P<0.05)
(Figure 3A).
Soluble VCAM-1 levels in the sera of children with
H pylori infection equaled 1 032.7±267.5 ng/mL. A
statistically significant difference was proved between
the levels of group I and group II (P<0.05) (Table 4). In
children with H pylori infection, a statistically significant
dependence (P<0.001) was revealed between the age of
children examined and sVCAM-1 levels in their sera. This
dependence can be described by a general formula: y =

Table 2 Serum sP-selectin levels in serum of examined children (ng/mL), Mann–Whitney U test
Groups
Group I
Group II

n
46
17

Min. value
158
127

Max. value
612
624

Mean arithmetic
339.2
389.1

Median
312.0
375.2

Mode
343
–

SD
122.9
151.5

Lower quartile
248
283

Upper quartile
380
509

Group III

3

215

330

283.7

306.0

–

60.7

261

318

Median
478.0
487.7

Mode
514
–

SD
143.2
164.7

Lower quartile
399
412

Upper quartile
548
580

446.0

–

168.1

394

527

SD
267.5
164.7

Lower quartile
819.0
412.0

Upper quartile
1 183.0
580.0

Table 3 Serum sICAM-1 levels in examined children (ng/mL), Mann–Whitney U test
Groups
Group I
Group II

n
55
23

Min. value
232
176

Group III

5

304

Max. value
887
930
705

Mean arithmetic
482.3
490.5
475.3

Table 4 Serum sVCAM-1 levels in examined children (ng/mL), Mann–Whitney U test
Groups
Group I
Group II

n
47
23

Min. value
612
176

Group III

5

367

Max.value
1 921
930
523

Mean arithmetic
1 032.7
490.5
422.1

Median
1 018.0
487.7

Mode
819
–

400.2

–

59.7

398.3

421.2
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Figure 2 ROC curve for serum sP-selectin (A) and sVCAM-1 (B) levels.
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Figure 3 Correlation between age and sICAM-1 (A) between age and sVCAM-1 (B), and between sICAM-1 and sVCAM-1 (C) levels in serum of children with H pylori
infection (group I).

a+b×x. A negative value of a slope of a line (b = –31.67±
–5.18) means that the value of sVCAM-1 levels decreased
as the age of children increased (Figure 3B). Based on the
results of ROC analysis of sVCAM levels in the serum,
the usefulness of this parameter in H pylori infection and
eradication was not confirmed (AUC = 0.69±0.08). In case
of sVCAM-1 levels, the highest accuracy of diagnosis was
obtained at the criterion of 1 288.2 ng/mL. The sensitivity
was 87.2% and the specificity was 52.9% (Figure 2B).
In children with H pylori infection, a linear dependence
(y = a+b+x) was proved between sICAM-1 and sVCAM-1
levels in the serum. A positive value of a slope of a
line
(b = 1.08±0.23) indicates that sICAM-1 levels increased
simultaneously with sVCAM-1 levels (Figure 3C).

DISCUSSION

The evaluation of soluble adhesion molecule levels in
serum can confirm their presence and assess their levels
quickly and therefore may be of better use in the diagnosis
of H pylori infection or eradication than time-consuming
immunohistochemical methods.
The levels of sVCAM-1 were higher in the sera of
patients with gastritis of H pylori etiology than in patients
without infection and differed significantly (P<0.05). The
levels of sICAM in the sera were similar in all groups
examined. The levels of sP-selectin were similar in the

groups with or without H pylori infection but were twice
as high as in controls. Similar results were presented in
studies evaluating ICAM-1, VCAM-1 molecules on the
surface of gastric epithelium[17-19].
Later studies in patients with chronic gastritis in
the course of H pylori infection have proved that the
predominant increase in ICAM-1 expression on vascular
epithelial cells and inflammatory cells (lymphocytes,
granulocytes) in lamina propria is connected with a massive
inflammatory infiltrate and the expression of HLA-DR,
LFA-1, and Mac-1 on cells presenting antigen [7,20]. No
ICAM-1 expression was found on endothelial lymphocytes
and epithelial cells. Similar to our study, no correlation
with the degree of gastritis was proved. A decrease in the
level of adhesion molecules examined was observed after
effective eradication of H pylori.
Hatz et al. [21] have proved that ICAM-1 expression
increases on endothelial cells. Moreover, they observed
an increase in VCAM - expression in lymphatic follicles,
though they neither found an increase in P-selectin
expression nor any E-selectin expression. According to
the authors, constant P-selectin levels (no increase) may
be due to a quick metabolism of this molecule (in vitro it is
decomposed after a few minutes after its exposition on
epithelial cells) and undetectable changes of its levels
in immunohistopathological examination. As stated by
Hatz et al. [21], the increased levels of proinflammatory
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cytokines such as IL-1b and TNF-α and the increased
quantity of CD4+ and CD45RO lymphocytes in lamina
propria might contribute to the upregulated expression
of ICAM-1 and VCAM-1. However, studies examining
ICAM-1, VLA-4, and CD44 expressions on the surface
of mononuclear cells in the serum have proved their
increased quantity together with the expression of the
molecules mentioned above in patients with H pylori
infection but without ulceration and in healthy people[3,5].
Polymorphonuclear cells react similarly. The enhanced
adhesion of these cells to the epithelial cells of the human
navel vein exposed to H pylori antigens has been shown in
laboratory tests evaluating ICAM-1, VCAM-1, E-selectin
expression on neutrophils[6].
Innocenti et al.[4] found that not all H pylori strains are
able to activate epithelial cells of gastric mucosa to the
expression of adhesion molecules (ICAM-1, VCAM-1,
E-selectin) and chemokines for neutrophils. But the authors
failed to prove whether combination of bacterial antigens
(CagPaI, Lewis, BabA, VacA) could influence H pylori
capability of activating epithelial cells. According to these
authors, bacterial proteins not described so far take part in
the activation of epithelial cells.
While the interdependence was evaluated between
adhesion molecules, a strong correlation was found
between the serum levels of sICAM and sVCAM-1
(P<0.001) in children with H pylori infection, indicating
that the increase in sICAM-1 levels is accompanied with
the increase in sVCAM-1 levels. Such a correlation may
point to the simultaneous and proportional contribution
of both adhesion molecules in inflammation.
In our study, while the correlation of sICAM-1 and
sVCAM-1 levels with the age of children examined in
groups I and II was evaluated, the highest levels were
found in the youngest children, whereas they decreased
gradually as the age of patients increased. The correlation
was statistically significant in both groups (I and II)
for sICAM (P<0.05), whereas for sVCAM in group I
(P<0.0001) and in group II (P<0.05). The variability of
sICAM-1 and sVCAM levels in serum regarding the age
may suggest a greater maturity of children’s immunological
system and its reaction to bacterial antigens.
The results of our study and other studies indicate
that adhesion molecules play an important role in
immuno-inf lammator y response in patients with
gastritis due to H pylori infection. The levels of adhesion
molecules increase in inflammatory process. In our study,
such a correlation was proved for sP-selectin.
The quantity of adhesion molecules in inflammatory
infiltrating cells or the increased levels of their soluble
for ms in the ser um correlate with the intensity of
inflammatory process.
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Abstract

AIM: To measure the concentrations of chosen cytokines
in the antrum mucosa depending on the kind of harmful
pathogenic factors and to compare the concentrations
with the values of controls without allergy and coexisting
Helicobacter pylori (H pylori ) infection.
METHODS: The patients (97 children) were divided
into three groups according to the data obtained from
the case history, to the main cause of the disease and
to the dominant clinical symptoms. Group I: children
with food allergy (Fa); group II: children infected
with H pylori ; group III (control group): children with
functional disorders of the alimentary tract (without Fa
and Hp infection). H pylori infection was determined
by the presence of anti-Hp antibodies in serum (ELISA
method) and urease test performed during endoscopic
examination. Cytokine concentration in homogenates of
gastric mucosa was detected by ELISA method.
RESULTS: The IL-2 concentration in gastric mucosa
bioptates was the highest in children with Hp infection
(116.5±179.5 pg/mg of the protein) and Fa and Hp
infection (98.1±101.0 pg/mg), while decreased in
children with Fa (44.8±50.3 pg/mg) and controls
(45.7±23.5 pg/mg). The lowest mean concentration
of IFN-γ was observed in children with Hp infection
( 1 8 . 9 ± 1 6 . 4 p g / m g ) , w i t h Fa a n d H p i n f e c t i o n
(25.5±27.7 pg/mg), with Fa (40.6±39.7 pg/mg)
and controls (49.9±33.4 pg/mg). The highest IL-4
concentrations were observed in children with Hp
infection (35.3±52.8 pg/mg) and in children with Fa
and Hp infection (37.2±51.7 pg/mg), while lower IL-4
concentration (23.6±35.8 pg/mg) was found in children
with Fa compared to the controls (22.7±13.8 pg/mg).
The analysis of IL-4 concentrations in children with Hp
infection regarding the intensity of gastritis showed
the highest value (62.2±61.2 pg/mg) in mild and

moderate gastritis. The concentrations of IL-5 in the
gastric mucosa of children with or without Fa did not
differ significantly and were comparable to the control
group. The highest mean IL-8 value was observed in
Hp-infected children with or without Fa. The highest
concentration of mucosal IL-10 was detected in children
with Hp infection (79.3±41.2 pg/mg) and decreased in
children with Fa and Hp infection (50.1±18.8 pg/mg)
and in children with Fa (39.9±35.5 pg/mg). The
intensity and activity of the inflammation did not
affect IL-10 concentrations in the gastric mucosa. In
children with Hp infection, TNF-α concentration was
the highest (45.9±49.3 pg/mg) and in children with Fa
and Hp infection was low (45.3±32.6 pg/mg), whereas
decreased in children with Fa (21.7±34.2 pg/mg) and in
controls (31.6±14.5 pg/mg).
CONCLUSION: The morphological changes of the
gastric mucosa in children with Hp infection are
comparable to those in children with Fa and coexisting
Hp infection. Cytokine concentration in children with Fa
and Hp infection is significantly different in IFN-γ, IL-2,
IL-8, and TNF-α.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Many medical research centers dealing with food allergy
(Fa) have assessed the morphological changes of gastric
mucosa in children with hypersensitivity. Endoscopic
evaluation of the alimentary tract and allergical and
immunological examinations of food hypersensitivity
are valuable diagnostic examination and pathogenetic
inquir y element [1,2] . Numerous mast cells releasing
histamine and triptase as well as the phenomenon of the
selective accumulation of eosinophils and neutrophils
have been observed in various parts of the alimentary
tract of patients sensitive to food[3-6]. Erosive gastritis and
ulceration may occur periodically in the gastric and/or
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duodenal mucosa, whereas chronic intestinal disorders
are usually recurrent with stomachache or diarrhea with
abundant mucus and sometimes bloody secretion.
Besides allergy, Helicobacter pylori (H pylori) infection
is another factor triggering inflammatory changes in the
gastric and duodenal mucosa of children. Czinn et al.[7] are
the first to show the connection of inflammatory changes
of the gastric pylorus mucosa with Hp in children. The
presence of Hp in the stomach leads to diminishment of
the mucous protective layer due to the inhibition of mucus
production caused by epithelial cells. The bacteria settle in
the stomach, locating in and under the layer of epithelial
cells, around intercellular epithelial connections and on the
surface by producing special adherence structures, the socalled “bridge attachment”. The number of bacteria is the
main factor conditioning the epithelial damage degree[8-10].
Inflammatory changes in the gastric mucosa dependent
on Hp may persist for several years giving neutrophilic
infiltrations in the acute phase and lymphoplasmatic,
macrophagic, and eosinophilic infiltrations in the chronic
phase of the inflammation. The size of leukocytic
infiltration correlates with the degree of colonization and
mucosal damage. A small amount of B lymphocytes can be
observed in an inflammatory infiltrate. The inflammatory
process is developed due to a smaller number of CD8+
lymphocytes when compared to helping lymphocytes
CD4+[11-13].
Abnormal IgE production in response to allergens
is a characteristic feature of atopy. IL-4, IL-13 and
IFN-γ are the most important cytokines regulating IgE
production. IL-4 and IL-13 are responsible for the change
of immunoglobulins produced by B lymphocytes from
IgG and IgM towards IgE and IgG4[14-16]. IFN-γ reacts
adversely and inhibits IL-4 effect on B lymphocytes, which
secretes specific anti-antigen antibodies. Other cytokines,
IL-2, IL-5, and IL-6 have an adjunctive activity to IL-4.
They increase IgE production induced by IL-4, whereas
IL-12 blocks IgE production induced by IL-4[17-19].
In case of infectious factors or toxins, the first
contact cells are the cells of the monocyte/macrophage
system. After activation, the cells produce and secrete
proinflammatory cytokines, namely IL-1, IL-6, and
TNF- α . Biologically, the cell activity occurs through
endocrine paths and concerns remote organs, i.e. the
liver (acute phase protein production), hypothalamus
(pyrogenic effect) and adrenal glands (inflammatory
process eradication)[20]. In Hp infection, cytokines also
play an important role in the pathogenesis of gastritis. Hp
infection is connected with the upregulated production
of mucosal inflammatory cytokines: TNF-α, IL-1β, IL-2,
IL-6, IL-7, and IL-8[10,21–24].
The purpose of the present study was to assess the
concentrations of chosen cytokines in the gastric mucosa
of children with Fa and Hp infection and to compare the
concentrations obtained by the group of children without
Fa and coexisting Hp infection.

MATERIALS AND METHODS
Examinations were conducted in 97 patients with dyspeptic
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symptoms, including recurrent or chronic stomachache,
disorexia, recurrent diarrhea, nausea, vomiting, and loss
of body weight. The symptoms were indications for
gastroscopy. The patients were divided into three groups
according to the cause and clinical symptoms observed.
Group I consisted of 48 children (49.5%) with Fa
including 22 girls (45.8%) and 26 boys (54.2%) aged
4.6-18.4 years (mean 10.6±3.6 years). The case history,
clinical complaints and the results of the upper alimentary
tract endoscopic and histopathological examinations
were the qualifying criteria for the further morphologic
and biochemical analysis of the patients. The children
with Fa were chosen on the basis of the clinical picture,
positive immunological and allergical examinations, and
inflammatory changes of gastric mucosa after Hp and
giardiasis exclusion.
Group II comprised 34 children (35%) with Hp
infection including 17 girls (50%) and 17 boys (50%). Fa
and simultaneous Hp infection (Fa+Hp) were revealed
in 16 (47%) children aged 3.3-16.2 years (mean 11.0±3.8
years). The rest of the 18 patients (52.9%) suffered from
Hp infection without Fa. The age of the patients ranged
from 5.0 to 18 years (mean 12.8±4.1 years). Children with
Fa or without Fa and Hp infection were chosen on the
basis of the same criteria as in group I and the positive
results urease test (CLO-test) performed during endoscopy.
The presence of Hp in the gastric antrum and corpus
mucosa specimens was confirmed by hematoxylin and
eosin staining (H+E) and the Giemsa method. Moreover,
anti-Hp antibodies were determined by ELISA method
(RecomWell Helicobacter IgG, Mikrogen, Germany).
The amount of the bacteria as well as gastric antrum and
corpus inflammatory activities were the decisive factors
defining the severity of infection[24].
Group III included 15 children (9 girls -60%, 6
boys-40%) aged 4.9-14.9 years (mean 10.1±3.2 years) with
functional disorders of the alimentary tract. The patients
did not complain of allergy and showed no Fa symptoms.
Hp infection was also excluded and endoscopy was carried
out due to clinical symptoms mentioned above. The group
constituted the control group (C). During gastroscopy,
three specimens were collected from the prepyloric part of
the stomach. Biopsies were weighed on an analytical scale
immediately after the collection and then put in 1 mL of
phosphatic buffer (molality 0.05 and pH 7.4) and placed in
a thermos with ice.
Biopsies were homogenized using a tissue
homogenizer. The protein was determined by Lowry
method (mg/100 mL). Homogenates were divided into
portions of 200 mL each, then frozen and stored at -20 oC
for further examinations. Determination was conducted
separately for each homogenate sample after gradual
warming up to the room temperature. The concentrations
of tumor necrosis factor (TNF-α), IL-2, IL-4, IL-5, IL-8,
IL-10, and INF-γ in homogenates of the gastric mucosa
were determined by ELISA method using ENDOGEN
standard kits (Cambridg e, USA) according to the
manufacturer’s instructions. Absorbance reading was
performed spectrophotometrically with the wavelength
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recommended by the manufacturer. The concentrations
of cytokines examined (in pg/mL) were calculated on the
basis of the standard curve. The results were expressed
in milligram of protein in homogenate of the tissue
examined.
Statistical analysis
Statistical analysis included the arithmetic mean±SD, the
minimum result (min), and the maximum result (max).
The levels of parameters examined were compared
using Student’s t-test for independent or paired trials.
T he differences were significant at P<0.05. T he
interdependence between measurable features was
evaluated with Pearson’s linear correlation coefficient,
of which significance was assessed using Student’s t-test
for each correlation. The interdependence between nonmeasurable features evaluated using an independence test
2
χ or Fisher's exact test is presented in the correlation
tables.

RESULTS
The histopathological evaluation of the gastric mucosa
in patients could distinguish the following categories
of changes: normal mucous membrane, mucosa at the
borderline of the norm (a slightly decreased number of
mononuclear cells in superficial layers of the mucous
membrane) and chronic inflammation. In children with Fa,
normal gastric mucosa was observed in 43.7%, mucosa at
the edge of the norm in 35.4% and chronic inflammation
in 20.8% of children. In children with Fa and Hp infection
and in those without Fa, morphological changes of the
antrum mucosa resembled chronic inflammation in 100%.
According to the Sydney System, three stages of gastritis
could be distinguished: mild, moderate, and severe.
The severe stage of antrum mucosal inflammation was
observed in 55% of children with Hp infection and in
31.2% of children with Fa and Hp infection (Table 1).
Moderate antrum gastritis concerned children with Fa and
Hp infection (50%) and children with Hp infection (44.4%).
Mild gastritis was revealed in 18.7% (group I) of children
with Fa and in 18.7% of children with Fa coexisting Hp
infection. Morphometric analysis regarding the severity of
inflammation showed statistically significant pathological
changes in the antrum (P<0.001). The evaluation of
antral gastritis activity according to the Sydney System
also presented a statistical significance (P<0.001). Severe
antral gastritis was observed in 72.2% of children with
Hp infection and in 68.7% of children with Fa and Hp
infection (Table 2). The moderate activity was found in
children with Fa and Hp infection (31.2%), in children
with Hp infection (27.7%) and in children with Fa (6.2%).
Group I showed the moderate activity in 6.2% of children.
Histopathological examinations of the corpus mucosa
were evaluated in the same way, i.e. in three categories
of changes: normal mucosa, mucosa at the edge of the
norm,and chronic inflammation.
Group I showed chronic corpus gastritis in 16.6% of
children, whereas the second category of changes was
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Table 1 Severity of corpus and antrum mucosa gastritis in children
examined according to Sydney System[25] n (%)
Stage of corpus mucosa gastritis
Group
n
Mild
Fa
48
6 (12.5)
Hp
18
8 (44.4)
Fa+Hp
16
5 (31.2)
C
15
0 (0)
Stage of
antrum mucosa gastritis
Fa
48
9 (18.7)
Hp
18
1 (5.5)
Fa+Hp
16
3 (18.7)
C
15
0 (0)

Moderate
1 (2)
9 (50)
8 (50)
0 (0)

Severe
0 (0)
1 (5.5)
2 (12.5)
0 (0)

1 (2)
8 (44.4)
8 (50)
0 (0)

0 (0)
9 (55)
5 (31.2)
0 (0)

Fa, food allergy; Hp, H pylori; C, control group.

Table 2 Activation of corpus and antrum mucosa gastritis in children
examined according to Sydney System[25] n (%)
Activity of corpus gastritis
Group examined
Fa
Hp
Fa+Hp
C
Activity of
antrum gastritis
Fa
Hp
Fa+Hp
C

n
48
18
16
15

Mild
4 (8.3)
0 (0)
0 (0)
0 (0)

48
18
16
15

7 (14.5)
0 (0)
0 (0)
0 (0)

Moderate
3 (6.2)
11 (61.1)
9 (56.2)
0 (0)

Severe
0 (0)
7 (38.8)
6 (37.5)
0 (0)

Lack
41 (85.4)
0 (0)
1 (6.2)
15 (100)

3 (6.2)
5 (27.7)
5 (31.2)
0 (0)

0 (0)
13 (72.2)
11 (68.7)
0 (0)

38 (79.1)
0 (0)
0 (0)
15 (100)

Fa, food allergy; Hp, H pylori, C, control group.

observed in 37.7% and normal mucosa was reported in
45.8% of children in this group. Chronic corpus gastritis
was diagnosed in 100% of children with Hp infection. In
children with Fa and Hp infection, 93.7% of children had
chronic inflammation and 6.2% had mucosa at the edge of
the norm. Severe corpus gastritis was observed in 12.5% of
children with Fa and Hp infection and in 5.5% of children
without Fa but with Hp infection (Table 1). The moderate
corpus gastritis occurred in 50% of children with Hp
infection and in 50% of those with Fa and coexisting Hp
infection. Only 2% of children with Fa had moderate
corpus gastritis. Mild gastritis was observed in children
with Hp infection (44.4%) and in 31.2% of children with
Fa and Hp infection. Severe activity of the corpus mucosa
was found in 38% of children infected with Hp and in
37.5% of allergic children infected with Hp. The moderate
activity was observed in 61.1% of children with Hp
infection, 56.2% of allergic children with Hp infection and
6.2% of children with Fa.
Gastric mucosal biopsies showed the highest IL-2
concentration in children infected with Hp (116.5±179.5 pg/mg
of the protein) and slightly lower level in allergic children
with Hp infection (98.1±101.0 pg/mg). The levels were
statistically significantly different from those in the control
group (P<0.01). The lowest IL-2 concentration was
observed in children with Fa (44.8±50.3 pg/mg), which
was comparable to that in the controls (45.7±23.5 pg/mg;
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Table 3 Cytokine concentration in gastric mucosa of children examined, according to Sydney System[25] (pg/mg)
Group
Fa
Hp
Fa+Hp
C
b

IL-2
44.8
116.5b
98.1d,f
45.7h

IL-4
23.6
35.3
37.2
22.7

IL-5
35.5
34.1
29.9
30.8

IL-8
59.9
88.0b
101.2d
93.8f

IL-10
39.9
79.3b
50.1
40.4h

IFN-γ
40.6
18.9b
25.5f
49.9h

TNF-α
21.7
45.9b
45.3d,f
31.6j

P<0.01 vs Fa and Hp, dP<0.01 vs Fa and Fa+Hp, fP<0.01 vs Fa and C, hP<0.01 vs Hp and C, jP<0.01 vs Fa+Hp and C.

Table 3). The highest IL-2 concentration in the gastric
mucosa with regard to the intensity of inflammation
(mild+moderate) was observed in the antrum of children
with Hp (184.4±227.8 pg/mg) and the allergic process
with coexisting Hp infection (125.4±109.4 pg/mg). The
highest IL-2 concentration in relation to gastric mucosa
inflammation activity was found in children with severe
Hp infection (187.6±232.6 pg/mg), being statistically
significant when compared to the control group (P<0.01;
Tables 4 and 5). IFN-γ concentrations in the gastric mucosa
ranged from undetermined levels to 188.2 pg/mg of the
protein. The lowest mean concentration of IFN-γ was
observed in children infected with Hp (18.9±16.4 pg/mg
of the protein) and differed significantly when compared
to the controls (P<0.01). In allergic children with Hp
infection, the mean concentration of IFN-γ in the gastric
mucosa was slightly higher (25.5±27.7 pg/mg, P<0.01;
Table 3).
The mean concentration of IFN-γ was 40.6±39.7 pg/mg
of the protein in children with Fa and was close to that in
the controls (49.9 ±33.4 pg/mg). In Hp infected children
with mild and moderate gastric mucosal inflammation,

IFN-γ concentration was the lowest (13.1±16.5 pg/mg),
being significantly different from that in the controls
(P<0.01; Tables 4 and 5).
The values of IL-4 ranged from undetectable to
208.4 pg/mg in biopsies of the gastric mucosa. The
highest IL-4 concentration was observed in Hp infected
children. IL-4 concentration was 37.2±51.7 pg/mg in
allergic and Hp infected children and 35.3±52.8 pg/mg in
those without Fa.
The mean concentration of IL-4 was 23.6±35.8 pg/mg
in children with Fa, being comparable with the control
group (22.7±13.8 pg/mg). The highest IL-4 concentration
in children with Hp infection regarding the intensity of
gastritis was 62.2±61.2 pg/mg in mild and moderate
gastritis (P<0.01).
The IL-5 concentration ranged from 6.7 to 250.9 pg/mg in
the biopsies and was 35.5±50.9 pg/mg in allergic children,
being not significantly different from that in the controls.
The mean concentration of IL-5 in the gastric mucosa of
children with or without Fa did not differ significantly and
was comparable to that in the control group.
IL-8 concentration ranged from 10.5 to 618.8 pg/mg in

Table 4 Concentrations of cytokines in gastric mucosa of children examined depending on inflammation stage according to Sydney System[25]
Cytokines
(pg/mg of the protein)
IL-2
IFN-γ
IL-4
IL-5
IL-8
IL-10
TNF-α
b

Fa
Antrum
Corpus
Mild+moderate Mild+moderate
17.7
17.9
54.9
46.6
15.4
6.7b
24.5
25.5
37.5
37.5
30.4
24.4
20.6
4.8

Hp
Antrum
Corpus
Mild+moderate Severe Mild Moderate+severe
38.8
77.7
150.4b
184.4b
b
b
24.1
17.8
19.7b
13.1
62.2b
3.9a
37.6
32.7
–
–
–
–
101.2
72.9
93.6
83.1
–
–
–
–
65.2
24.1
48.7
43.3

Fa+Hp
Antrum
Mild+moderate Severe
125.4b
38.3
21.9
34.3
44.3
1.7
29.7
–
98.0
108.2
44.6
–
24.3
54.8b

Corpus
Mild
Moderate+severe
106.7 b
98.6
23.1
27.1
32.1
46.4
–
33.0
71.1
118.3
–
58.9
49.0
44.8

P<0.01, cytokine concentrations statistically significantly different from controls. Fa, food allergy; Hp, H pylori; C, control group.

Table 5 Cytokine concentrations in gastric mucosa of children examined depending on the inflammation activity according to Sydney
System[25]
Cytokines (pg/mg protein)

IL-2
IFN-γ
IL-4
IL-5
IL-8
IL-10
TNF-α
b

Fa
Antrum
Corpus
Mild+moderate Mild+moderate
17.7
17.9
54.9
46.6
15.4
6.7b
24.5
25.0
37.5
37.5
30.4
24.0
20.6
4.8

Hp
Antrum
Mild+moderate Severe
72.5
204.3b
20.4
18.4
81.1b
6.7b
–
–
83.5
90.2
–
–
76.0
33.3

Corpus
Mild+moderate Severe
69.0
187.6b
b
14.6b
21.8
30.0
47.8
–
–
86.9
89.6
–
–
37.4
57.9

Fa+Hp
Antrum
Corpus
Mild+moderate Severe
Mild Moderate+severe
70.1
110.9
119.3
74.3
25.6
25.4
22.4
33.4
52.0
29.8
39.9
39.9
–
–
–
–
69.8
115.5
83.2
131.6
–
–
–
–
24.6
54.6
60.4
24.9

P<0.01 vs cytokine concentrations statistically significantly different from controls. Fa, food allergy; Hp, H pylori; C, control group.
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gastric mucosal biopsies before the treatment. The highest
mean IL-8 value was observed in Hp infected children (with
or without Fa). The mean IL-8 concentration was 101.2
±68.3 pg/mg in allergic children with Hp infection. This
value was statistically significant (P<0.005) in comparison
to that in allergic children. In children with Hp infection,
the mean gastric mucosa IL-8 concentration was 88.0±
40.4 pg/mg, being statistically significant (P<0.005) in
comparison to that in children with Fa. The evaluation of
mucosa IL-8 concentration with regard to the intensity and
activity of inflammatory process in the gastric mucosa did
not show any statistically significant dependence (Tables 4
and 5).
In gastric mucosal biopsies, IL-10 concentration ranged
from undetectable to 141.8 pg/mg. The highest mean
concentration of mucosa IL-10 was detected in children
with Hp infection (79.3±41.2 pg/mg) and in allergic
children with Hp infection (50.1±18.8 pg/mg).
The mean IL-10 concentration was 39.9±35.5 pg/mg
in children with Fa, being statistically significantly different
from that in children with Hp infection (P<0.01, Table 3).
The intensity and activity of inflammation did not affect
IL-10 concentration in the gastric mucosa (Tables 4 and 5).
TNF- α concentration ranged from undetectable
to 208.4 pg/mg in gastric mucosal biopsies. The mean
TNF-α concentration was the highest in children with
Hp infection and 45.9±49.3 pg/mg, in children without
Fa compared to that in the controls (P<0.06). Infection
revealed the mean TNF-α concentration of 45.3±32.6
pg/mg in allergic children with coexisting Hp infection,
being statistically different from controls (P<0.01).
The mean TNF-α concentration was 21.7±34.2 pg/mg
in allergic children and showed statistically significant
difference (P<0.003) in comparison to children with Hp
infection or with Fa and coexisting Hp infection (P<0.004).
The analysis of TNF- α concentration in the gastric
mucosa with regard to the intensity and activity of the
inflammation showed no statistically significant differences.

DISCUSSION
Our study proved that the pathogenic factors like harmful
food could induce certain morphological changes of
the gastric mucosa. They are smaller with regard to the
percentage and “depth” than in the combined activity
of allerg y and Hp. It seems essential to check the
intensity of the changes and their dynamics by assessing
their characteristics and size as well as local properties
of cytokines produced. The concentration of chosen
cytokines in the antrum mucosa in children with Fa
was comparable to that in the controls. However, IL-4
concentration was statistically significantly different from
the control group. IL-4 is secreted by antigen- or mitogeninactivated lymphocytes Th2 and by mast cells in the
gastric mucosa infiltrates in children with Fa.
Another frequent etiological factor, Hp infection
leading to gastritis, was observed besides the allergic one
affecting the gastric mucosa. Histopathological changes
induced by the activity of this factor were far greater than
those observed in children with Fa.
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It should be assumed that the intensified local production
of many inf lammator y cytokines, including IL-2,
takes place in Hp infection where gastric mucosa is
infiltrated by such cells as neutrophils, lymphocytes,
monocytes/macrophages and cytoplasmic cells. The IL-2
concentration was the highest in the gastric mucosa of
children with Hp infection (116.5 pg/mg) and slightly
lower in children with Fa and Hp infection (98.1 pg/mg).
The values were statistically significant when compared to
the control group.
IL-8 is another cytokine, whose chemotactic properties are
directed selectively towards neutrophils. The activity of IL-8
on neutrophils is triggered by binding to a specific receptor,
which can be found on the surface of the cells (5 ku)[10,25-27].
A population of children with Fa and coexisting Hp
infection was included additionally in our study. The mean
concentration of IL-8 in the gastric mucosa of children
with Hp infection was 88.0 pg/mg, being statistically
significantly different (P<0.01) in comparison to 59.9 pg/
mg in allergic children. The mean IL-8 concentration was
even higher (101.2 pg/mg) in allergic children with Hp
infection.
Another cytokine with a wide range of biological
actions is IL-4 secreted by antigen-inactivated Th
lymphocytes (Th2) and mast cells[28-31]. We evaluated IL-4
concentration in particular groups of children and found
IL-4 levels were increased in allergic patients, though the
values were not statistically different from those in the
controls.
TNF-α is one of the most potent cytokines activating
numerous functions of neutrophils. It stimulates directly
oxygenic metabolite release by neutrophils and the
effectiveness of this phenomenon depends on the doses
used[32-34]. Isolauri et al.[35] and Majamaa et al.[36] showed that
TNF-α is elevated in feces of allergic children, which is
thought to be a delayed reaction type to food challenge.
Children with immediate reaction have a significant
increase in α1-antitripsin and eosinophil cationic protein
(ECP) in their feces as compared to patients who do not
respond to food challenge.
The relatively low TNF-α concentration in the antrum
mucosa (21.7 pg/mg) of allergic children may be due to
the fact that a marked percentage of the patients revealed
IgE-dependent mediators engaged in allergic reactions.
TNF-α assessed in biopsies of the alimentary tract mucosa
or excrements feces seems to be a good factor for active
immunological reactions to food allergens ingested by
children who react to food without IgE participation.
Isolauri et al. [35] showed that TNF- α can be equally
used as a factor of pathogenic process activation and
food hypersensitivity as cationic protein (ECP) and α1antitripsin in case of patients whose cytokines secreted by
T lymphocytes are responsible for clinical symptoms.
In conclusion, the pathogenic process is individually
different with regard to morphological examinations and
proinflammatory and proallergic cytokine production.
Concentrations of IFN-γ, IL-2, IL-8, and TNF-α in the
gastric mucosa of children with Fa and those with Hp
infection (without Fa) are different.
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Abstract

AIM: To investigate the effect of regulatory peptides
bombesin (BBS) and neurotensin (NT) on intestinal
barrier function in partially hepatectomized rats.
METHODS: Ninety male Wistar rats were randomly
divided into five groups: I (n = 10): controls, II (n =
20): sham operated, III (n = 20): partial hepatectomy
70% (PHx), IV (n = 20): PHx+BBS (30 μg/kg/d), V (n
= 20): PHx+NT (300 μg/kg/d). Groups IV and V were
treated for 8 days before PHx and 48 h post surgery.
At the end of the experiment, on day 10, intestinal
barrier function was assessed by measuring endotoxin
concentrations in portal and aortic blood. Tissue sections
of the terminal ileum were examined histologically and
villus density, mucosal thickness, mitotic activity and
apoptosis in crypts were assessed. In addition, ileal
mucosa was analyzed for DNA and protein content and
microbiological analysis was performed in cecal contents.
To estimate intestinal oxidative stress, lipid peroxidation
was determined on tissue homogenates from terminal
ileum.
RESULTS: BBS or NT administration significantly
reduced portal and systemic endotoxemia observed
48 h after partial hepatectomy. In hepatectomized
rats (group III), a trend towards induction of mucosal

atrophy was observed, demonstrated by the reduction
of villus density, mucosal thickness, protein content and
significant reduction of DNA, while these alterations
were reversed by regulatory peptides administration.
This trophic effect of BBS and NT was accompanied
by induction of mitoses above control levels and a
significant reduction of apoptosis in intestinal crypts.
Intestinal lipid peroxidation was found significantly
lower in PHx group and regulatory peptides exerted an
antioxidant action, further decreasing this parameter of
oxidative stress. The bacterial population of E. coli and
aerobic Gram (+) cocci was increased in cecal content
of hepatectomized rats, while this parameter was not
affected by the administration of BBS or NT.
CONCLUSION: Gut regulatory peptides BBS and
NT improve intestinal barrier function and reduce
endotoxemia in experimental partial hepatectomy. This
effect is, at least in part, mediated by their trophic,
antiapoptotic, mitogenic, and antioxidant effect on
the intestinal epithelium. This observation might be of
potential value in patients undergoing liver resection.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Despite current advances in the safety of hepatic resection
and perioperative care, which have led to a significant
reduction of perioperative mortality, septic events remain
still an important problem complicating the outcome of
hepatectomized patients[1]. It has been previously shown
that enteric bacteria and endotoxins passing through the
intestinal barrier to extraintestinal sites and the systemic
circulation result in intra-abdominal abscess formation,
pulmonar y infections, se psis and multiple org an
dysfunction in patients and rats after liver resection[1,2]. A
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compromised gut barrier function promotes the escape
of enteric bacteria and endotoxins into portal circulation,
while the reduction of the functional reticuloendothelial
volume after hepatectomies per mits their systemic
spread[3].
Bombesin (BBS), a tetradecapeptide originally
isolated from the skin of the European frog Bombina
bombina is analogous to gastrin-releasing peptide found
in mammalians[4]. BBS stimulates the release of various
gut hormones and peptides e.g, gastrin, cholecystokinine,
insulin, glucagons, somatostatin, motilin, pancreatic
polypeptide, neurotensin and exerts a trophic effect
on intestinal and gastric mucosa and pancreas, while it
stimulates intestinal motility [5,6]. It has been previously
shown that BBS imp r oves in testin a l in teg r ity in
experimental models of gut barrier dysfunction, such
as after elemental diets, methotrexate administration,
chemically induced colitis and burns[5,7-9].
Neurotensin (NT), a tridecapeptide originally isolated
from the bovine hypothalamus, is additionally found in
the gut mucosal endocrine cells (N cells), especially in
the ileum[10]. NT stimulates pancreaticobiliary secretions,
intestinal blood flow and colonic motility, while it inhibits
small intestinal and gastric motility. It is a potent trophic
agent for small and large intestine, gastric mucosa and
pancreas[11-14]. NT has been shown to prevent intestinal
atrophy induced by feeding rats an elemental diet, restores
mucosal ulceration after radiation therapy and enhances
intestinal regeneration after small bowel resection[7,15,16].
We have recently shown that BBS and NT improve
intestinal barrier function in experimental obstructive
jaundice by exerting mitogenic, antiapoptotic, and
antioxidant effects on the intestinal epithelium [17]. The
present study was undertaken to investigate the effect of
exogenous administration of BBS and NT on gut barrier
function after partial hepatectomy in rats.

MATERIALS AND METHODS

Animals
Ninety male albino Wistar rats, weighing 250-320 g, were
used. They were housed in stainless-steel cages, three
rats per cage, under controlled temperature (23 °C) and
humidity conditions, with 12-h dark/light cycles, and
maintained on standard laboratory diet with tap water ad
libitum throughout the experiment, except for an overnight
fast before surgery.
The experiments were carried out according to the
guidelines set forth by the Ethics Committee of Patras
University Hospital, Patras, Greece.
Experimental design
Animals were divided randomly into five groups: Group
I (n = 10): non-operated controls, group II (n = 20):
sham operated, group III (n = 20): partial hepatectomy
(70%), group IV (n = 20): partial hepatectomy and BBS
administration, group V (n = 20): partial hepatectomy and
NT administration.
Starting on d 0, the animals of groups IV and V were
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treated daily with BBS (10 μg/kg, subcutaneously, thrice
a day) and NT (300 μg/kg, intraperitoneally, once a day),
respectively, while the animals of groups I, II, and III were
divided to receive daily either three subcutaneous or one
intraperitoneal injection of 0.5 mL normal saline. Previous
pilot studies showed that the way of saline administration
does not affect the results. On the 8th day, animals from
groups III, IV, and V underwent laparotomy and partial
hepatectomy (almost 70%) as described by Hig gins
and Andersson[18], while animals in group II underwent
laparotomy and mobilization of the liver. The abdominal
incision was closed in two layers with chromic 4-0 cat
gut and 4-0 silk. All surgical procedures were performed
under strict sterile conditions, using light ether anesthesia.
Administration of BBS, NT, and nor mal saline was
continued for 48 h after surgery. On the 10th d, all animals
were operated (group I) or reoperated (groups II, III, IV,
and V), again under strict sterile conditions. Samples were
obtained according to the experimental protocol, after
which the rats were killed by exsanguination.
Peptides preparation
A stock solution of BBS (Sigma Chemical Co, St. Louis,
MO, USA) was prepared by first dissolving the amount
of peptide needed for the study in 1 mL sterile water
containing 0.1% (w/v) bovine serum albumin and then
diluted with normal saline containing 1% (w/v) bovine
serum albumin, so that the amount of BBS needed for
each injection to be contained in a volume of 0.1 mL.
This solution was divided into equal aliquots of 0.1 mL
that were stored in plastic tubes at -20 °C. At the time
of administration, in order to prolong absorption, each
aliquot was mixed with 0.4 mL of a solution of 8% (w/v)
hydrolyzed gelatin (Sigma Chemical Co, St. Louis, MO,
USA). A final volume of 0.5 mL, containing 10 μg BBS/kg
body weight, was injected subcutaneously thrice daily.
A stock solution of NT (Sigma Chemical Co, St. Louis,
MO, USA) was prepared by first dissolving the amount
of peptide needed for the study in 1 mL sterile water
containing 0.1% (w/v) bovine serum albumin and then
diluted with normal saline containing 0.1% (w/v) bovine
serum albumin, so that the dose of NT needed for each
injection to be contained in a volume of 0.1 mL. This
solution was divided into equal aliquots of 0.1 mL that were
stored in glass vials at -20 °C. At the time of administration,
each aliquot was further diluted with 0.4 mL sterile saline to
a final volume of 0.5 mL and was given intraperitoneally as
a bolus injection containing 300 μg NT/kg body weight.
Endotoxin measurements
For the determination of endotoxin concentrations, a
laparotomy was performed in all groups, the portal vein
and the abdominal aorta were punctured and samples of 1
and 2 mL of blood were obtained, respectively. Endotoxin
concentration was deter mined by the quantitative
chromogenic Limulus amebocyte lysate test according to
the manufacturer’s instructions (QCL-1 000, BioWhittaker,
Walkersville, USA) and expressed in EU/mL.
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Histological evaluation
For histological examination, tissue samples from the
terminal ileum were obtained from all animals. The ileal
samples were fixed in 10% neutral buffered formalin,
embedded in paraffin, sectioned at 4 μm and stained with
hematoxylin and eosin. In each ileal specimen, several
histologic features were evaluated and recorded. These
features included architectural distortion, villous blunting,
surface and crypt epithelial injury, presence and cell type
of inflammation of the lamina propria, surface and cryptal
intraepithelial infiltration, lamina propria fibrosis and
granulation tissue formation. Ileal mucosal morphometric
characteristics were studied by measurements of villus
density, defined as the number of villi per centimeter
(V/cm), and villus height (Vh) in micrometers (μm).
Villus height was measured with a micrometer eyepiece
affixed to a Reichert–Jung light microscope and at least
20 well-preserved villi were estimated in each sample. In
addition, the number of mitoses and apoptotic bodies
per crypt were also counted. Apoptotic bodies of the
cryptal epithelium were identified and tallied using a
morphometric analysis, which has been described in detail
elsewhere[21]. Apoptotic bodies were defined as rounded
vacuoles with fragments of karyorrhectic nuclear debris
and were differentiated from small isolated fragments
of nuclear chromatin and intraepithelial neutrophils.
Apoptotic bodies and mitoses were counted in all
architecturally successive crypts included in the specimen,
regardless of crypt orientation, and their total number
was divided by the number of the crypts. The number of
apoptotic bodies per crypt is referred to as the apoptotic
body count (ABC).
Cecal bacterial population
Collection of cecal contents for microbiological analysis,
was performed by the following technique: the ascending
colon was ligated below the hepatic flexure, and a 21-gauge
needle mounted on a 5 mL syringe was introduced into
the cecum through the ileocecal valve, after puncturing the
terminal ileum. Two milliliters of sterile saline was infused
in the cecum, after which the needle was withdrawn and
the terminal ileum was ligated. The cecal content was
manually mollified for 2 min and after a good mixture was
achieved, 1 mL of colonic content was removed; serial
tenfold dilutions were performed and 0.001 mL of each
sample was inoculated into 5% blood and McConkey's
agar plates for recovery of aerobic bacteria and Gram-

negative/nonspore-forming agar plates for anaerobes.
After 24 and 48 h of incubation at 37 °C, for aerobic and
anaerobic cultures respectively, colonies were identified
and counted. Quantitative culture results were expressed as
the number of colony-forming units (CFU) per milliliter
or per gram of the cecal samples, calculated from the
dilutions of colonic content. E coli was identified by Gram
stain and a standard biochemical identification system
(API-20E, Biomérieux, Marcy-l'Etoile, France, according
to the analytical profile index).
Intestinal lipid peroxidation
A 1-cm long tissue sample of the terminal ileum of
each animal was excised, washed in 9 g/L of NaCl
and was homogenized in a porcelain mortar in liquid
nitrogen. Intestinal homogenates were processed for
the determination of lipid peroxidation, according to a
modified [2-thiobarbituric acid (TBA)]-based method, as
reported previously[22]. Lipid peroxidation was expressed in
pmoles malondialdehyde (MDA)/mg total protein.
Statistical analysis
The results are expressed as mean (SD). Comparisons
among multiple groups were performed using the oneway ANOVA, followed by Bonferroni’s post hoc test, when
variances across groups were equal or by Dunnett’s T3 post
hoc test, when variances were not equal. Variance equality
was tested by Levene statistical analysis. Differences were
considered significant, when P<0.05.

RESULTS

Portal and aortic endotoxin concentrations
Hepatectomized animals (group III) presented
significantly elevated endotoxin concentrations in
portal and aortic blood compared with groups I and II
(P<0.001, respectively). Treatment with BBS or NT led
to significantly lower endotoxin values both in portal vein
(P<0.001 vs group III, respectively) and aorta (P<0.001
and P<0.01 vs group III, respectively) (Figure 1).
Mucosal DNA and protein
DNA content of the intestinal mucosa was significantly
decreased in partially hepatectomized rats as compared
to controls (P<0.01) and increased in BBS and NT
treated rats (P<0.05 and P<0.01 vs group III, respectively)

3.5
3.0
2.5
EU/mL

Measurements of mucosal DNA and protein
DNA and protein content in the terminal ileal mucosa
were determined in all animals. A 1-cm long sample of
the terminal ileum was excised, opened by longitudinal
incision and washed with cold normal saline. Using a clean
glass slide the mucosa was removed and homogenized in
1 mL NaOH 1 N, by means of a polytron homogenizer.
The protein was measured according to Lowry's method[19]
using a commercial kit (Sigma Diagnostics, Deisenhofen,
Germany) and the DNA was determined according to a
modified Barton technique[20].
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Figure 1 Portal and aortic endotoxin concentrations. Values are mean±SD.
b
P<0.001 vs sham, dP<0.01 and fP<0.001 vs PHx. PHx, partial hepatectomy; BBS,
bombesin; NT, neurotensin.
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Figure 2 Indices of ileal mucosa trophic state. Values are mean±SD. bP<0.01 vs control, aP<0.05 and dP<0.01 vs PHx. PHx, partial hepatectomy; BBS, bombesin; NT,
neurotensin(A-D).

(Figure 2A). Protein content was also decreased in
hepatectomized rats and increased to normal levels after
peptides administration, but these differences did not reach
statistical significant levels (Figure 2B).
Intestinal morphology
Overall, the ileal architecture remained intact and epithelial
continuity was retained, in all specimens studied. The ileal
biopsies from group III demonstrated a reduction in the
number of villi per centimeter (Figure 2C) and in villus
height (Figure 2D), which were increased towards control
values in rats treated with BBS or NT; however, the
differences among groups were not significant. Intestinal
crypt mitotic activity was reduced in hepatectomized rats,
though not to significant levels, and increased above normal
levels after BBS or NT administration (Figure 3A). Crypt
epithelial apoptosis was present in all intestinal samples
evaluated. The ABC in ileal specimens from control group
was significantly lower compared with group III (P<0.001)
(Figure 3B). After BBS or NT administration the ABC was
significantly reduced (P<0.05 and P<0.01, compared to
PHx, respectively).
Cecal bacterial population
Table 1 provides the quantitative culture results of the cecal
contents for aerobic and anaerobic bacteria. In partially
hepatectomized rats (group III) there was a significant
increase in Gram (+) cocci and E coli cecal count as
compared with group I (P<0.05, respectively). Neurotensin
presented a trend towards reduction of aerobic and anaerobic

Table 1 Bacterial cecal population (CFU×105/mL)
Groups
		
Control
Sham
PHx
PHx+BBS
PHx+NT

n
10
20
20
20
20

Aerobic bacteria
Gram (+) cocci
E coli
6.70 (1.62)
1.04 (0.88)
9.45 (4.92)
1.60 (2.07)
11.09 (5.71)a
6.43 (6.38)a
11.70 (6.41)
6.31 (6.20)
6.76 (4.31)
2.77 (3.92)

Anaerobic bacteria
Gram (+)
Gram (–)
9 (2.74)
4.64 (1.99)
13.34 (5.62)
6.5 (4.35)
13.17 (3.88)
5.48 (4.57)
10 (4.29)
4.45 (2.86)
6.76 (5.64)b
3.08 (4.48)

Data expressed as mean (SD). aP<0.05 vs control, bP<0.001 vs PHx. PHx,
partial hepatectomy; BBS, bombesin; NT, neurotensin.

bacterial populations, which reached significant levels for
Gram (+) anaerobic bacteria (P<0.001 vs group III).
Intestinal lipid peroxidation
Liver resection resulted in decreased intestinal lipid
peroxidation (P<0.001 vs group II), while administration
of BBS or NT led to further significant decrease of this
index of oxidative stress (P<0.01 and P<0.001 vs group
III, respectively, Figure 4).

DISCUSSION

An intact intestinal barrier function effectively separates
potentially har mful intraluminal elements such as
bacteria and endotoxins from extraintestinal tissues and
the systemic circulation. Major liver resection has been
shown to compromise the anatomic and functional
integrity of the gut barrier resulting in the translocation of
indigenous bacteria and endotoxins to remote organs and
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Figure 3 Crypt epithelial cell proliferation and apoptosis. Values are mean±SD. bP<0.001 vs control, aP<0.05 and dP<0.01 vs PHx. PHx, partial hepatectomy; BBS,
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tissues[3,23]. Systemic endotoxemia plays a pivotal role in
the development of septic complications and dysfunction
of remote organs after liver resections through activation
of a systemic inflammatory response, which is associated
with structural and functional deleterious effects on vital
organs[24]. Failure of the gut barrier leads to bacterial and
endotoxin translocation and the pathogenesis of the socalled “gut-derived sepsis”[25]. However, the mechanisms
implicated in intestinal barrier failure after liver resection
have not been fully elucidated.
Physical injury to the intestinal mucosa is one of the
mechanisms postulated to promote bacterial translocation.
In our study, the ileal architecture remained intact and
epithelial continuity was retained in hepatectomized rats.
Previous experimental studies have shown that 70%
hepatectomy induces trophic changes on the distal ileum
after 30 d, causing atrophy of the ileum wall and a drop
in villus thickness[26]. The present study shows that 48 h
after partial liver resection there is a trend for decreased
villous density and mucosal thickness that does not reach

statistical significant levels. Diminished bile production
and secretion to the duodenum, after partial hepatectomy,
deprives partly the gut from its trophic action thus
promoting mucosal atrophy. On the other hand, the
plethora of enterotrophic growth factors and cytokines
that are elaborated after liver resection exert the opposite
effect[27]. The combinatory action of these factors seems to
produce a balanced adaptive intestinal response, 48 h after
partial hepatectomy.
The balance between cell proliferation and death
in intestinal crypts is crucial for epithelial homeostasis
because the total of epithelial cells lining villi originate
from stem cells located in the proliferation zone of the
crypt. Apoptosis was the only histologic parameter that
altered significantly in the present study. Definite evidence
of apoptosis is seen in the crypt, where apoptotic cells
are seen once in every 5th-10th crypt section[28]. Occasional
apoptotic bodies found in the rapidly proliferating
epithelial cells of the normal gastrointestinal mucosa,
help to maintain a steady-state in cellular populations[29].
Control animals presented this basal level of apoptotic
activity known as spontaneous apoptosis, which serves
to remove either occasionally overproduced stem cells or
stem cells with minor DNA damage caused by external
factors. Two-thirds hepatectomy resulted in a significant
increase of apoptosis in the crypt, which may explain the
trend for induction of mucosal atrophy without alterations
in the mitotic activity of the intestinal epithelium. In
addition, increase of the apoptotic process in the intestinal
epithelium may partly contribute to the decrease of
mucosal DNA content. Apoptotic cells have a lower DNA
content than the G0/G1 value and this hypo-diploid DNA
is a hallmark to show apoptosis[30].
Apoptosis is a morphologically distinct, genedirected, form of cell death that contributes to both
physiological and pathological processes [31]. Although
in gastrointestinal epithelium it has been associated with
several conditions [17,21,32], the biological significance of
intestinal apoptosis after liver resection is not clear till
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date. The responsible mechanism could reflect primary
immunologic events following hepatectomy (apoptosis
has been shown to be induced by a variety of triggers,
including proinflammatory cytokines such as TNF, IL-1,
and IL-6, or by cytotoxic T lymphocytes that act through
either granzyme B or Fas receptor pathways) or a direct
action of bacterial toxins[31,33,34].
Another factor associated with bacterial translocation is
intestinal flora disturbances. In our study hepatectomized
rats presented a significant increase of cecal aerobic
bacteria [E coli and Gram (+) cocci]. Diminished bile
production and disturbances of interdigestive motility
may have led to bacterial overgrowth. Bile salts have a
constraining role on the indigenous microflora, while
secretory IgA contained in bile modulates the local
immunological milieu[35]. In addition, delayed intestinal
transit time in experimental liver resection seem to
be implicated in intestinal bacterial overgrowth and
increased bacterial translocation[36]. A correlation between
cecal overgrowth of a specific organism and bacterial
translocation of the same organism is well documented[37].
Overgrowth of E coli detected in our study and diminished
biliary IgA may lead to increased attachment of this
bacterial strain to the intestinal mucosa, predisposing to
bacterial translocation and previous studies have shown
that E coli is usually cultured from the mesenteric lymph
nodes of hepatectomized rats[2].
Another parameter we have addressed in our study
is intestinal oxidative stress estimated by quantification
of lipid peroxidation, which is a common indicator of
oxidative stress. Our data show that 48 h after partial
hepatectomy decreased levels of lipid peroxidation were
measured in the intestine. This may be attributed to liver
regeneration and release of several growth factors and
hormones that may influence intestinal oxidative stress[27].
In addition, previous studies demonstrate evidence for
activation of the intestinal cytosolic antioxidant enzyme
glutathione S-transferase after hepatectomy[38]. Another
explanation might be that the removal of a large portion of
the liver could result in a decrease of oxidants originating
from the liver, therefore lowering lipid peroxidation. The
liver and gut are considered as an anatomic and functional
unit with inseparable and interdependent functions and
from this point of view liver regeneration under low
oxidative stress[39] may be associated with similar oxidant
alterations in the intestine. A question that rose is if low
oxidative stress is compatible with increased apoptosis.
Whether a cell will enter or not the apoptotic process is
determined by a variety of stimuli and intrinsic pathways
and it seems that apoptosis of enterocytes after partial
hepatectomy is not mediated by oxidative stress.
The present study has further investigated the role
of gut regulatory peptides BBS and NT on gut barrier
function in experimental partial hepatectomy. To the
best of our knowledge, our results demonstrate for the
first time that administration of BBS or NT improves
gut barrier function after partial hepatectomy, leading
to significantly lower por tal and aor tic endotoxin
concentrations. Treatment with these factors reversed
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the decrease of intestinal morphometric characteristics
and preserved mucosal DNA and protein content to
control levels. Although these alterations were statistically
significant only for DNA, they show a trend for induction
of a trophic effect on the intestinal mucosa. This effect
was accompanied by the increase of cell proliferation
beyond control levels and inhibition of programmed
cell death in intestinal crypts. The mitogenic effect of
BBS and NT may be a direct receptor-mediated effect,
since intestinal epithelial cells express receptors for both
peptides[40-42] and it is known that BBS and NT are potent
cellular growth factors whose binding to their receptors
activates a mitogenic signal to the nucleus[43]. An indirect
mechanism may be related to a further reduction of
intestinal lipid peroxidation since oxidative state is involved
in the modulation of cell proliferation and death[44]. The
antiapoptotic effect of BBS and NT may be mediated by
the reduction of endotoxemia and amelioration of the
subsequent systemic inflammatory response, characterized
by the release of numerous cytokines and proinflammatory
mediators, such as tumor necrosis factor-alpha, which
may activate the apoptotic process. Another explanation
of their antiapoptotic action may be provided through
induction of vasodilation[45,46], which improves intestinal
microcirculation thus preventing enterocytes hypoxia,
energy depletion and activation of apoptotic pathways.
Apart from their antiapoptotic action on the intestinal
epithelium, BBS and NT exerted an antioxidant effect as
well, further decreasing intestinal lipid peroxidation. The
compromise of the intestinal barrier function, after partial
hepatectomy, shows that intestinal compensatory response,
which may be partly expressed by low oxidative stress, is
relatively insufficient to overwhelm the noxious effect of
hepatectomy on the intestinal epithelium. From this point
of view, the additional decrease of intestinal oxidative
stress achieved by peptides treatment may contribute to
the enhancement of intestinal barrier. The results of this
study are consistent with our previous work demonstrating
the antioxidant effect of BBS and NT on the intestinal
epithelium of bile duct ligated rats[17]. Possible explanations
of their antioxidant action is the reduction of systemic
endotoxemia, which is associated with generation of
oxygen free radicals via a xanthine oxidase depended
pathway, improvement of oxygen supply to enterocytes
through vasodilation, or receptor-mediated activation of
intracellular antioxidant pathways. It has been shown that
binding of regulatory peptides to their specific G-protein
coupled receptors is followed by a pivotal activation
of protein kinase C[43]. Increased cellular PKC activity
promotes the mitochondrial translocation and organization
in a catalytically active form of a representative isoform
of glutathione S-transferases, which are an important
antioxidant enzyme system[47].
In conclusion, the present study shows that the gut
regulatory peptides BBS and NT improve the intestinal
barrier function and reduce endotoxemia, in experimental
partial hepatectomy. This effect is, at least in part, mediated
by their antiapoptotic, mitogenic and antioxidant effect
on the intestinal epithelium. Although laboratory results
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should not be easily extrapolated to the clinical situation,
we feel that BBS and NT merit consideration, as potential
therapeutic agents, for the improvement of gut barrier
function in cases of liver resection.
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Abstract
AIM: To examine surgical specimens of pancreas with
either chronic pancreatitis or pancreatic cancer in order
to study whether ductal hyperplasia and dysplasia in
pancreas represent precursor lesions for pancreatic
cancer.
METHODS: We examined expression of Ki-67, CEA,
p53, and K-ras , in the surgical specimens of pancreas
with adenocarcinomas (n = 11) and chronic pancreatitis
(n = 12). Cellular proliferation was assessed by Ki-67
proliferation index using the proliferation marker Ki-67.
In specimens with pancreas cancer, we divided pancreas
epithelium into normal (n = 7), ductal hyperplasia
(n = 3), dysplasia (n = 4), and cancerous lesion
(n = 11) after hematoxylin and eosin staining, Ki-67, and
CEA immunohistochemical staining. In cases with chronic
pancreatitis, the specimen was pathologically examined
as in cases with pancreas cancer, and they were also
determined as normal (n = 10), ductal hyperplasia
(n = 4), or dysplasia (n = 5). p53 and K-ras expression
were also studied by immunohistochemical staining.
RESULTS: In pancreatic cancer, the Ki-67 index was
3 .7 3 ± 3 . 5 8 i n n o r m a l s i t e , 6 . 6 2 ± 4 . 3 9 i n d u c t a l
hyperplasia, 13.47±4.02 in dysplasia and 37.03±10.05
in cancer tissue, respectively. Overall, p53 was positive
in normal ducts, ductal hyperplasia, dysplasia, and
carcinoma cells in 0 of 14 (0%), 0 of 7 (0%), 7 of 9 (78%),
and 10 of 11 (91%), respectively, and K-ras was positive
in 0 of 8 (0%), 1 of 3 (33%), 4 of 6 (67%), 4 of 5 (80%),
respectively.
CONCLUSION: Our results favorably support the

hypothesis that ductal hyperplasia and dysplasia of the
pancreas might be precursor lesions for pancreas cancer.
Further evaluation of oncogenes by the molecular study
is needed.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The pancreatic cancer has the poorest prognosis among
various cancers with a 5-year survival rate of 3%, making it
the fourth most common cause of cancer-related mortality
rate[1-3]. Although the surgical resection offers the only
chance for cure, only 10-30% of patients have resectable
tumor [4] . Since early diagnosis followed by complete
resection is the only way to the complete recovery,
understanding the pathogenesis of pancreatic cancer
seems to be of great value.
The ductal hyperplasia of pancreas is defined by
abnor mally increased number of epithelial cells of
pancreatic duct. It may be detected in both normal and
chronically inflamed pancreatic tissues, and its incidence
is generally increased with age[5]. However, the patients
with chronic pancreatitis and ductal hyperplasia have
been reported to be associated with the development
of pancreas cancer [5-8]. In addition, there has been an
investigation suggesting three times higher incidence of
papillary hyperplasia of pancreatic duct epithelium in
patients with pancreatic cancer compared with the control
group[6]. There is also a report that 41% of patients with
pancreatic cancer showed hyperplasia of pancreatic duct
epithelium when 9% of the control group have that
pathological finding[7].
In an effort to search for the pathogenesis of pancreatic
cancer, mutations of K-ras, p53, and overexpression
of HER-2/neu were found in human pancreatic ductal
adenocarcinoma[9].
Currently, the hypothesis of multistep carcinogenesis
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that states cumulative genetic mutations in the normal
pancreas might have progressed into pancreatic cancer is
mostly accepted. However, detailed explanation for each
step of carcinogenesis needs further investigation. In the
current study, we performed histological examination of
pancreas and detected normal epithelium and that with
ductal hyperplasia, dysplasia, or cancerous lesions. Then
we immunohistochemically determined the expression of
Ki-67, K-ras, and p53 to identify if ductal hyperplasia and
dysplasia of pancreas might be precancerous lesion.

MATERIALS AND METHODS
Subjects
The study was performed in 11 patients with pancreatic
ductal adenocarcinoma and 12 patients with chronic
pancreatitis, the total 23 patients went through surgical
pancreatic resection at Inha University Hospital. The
mean age of patients was 67 years (range 40-74 years)
for pancreatic cancer and 61 years (range 37-67 years)
for chronic pancreatitis. Male to female ratio was 6:5 for
pancreatic cancer and 10:2 for chronic pancreatitis.
Histologic classification
The degree of pancreatic ductal lesion was classified
morphologically according to Cubilla and Fitzgerald[6],
and the pancreatic carcinoma according to Kloppel[10].
Most pancreatic duct epitheliums are composed of
cuboidal and low columnar cells, their cytoplasm filled
with mucous components. They are surrounded by loose
fibrous connective tissue. Hyperplasia of pancreatic
duct epithelium is divided into either flat or papillary
type. However, recent studies show that there is no
difference in genetic mutations between these two forms
of hyperplasia [9]. Therefore, we considered these two
different forms of hyperplasia in the same tissue in this
study. Dysplasia was classified according to flattening,
papillary hyperplasia of ductal epithelium, increased
nucleus/cytoplasm ratio as the epithelium changes into
atypical form, loss of nuclear polarity, morphologic
for m, and ag gregation. A little evidence of cellular
division was also considered as dysplasia. The degree
of hyperplasia was evaluated objectively by counting
the numbers of hyperplasia using the method of Ki-67
(Immunotec, France) immunohistochemical staining. To
see whether dysplasia develops or not, we performed CEA
immunohistochemical staining in the area of hyperplasia
stained with Ki-67 using double staining method and
classified them into different categories, so that we can
minimize the errors arising from differential classification
of pancreatic tissue.
Immunohistochemical staining
After 10% of surgically resected pancreatic tissue was fixed
in neutral formalin, paraffin-embedded tissue was sliced to
the thickness of 4 μm continuously. One slice was stained
with hematoxylin-eosin (H&E), and the others were stuck
to the slide with poly-L-lysine for immunohistochemical
staining. After all the slices went through autoclave (120
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°C, 15 lb) for 15 min to expose the antigens fixed by
formalin, we treated with H2O2 for 30 min to eliminate
intrinsic peroxidase. For immunohistochemical staining,
CEA monoclonal antibody (Ab) (DAKO, Carpenteria,
CA, USA) and Ki-67 monoclonal Ab (Immunotech,
Marseille, Cedex, France) were diluted to 1:150 and 1:100,
respectively, then incubated at room temperature for 3 h.
Labeled streptavidin biotin kit (LSAB kit, DAKO) and
3’,3-diaminobenzidine (DAB) were used for staining. Also
p53 monoclonal Ab (Novocastra, Newcastle, UK) was
diluted to 1:150 and incubated at 4 °C for one day. Then
alkaline phosphatase, anti-alkaline phosphatase kit (APAAP
kit, DAKO) was used for staining and fast red (DAKO)
for expression. For K-ras staining, p21ras monoclonal Ab
(Oncogene Research Products, Calbiochem, Germany) was
diluted to 1:50. The serially sliced tissues were examined
morphologically at the same area using H&E staining
for histologic diagnosis, and then were compared with
the results of immunohistochemical staining in response
to CEA, p53, K-ras, and Ki-67. The following Ki-67
proliferation index was expressed as the percent of Ki67-positive cells of 1 000 pancreatic duct epithelial cells.
The double staining was performed using Ki-67 and CEA
monoclonal Ab to ascertain the presence of dysplasia.
Dysplasia was classified using CEA+p53 and CEA+Ki-67
staining.

RESULTS
Histology
Hematoxylin and eosin staining Normal pancreatic
duct epithelium is composed of mainly cuboidal and low
columnar cells and surrounded by fibrous connective
tissues (Figure 1A). We detected basally located nuclei,
aggregation and intraductal papillary proliferation of
pancreatic duct epithelial cells in ductal hyperplasia
(Figure 1C). Dysplasia of the pancreatic duct showed an

Table 1 Summary of immunohistochemical staining in each group
of patients
Case of study
n (%)

Ki-67 index

p53

K-ras

n (%)

n (%)

Overall
Normal

17/23 (74)

2.35±2.79

0/14 (0)

0/8 (0)

Hyperplasia

7/16 (44)

9.07±5.39

0/7 (0)

1/3 (33)

Dysplasia

9/16 (56)

10.79±5.51

7/9 (78)

4/6 (67)

Carcinoma

11/23 (48)

37.03±10.05

10/11 (91)

4/5 (80)

Normal

7/11 (64)

3.73±3.58

0/6 (0)

0/5 (0)

Hyperplasia

3/7 (43)

6.62±4.39

0/3 (0)

1/3 (33)

Dysplasia

4/7 (57)

13.47±4.02

4/4 (100)

2/3 (67)

Carcinoma

11/11 (100)

37.03±10.05

10/11 (91)

4/5 (80)

Normal

10/13 (77)

2.35±2.79

0/8 (0)

0/3 (0)

Hyperplasia1

4/9 (44)

7.66±5.58

0/4 (0)

Dysplasia

5/9 (56)

8.64±5.51

3/5 (60)

Pancreatic cancer

Chronic pancreatitis

1

Fails to stain.

2/3 (67)
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B

A

B
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D

C
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Figure 1 H&E and immunohistochemical staining of normal pancreatic and ductal
hyperplasia tissues. A: Normal interlobular duct surrounded by fibrous tissue is
illustrated. Small cuboidal cells with basally located nuclei having intact nuclear
polarity are seen in the inset. H&E stain, ×100; B: Ki-67 monoclonal Ab does not
show reaction to almost epithelial cells. DAB and hematoxylin counter stain, ×100;
C: Pancreatic duct hyperplasia with uniformly large columnar epithelial cells, which
are more than twice as long as cytoplasm of normal cells and have mucinous
metaplasia of the cytoplasm. The nuclei are small and basally located without
atypia. H&E stain, ×100; D: Ki-67 monoclonal Ab shows a few proliferating nuclei
of hyperplastic ductal epithelium. DAB and hematoxylin counter stain, ×100.

A

B

C

D

Figure 3 H&E and immunohistochemical staining of pancreatic cancer. A:
Moderate to poorly differentiated pancreatic adenocarcinoma with desmoplastic
background. H&E stain, ×200; B: Immunohistochemical staining using CEA monoclonal antibody shows positive reaction in the cytoplasms of tumor cells. DAB and
hematoxylin counter stain, ×200; C: Ki-67 monoclonal antibody shows significantly
increased proliferation of nuclei of tumor cells. DAB and hematoxylin counter stain,
×200; D: Intense nuclear immunohistochemical staining of p53 in an invasive pancreatic adenocarcinoma. AEC and hematoxylin counter stain, ×200.

increased nuclear to cytoplasm ratio and loss of nuclear
polarity (Figure 2A). The tissue of pancreatic duct showed
numerous cell divisions, an increased nuclear-to-cytoplasm
ratio, and loss of cellular polarity (Figure 3A).
Immunohistochemical staining Normal pancreatic
duct showed negative reaction to Ki-67, CEA, p53, K-ras
staining (Figure 1B), whereas in hyperplasia, the nuclei
were stained by Ki-67 (Figure 1D), cellular membrane by
CEA and cytoplasm by K-ras, respectively. In dysplasia,
the nuclei were stained by Ki-67, p53, and cell membrane
by CEA respectively (Figures 2B-D). Focal, weak positive
reaction to CEA was also detected in the cytoplasm. In
pancreatic cancer, the nuclei were stained by Ki-67 and
p53, whereas both cell membrane and cytoplasm showed
strong positive reaction to CEA (Figures 3B-D). K-ras
showed negative reaction to K-ras (Table 1, Figure 4).

Figure 2 H&E and immunohistochemical staining of dysplastic tissues of the
pancreatic duct. A: The nuclear enlargement, increased nuclear-to-cytoplasmic
ratio, loss of nuclear polarity, pleomorphism, and nuclear overcrowding are seen.
Several mitotic figures including atypical form are present. H&E stain, ×100; B:
CEA monoclonal antibody shows positive reaction in the cytoplasmic membranes
of dysplastic cells. DAB and hematoxylin counter stain, ×100; C: Ki-67 monoclonal
antibody shows focally increased proliferating nuclei of dysplastic cells. DAB and
hematoxylin counter stain, ×100; D: p53 monoclonal antibody shows focally positive reaction in the nuclei of dysplastic cells. AEC and hematoxylin counter stain, ×
100.

Figure 4 Cytoplasmic staining with K-ras is illustrated in both ductal hyperplasia
and adjacent invasive adenocarcinoma. K-ras immunohistochemical stain, ×200.

Ki-67 proliferation index
Pancreatic cancer tissue Ki-67 proliferation index
of pancreatic cancer tissue based on the histologic
classification was 3.73±3.58, 6.62±4.39, 13.47±4.02, and
37.03±10.05 in normal, ductal hyperplasia, dysplasia, and
cancer site respectively.
Chronic pancreatitis tissue Ki-67 proliferation index
based on the histologic classification in chronic pancreatitis
tissue was 2.35±2.79, 7.66±5.78, and 8.64±5.51 in normal,
ductal hyperplasia, and dysplasia, respectively.
Results based on random histologic classification
Ki-67 proliferation index based on random histologic
classification was 2.35±2.79, 9.07±5.39, 10.79±5.51, and
37.03±10.05 in normal, hyperplasia, dysplasia, and cancer
area, respectively.
Expression of p53 protein
In all 11 pancreatic cancer tissues, the expression of p53
protein was observed in all dysplasia (4/4), but not in
all normal sites. The expression of p53 protein was also
observed in 91% of cancer area that involved lesions.
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In 12 samples of all chronic pancreatitis tissues, the
expression of p53 protein was negative in both normal
and hyperplasia sites, whereas positive in 60% of dysplasia
site. Overall, the expression of p53 protein was negative
in all normal sites and pancreatic epithelial hyperplasia,
whereas positive in 78% of dysplasia and 91% of cancer
sites.
Expression of K-ras protein
The positive reaction to K-ras protein seen in cytoplasm
was observed in 33% of hyperplasia sites and 67% of
dysplasia sites, but not in normal tissue in the pancreatic
cancer patients. The positive staining to K-ras was in 80%
of cancer tissue. The character and intensity in staining
was not proportional to the differentiation of cancer.
In chronic pancreatitis, K-ras was expressed in 67% of
dysplasia, but not in normal sites. Overall, K-ras was
expressed in 33% of pancreatic duct hyperplasia, 67% of
dysplasia and 80% of cancerous sites, but no expression
of K-ras could be detected in any normal sites.

DISCUSSION
It is generally accepted that three to seven accumulated
mutations might be required for a normal cell to transform
into a neoplastic cell[11]. A famous example of multistep
development of malignancy has been reported in colorectal
carcinoma[12], and similar multiple mutational steps seem to
be associated in the development of pancreatic cancer[13].
Chronic pancreatitis is accepted as a precancerous lesion
of pancreatic cancer, although a detailed mechanism
regarding this is yet to be delineated. Several possible
mechanisms have been proposed. There has been a
study suggesting that ductal hyperplasia might play an
important role[6,8]. Unfortunately, this hypothesis is hard to
be tested since ductal hyperplasia could not be objectively
determined on general means of pathological examination.
Moreover, morphologically and functionally different
kinds of pancreatic tissue tend to be mixed together which
makes statistical analysis difficult. All these problems
are partly due to the ambiguous pathologic terms and
definitions; for example, the pancreatic duct hyperplasia,
dysplasia, atypical ductal hyperplasia, intraductal tumor,
carcinoma in situ, adenomatous hyperplasia, and atypical
adenomatous hyperplasia[7,14].
I n t h e p r e s e n t s t u d y, we o n l y u s e d t h e t e r m ,
hyperplasia and dysplasia, since there are similar lesions,
morphologically and cytologically, in other parts of the
gastrointestinal tract. In order to objectively determine
pancreatic duct hyperplasia, we used Ki-67 proliferation
index. In evaluation of atypical hyperplasia, we used CEA
immunohistochemical study.
The p53 gene is a tumor suppressor gene that involves
regulation of the cell cycle and its mutation is most
common in human cancers[15]. Mutated p53 in tumor cell
accumulates nuclear p53 proteins and this overexpression
is used as a marker for immunohistochemical staining[15,18].
It is reported that mutation of p53 has been reported
to be detected in at least 50-70% of pancreatic
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adenocarcinoma[15-17]. In this study, p53 overexpression
was most frequently shown in the cancerous lesion, rarely
in the dysplastic cells and not at all in hyperplastic and
normal cells. Therefore, it seems that the overexpression
of p53 is implied to be the last phenomenon in the
tumorigenesis. The fact that overexpression of p53
is shown more frequently in cancer tissues, regardless
of the cell differentiation, suggests that it would be a
useful marker in detecting activated dysplasia from welldifferentiated cancer.
P21K-ras protein, synthesized by K-ras gene, accumulates
in the cytoplasm[12], and found to be strongly stained in
cytoplasm of most of the cancer cells[19]. The pancreas
cancer originated from the exocrine gland showed 75-95%
incidence of K-ras activation[20-24]. High incidence of K-ras
mutation in pancreatic cancer implicates that this mutation
might be a basic step of carcinogenesis. However, the
earliest pancreatic lesion in which K-ras mutation can
be found is not clearly known. As for the reports on the
detection of K-ras mutation in the hyperplastic pancreatic
duct of chronic pancreatitis patients, there have been some
discrepancies. The current study immunohistochemically
examined oncogene protein expressions in various
pancreatic lesions. Although the presence of mutated gene
needs to be confirmed at the molecular level, we found
the possible continuity between pancreas diseases through
protein expressions of oncogene. K-ras was strongly and
frequently expressed in dysplastic and cancerous tissues
compared with that of hyperplastic tissue. These results
indicate that the overexpression of K-ras is associated with
the pancreatic duct dysplasia in the carcinogenesis. Results
in chronic pancreatitis were also similar to pancreatic
cancer, sug gesting that ductal dysplasia may be the
precancerous lesion.
In our study, we found the possibility of the existence
of stepwise mutation in the progression of advanced
cancer from normal pancreatic cell. First, in the pancreatic
cancer tissues, we found tissues presumed to be
precancerous lesion, histologically different from normal
epithelial cells. Second, this premalignant lesion was
found more frequently in the tissues of pancreatic cancer
compared with that of other disease states. Third, in the
dysplastic and cancer tissues, the excessive expression
of oncogene product was shown more frequently than
in normal tissues. Fourth, K-ras protein overexpression
developed in earlier stage of carcinogenesis, while the
overexpression of p53 protein mostly occurred in
advanced steps such as dysplasia or cancer. Finally, in
chronic pancreatitis, some hyperplastic and dysplastic
tissues showed the overexpression of oncogenic proteins
similar to pancreatic cancer, although at low percentage.
Therefore, chronic pancreatitis patients with protein
overexpression of oncogene would have higher risk of
cancer. Consequently, these results suggest that there
is a correlation between the protein overexpression by
genetic alteration and histological changes. Although we
investigated mutation of only two important genes using
low-sensitive immunohistochemical staining method,
we believe that this study would be useful in the future
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researches on the pathogenesis of pancreatic cancer.
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Abstract
AIM: To investigate the effect of IL-4 on the altered expression of complement activation regulators in pancreas
and pancreatic necrosis during experimental severe
acute pancreatitis (SAP).
METHODS: SAP model of rats was established by retrograde injection of 5% sodium taurocholate (1 mL/kg)
into the pancreatic duct. We immunohistochemically
assayed the expression of three complement activation
regulators: decay accelerating factor (DAF; CD55), 20
ku homologous restriction factor (HRF20; CD59) and
membrane cofactor protein (MCP; CD46), in the pancreatic acinar cells of rats at 0, 3, 6, 12, and 24 h after the
induction of SAP model. Meanwhile the levels of amylase
and lipase were determined, and morphological examination was performed. Then, 61 rats were randomly
divided into three groups. Group A (n = 21) received no
treatment after the SAP model was established; group B
(n = 20) was given IL-4 (8 µg/animal) intraperitoneally
0.5 h before the SAP model was established; group C
(n = 20) was given IL-4 (8 µg/animal) intraperitoneally
0.5 h after the SAP model was established. Plasma
amylase and lipase, extent of pancreatic necrosis and
expression of complement activation regulators were investigated 6 h after the induction of SAP model.
RESULTS: Three complement activation regulators were
all expressed in pancreatic acinar cells. MCP was not
found on the basolateral surface as reported. Contrary
to the gradually increasing plasma level of amylase and
lipase, expression of complement activation regulators
decreased after SAP model was set up. At the same
time, the severity of pancreatic necrosis was enhanced.
A strong negative correlation was found between the ex-

pression of MCP, DAF, CD59 in pancreatic acinar cells and
the severity of pancreatic necrosis (r = –0.748, –0.827,
–0.723; P <0.01). In the second series of experiments,
no matter when the treatment of IL-4 was given (before
or after the induction of SAP model), the serum level of
amylase or lipase was decreased and the extent of pancreatic necrosis was ameliorated significantly. Compared
to SAP control group, the expression of DAF and CD59
in pancreas was reinforced when IL-4 was given before
the induction of SAP model (P <0.01, P <0.05), but the
expression of MCP was not influenced (P >0.05). The
expression of DAF was enhanced, when IL-4 was given
after the induction of SAP model (P <0.05), but the expression of CD59 and MCP did not change (P >0.05).
CONCLUSION: Complement activation regulators may
participate in the pathogenesis of pancreatic inflammation. Downregulation of complement activation regulators expression may be one of the causes of pancreatic
necrosis. IL-4 treatment may control SAP aggravation by
enhancing expression of DAF and CD59 in pancreas and
decreasing pancreatic necrosis. Moreover, DAF and CD59
may play an important role in the regulation of complement activation regulators during SAP.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
During activation of complement, fragments of
complement proteins may be deposited on non-target
cells[1], thereby causing tissue injury. In order to prevent
this, several proteins on cell membranes inhibit the
activation of the complement cascade[2]. These proteins
include decay accelerating factor (DAF; CD55) which
inhibits the formation of C3 and C5 convertases and
promotes their catabolism[3,4], 20 ku homologous restriction
factor (HRF20; CD59) which inhibits the formation
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of terminal complement complexes by preventing the
polymerization of C9 on C5b-8[5,6], and membrane cofactor
protein (MCP; CD46) which functions as a cofactor in the
factor I-mediated inactivation of C3b and C4b[7]. These
proteins, which are widely distributed in normal tissues[8-10],
are thought to protect host tissues from autologous
complement-mediated damage.
Expression of these three proteins has been described
in the gastrointestinal tract of human beings [11-14] . In
normal colonic and gastric mucosa, DAF and CD59 have
been found only on the apical surface of epithelial cells,
whereas MCP is localized on the basolateral surface of
these cells[11,13-15]. In patients with ulcerative colitis (UC)
and chronic gastritis, the expression of DAF in colonic
and gastric epithelial cells was markedly enhanced and was
proportional to the severity of mucosal inflammation[14,15].
Expression of these complement activation regulators has
not been assayed in more severe types of inflammation.
Being one of the main causes of pancreatic necrosis,
activation of complement in the process of SAP has
been proved by other authors[16,17]. We therefore examined
the distribution of DAF, CD59, and MCP in pancreatic
acinar cells and the relationship between the expression
of these proteins and the severity of pancreatic necrosis
during SAP. In addition, we investigated the therapeutic
effects of IL-4 on the expression of complement
activation regulators and pancreatic necrosis in order to
clarify the role of IL-4 and three membrane inhibitors of
complement during SAP.

MATERIALS AND METHODS
Animals and model of severe acute pancreatitis
Male Wistar rats (250-300 g) were used in this study.
Animals were allowed to have free access to water
before the experiment. Anesthesia was induced with an
intraperitoneal injection of 6% sodium pentobarbital
(Northeast Drug Manufactory, China) (0.1 mL/100 g
body weight). After midline laparotomy and transduodenal
cannulation of the pancreatic duct, the hepatic duct was
closed by a small bulldog clamp, and then 5% sodium
taurocholate (Sigma, USA) in saline was infused at a rate of
0.1 mL/min. Control animals received an infusion of 0.9%
saline solution.
Experimental design
In the first series of experiments, animals were killed at 3, 6,
12, and 24 h after the induction of pancreatitis (n = 10 per
group). Pancreatic tissues were removed and processed as
indicated below.
In the second series of experiments, to test the effect
of IL-4 on complement activation regulators, 61 rats were
randomly divided into three groups. Group A (n = 21)
received no treatment after the SAP model was established,
group B (n = 20) was given IL-4 (Peprotech, UK) (8
µg/animal) [18-20] intraperitoneally 0.5 h before the SAP
model was established, group C (n = 20) was given IL-4
(8 µg/animal) intraperitoneally 0.5 h after the SAP model
was established. Animals were killed at 6 h after the
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induction of pancreatitis model.
Pancreatic tissue was immediately frozen in liquid N2 and
embedded in OCT embedding medium. All blood samples
were centrifuged at 3 000 r/min for 5 min. Supernatant
was stored at -70 ℃.
The serum levels of amylase and lipase were determined
by a colorimetric kinetic method and nephelometry
method respectively.
Tissue immunohistochemistry staining
Cryostat sections were serially cut at 6 μm, and fixed in
acetone for 10 min. After being washed with phosphatebuffered saline (PBS), the sections were treated with
30 mL/L H 2 O 2 for 15 min at room temperature to
inactivate endogenous peroxidase, and then with a 1:10
dilution of non-immune goat serum for 20 min to block
non-specific immunoglobulin binding sites. After the
excess serum was blotted, the sections were incubated
with each of the primary antibodies (dilution 1:150 in
PBS) [MCP (sc-7056), DAF (sc-9156), CD59 (sc-9157),
Santa Cruz, USA] for 2 h at room temperature, control
sections were incubated with PBS. Unbound antibody was
washed from the tissue thrice in PBS for 5 min, incubated
with the secondary biotin-labeled goat anti-mouse IgG
antibody for 20 min, and then washed thrice for 5 min
with PBS. Subsequently, the sections were incubated with
peroxidase-labeled streptavidin-biotin for 20 min (ABC
kit; Boster, Wuhan, China). After being washed with
PBS for four times, the sections were stained with 0.02%
(w/v) 3,3’-diaminobenzidine tetrahydrochloride (Boster,
Wuhan, China). The sections were counterstained with
hematoxylin, washed with PBS, dehydrated in graded
concentrations of ethanol, and mounted.
Vascular endothelial cells were used as a positive control
for DAF, MCP, and CD59. Expression of complement
activation regulators in pancreatic acinar cells was scored
on a scale of (-) to (+3)[15], where (-) denotes faint or no
staining; (1+) specific staining in 10-50% of cells; (2+)
specific staining of 50-90% of the cells; (3+) specific
staining of 90-100% of cells.
Evaluation of pancreatitis severity
T he extent of pancreatic acinar cell necrosis was
quantitated morphometrically by an observer who was not
aware of the sample identity, as described by Kusske et al. [21]
. For these studies, cryostat sections were stained with
hematoxylin and eosin. Ten randomly chosen microscopic
fields (×200) were examined for each tissue sample, and
the extent of acinar cell injury/necrosis was expressed as a
percentage of total acinar tissue.
Statistical analysis
Data were presented as mean±SE. Differences between
groups were compared using analysis of variance followed
by Student’s t-test. Correlation between the expression of
complement activation regulators and pancreatic necrosis
was analyzed using Spearman’s rank correlation test.
Correlation between IL-4 intervention and the expression
of complement membrane inhibitors was analyzed using
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Table 1 Serum amylase and lipase activities (u/L) and histological
scores of pancreatic necrosis in the first series of experiment
(mean±SE)

Table 2 Correlation between expression of DAF, CD59, MCP, and
pancreatic necrosis
Histological scores of pancreatic necrosis

Pancreatitis group

Control
group

3h

6h

12 h

24 h

Serum
amylase

1360±259 4715±1 120b

MCP

7527±1 595b 13321±3 848b 13686±4 175b

Serum
lipase
Scores of

2.52±0.35 11.09±2.93b

pancreatic 0.00±0.00 0.30±0.48b
necrosis
b
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31.17±5.66b 40.39±9.04b
1.40±0.70b

2.70±0.48b

38.06±9.67b
DAF

2.80±0.79b

P<0.01 vs control.
CD59

Table 3 Serum amylase and lipase activities (u/L) and histological
scores of pancreatic necrosis in the second series of experiment
(mean±SE)

0

1

2

3

4

–

1

5

6

12

2

＋

8

3

3

0

0

＋＋

6

2

0

0

0

＋＋＋

2

0

0

0

0

–

0

6

7

12

2

＋

6

4

2

0

0

＋＋

10

0

0

0

0

＋＋＋

1

0

0

0

0

–

2

6

6

12

2

＋

5

3

3

0

0

＋＋
＋＋＋

7
3

1
0

0
0

0
0

0
0

Group

n

Serum amylase

Serum lipase

Scores of pancreatic
necrosis

A

21

7 393±1 433

32.15±5.42

1.52±0.75

Table 4 Effects of IL-4 on expression of MCP, DAF, and CD59 in
pancreas during SAP

B

20

4 482±1 224a

11.75±4.42a

0.45±0.69a

Group

C

20

5 947±1 503a

22.28±7.10a

n

0.95±0.76a

a

P<0.05 vs group A.

2

the χ -test. P<0.05 was considered statistically significant.

RESULTS
Serum levels of amylase and lipase
Tables 1 and 3 summarize the changes of serum amylase
and lipase activities in experiments 1 and 2.
Evaluation of morphology
In the first series of experiments, the morphological
changes varied with the time elapsed after sodium
taurocholate injection. By gross examination, the ductal
tree became hemorrhagic immediately after injection, and
the whole pancreas became edematous and brownish red
in color within the next 5-10 min. As time elapsed, edema,
hemorrhages, acinar cell necrosis (Table 1), amount of
ascitic fluid and inflammatory cell infiltration aggravated
gradually. At 24 h, the color of pancreas was pale and
slightly yellowish. Many animals had marked distension of
the stomach.
In the second series of experiments, pancreatic necrosis
was significantly reduced, when IL-4 was administered
either prophylactically or therapeutically (P<0.01), (Table
3).
Expression of complement activation regulators
At the microscopic level, we observed the expression
of DAF, CD59, and MCP on the luminal surface of
pancreatic acinar cells. We did not find positive staining of
MCP on the basolateral surface of pancreatic acinar cells,
though staining for MCP was positive on the basolateral
surface of gastric and colonic epithelial cells[14,15]. Although

Expression

Expression

Expression

intensity of DAF

intensity of CD59

intensity of MCP

–

+

++

–

+

++

–

+

++

12

6

3

11

6

4

3

7

10a

5

8

7c

6

c

7

7

6c

A

21

12

7

2

B

20

2

7

11b

8

a

C

20

a

b

4

8

9

5

c

P<0.05, P<0.01, P>0.05 vs group A.

DAF, CD59, and MCP were well recognized as membrane
binding proteins, immunostaining of these proteins was
also detected in the cytoplasm[15]. No staining was observed
when samples were treated with control PBS. Expression
of complement activation regulators decreased gradually
after SAP model was set up. We also examined the
relationship between the expression of three complement
inhibitors and the pancreatic necrosis. We found a strong
negative correlation between the expression of MCP,
DAF, and CD59 in pancreatic acinar cells and the severity
of pancreatic necrosis (r = -0.748, -0.827, and -0.723;
P<0.01), (Table 2). In the second series of experiments,
compared to SAP control group, the expression of DAF
and CD59 in pancreas was reinforced when IL-4 was given
before the induction of SAP model (P<0.01, P<0.05),
but the expression of MCP was not influenced (P>0.05).
The expression of DAF was enhanced when IL-4 was
given after the induction of SAP model (P<0.05), but the
expression of CD59 and MCP did not change (P>0.05)
(Table 4).

DISCUSSION
Severe acute pancreatitis is a common acute abdominal
disorder. Since angiorrhexis and hemorrhage in pancreas
are frequent during severe acute pancreatitis, and the
complement system is activated by trypsin [16,17] , it is
possible that inflammation may result in constant exposure
of pancreatic acinar cells to activated complement
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fragments in the blood. Then, severe pancreatic necrosis
is inevitable. Being the membrane inhibitors, complement
activation regulators in the acinar cells may be important
for local defense system during SAP. We investigated the
role of RCA in the process of SAP and then attempted
to attenuate inflammatory reaction by regulating the
expression of complement activation regulators.
It has been reported that expression of DAF on gastric
epithelial cells and colonic epithelial cells is strongly
enhanced during gastritis and ulcerative colitis, and a
strong positive correlation between DAF expression and
degree of inflammation (extent of inflammatory cell
infiltration) has been found[14,15]. At the same time, other
researches revealed that expression of MCP and CD59 in
alveolar epithelial cells is conspicuously enhanced during
acute lung injury, but is greatly decreased during acute
respiratory distress syndrome[22]. These results suggest that
complement activation regulators play a different role in
these inflammatory diseases.
We utilized immunohistochemical methods to assay
the expression of DAF, CD59, and MCP in normal and
pathological pancreatic specimens. We found that MCP,
DAF, and CD59, which are glycosyl phosphatidylinositol
(GPI) anchored membrane proteins, were present on the
apical side of pancreatic acinar cells[23], whereas MCP, a
transmembrane protein, was not distributed in these cells
as in epithelial cells of the colonic and gastric mucosa[14,15].
While complement activation regulators were slightly
or moderately expressed in the acinar cells of normal
pancreatic tissue, their expression in pancreatic acinar cells
decreased gradually after the model of SAP was induced.
These phenomena are similar to those in ARDS [22] .
Although there are differences in the inflammatory
process between pancreatic and pulmonary epithelial
cells, the lower expression of complement activation
regulators detected in the inflammatory cells suggests that
complement activation regulators play an important role
in the regulation of complement activation in epithelia
during severe inflammation. In this study, a strong
negative correlation was observed between the expression
of complement activation regulators and inflammation
(pancreatic necrosis). It is not clear, which of MCP, DAF,
and CD59 is the most important factor in the regulation of
complement activation during SAP. Although the precise
mechanism by which the repression of complement
activation regulators is regulated remains to be elucidated,
it is clear that these proteins are important in the regulation
of the inflammatory process of the pancreas.
In general, the expression of membrane inhibitors of
complement is mediated by various cytokines[24-27]. Being
an anti-inflammatory mediator, IL-4 has been proven
to enhance the expression of DAF in small intestine
epithelial cells and vascular endothelial cells in vitro[24-28].
We applied IL-4 to rats with severe acute pancreatitis
to testify its therapeutic effects on the expression
of complement activation regulators and pancreatic
necrosis in vivo. We found that the expression of DAF
and CD59 was upregulated when IL-4 was administered
prophylactically (given before the model was established),
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but the expression of MCP did not change significantly.
When IL-4 was administered therapeutically (given after
the model was established), only DAF was upregulated.
Compared to control group, the serum amylase and
lipase activities and the extent of pancreatic necrosis
were significantly reduced when IL-4 was administered
either prophylactically or therapeutically. These findings
suggest that activation of complement during severe
acute pancreatitis may be mediated primarily by DAF and
CD59, and IL-4 treatment may be a valuable strategy for
severe acute pancreatitis. Considering the therapeutic value
of IL-4, some other biological activities of IL-4 should
be mentioned. It has been reported that IL-4 displays its
anti-inflammatory feature by inhibiting the activation and
accumulation of macrophages[29], preventing the production
of TNF-α and IL-1β[30], upregulating the expression of
IL-1 receptor antagonist [31], stimulating 15-lipoxidase
activity of macrophages[32]. These functions are important
to control systemic inflammation reaction that is common
during SAP.
In conclusion, complement activation regulators may
play an important role in the regulation of complement
activation, and downregulation of complement activation
regulators may be one of the causes of pancreatic necrosis.
IL-4 treatment provides a new therapeutic strategy for
controlling systemic inflammatory reaction during severe
acute pancreatitis.
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Abstract

INTRODUCTION

AIM: To detect the DNA binding activity of nuclear
factor-kappaB (NF- кB) in rat hepatocyte and to
investigate the effects of NF-кB on rat hepatocyte
regeneration and apoptosis after 70% portal branch
ligation.
METHODS: Sixty Wistar rats were randomly divided
into control group and portal branch ligation group.
The animals were killed 12 h, 1, 2, 3, 7, and 14 d after
surgery to determine the contents of plasma ALT.
Hepatocytes were isolated and nuclear protein was
extracted. DNA binding activity of NF-κB was measured
by EMSA. Hepatocyte regeneration and apoptosis were
observed under microscope by TUNEL staining. The
ultrastructural changes of liver were observed under
electron microscope.
RESULTS: Seventy percent portal branch ligation
produced atrophy of the ligated lobes and the perfused
lobes underwent compensatory regeneration, the total
liver weight and plasma ALT levels were maintained
at the level of sham-operated animals throughout the
experiment. After 2 d of portal branch ligation, DNA
binding activity of NF-кB in hepatocyte increased and
reached its peak, the number of apoptotic hepatocyte in
the ligated lobes and the number of mitotic hepatocyte
in the perfused lobes also reached their peak. Typical
apoptotic changes and evident fibrotic changes in the
ligated lobes were observed under electron microscope.
CONCLUSION: After 70% portal branch ligation, DNA
binding activity of NF-кB in hepatocyte is significantly
i n c r e a s e d a n d N F -к B p l ay s a n i m p o r t a n t r o l e i n
hepatocyte regeneration and apoptosis.

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

Key words: Portal branch ligation; Nuclear factor-kappaB;
Regeneration; Apoptosis

Portal branch ligation (PBL) or embolization is widely
used in the treatment of liver carcinoma, especially in
the treatment of patients who have already missed the
surgical opportunity [1-3] . PBL or embolization could
produce atrophy of the ligated lobes and the perfused
lobes undergo compensatory regeneration, while the
liver structure and function maintained normal. But the
mechanism is still unclear.
It is demonstrated that nuclear factor-kappaB (NF-κB)
plays an important role in cell regeneration and apoptosis
after partial hepatectomy [4-6] . To study its effects on
hepatocyte regeneration and apoptosis, we observed the
changes of DNA binding activity of NF-κB in rat liver
and its relations to hepatocyte regeneration and apoptosis
after 70% PBL.

MATERIALS AND METHODS

Animals
Sixty Wistar rats, weighing 200-240 g, were obtained
from the Animal Center of the Third Military University
and used in all experiments. All animals were kept in a
temperature- and humidity-controlled environment in a
12-h light/dark cycle and allowed free access to water and
standard food-pellet diet.
Surgical procedure and experimental design
All surgical procedures were carried out under sodium
pentobarbital (40 mg/kg intraperitoneally) anesthesia at
room air between 9:00 and 12:00 a.m. with a clean but not
sterile technique. The 70% PBL model used was based on
the Bilodeau method[7]. In 70% PBL, a median laparotomy
was performed, and the branch of the portal vein feeding
the anterior and lateral lobes was carefully dissected under
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an operating microscope and completely ligated with a 7-0
suture. Care was taken not to injure the hepatic artery and
the bile duct and to avoid hemorrhage. In sham-operated
rats, a laparotomy followed by dissection of the relevant
ligaments without ligature was performed. The animals
had free access to water and food after surgery. The
animals were killed 12 h, 1, 2, 3, 7, and 14 d after surgery.
Electrophoretic mobility shift assay
Nuclear extracts were prepared separately from the
anterior (ligated) and posterior (nonligated) lobes as
previously described [8] . Protein concentration was
determined using the Bradford method. Double-stranded
NF-κB consensus oligonucleotides (5’-AGT TGA GGG
GAC TTT CCC AGG C-3’, 3’-TCA ACT CCC CTG AAA
GGG TCC G-5’, Promega Co., USA) were end-labeled[5]
with [γ- 32P] ATP (Beijing Yahui Biomed Inc., Beijing,
China) using T4 polynucleotide kinase (Promega Co.).
After the probe was purified, 5 μg of nuclear proteins
was preincubated for 10 min at room temperature with
2 μg poly (dI-dC) (Sigma Co., USA) in the binding buffer.
Double-stranded oligonucleotides were 32P end-labeled
with [γ-32P] ATP and added to the extracts. The mixture
was further incubated for 30 min at room temperature and
then electrophoresed (200 V, 2 h) on a 5% polyacrylamide
gel in a 0.5× TBE buffer. Then the gel was subjected to
gamma autoradiography at -70 ℃ for 12 h, and analyzed
with gel imaging system (Biorad Co., USA).
Liver morphologic structure
The rat liver color and quality were obser ved. Both
ligated and nonligated lobes were weighed separately for
measurement of their absolute and relative weights (the
ratio of liver weight/body weight), and their percent in the
whole liver was calculated.
Serum ALT level
Serum ALT level was measured with the biochemical
multi-analyzer in Biochemistry Department of our
hospital.
Histological studies and mitotic activity
Liver sections were derived from formaldehyde-fixed
tissues embedded in paraffin and stained with hematoxylin
–phloxin–saffron. Mitotic activity in stained sections
was determined. Mitotic hepatocytes were sought in 100
consecutive high-power fields (×400), and mitotic index
was expressed as per 1 000 hepatic nuclei. Prophases
before dissolution of nuclear membrane and late
telophases were excluded.
In situ determination of hepatocyte apoptosis (TUNEL
stain)
Tissue sections of rat liver were dewaxed in toluene and
alcohol. After rehydration with phosphate-buffered saline,
they were incubated with proteinase K (25 μg/mL) for
15 min at room temperature and then with terminal
d e ox y r i b o nu c l e o t i d y l t r a n s f e r a s e ( 1 U / m L ) a n d
digoxigenin-tagged dUTP (10 μmol/L) at 37 ℃ for 1 h in
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0.2 mol/L sodium cacodylate, 30 mmol/L Tris (pH 7.2),
1 mmol/L CoCl2, and 0.25 mg/mL bovine serum albumin.
The sections were exposed to anti-digoxigenin antibodies
labeled with alkaline phosphatase for 30 min at room
temperature in 50 mmol/L Tris (pH 7.4) and 150 mmol/L
NaCl. The binding of the antibody was revealed with
4-nitroblue tetrazolium chloride and 5-bromo-4-chloro3-indolyl-phosphate reagents. Slides were counterstained
with 1% eosin.
Ultrastructural study
The rat liver was cut into sections as large as 1 mm×
1 mm×1 mm, which were embedded in Epon618 resin
and stained with uranyl acetate and lead citrate. H-2000
transmission electron microscope was used to study the
ultrastructure.
Statistical analysis
Results were expressed as mean±SD. The statistical
difference between the groups was tested using the oneway analysis of variance (ANOVA). P<0.05 was considered
statistically significant.

RESULTS

Activation of NF-κB in hepatocyte after 70% PBL
After 12 h of 70% PBL, DNA binding activity of NF-κB
both in ligated and nonligated lobes increased and reached
its peak on d 2, and returned to normal on d 7. The
changes of DNA binding activity of NF-κB in the ligated
lobes were more obvious than those in the perfused lobes.
No NF-κB binding was observed in nuclear extracts from
control animals (Figure 1).
Changes in liver morphologic structure
The liver lobes deprived of portal flow were darkened,
rapid and progressive atrophy occurred, with their
proportion being reduced gradually in the whole liver. At
the same time, the nonligated lobes were progressively
enlarged, the total liver weight was maintained at the level
of sham-PBL controls at each time interval (Figure 2A).
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Figure 1 Changes of NF-κB binding activity in rat liver at different time points after
70% PBL by EMSA. Lane 1: control group; lanes 2, 4, 6, 8, 10, 12: 0.5, 1, 2, 3, 7,
14 d ligated liver lobes in PBL group; lanes 3, 5, 7, 9, 11, 13: 0.5, 1, 2, 3, 7, 14 d
nonligated liver lobes in PBL group.
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Changes in serum ALT level
There were no changes of serum ALT level in control
g roup. After 70% PBL, the ser um ALT level only
increased slightly 1 d after surgery and then returned to
normal (Table 1).
Table 1 Changes of serum ALT level after 70% PBL (U/L) (mean ± SD)
Group
Control

0.5 d
55.6±8.9

1d
43.7±10.4

2d
38.5±7.8

3d
40.1±9.4

7d
36.4±11.3

14 d
42.0±13.7

PBL

59.7±17.3 67.9±15.7a 44.6±9.8

42.6±7.8

38.9±12.1

41.3±7.9
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Hepatocyte apoptosis assay
There were only few apoptotic hepatocytes in the liver of
control animals and in the nonligated lobes after 70% PBL.
Many apoptotic hepatocytes were found in the ligated
lobes 1 d after 70% portal branch ligation, and reached its
peak 2 d later. These cells were mainly present around the
central veins with necrosis (Figures 3A-E).

A

B

C

D

a

P<0.05 vs control group.

E

25

Control
Ligated lobes
Nonligated lobes

20
Percent (%)

Histological studies and mitotic activity quantification
No apparent changes were found at light microscopic
examination in the control liver. One day after 70% PBL,
mild necrosis was found in the ligated lobes, mainly around
the central vein. The cytoplasm was homogenous, and the
nuclear pyknosis inside the necrosis and neutrophils was
seen in some lesions. After 3 d, the necrosis was partly
resorbed, and many monocytes were seen inside them.
The lobules were small, with portal areas lying near each
other. One to two weeks after ligation, the necrosis was
completely disappeared, and the lobules became small.
Fibrosis appeared around larger portal and hepatic veins,
and bile ducts were collapsed with low epithelium.
Remarkable hepatocyte regeneration was observed
in the nonligated lobes 12 h after 70% PBL and reached
its peak 2 d later, and was still high after 7 d. The liver
structure was almost normal (Figure 2B).
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Figure 3 Apoptotic hepatocytes in control group (A), in rat ligated liver lobes 1 d (B),
2 d (C), 7 d (D), and hepatocyte apoptotic index (E) after 70% PBL.
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Figure 2 Changes in weight of rat liver (A), Changes of mitogenetic index of rat
hepatocyte (B) after 70% PBL.

Ultrastructural changes
The liver ultrastructure was normal in control animals and
was almost normal in the ligated lobes early after 70%
PBL, and only wild necrosis was found in some local areas.
One day after 70% PBL, many apoptotic hepatocytes
were found in the ligated lobes. Histological evidence
for apoptosis included disappearance of the nuclear
membrane, condensation, and margin of karyoplasms or
chromatin, pieces of nuclei. There were no morphological
changes in the mitochondriae and other intracellular
structures (Figure 4). A number of apoptotic hepatocytes
reached its peak 2 d later. Collagen was deposited in the
Disse space and hepatic sinus became narrow 7 d after
70% PBL. Evident fibrotic changes were found in the
ligated lobes 14 d after 70% PBL. A lot of collagens were
deposited in the Disse space and portal areas, between
hepatocytes and in hepatocytes.
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Figure 4 Ultrastructure of rat ligated liver lobes 2 d after 70% PBL ( EM ×6 000 )

DISCUSSION

PBL or embolization is widely used in the treatment of
liver carcinoma, especially in the treatment of patients
who have missed the opportunity of surgery[1-3]. It was
verified in our experiment that PBL could produce
atrophy of the ligated lobes, whereas the perfused lobes
underwent compensatory regeneration, the liver structure
and function maintained normal. Therefore, it is safe and
practicable to ligate 70% portal vein branch in normal rat
liver.
The 70% PBL could produce atrophy of the ligated
lobes through hepatocyte apoptosis; whereas the perfused
lobes undergo compensatory regeneration through
hepatocyte mitosis. The total liver weight and function
maintained normal. The mechanism of rat liver is still
unclear. We observed the changes of DNA binding activity
of NF-κB in liver through EMSA. After 70% PBL, DNA
binding activity of NF-κB significantly increased both in
ligated lobes and nonligated lobes, which was positively
correlated with hepatocyte regeneration and apoptosis.
Therefore, we could conclude that NF- κ B plays an
important role in hepatocyte regeneration and apoptosis
after 70% PBL.
NF-κ B, as a universal nuclear transcriptional factor,
plays an important role in the regulation of genes relative
to cell regeneration and apoptosis[9,10]. In most cells, NF-κB
heterodimers are present in the cytoplasm forming an
active complex by interacting with the IкB family of
proteins. In response to a variety of activators, IкB-α,
the prototypic member of this family of inhibitors, is
phosphorylated at series 32 and 36, rendering the factor
susceptible to proteolysis via the ubiquitin–proteasome
pathway. This event unmasks a nuclear localization
sequence of the transactivating heterodimers, allowing
NF-κB translocation to nuclei. Therefore, the complex
binds to кB consensus motifs in DNA, upregulating the
transcription of many genes[11-14].
NF-κB plays an important role on hepatocyte regeneration
in nonligated lobes by inhibiting hepatocyte apoptosis and
accelerating hepatocyte regeneration. NF-κB can inhibit
hepatocyte apoptosis by regulating relative cytokine
transcription and expression[15-17], inducing antiapoptotic
genes in Bcl-2 family[18], regulating the expression of TRAF
and IAP at transcription and translation level and inhibiting
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the activation of caspase-8, a key enzyme in cell apoptosis[19-21],
activating the apoptotic inhibitors[22,23]. NF-κB, which takes
part in hepatocyte regeneration, may be mediated by
regulating the transcription and expression of relative
genes. NF-κB can activate the transcription and expression
of TNF- α , increased TNF- α can stimulate secretion
of IL-6, which can activate STAT3 through combining
with IL-6R on the surface of hepatocyte, and accelerate
hepatocyte regeneration[24-27].
We obser ved that the changes of DNA binding
activity of NF-κB in the ligated lobes were more obvious
than those in the perfused lobes. One reason is that
compensatory response to the excessive hepatocyte
apoptosis could maintain the relative weight and function
of the liver. The other reason is that NF- κ B plays an
important role in accelerating hepatocyte apoptosis.
Kuhnel et al.[28] reported that NF-κB mediates hepatocyte
apoptosis through transcriptional activation of Fas (CD95)
in adenoviral hepatitis. Recently the induction of NF-κB
through the double-stranded RNA-dependent protein
kinase has been suggested as a principal mechanism of
virus-mediated apoptotic cell death[29].
In conclusion, NF-κB plays a completely different role
in the ligated lobes and nonligated lobes through different
stimulating factors and different signal transduction
pathways. This may have important significance in
maintaining liver structure and function after 70% PBL.

REFERENCES
1

2

3

4

5

6

7

8

9

Tanaka H, Hirohashi K, Kubo S, Shuto T, Higaki I, Kinoshita
H. Preoperative portal vein embolization improves prognosis
after right hepatectomy for hepatocellular carcinoma in
patients with impaired hepatic function. Br J Surg 2000; 87:
879-882
Hatsuno T, Kaneko T, Inoue S, Sugimoto H, Takeda S, Nakao A.
Changes in hepatic lobe volume in hepatocellular carcinoma
after transcatheter arterial and percutaneous transhepatic
portal embolization. Hepatogastroenterology 2004; 51: 1820-1824
Kokudo N, Makuuchi M. Current role of portal vein
embolization/hepatic artery chemoembolization. Surg Clin
North Am 2004; 84: 643-657
Riggins RB, Zwart A, Nehra R, Clarke R. The nuclear factor
kappa B inhibitor parthenolide restores ICI 182,780 (Faslodex;
fulvestrant)-induced apoptosis in antiestrogen-resistant breast
cancer cells. Mol Cancer Ther 2005; 4: 33-41
Singh RP, Mallikarjuna GU, Sharma G, Dhanalakshmi S, Tyagi
AK, Chan DC, Agarwal C, Agarwal R. Oral silibinin inhibits
lung tumor growth in athymic nude mice and forms a novel
chemocombination with doxorubicin targeting nuclear factor
kappaB-mediated inducible chemoresistance. Clin Cancer Res
2004; 10: 8641-8647
Djavaheri-Mergny M, Javelaud D, Wietzerbin J, Besancon F.
NF-kappaB activation prevents apoptotic oxidative stress
via an increase of both thioredoxin and MnSOD levels in
TNFalpha-treated Ewing sarcoma cells. FEBS Lett 2004; 578:
111-115
Bilodeau M, Aubry MC, Houle R, Burnes PN, Ethier C.
Evaluation of hepatocyte injury following partial ligation of
the left portal vein. J Hepatol 1999; 30: 29-37
Kawamura I, Morishita R, Tsujimoto S, Manda T, Tomoi M,
Tomita N, Goto T, Ogihara T, Kaneda Y. Intravenous injection
of oligodeoxynucleotides to the NF-kappaB binding site
inhibits hepatic metastasis of M5076 reticulosarcoma in mice.
Gene Ther 2001; 8: 905-912
Tang JB, Xu Y, Wang XT. Tendon healing in vitro: activation

Yang WJ et al. Nuclear factor-kappaB on hepatocyte regeneration and apoptosis
of NIK, IKKalpha, IKKbeta, and NF- kappaB genes in signal
pathway and proliferation of tenocytes. Plast Reconstr Surg
2004; 113: 1703-1711
10 Sanchez A, Factor VM, Schroeder IS, Nagy P, Thorgeirsson SS.
Activation of NF-kappaB and STAT3 in rat oval cells during
2-acetylaminofluorene/partial hepatectomy-induced liver
regeneration. Hepatology 2004; 39: 376-385
11 Buss H, Dorrie A, Schmitz ML, Frank R, Livingstone M, Resch
K, Kracht M. Phosphorylation of serine 468 by GSK-3beta
negatively regulates basal p65 NF-kappaB activity. J Biol Chem
2004; 279: 49571-39574
12 Natarajan R, Fisher BJ, Jones DG, Fowler AA 3rd. Atypical
mechanism of NF-kappaB activation during reoxygenation
stress in microvascular endothelium: a role for tyrosine
kinases. Free Radic Biol Med 2002; 33: 962
13 Li Q, Verma IM. NF-kappaB regulation in the immune system.
Nat Rev Immunol 2002; 2: 725-734
14 Schooley K, Zhu P, Dower SK, Qwarnstrom EE. Regulation of
nuclear translocation of nuclear factor-kappaB relA: evidence
for complex dynamics at the single-cell level. Biochem J 2003;
369: 331-339
15 Zong WX, Edelstein LC, Chen C, Bash J, Gelinas C. The
prosurvival Bcl-2 homolog Bfl-1/A1 is a direct transcriptional
target of NF-kappaB that blocks TNFalpha-induced apoptosis.
Genes Dev 1999; 13: 382-387
16 Shah RD, Gonzales F, Golez E, Augustin D, Caudillo S, Abbott
A, Morello J, McDonough PM, Paolini PJ, Shubeita HE. The
antidiabetic agent rosiglitazone upregulates SERCA2 and
enhances TNF-alpha- and LPS-induced NF-kappaB-dependent
transcription and TNF-alpha-induced IL-6 secretion in
ventricular myocytes. Cell Physiol Biochem 2005; 15: 41-50
17 Takada I, Suzawa M, Kato S. Nuclear receptors as targets for
drug development: crosstalk between peroxisome proliferatoractivated receptor gamma and cytokines in bone marrowderived mesenchymal stem cells. J Pharmacol Sci 2005; 97:
184-189
18 Wang CY, Guttridge DC, Mayo MW, Baldwin AS Jr. NFkappaB induces expression of the Bcl-2 homologue A1/Bfl-1
to preferentially suppress chemotherapy-induced apoptosis.
Mol Cell Biol 1999; 19: 5923-5929
19 Wang CY, Mayo MW, Korneluk RG, Goeddel DV, Baldwin AS
Jr. NF-kappaB antiapoptosis: induction of TRAF1 and TRAF2
and c-IAP1 and c-IAP2 to suppress caspase-8 activation.
Science 1998; 281: 1680-1683

6779

20 Kreuz S, Siegmund D, Rumpf JJ, Samel D, Leverkus M, Janssen
O, Hacker G, Dittrich-Breiholz O, Kracht M, Scheurich P,
Wajant H. NFkappaB activation by Fas is mediated through
FADD, caspase-8, and RIP and is inhibited by FLIP. J Cell Biol
2004; 166: 369-380
21 Rathore N, Matta H, Chaudhary PM. An evolutionary
conserved pathway of nuclear factor-kappaB activation
involving caspase-mediated cleavage and N-end rule
pathway-mediated degradation of IkappaBalpha. J Biol Chem
2004; 279: 39358-39365
22 Wu MX, Ao Z, Prasad KV, Wu R, Schlossman SF. IEX-1L, an
apoptosis inhibitor involved in NF-kappaB-mediated cell
survival. Science 1998; 281: 998-1001
23 Islam S, Hassan F, Mu MM, Ito H, Koide N, Mori I, Yoshida
T, Yokochi T. Piceatannol prevents lipopolysaccharide (LPS)induced nitric oxide (NO) production and nuclear factor
(NF)-kappaB activation by inhibiting IkappaB kinase (IKK).
Microbiol Immunol 2004; 48: 729-736
24 Cressman DE, Greenbaum LE, DeAngelis RA, Ciliberto
G, Furth EE, Poli V, Taub R. Liver failure and defective
hepatocyte regeneration in interleukin-6-deficient mice. Science
1996; 274: 1379-1383
25 Legendre F, Dudhia J, Pujol JP, Bogdanowicz P. JAK/STAT
but not ERK1/ERK2 pathway mediates interleukin (IL)-6/
soluble IL-6R down-regulation of Type II collagen, aggrecan
core, and link protein transcription in articular chondrocytes.
Association with a down-regulation of SOX9 expression. J Biol
Chem 2003; 278: 2903-2912
26 Waris G, Huh KW, Siddiqui A. Mitochondrially associated
hepatitis B virus X protein constitutively activates transcription
factors STAT-3 and NF-kappa B via oxidative stress. Mol Cell
Biol 2001; 21: 7721-7730
27 Chaisson ML, Brooling JT, Ladiges W, Tsai S, Fausto N.
Hepatocyte-specific inhibition of NF-kappaB leads to apoptosis
after TNF treatment, but not after partial hepatectomy. J Clin
Invest 2002; 110: 193-202
28 Kuhnel F, Zender L, Paul Y, Tietze MK, Trautwein C, Manns
M, Kubicka S. NFkappaB mediates apoptosis through
transcriptional activation of Fas (CD95) in adenoviral hepatitis.
J Biol Chem 2000; 275: 6421-6427
29 Gil J, Alcami J, Esteban M. Induction of apoptosis by doublestranded-RNA-dependent protein kinase (PKR) involves the
alpha subunit of eukaryotic translation initiation factor 2 and
NF-kappaB. Mol Cell Biol 1999; 19: 4653-4663
Science Editor Wang XL and Guo SY Language Editor Elsevier HK

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

ELSEVIER

World J Gastroenterol 2005;11(43):6780-6786
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• BASIC RESEARCH•

Effects of different ingredients of zedoary on gene expression
of HSC-T6 cells
Yuan Jiang, Ze-Song Li, Fu-Sheng Jiang, Xin Deng, Cong-Shun Yao, Guang Nie
Yuan Jiang, Shenzhen Shajing People’s Hospital, Shenzhen
518104, Guangdong Province, China
Ze-Song Li, Shenzhen Yishengtang Biology Enterprise Company,
Shenzhen 518126, Guangdong Province, China
Fu-Sheng Jiang, Xin Deng, Guang Nie, Shenzhen Donghu
Hospital, Shenzhen 518020, Guangdong Province, China
Cong-Shun Yao, Teaching pharmacology and Research Section
of Shenyang Pharmaceutial University, Shenyang 110000,
Liaoning Province, China
Supported by Guandong Traditional Chinese Medicine Bureau
No.102135 and Shenzhen Technology Bureau No.200204187,
Co-first-author: Yuan Jiang
Co-Correspondent: Yuan Jiang
Correspondence to: Professor Guang Nie, Shenzhen Donghu
Hospital, Shenzhen 518020, Guangdong Province,
China. fqng1008@163.com
Telephone: +86-755-25634729
Fax: +86-755-27205055
Received: 2004-12-25
Accepted: 2005-02-18

Abstract
AIM: To investigate the effects of four different
ingredients of zedoary (Curcuma aromatica oil, Curcumol,
β-elemence, and Curcumin) on the gene expressions of
hepatic stellate cells (HSCs), and to explore the molecular
mechanism of zedoary against hepatic fibrosis at gene
network level.
METHODS: We detected the mRNA sequences of 50
liver fibrosis-related genes in GenBank and designed
oligonucleotide probes. We synthesized oligonucleotides
with PE8909 DNA synthesizing instrument, and carried
out oligonucleotide microarray with OGR-04 dropping
instrument and aldehyded glass chip. Cultured HSC-T6
cells were treated with different concentrations of Colchicine,
Curcuma aromatica oil, Curcumol, β-elemence, and
Curcumin. According to the experiment of cell toxicity,
we took the appropriate concentrations of medicines
that resulted in over 50% of cell survival as experiment
concentrations. We collected the cells at 1, 6, 12, and
24 h, and extracted total RNA with TRIzol reagent, then
labeled cDNAs with Cy3-dUTP and Cy5-dUTP. These
labeled cDNAs were hybridized to an oligonucleotide
microarray which was washed several times and scanned
by scanner GenePix 4000B. Different gene expressions
of HSC-T6 cells were analyzed by ImaGene 4.2 software.
RESULTS: After HSC-T6 cells were cultured in a medium
containing 6.25 μg/mL Colchicine for 12 h, expression
of TIMP-1 decreased 2.2-folds. After HSC-T6 cells were
cultured in a medium containing 78.125 μg/mL of

Curcuma aromatica oil for 24 h, the expression of TIMP-2
and IL-6 decreased 2.3- and 2.2-folds, respectively.
Moreover, after HSC-T6 cells were cultured in a medium
containing 1.5625 μg/mL of Curcumol for 12 h, the
expression of TGFβ1 and P450a decreased 2.3- and
2.1-folds, respectively.
CONCLUSION: Our results may show the possible
molecular mechanism of Curcuma aromatica oil and
Curcumol against hepatic fibrosis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
In the past 10 years or more, great progress has been
made in treating liver fibrosis with Chinese herbal
medicines such as compound 861[1] and Fuzheng Huayu
Decoction[2] and Tidu Hugan Decoction[3] as well as single
herbal medicines as red sage root, zedoary，Chinese
caterpillar fungus，hanfangchin A，extracts from peach
seeds. Although many medicines can be used to treat
liver fibrosis，effective medicines are still hard to find.
Herbal medicines have the characteristics of multiple
targets and poly-functioning routes，but genes in the
organisms alone form a strict and complicated network.
Therefore,study of herbal medicines should focus on the
molecular mechanism at the level of genetic network based
on the integral bio-system. Genetic chip technology is
characterized by high communication，low consumption
and miniaturization，thus providing a technological
platform to study the mechanism of herbal medicines
against liver fibrosis[4].
We found that zedoary could inhibit the proliferation
of hepatic stellate cells (HSCs). Curcumin can be used to
treat inflammation and tumors and Curcuma aromatica
oil functions as an anti-inflammation，anti-virus，antitumor and anti-thrombus agent. Now more than 20
chemical ingredients such as Curcumol，Epicurzerenone，
β-elemence，Camphene，Isoborneol，Borneol，Cineole，
and 4-methyl-pyrazine have been identified from Curcuma
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aromatica oil. It was reported that Curcumol and Elemence
can function as anti-tumor and virus agents[5,6]. Xi et al.[7]
found that zedoary could protect hepatic cells against
necrosis and degeneration as well as proliferation of
fibrous tissues.
To study the molecular mechanism of zedoary against
liver fibrosis, we used the genetic expression spectrum
chips to represent 50 genes related to liver fibrosis and
substituted HSC-T6 for original HSCs, and investigated
the effects of four different ingredients of zedoary
(Curcuma aromatica oil，Curcumol，β- elemence，
Curcumin)on the gene expression of activated HSCs.

MATERIALS AND METHODS
Materials
Colchicine was purchased from American ALEXIS Co,
Elemence injection and Curcumin were obtained from
Jingang Phar maceutic Corporation Ltd，Dalian，
China. Curcumol and Curcuma aromatica oil were
from Pharmaceutical University，Shenyang，China.
HSC-T6 was provided by the Insititute of Hepatology，
Shanghai University of Traditional Chinese Medicine
and pharmacology. AXSys Probe Punctum-controlling
software was purchased from Cartesian Technologies Co.,
and ImaGene 4.2 figure-analyzing softwares was from
American Biodiscovery Co.
Preparatin of gene probes
Design of oligonucleotide probe Oligonucleotide probes
were designed by the design software of oligonucleotide
probe . The coding region near the 3 end was selected for
BLAST analysis. One or two probes related to liver fibrosis
whose homology was less than 70% were used as spare
probes.
Synthesis of oligonucleotide Oligonucleotides were
synthesized by the chemical method of standard
subphosphorus imide using PE8909 DNA synthesizer.
N-MMTr-6- ammonia-2-cyanogen-N and N-diisopropylsubimide ammonia were modified by 5- or 3-amino-group.
Dense ammonia was deprotected at 55 ℃ and incised for
15 h, and purified by ordinary portland cement column.
Preparation of probes In brief, 0.5 µg/µL oligonucleotide
probe was resolved into 3×SSC solution, glass chip was
aldehyded and stayed overnight, processed with 2 g/L SDS
de-ion water for 10 min, and then dried for later use.
Preparation of medical culture medium Colchicine
was dissolved in double-vaporing water to get the original
solution (3.2 mg/mL). Curcumin was mixed with 950 mL/L
alcohol to get the original solution (320 mg/L). Curcumol
was mixed with 950 mL/L alcohol plus Tween-80 to get
the original solution (3.2 mg/mL). Curcuma aromatica
oil was mixed with Tween-80 (ratio, 1:10) plus 950 mL/L
alcohol to get the original solution (2.5 mg/mL). Elemence
injection (5 mg/mL) was used. All the medicines were
filtrated through 0.45 micropores and stored at 4 ℃.
Culture of HSC-T6 cells
The ampoule was taken out of the liquid nitrogen jar(wearing
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protective glasses and gloves)and put into a porcelain
enamel vessel containing 36-37 ℃ water with shaking. The
pocket was cut and the ampoule was taken out，sterilized
with 700 mL/L alcohol. The cell suspension was aspirated
and put into centrifuge tube，then 10 mL culture medium
was added,centrifuged for 5 min at 500-1 000 r/min
and rinsed . The culture medium was changed on the next
day.
Test of cytotoxicity(MTT assay[8])
The 96-well plates were incubated at 37 °C until HSC-T6
cells were grown in a single layer. The culture medium was
incubated for 48 h, and then 5 mg/mL MTT was added
and incubated for 48 h. The A value of the solution was
tested in enzymatic marking instrument (wave length
on the light-filtrating slice is 492 nm). According to the
experiment of cell toxicity, we took the appropriate
concentrations of medicines that resulted in over 50% of
cell survival. The formula of cell survival rate: cell survival
rate (%) = (medicine group/control group)×100%.
Incubation of HSC-T6 cells with medicines at different
times
HSC-T6 cells were incubated with different concentrations
of Colchicine, Curcuma aromatica oil, Curcumol,
β-elemence, and Curcumin, followed by collecting them at
1, 6, 12, and 24 h, respectively.
Extraction and evaluation of cellular tRNA
Extraction of cellular tRNA HSC-T6 cells were washed
softly with germ-free PBS. One-milliliter of TRIzol
reagent was used to blow the cells and to make them
dissolve completely. Then 0.2 mL of methylene trichloride
was added, followed by centrifugation at 12 000 g for 15 min
at 4 ℃. The supernatant was aspirated with 200 µL tip
(dealt with DEPC) and moved to another EP tube. Then
0.5 mL of isopropylalcohol was added and put aside for
15 min, and centrifuged at 12 000 g for 10 min at 4 ℃.
The RNA was washed with 750 mL/L alcohol (dealt with
DEPC), and then 1 mL of 750 mL/L alcohol (dealt with
DEPC) was added, centrifuged at 7 500 r/min for 5 min
at 4 ℃, and stored at -20 ℃.
Evaluation of purity DEPC water was added to 2 µL
of RNA to make a total volume of 100 µL. Ultraviolet
spectrophotometer was used to measure the value of
A 260 and A 280 as well as A 260 /A 280 . The for mula of
concentration of RNA: RNA (µg/µL) = A 260 ×40×
dilution multiple/1 000.
Evaluation of integrity Five-microliter of RNA samples
were put into 10 mL/L formaldehyde degeneration
sepharose for cataphoresis, followed by painting with EB
and examination under ultraviolet light.
Reverse transcription system and the labeling and
purification of cDNA
Reverse transcription system and conditions Tenmicroliter of TRNA (10 µg/µL), 0.3 µL of positive
control, 4.0 µL of oligo (dT)16 (0.5 µg/µL) and 0.5 µL of
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Table 1 Genetic probe matrix related to liver fibrosis
TIMP1
PDGFA
HGF2
IGF2
N
C-myc
TNFα
CYP2D4
ICAM-1
β-actin

Genetic probe matrix
     TIMP1        TIMP2          TIMP2           TIMP3              TIMP3
MMP2            MMP2             MMP8              MMP8              TGFβ1
PDGFA
PDGFC
PDGFC
MMP3
MMP3
IL-6
IL-6
IL-10
IL-10
IL-1
HGF2
HGF1
HGF1
VEGFA
VEGFA
VEGFB
VEGFB
VEGFC
VEGFC
VEGFD
     IGF2
       IGF1          IGF1              TGFβRⅠ         TGFβRⅠ         TGFβRⅡ        TGFβRⅡ         PDGFRα         PDGFRα
PDGFRβ
N
P
P
N
N
P
P
N
N
P
C-myc
P-450d
P-450d
P-450a
P-450a
P-450e
P-450e
P450-4A3
P450-4A
P-450-LA
TNFα        TNFR1          TNFR1          CJUNB             CJUNB
CJUND      CJUND          ETRA                ETRA               ET-1
     CYP2D4        CYP1B1        CYP1B1         ESTSUL           ESTSUL
FGF1
     FGF1
         STAA                STAA               FGF2
     ICAM-1        PAFR          PAFR            VCAM-1          VCAM-1
MIP-2
     MIP-2          MCP-1              MCP-1              PAF
     β-actin        GAPDH        GAPDH
					

RNase inhibitor (40 U/µL) were mixed together, incubated
for 10 min and then put into ice bath. Then 5.0 µL of 5×
first chain buffer, 2.0 µL of DTT (0.1 mol/L), 1.0 µL of
Cy3-dUTP or Cy5-dUTP (1 mmol/L), 0.5 µL of dTTP
(10 mmol/L, and 0.1 µL of each dATP, dCTP and dGTP
(100 mmol/L) were mixed together and incubated for
2 min at 42 ℃. Then 1.0 µL of SuperScript II RNase
H-transcriptase (10 U/µL) was added and incubated for 2 h.
Then 1.0 µL of RNaseH was added and incubated for
0.5 h at 30 ℃, followed by inactivation of anti-transcriptase
at 70 ℃ for 15 min. Then 5.0 µL of NaOH (1 mol/L) was
added and incubated at 65 ℃ for 1 h, followed by addition
of 5.0 µL of 1 mol/L HCl (pH 6.8) and 6.0 µL of 5 mol/
L NaCl. The sediment was stayed overnight at –20 ℃,
centrifuged at 12 000 g for 10 min at 4 ℃. The supernatant
was abandoned, the sedimentation was washed once with
750 mL/L alcohol and then dried, followed by resolving in
2 µL of aseptic water and stored at -20 ℃.
Evaluation of cDNA One-microliter of the above
product of reverse transcription was put into 10 mL/L
formaldehyde degeneration sepharose for cataphoresis,
and then the quality of probes was evaluated.
Hybridization and wash
Two microliters of probes labeled by fluorescence were
diluted to 8 µL for hybridization, and the hybridization
liquor was moved onto the cover glass chip with the
density of 2 µL/cm 2. The solution was put onto the
carry sheet glass chip equally by the capillarity between
cover glass chip and carry sheet glass chip. Then the glass
chips were put into a hybridization box and 5 µL of 3×
SSC was added to keep the humidity. The probe washing
temperatures varied according to the different probes,
usually under room temperature. The order of washing
liquor was lotion A–C.
Analysis of data from fluorescence
After hybridization，the genetic chips were scanned
by Scanner Genepix 4 000B，ImaGene4.2 was used
to analyze the ratio of Cy3，Cy5 and the intensity of
two kinds of fluorescence signals.Housekeeping gene
and positive control were taken to balance the data of
fluorescence of Cy3 and Cy5. Ratio of Cy3，Cy5>2
or <0.5 was used to evaluate the differences of genetic
expression.

A

28 S
18 S

→
→

5S

→

     TGFβ1
IL-1
VEGFD
  PDGFRβ
P
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B

Figure 1 Influence of ingredients of zedoary on genetic expression of HSCs. A:
tRNA formaldehyde degeneration; B: products of reverse transcription.

RESULTS
Effects of different medicines on the growth of HSCs
After treatment of HSC-T6 cells with different
concentrations of Colchicine, Curcuma aromatica oil,
Curcumol, β-elemence, and Curcumin for 48 h, along
with deduction of the concentrations, the survival ratio of
HSC-T6 increased.
Influence of four different ingredients of zedoary on the
genetic expression of HSCs
RNA was put on 10 mL/L formaldehyde agarose gels
for cataphoresis, and the results were recorded with gel
photography. Three strips (28S, 18S, and 5S) can be seen in
Figure 1A. After the analysis by software, the ratio of 28S
and 18S was found to be between 1.5 and 2.0, showing
that the RNA was integral and without degradation. Using
ultraviolet spectrophotometer, the value of A260/A280 was
found to be between 1.7 and 2.0, showing that the RNA
was pure and without protein pollution or phenol.
In addition, most of the cDNAs were obser ved
between 0.5 and 2 kb (Figure 1B). Distribution of probes
is shown in Table 1.
Hybridization
In the hybridization scanning figures of probes (Figures
2A, 3A, and 4A), the green spots represent the locations of
downregulated genetic expression. ImaGene 4.2 software
was used to analyze the intensity and ratio of Cy3 and
Cy5. After correction of housekeeping gene and positive
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Figure 2 Effects of 6.25 μg/mL Colchicines on genetic expression of HSC-T6 cells after 12 h. A: Scanning diagram; B: scattering diagram.
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Figure 3 Effects of 78.125 μg/mL Curcuma aromatica oil on genetic expression of HSC-T6 cells after 24 h. A: Scanning diagram; B: scattering diagram.
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Figure 4 Effects of 1.5625 μg/mL Curcumol on genetic expression of HSC-T6 cells after12 h. A: Scanning diagram; B: scattering diagram.

control, the two conditions were taken to evaluate the
difference of genetic expression as follows: (1) the ratio
of Cy3 and Cy5 >2 or <0.5; and (2) one of Cy3 and Cy5
>1 000. In the scattering diagram (Figures 2B, 3B, and 4B),
the spots on the opposite angles show that the intensity of
two groups (treatment group and control group) was the
same. The farther they depart from the opposite angles,
the bigger the difference of genetic expression would be.
The different effects of medicines on genetic expression

are shown in Tables 2-4. After culture of HSC-T6 cells in
a medium containing 6.25 μg/mL of Colchicine for 12 h,
the expression of TIMP-1 decreased 2.2-folds, which was
in agreement with a previous report [9], suggesting that
the genetic probe testing system in the experiment was
dependable. Furthermore, Figures 3 and 4 stand for the
scattering diagram and the scattering diagram of Curcuma
aromatica oil group and Curcumol group, respectively, and
the data of analysis are shown in Tables 3 and 4.
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Table 2 Genetic expression difference of HSC-T6 cells treated with
Colchicines (6.25μg/mL) for 12 h
Gene
TIMP-1

                                     GenBank
                                     U06179

                                         Ratio
                                          2.20

Table 3 Genetic expression difference of HSC-T6 cells treated with
Curcuma aromatica oil ( 78.125 μg/mL) for 24 h
Gene
TIMP-2
IL-6

                                     GenBank
NM-021989
M26744

                                         Ratio
2.30
2.20

Table 4 Gene expression difference of HSC-T6 cells treated with
Curcumol (1.5625 μg/mL) for12 h
Gene
TGFβ1
P-450a

                                     GenBank
                                     NM-021578
J02669

                                         Ratio
                                          2.30
2.10

These results showed that after HSC-T6 cells were
cultured in a medium containing 6.25 μg/mL Colchicine
for 12 h, the expression of TIMP-1 decreased 2.2-folds.
The expression of TIMP-2 and IL-6 decreased 2.3- and
2.2-folds, respectively, after HSC-T6 cells were cultured in
a medium containing 78.125 μg/mL of Curcuma aromatica
oil for 24 h. Moreover, the expression of TGFβ1 and p450a
decreased 2.3- and 2.1-folds, respectively, after HSC-T6
cells were cultured in a medium containing 1.5625 μg/mL
Curcumol for 12 h. Other concentrations of neither
Curcuma aromatica oil nor Curcumol could bring forth
gene expression differences, nor did β-elemence and
Curcumin.

Discussion
Genetic chip technology is characterized by high commun‑
ication, low consumption and miniaturization[10-13], providing
a technological platform to study the mechanism of
herbal medicines against liver fibrosis. Genetic expression
spectrum chips can be categorized into two kinds, namely
cDNA chips and oligonucleotide chips, the probe of
the former is cDNA, the probe of the latter is fragment
of oligonucleotide. To study medicines with genetic
expression spectrum chips can help us acknowledge the
target genes of herbal medicines, western medicine and
some foods with medical functions. It is also an effective
way to study the toxicity of medicines, and the mechanism
of causing deformity and genetic mutation of medicines.
According to the key role of HSCs in hepatic fibrosis,
50 genes related to liver fibrosis are chosen. They can be
categorized into five groups as follows: (1) expressing
cytokines and receptors of cytokines, such as transforming
growth factor β1 (TGF β1), platelet-derived growth factor
A (PDGFA), platelet-derived growth factor C (PDGFC),
interleukin-1, interleukin-6, interleukin-10, hepatocyte
growth factor 1 (HGF1), hepatocyte growth factor 2
(HGF2), vascular endothelial growth factor A (VEGFA),
vascular endothelial growth factor B (VEGFB), vascular
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endothelial growth factor C (VEGFC), vascular endothelial
growth factor D (VEGFD), fibroblast growth factor 1
(FGF1), fibroblast growth factor 2 (FGF2), plateletactivating factor (PAF), tumor necrosis factor α (TNFα),
insulin-like growth factor 1 (IGF1), insulin-like growth
factor 2 (IGF2), endothelin 1 (ET-1), intercellular adhesion
molecule 1 (ICAM-1), vascular cell adhesion molecule 1
(VCAM-1), murine macrophage inflammatory protein 2
(MIP-2), monocyte chemotactic protein 1 (MCP-1),
transforming growth factor β receptor I (TGFβRI),
transforming growth factor β receptor II (TGFβRII),
platelet-derived growth factor receptor α (PDGFR α ),
platelet-derived growth factor receptor β (PDGFRβ),
tumor necrosis factor α receptor 1 (TNFαR1), plateletactivating factor receptor (PAFR), and endothelin receptor
A (ETRA). TGFβ1 is the strongest factor which promotes
the synthesis of extracellular matrix (ECM). PDGF can
accelerate the proliferation of HSCs; (2) expressing MMPs
(matrix metalloproteinases) and TIMPs (tissue inhibitor
of metalloproteinases), such as MMP2, MMP3, MMP8,
TIMP-1, TIMP-2, and TIMP-3, which take part in the
degradation of ECM; (3) gene expression related to the
preliminary activation of HSCs, such as c-myc, Ets-1,
STAT1, c-jun B, c-jun D; (4) involving in gene expression
related to the biological oxidation[14], such as cytochrome
P450d, cytochrome P450a, cytochrome P450e, cytochrome
P450-LA, and cytochrome P450 (4A3), CYP1B1,
CYP2D4; and (5) house keeping gene, such as β-actin and
GAPDH.
How to choose the genes related to liver fibrosis is the
key of the design of oligonucleotide probes. The mRNA
sequences which contain 40 amino acids are selected and
then oligonucleotide probes are designed using the design
software of oligonucleotide probe. By and large, the length
of oligonucleotide probe is 15-80 nt, the content of GC is
45-55%. Probes of the coding region approaching end 3
are chosen for BLAST analysis. One to two probes whose
homology of sequences was less than 70% are chosen as
gene distinctive oligonucleotide probes.
Because some sequences of mRNA related to collagen I,
III, IV are so short, the probes designed through software
are easy to cause cross reactions which may result in false
positive results, and such genes, therefore, cannot be
chosen. However, the aforementioned 50 genes, in general,
can represent approximately the changes which take place
in the process of preliminary and persistent activation of
HSCs in liver fibrosis.
HSC-T6 cells are SV40 transfected HSCs of SpragueDawley rats. The cells can be steadily cultured and their
phenotype is activated HSCs which can express high-level
collagen I and TIMP-1 mRNA, etc. In our study, HSC-T6
was substituted for the original HSC. Yin et al.[15,16] took
HSC-T6 as model cells to investigate the influence of
compound 861 on the gene expression of MMP-3 and
TIMP-1 and they found that 0.25, 0.5, and 1.0 mg/mL of
compound 861 could increase the expression of MMP3
and inhibit the expression of TIMP1.
TIMPs can prevent MMPs from degrading ECM[17-21].
Using genetic chip technology, we found that after HSC-T6
cells were cultured in a medium containing 6.25 μg/mL
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Colchicine for 12 h, the expression of TIMP-1 decreased
2.2-folds. Expression of TIMP-2 decreased 2.3-folds after
HSC-T6 cells were cultured in a medium containing
78.125 μg/mL Curcuma aromatica oil for 24 h. These
results showed that Curcuma aromatica oil, like
Colchicines, can also inhibit the expression of TIMPs and
reduce the inhibition of MMPs which, in turn, help MMPs
to degrade ECM. This may be one of the mechanisms for
zedoary against liver fibrosis.
IL-6 is also called hepatic cell stimulating factor which
can directly stimulate hepatic cells proliferation, induce
the expression of IL-6 receptors in liver, and stimulate
fibroblastic cells to synthesize collagens[22–26]. In our study,
78.125 μg/mL Curcuma aromatica oil could decrease
the expressions of IL-6, TIMP1 and other genes related
to hepatic fibrosis, thereby enhancing MMPs to degrade
ECM. It might be another mechanism of zedoary against
hepatic fibrosis.
TGFβ1 plays an important role in hepatic fibrosis
which can activate HSCs and, as a transcription factor
of collagen, accelerate its expression[27]. In our study, the
expression of TGFβ1 decreased 2.3-folds after culture
of HSC-T6 cells in a medium containing 1.5625 μg/L
Curcumol for 12 h, suggesting that Curcumol can inhibit
the synthesis of ECM through the inhibition of TGFβ1
which might be an another important mechanism of
zedoary against hepatic fibrosis.
Cytochrome P450 (or Cyt P450) involves in the synthesis
of steroid hormone, bile acid and bile pigments as well as
the process of the bio-transformation of medicine and
poison[14]. Yang et al.[28] have shown that lipid peroxidation
takes part in the activation of HSCs. Svegliati Baroni
et al. [29] have indicated that HCM/Fe might induce a
significant increase in collagen type I accumulation in
HSC culture media, and HSCs proliferation may be
associated with changes in the Na+/H+ exchanger activity.
Nieto et al.[30] transfected CYP2E1 to HSC-T6 cells, and
found that there was an increase in the level of reactive
oxygen species and type I collagen mRNA. It has been
reported that when HSCs were cultured with HepG2 cells
which overexpress CYP2E1 together, the level of collagen
markedly increased, suggesting that the solved oxidants can
activate HSCs[31]. In our study, we found that after culture
of HSC-T6 cells in a medium containing 1.5625 μg/mL
Curcumol for 12 h, the expression of P450a decreased
2.1-folds, suggesting that the metabolism of Curcumol
in HSC-T6 cells might bring forth oxidation-conjugation
reaction through the P450 enzyme system, induce a
decline of oxidative stress and lipid peroxidation, and thus
inhibit the activation of HSCs. This may be one of the
mechanisms of zedoary against hepatic fibrosis.
In conclusion, two different ingredients of zedoary
(Curcuma aromatica oil, Curcumol), when treated with
HSC-T6 cells for 24 and 12 h, can decrease the expression
of TIMP-2, IL-6, TGFβ1 and P450a by different degrees,
indicating the molecular mechanisms of zedoary against
hepatic fibrosis at gene network level. But the changes
of genes and the expression of proteins might not be
the same events. Along with the development of protein

6785

histology, further research needs to testify the proteins
related to liver fibrosis, for example, to examine the
content of type I collagen using ELISA or investigate
the influence of Curcuma aromatica oil and Curcumol
on protein expression of HSC-T6 cells by protein chip
technology.
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Abstract
AIM: To assess the changes of portal and arterial
velocities, resistance index, spleen and liver size during
a long observation period (13.7 years) after orthotopic
liver transplantation (OLT).
METHODS: Two hundred and sixty patients were
recruited retrospectively for this study and divided
into groups with defined time intervals after OLT. The
cross-sectional changes of portal and arterial velocities,
resistance index, spleen and liver size between the
defined time intervals were studied. The complications
detected by ultrasound were compared to gold standard
methods.
RESULTS: The mean values for liver size were all within
the normal range. The splenic size decreased between
the time intervals 100 and 1 000 d after OLT (t ; P <0.01).
While portal and arterial flow velocities decreased up
to 5.5 years (t ; portal velocity P <0.01, maximal systolic
velocity P = 0.05, maximal end diastolic velocity P <0.01),
RI increased during this interval (t : P <0.01). Higher RI
values were found in older patients (r = 0.24, P <0.001).
CONCLUSION: The arterial and portal velocities show
adaptation processes continuing over the course of many
years after OLT and are reported for the first time. The
vascular complications detected by ultrasound occur
mostly up to 100 d after OLT.

tion; Monitoring
Boozari B, Gebel M, Bahr MJ, Manns MP, Strassburg
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duplex parameters and splenic size in liver transplant
recipients during a long period of observation. World J
Gastroenterol 2005; 11 (43): 6787-6791
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INTRODUCTION
Since the 1980s, OLT has become a standard therapy for
patients with end-stage liver disease[1] and till date, the
outcome of this therapy depends on the early diagnosis
and appropriate treatment of complications[2]. Vascular
complications are a frequent cause of early graft failure[3].
Graft damage can be either directly caused by hypoxemia
or indirectly by biliary ischemia during graft handling
which equally leads to chronic biliary damage[4,5]. Timedependent changes of splanchnic hemodynamics in liver
graft recipients have been reported[6]. Based on these data,
it is likely that an understanding and interpretation of
splanchnic hemodynamics may lead to the prevention and
diagnosis of vascular complications[6].
Apart from physical examination and biochemical
work-up, routine and diagnostic imaging procedures
a r e r e c o m m e n d e d t o d e t e c t p o s t - O LT va s c u l a r
complications[7-9]. B-mode and especially color Doppler
sonography have played a central role in the monitoring
of post-transplantation patients. The use of ultrasound
allows for the early diagnosis of hepatic arterial as well
as biliary complications[3,9,10] and contributes to a better
understanding of splanchnic hemodynamic changes[6].
Long-term follow-up studies of splanchnic hemodynamic
changes after OLT are time consuming and therefore
not applicable. The aim of this study was to assess the
post-transplantation changes of duplex parameter as
well as liver and splenic size in liver graft recipients for a
long period of observation. This study was performed
retrospectively as a cross-sectional analysis in a large
cohort of OLT patients. The secondary objective of this
study was to assess the post-transplantation complications
detected by ultrasound during this observation time.

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

MATERIALS AND METHODS

Key words: Ultrasound; Color Doppler; Liver transplanta-

All the liver graft recipients received routine ultrasound
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examinations in our sonography department. For this
study, we chose a sample of all OLT patients (with or
without clinical problems) who received ultrasound
examinations between February 2000 and December 2001.
Five hundred and eighteen ultrasound examinations on
282 patients were performed during this period. Patients
who received at least one ultrasound examination after
liver transplantation were included in this study. In the case
of multiple ultrasound examinations, one examination was
chosen randomly in order to prevent dependencies, due to
multiple measurements of a single case. Patients who had
acute cardiac or renal failure were excluded (n = 2). Two
hundred and sixty consecutive patients were included, and
their clinical characteristics are shown in Tables 1 and 2.
All patients were examined with high-end ultrasound
equipment Power Vision 8000 (Toshiba, Japan) and
Elegra Sonoline Advanced (Siemens, Germany) using
convex arrays 3.5C40H (Siemens, Ger many) and C
3-6 MHz (Toshiba, Japan) as well as sector array 3-6 MHz
(Toshiba, Japan). The patients were examined by two
gastroenterologists with more than 20 years of experience
in the field of ultrasound.
Systematic B-mode examination of all abdominal organs
including the retroperitoneum was performed following
Table 1 Clinical characteristics of the patients included in this study
Parameter					

Value

Gender (M/F) 				

165/95

Age (yr)

49.8±0.8

				

Age (yr) 					

18.5–74.5

Mean time after OLT (d) 			

1 523.3±97.6

Mean US evaluation time after OLT (d)		

2–8 912

Full size OLT (n)				

244

Split liver OLT (n)				

16

Table 2 Etiologies of liver diseases leading to OLT			
Etiology				

Cases (n)

Chronic hepatitis B 				

37

Primary sclerosing cholangitis 			

36

Chronic hepatitis C 				

33

Chronic hepatitis and hepatocellular carcinoma

24

Primary biliary cirrhosis

		

18

Cryptogenic liver disease 			

18

Cystic liver degeneration 			

12

Autoimmune hepatitis 			

12

Budd-Chiari syndrome				

12

Alcoholic cirrhosis 				

10

Primary hepatocellular carcinoma 			

8

Wilson’s disease 				

8

Others1

32

1

				

Includes: Oxalosis n = 1 (0.4%), acute hepatitis A, n = 1 (0.4%), CMV infection,
n = 1 (0.4%), veno occlusive disease, n = 1 (0.4%), Halothane induced hepatic
failure, n = 1 (0.4%), cystic fibrosis, n = 1 (0.4%), tyrosinemia, n = 1 (0.4%),
amyloidosis, n = 2 (0.8%), hemochromatosis, n = 2 (0.8%), toxic liver failure,
n = 2 (0.8%), secondary sclerosing cholangitis, n = 3 (1.2%), alpha 1 antitrypsin
deficiency, n = 3 (1.2%), Caroli’s syndrome, n = 3 (1.2%), adenomatosis of the
liver, n = 3 (1.2%), carcinoid disease, n = 3 (1.2%), biliary atresia, n = 4 (1.5%).
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the recommendations of the German Association of
Ultrasound in Medicine (DEGUM). Liver size was
measured by the diameter of the right lobe in the mid
clavicular line (MCL). The spleen length was measured
from upper to lower pole in an oblique intercostal array
position. The normal liver size was defined as 13±0.5
cm[11]. The normal spleen size was defined as 11±0.5 cm[11].
In addition, the portal vein and the bile duct anastomosis
were examined in the proximal and distal portion.
The maximum velocity of the portal vein [(P)Vmax], the
maximum systolic velocity [(A)Vmax], the maximum end
diastolic velocity [(A)Vmin] and the resistance index of the
hepatic artery (RI) were measured before and after the
anastomosis in each case after an overnight fasting. Settings
such as gain, filter, and pulse-repetition frequencies were
adjusted as needed for optimal signal detection to prevent
artifacts. Segmental arterial stenosis was considered to be
present when circumscript aliasing was visualized by color
Doppler sonography using the maximal pulse repetition
frequency (PRF) as well as the presence of a V max
exceeding 170 cm/s. Alternatively, in case of the absence
of a segmental stenosis, the detection of a tardus-parvus
duplex spectrum with a cut off RI below 0.5 in addition
to a Vmax>170 cm/s was required for the definition of
a stenosis. Stenosis of the portal vein required a twofold increase of flow velocity in the stenosis. Dilated
intrahepatic and extrahepatic bile ducts were defined as
exceeding 3 and 10 mm in diameter (DEGUM guidelines),
respectively.
The complications detected by ultrasound were
confirmed by following the gold standard methods. In
all patients with suspected stenosis or thrombosis of
the hepatic artery by ultrasound examination, a CTangiography was performed to confirm the diagnosis. Most
of the biliary complications such as bile duct dilatation,
thickening, stricture, and calculi in the bile duct system were
confirmed by endoscopic retrograde cholangiopancreatic
ography (ERCP) in patients with chocholedochostomy[12]
and by percutaneous transhepatic cholangiography (PTC)
in patients with status after hepaticojejunostomy. The
occurrence of intrahepatic abscesses was confirmed by
biopsy. Liver biopsies after OLT were available from 94
patients (n = 45 acute rejections, n = 2 chronic rejections,
n = 2 ischemia, n = 21 viral re-infection, n = 21 fibrosis,
n = 7 cirrhosis, n = 33 cholangitis).
Statistical evaluation was performed using the SPSS
11.5 software package for Windows™. Mean values
and standard errors of the means (mean±SE) as well
as frequencies were calculated. Correlations were done
using Spearman’s (S) rank correlation coefficient. We also
analyzed the changes of the velocity values as well as organ
sizes in the course of time. Due to different time points of
ultrasound examinations after OLT, we divided the patients
in groups with defined time intervals after OLT. The time
points were days 100 (1), 1 000 (2), 2 000 (3), 3 000 (4), 4
000 (5) and 5 000 (6) after OLT. The number of patients
at the defined time intervals was as follows: n = 20 (1), n
= 120 (2), n = 81 (3), n = 48 (4), n = 25 (5), n = 11 (6). At
these time points, the data of patients before the defined
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time point (days after transplantation) were compared
with the data of patients after this time point. Mean values
of the parameters were calculated and compared for
significance using the t-test. Therefore, our data reflected
only the changes of the studied parameters at these time
points. The changes of the parameters in the group of
patients before the defined time points were graphically
demonstrated. The graphs were assembled using the Prism
3.0 software package.
Correlations as well as the mean values were calculated
with and without extremes. The extremes were defined
as stenosis or thrombosis of the portal vein and/or the
hepatic artery (n = 8).

RESULTS
Frequencies of ultrasound-detected B-mode findings/
complications after OLT
Vascular complications over a 13.7-year observation period
were detected in one case (0.4%) of thrombosis and five
cases (1.9%) of stenosis of the hepatic artery and in seven
cases (2.7%) of stenosis of the portal vein by ultrasound
(Table 3). All cases were confirmed by CT angiography.
In a 13.7-year obser vation period by ultrasound
examination, 58 (22.3%) patients showed biliar y
complications, of them 33 (56.9%) had either ERCP or
PTC. In 29 patients (87.9%), ultrasound diagnosis was
confirmed either by ERCP or PTC. Nine patients (3.5%)
had extrahepatic dilatation and 37 cases (14.2%) had
intrahepatic dilatation of the bile ducts. One patient (0.4%)
had calculi, 14 (5.4%) patients had sludge in the intra- and
extra-hepatic bile ducts. Eighteen patients (6.9%) showed
a thickening of intra- and extra-hepatic bile duct walls, two
cases (0.8%) had intrahepatic abscesses, one patient (0.4%)
had stricture of the main hepatic bile duct, 114 patients
(43.8%) had splenomegaly after OLT, and 14 patients
(5.4%) had detectable ascites (Table 3).
Changes in organ size after liver transplantation
The mean liver size after OLT was 12.2±0.2 cm in MCL.
The mean splenic size after liver transplantation was 12.9
±0.2 cm (Table 4). Women had a smaller spleen than men
(12.2±0.3 cm vs 13.4±0.2 cm, t; P<0.01).
Table 3 Ultrasound findings and complications in liver graft recipients
US findings		
			

US frequency in
this study (%)

Reported
frequency (%)

Thrombosis of the hepatic artery		

0.4

12 [21]

Stenosis of the hepatic artery		

1.9

3–5 [8]

Stenosis of the portal vein		

2.7

1–6.2 [3,17]

Biliary complications generally		

22.3

18 [22]

Bile duct dilatations 			

17.7

7.3–48.8 [20]

Thickening of bile ducts 		

6.9

Abscess 				

0.8

Calculi of biliary system 		

6.2

36.6 [20]

Bile duct stricture 			

0.4

5–14 [21]

Ascites				

5.4

Splenomegaly			

43.8

US, ultrasound.

6789
Table 4 Ultrasound data (mean±SE)			
Parameter			

Value		

Unit

(P)Vmax			

30.0±1.5		

cm/s

(A)Vmax			

67.1±4.2		

cm/s

(A)Vmin			

20.4±1.6		

cm/s

RI			

0.69±0.01

Spleen size			

12.9±0.2 		

cm

Liver size in MCL		

12.2±0.2 		

cm

The changes of mean values for liver and splenic size
100, 1 000, 2 000, 3 000, 4 000, and 5 000 d after OLT
were calculated. The mean values for liver size after OLT
were all within the normal range and did not change
significantly between the studied time intervals. In contrast,
the splenic size decreased between the intervals 100 and
1 000 d after OLT. After this interval, the splenic size
increased. Consequently, the spleens in the patients more
than 1 000 d after OLT were significantly larger than those
in the patients less than 1 000 d after OLT (13.6±0.3 cm vs
12.2±0.3 cm, t; P<0.01). The mean splenic size remained
higher than the normal range throughout the observed
time in this study.
Dynamics of color Doppler parameters in patients after
liver transplantation
The mean value of color Doppler data for all patients
is shown in Table 4. There was an inverse correlation
between (P)Vmax and time after OLT (r = -0.41, P<0.001).
After exclusion of patients with stenosis and thrombosis
of the arterial and portal vein anastomosis in order to
eliminate the velocity extremes, the correlation coefficients
still remained high (r = 0.38, P<0.001). There was also an
inverse correlation between (A)Vmax and (A)Vmin of the
hepatic artery and time after OLT [for (A)Vmax r = 0.21,
P<0.01 and for (A)Vmin r = 0.23, P<0.01]. After exclusion
of extremes, the correlation persisted [for (A)Vmax r = 0.21,
P<0.01 and for (A)Vmin r = 0.22, P<0.01]. We could not
observe a correlation between RI and time after OLT, but
we confirmed a significant correlation between RI and age
of the patients (r = 0.24, P<0.001).
The changes of mean values of all color Doppler
parameters were calculated 100, 1 000, 2 000, 3 000,
4 000, and 5 000 d post OLT after exclusion of extremes.
(P)Vmax decreased between the time points 100 and 3 000 d
after OLT. It was stabilized at a level of 23 cm/s between
the time points 3 000 and 4 000 d after OLT and dropped
again from day 4 000 (Figure 1A). (A)V max decreased
from 100 up to 4 000 d after OLT (Figure 1B). (A)Vmin
decreased from 2 000 d after OLT (Figure 1B). RI
increased between 100 and 2 000 d after OLT. From this
time point on, we observed a decrease of RI which was
stabilized at a level of 0.70 from time point 4 000 d after
OLT to the end of the observation time (Figure 1A).

DISCUSSION
All vascular complications detected by duplex measurements in this study occurred within the first 100 d after
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Table 5 Reasons of vascular complications after liver transplantation
30

20

a

b

b

Arterial system
Reperfusion damage					
Thrombosis of the celiac trunk				
Thrombosis of the hepatic artery1				
Dissection of the common hepatic artery			
Unknown						

0.80

(P) Vmax
b

0.75

b

Portal system
Over average length of the portal anastomosis			
Intraoperative thrombectomy2			
Intraoperative thrombectomy of malign thrombus3		
Leakage of the biliary anastomosis and consequently		
Systemic infection leading to portal thrombosis		

RI

(P)Vmax in cm/s
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10

0.70
RI

(n = 2)
(n = 1)
(n = 1)
(n = 1)
(n = 1)
(n = 3)
(n = 2)
(n = 1)
(n = 1)

1

0
0

1000

2000

3000
4000
Days after OLT

5000

0.65
6000

The patient suffered from fulminant acute hepatitis A with thrombosis of
the arterial and portal vascular system at the time of OLT. 2The patients had
Budd-Chiari syndrome as an underlying liver disease. 3In this particular case,
infiltration of a tumor thrombus in the portal venous trunk was observed
which led to portal vein stenosis after OLT.

B
75
(A) Vmax

Velocity in cm/s

a

a
b

50

(A) Vmin

25
b

b

0
0

1000

2000

3000
4000
Days after OLT

5000

6000

Figure 1 Changes in portal flow velocity and resistance index (A) and arterial
velocities (A)Vmax and (A)Vmin after OLT (B) during the course of time after liver
transplantation in 260 patients. (aP<0.05; bP<0.01 vs others).

liver transplantation (Table 5). Due to this information
as well as the fact that complications such as rejection
appear mostly during the early phase after OLT, drastic
long-term hemodynamic changes in these patients are
not expected. All vascular complications were initially
diagnosed by ultrasound examination. Interestingly, a
satisfactory blood flow was observed intraoperatively, but
these patients developed stenosis after OLT. Routine and
protocol ultrasound examinations during this interval are
therefore recommended[13,14]. The flow characteristics of
patients early after OLT have been reported in prospective
studies[6,15]. We therefore focused our study on the longterm changes of these parameters.
The long-term hemodynamic changes in these patients
seem to be influenced by factors in the graft itself or
alteration of the vascular track. The prospective study
of Bolognesi et al. [6] is the largest follow-up study
investigating the hemodynamic changes in patients
after OLT. Compared to this study, our study showed a
more heterogeneous spectrum of the underlying liver
diseases. Our findings showed that the mean liver size
remained within the normal range, independent of the

complications, even many years after OLT. Based on the
results of liver biopsies after OLT, at least 20% of the
patients included in this study had parenchymal changes
such as cirrhosis or fibrosis which consequently leads
to a smaller liver size. Interestingly, the mean values of
liver size still remained stable in the course of studied
time points. The mean splenic size was smaller than that
of previously reported[6] which may be explained by the
heterogeneity of liver diseases with a considerable amount
of transplantations without portal hypertension.
Depending on the evaluation time after OLT, an initial
increase in portal blood flow in patients with cirrhosis has
been reported, which was normalized within 2 years[6].
We observed a decrease of portal blood flow from 100 d
to 8.2 years after OLT. This stable decrease may also be
influenced by the low prevalence of portal stenosis and
thrombosis in our patients. We also detected a decrease
of arterial velocities over a long period of time after
OLT. This could be caused by the normalization of
hyperdynamic circulatory syndromes of patients with
cirrhosis at the time of OLT. While the role of arterial RI
in patients after kidney transplantation has been extensively
studied, the RI changes in liver graft recipients are still
unclear. It was reported that a high arterial RI after kidney
transplantation is associated with poor subsequent allograft
performance and death[16]. In liver graft recipients, an early
increase in hepatic arterial resistance has been reported[6,17],
which is related to older donor age and prolonged period
of ischemia. Higher RI values were found in older patients
in our study. RI increase is also attributed to the elevation
of portal blood flow early after OLT[6]. In our study, RI
did not correlate with portal flow.
Our data have confir med the re por ted rate of
ultrasound detected complications in patients after liver
transplantation. However, the sensitivity of ultrasound
for detection of biliary complications is better than
that of previously reported[12]. Arterial thrombosis after
transplantation has an estimated incidence of 12%[8]. In our
patients, thrombosis of the hepatic artery was detected by
ultrasound in 0.4% of cases. Since the majority of arterial
thromboses occur during the early post-transplantation
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period[3] and most of our examinations were performed
100 or more days after OLT, the low prevalence of arterial
thrombosis in this study may be related to the time point
of investigation. The detection rate of hepatic artery
stenosis as well as portal vein thrombosis in our study was
comparable to the reported incidence[8,18,7]. The detection
rate of biliary tract complications in this study (22.3%) is
higher than the reported incidence approaching 18%[19].
Regarding the cases, which were confirmed by ERCP or
PTC in our study, ultrasound has a sensitivity of 88%[12].
This study provides an insight into time point of
vascular complications as well as hemodynamic and
parenchymal adaptive processes present in liver graft
recipients. The cross sectional characteristic of our study
did not allow a continuous assessment of hemodynamic
changes in the course of time, but it enables the analysis
of a very long observation period. These data can serve
as an orientation for the examining physicians to have a
better understanding and interpretation of duplex changes
in these patients.
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INTRODUCTION
Abstract

AIM: To evaluate the effect of oral intake of branchedchain amino acids (BCAA) on brain perfusion in patients
with liver cirrhosis.
METHODS: Single photon emission computed
tomography scans were performed in 43 patients with
cirrhosis and in 15 age-matched healthy subjects.
Twenty-nine out of forty-three patients were randomly
treated with either BCAA granules or placebo, and
single photon emission computed tomography was
performed before and after the treatment. We measured
the regional cerebral blood flow values using a threedimensional stereotaxic region of interest template.
RESULTS: Cirrhotic patients had regions of significant
hypoperfusion in the bilateral central (right P = 0.039,
P <0.05; left P = 0.006 P <0.01), parietal (right P =
0.018, P <0.05; left P = 0.009, P <0.01), angular (right
P = 0.039, P <0.05; left P = 0.008, P <0.01), and left
pericallosal segments (P = 0.038 P<0.05) as compared
with healthy subjects. A significant increase in cerebral
perfusion was observed 70 min after the oral intake of
BCAA in the angular (right P = 0.012, P <0.05; left P =
0.049, P <0.05), temporal (right P = 0.012, P <0.05; left
P =0.038, P <0.05), pericallosal segments (right P = 0.025,
P <0.05; left P = 0.049, P <0.05) and left precentral (P
= 0.044, P <0.05), parietal (P = 0.040, P <0.05) and
thalamus (P = 0.033, P <0.05). No significant change in
perfusion was observed in the placebo group.
CONCLUSION: Administration of BCAA rapidly improves
cerebral perfusion.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Beneficial effects of branched-chain amino acids (BCAA)
supplementation on hepatic encephalopathy (HE) have
been previously reported[1-3]. Recently, Marchestini et al.
carried out a large multicenter, randomized controlled
trial with BCAA-enriched dietar y supplements in
comparison with lactoalbumin or maltodextrin dietary
supplementation [4]. The results of this study showed
reduced hospital admission rate in patients treated with
BCAA compared with the control group[4]. Thus, BCAA
therapy may be effective for the treatment of HE, which is
a common cause of hospital admission.
Some cirrhotic patients with apparently normal mental
status may have abnormalities in cognitive function
when they are examined with sensitive and quantitative
neuropsychological tests [5,6]. This group of patients is
considered to have minimal HE [7]. This HE-associated
cognitive impair ment may be sometimes associated
with a poor quality of life[8-10] and thus early diagnosis
and treatment of this condition is important [8]. It has
been reported that therapy with lactulose improves
neuropsychological functions[11]. However, there are no
data on whether BCAA supplementation ameliorates
cerebral disturbance in cirrhotic patients.
Single photon emission computed tomog raphy
(SPECT) and positron emission tomography studies
can demonstrate alterations in regional cerebral blood
flow (CBF) and cerebral glucose metabolism in cirrhotic
patients[12-19]. We previously reported that administration of
solutions enriched with BCAA improves cerebral perfusion
in patients with cirrhosis [20]. However, the BCAA-rich
solutions used in this previous study in cirrhotic patients
contained L-arginine, which is a precursor of nitric oxide,
a potent vasodilator[21]. The dose of L-arginine used in
previous study might have increased blood flow in the
brain[21].
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The main aim of the present study was to confirm
regional differences in CBF in patients with liver cirrhosis
and to evaluate whether alterations in CBF is reversed by
the oral administration of BCAA. In this study, we used
granules containing only BCAA and a three-dimensional
stereotaxic region of interest template (SRT) for objective
estimation of anatomically standardized CBF SPECT
images[22,23].

These subjects were free of liver disease, neurological
disorder or dementia and had normal brain magnetic
resonance images. The control subjects were not taking
any medication.
Informed consent was obtained from all subjects, and
the study was performed in accordance with the Helsinki
Declaration. The Ethics Committee of Mie University
School of Medicine approved the protocol of this study.

MATERIALS AND METHODS

Scan acquisition and image processing
Each subject received 278 MBq of technetium-99 m L,Lethyl cysteinate dimer (ECD) by intravenous injection in
the morning after an overnight fast. Ten minutes after the
injection of ECD, brain SPECT images were acquired
using a three-head gammacamera system (GCA-9300A/
DI, Toshiba, Tokyo, Japan) equipped with low-energy,
high-resolution fanbeam collimators. The projection
data were obtained using a matrix size of 128×128.
SPECT images were reconstructed by filtered backprojection using a ramp filter follower by postprocessing
with a Butterworth filter. Attenuation correction was
performed using Chang’s method[25]. The triple-energy
window technique was employed for scatter correction.
After baseline SPECT, the patients were orally treated
with BCAA granules (8 g BCAA, 8 g protein, 32 kcal,
Ajinomoto, Tokyo, Japan: L-isoleucine 1 904 mg, L-leucine
3 808 mg, L-valine 2 288 mg), or placebo (cornstarch, 8
g protein, 32 kcal). After 60 min, 278 MBq of ECD was
intravenously administered, and 10 min later a second
SPECT acquisition was performed. The methods are
briefly summarized in Figure 1.

Subjects
Forty-three Japanese patients with liver cirrhosis (30 men
and 13 women, mean age 63±8 years) were enrolled in
this study. The diagnosis of cirrhosis was based on the
results of liver function tests, ultrasonography, computed
tomography imaging, laparoscopy and liver biopsy. The
cause of liver cirrhosis was viral infection in the majority
of patients (n = 37). No patient with alcoholic liver disease
was included in the study. In six patients, the cause of liver
cirrhosis was unclear. None of the patients had overt HE
(grade I or more) at the time of the examination, and none
of them exhibited neuropsychiatric signs or symptoms
on standard bedside clinical assessment. Patients with
focal brain lesions, severe brain atrophy, abnormalities on
computed tomography or magnetic resonance images, or
neurological or psychiatric disorders were excluded from
the study. None of the patients were receiving psychoactive
drugs. Twenty-nine out of forty-three patients were
randomized into two groups: one group received BCAA
granules orally (16 patients) and another group received
placebo (13 patients). We have previously reported that the
ratio of serum BCAA to tyrosine increases nearly twofold,
1 h after the administration of oral BCAA and that it
decreases to basal values after 10 h[24]. The clinical and
biochemical characteristics of the patients are summarized
in Table 1.
Control SPECT images were obtained from 15 subjects
(11 men and 4 women; mean age, 62±9 years) referred to
our neurology department for minor subjective symptoms.

Trail making A test
Digit symbol test
Ammonia

Table 1 Patients’ clinical characteristics
Age (yr)
Sex ratio, M/F
Etiology of cirrhosis, HBV/HCV/unknown
Previous history of overt hepatic encephalopathy,
None/Chronic
Child-Pugh score
Laboratory examinations
Platelet (104 µL)
Albumin (g/dL)
Total bilirubin (mg/dL)
Cholinesterase (∆pH)
Plasma ammonia (µmol/L)
Prothrombin time (%)
BCAA to tyrosine ratio
Neuropsychological test
Trail making test (s)
Digit symbol test (gross point)
BCAA, branched-chain amino acids.

Image analysis
The spatial normalization was performed using linear
and non-linear transformation and SPECT template in
the statistical parametric mapping (SPM) 99 (Wellcome
Department of Cognitive Neurology, London, UK)

63 ± 8
30/13
5/32/6
39/4
8.0 ± 2.2
7.5 ± 5.1
2.9 ± 0.5
2.0 ± 2.3
0.36 ± 0.19
38 ± 23
69.1 ± 12.8
3.3 ± 1.3

(48 - 74)

Trail making A test
Digit symbol test

BCAA to tyrosine ratio
BCAA granules 8 g+ Water 100 mL
or
Cornstarch 8 g + Water 100 mL

Tc-99 m ECD
(5 -13)
(8 - 31.4)
(1.9 - 3.9)
(0.5 - 13.8)
(0.11 - 0.97)
(4 - 104)
(31.3 - 93.5)
(1.32 - 6.95)

54 ± 26

(28 - 160)

35 ± 10

(12 - 54)

Tc-99 m ECD
SPECT
(post)

SPECT
(baseline)
10 min 16 min

Ammonia
BCAA to tyrosine ratio

60 min

10 min 16 min

Figure 1 Study protocol. Baseline SPECT imaging was taken 10 min after the
injection of 278 MBq ECD. After baseline SPECT, BCAA granules or placebo were
orally administered. Sixty minutes later, another 278 MBq of technetium-99 m ECD
was intravenously administered and a second SPECT acquisition was performed
10 min after the injection of ECD. Laboratory and neuropsychological tests were
taken before and after the administration of BCAA or placebo. SPECT, single
photon emission computed tomography; ECD, ethyl cysteinate dimer; BCAA,
branched-chain amino acid
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Statistical analysis
Results were expressed as the mean±SD of the mean and
range. The Mann–Whitney U test was used to evaluate
the statistical difference in clinical or laboratory variables
between BCAA and placebo groups and in CBF between
patients and healthy subjects. The analysis of variance
with Bonferroni’s correction for multiple comparisons in
the three groups was analyzed. The Wilcoxon was used to
compare pre-, post-BCAA or -placebo values in the same
group of patients. A P<0.05 was considered as statistical
significance.

RESULTS

Baseline study
Cirrhotic patients (n = 43) had regions of significant
hypoperfusion in the bilateral central (right, P<0.05; left,
P<0.01), parietal (both, P<0.05), angular (right, P<0.05;
left, P<0.01), and left pericallosal segments (P<0.05) as
compared with healthy subjects (n = 15, Figure 2).
The influence of the clinical profile on regional CBF
was also evaluated. There were no significant differences
in cerebral perfusion between the mild (Child–Pugh A,
n = 13), moderate/severe (Child–Pugh B+C, n = 30)
liver dysfunction groups and healthy subjects (data not
shown). In cirrhotic patients with hyperammonemia (i.e.,
more than 50 µm/L, n = 15), SRT showed regions of
significant hypoperfusion in the right parietal (P<0.05) and
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Neuropsychological tests and laboratory examinations
The trail making A test (number connection test) and
digit symbol test (revised Wechsler adult intelligence scale)
were performed as neuropsychological tests. Laboratory
examinations included plasma ammonia and BCAA to
tyrosine ratio. These data were taken before and after the
administration of BCAA or placebo (Figure 1).

A

Callosomarginal

prog ram. Smoothing was perfor med using 12 mm
full width at half maximum Gaussian filter in SPM99.
To obtain post-BCAA counts, baseline mean SPECT
counts were subtracted from the second SPECT counts,
multiplied by a correction factor, which is the coefficient
of the decay of technetium-99 m between the baseline
and post-treatment measurement. In each hemisphere, we
estimated the regional CBF values of 270 constant regions
of interest (ROI, three-dimensional SRT) grouped into 12
segments as follows: callosomarginal, 48 ROI; precentral,
45 ROI; central, 28 ROI; parietal, 14 ROI; angular, 8 ROI;
temporal, 27 ROI; posterior cerebral, 33 ROI; pericallosal,
16 ROI; lenticular nucleus, 12 ROI; thalamus, 11 ROI;
hippocampus, 17 ROI; and cerebellum, 11 ROI; and the
segmental CBF was calculated as the area-weighed mean
value for each of the 12 segments based on the regional
CBF of each ROI[22,23].
Semiquantitative analysis was performed to obtain
region-to-reference ratios for each segmental CBF value.
The CBF value in cerebellum was selected as the reference
region, because cerebellar abnormalities were not detected
in SPECT images, computed tomography or magnetic
resonance images.
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Figure 2 Relative CBF of different brain regions. Comparison of patients with liver
cirrhosis (closed bars) and healthy subjects (open bars). Data were expressed as
the mean±SD. aP<0.05, bP<0.01, dP<0.001. CBF, cerebral blood flow.

left callosomarginal (P<0.05), central (P<0.01), angular
(P<0.01) and pericallosal segments (P<0.01) as compared
to healthy subjects (Figure 3A, right hemisphere is not
shown). Likewise, in cirrhotic patients with severe decrease
of serum BCAA to tyrosine ratio (i.e., <3, n = 19), SRT
showed regions of significant hypoperfusion in the angular
(right, P<0.05; left, P<0.01) and right parietal (P<0.05)
and left callosomarginal (P<0.01), central (P<001) and
pericallosal segments (P<0.01) as compared to healthy
subjects (Figure 3B, right hemisphere is not shown).
Abnormalities in neuropsychological tests [values more
than two SD from the mean values for the age-matched
healthy subjects at our hospital (i.e., more than 50 s on the
trail making A test and less than 30 points on digit symbol
test)] were considered to be indicative of minimal HE.
Among cirrhotic patients, 10 showed abnormalities in both
neurological tests and thus they were considered to have
minimal HE. In patients with abnormalities in neurological
tests (n = 10), SRT showed significant hypoperfusion in
the left parietal (P<0.01), pericallosal (P<0.01), lenticular
nucleus (P<0.01) and hippocampus (P<0.05) regions as
compared to patients with grade-0 HE (n = 14, Figure 3C,

Yamamoto M et al. BCAA increases cerebral perfusion in cirrhosis
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groups (Table 2). A significant increase in cerebral
perfusion was observed 70 min after oral intake of BCAA
in the angular (both regions, P<0.05, Figure 4C), temporal
(both regions, P<0.05, Figure 4D), pericallosal segments
(both regions, P<0.05, Figure 4E) and left precentral
(P<0.05, Figure 4A), parietal (P<0.05, Figure 4B) and
thalamus (P<0.05, Figure 4F). In addition, after the
administration of oral BCAA, the values of relative CBF
improved in almost all segments, reaching values observed
in healthy subjects. There were no significant differences
in cerebral perfusion between cirrhotic patients after oral
intake of BCAA and healthy subjects. No significant
change in relative CBF values was observed in the placebo
group (Figure 5). In the BCAA group, the serum BCAA
to tyrosine ratio increased fourfold, 86 min after the
administration of oral BCAA (P<0.01). No significant
change in plasma ammonia levels or in neuropsychological
tests was observed in BCAA and placebo groups (Table 3).

DISCUSSION

b

0.8

Callosomarginal

Relative cerebral blood flow

d
d

1.0

Figure 3 Relative CBF of different brain regions. A: Comparison of cirrhotic
patients with hyperammonemia (gray bars), normal ammonemia (dashed bars)
and healthy subjects (open bars); B: Comparison of cirrhotic patients with severe
decrease in the levels of serum BCAA to tyrosine ratio (gray bars), with mild
decrease in serum BCAA to tyrosine ratio (dashed bars) and healthy subjects (open
bars); C: Comparison of patients with minimal encephalopathy (gray bars), with
grade-0 encephalopathy (dashed bars) and healthy subjects (open bars).

right hemisphere is not shown).
Effect of BCAA
At entry, there was no difference in clinical or laboratory
variables between BCAA (n = 16) and placebo (n = 13)
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Functional imaging techniques such as CBF SPECT
and positron emission tomography can demonstrate
abnor malities in patients with cirrhosis [12-19] . In the
present study, cirrhotic patients had regions of significant
hypoperfusion in central, parietal, angular and pericallosal
segments as compared to healthy subjects. These areas
included parts of the frontal and parietal associated areas
of the cortex and cingulum. Impaired flow and oxygen
metabolism in the frontal, parietal and cingulate cortices
in cirrhotic patients have also been reported [12-14,16-18].
Cognitive impairment, especially defect in attention is an
important feature of HE[26,27]. The anterior cingulate gyri
may provide an important connection between widely
divergent aspects of attention and visual location[28]. The
internal organization of the anterior cingulate gyri shows
alternating bands of cells with close connections to the
dorsolateral frontal cortex and the posterior parietal lobe[29].
The results of studies using N-13 ammonia positron
emission tomography of cerebral ammonia metabolism
in patients with cirrhosis and minimal encephalopathy
coincide well with these regional differences [30]. This
regional hypoperfusion may be the pathophysiological
basis for the minimal cerebral dysfunction that is often
detected by neuropsychological tests in patients with
cirrhosis.
We found no significant relationship between cerebral
perfusion and severity of liver disease, as assessed by the
Child–Pugh scores. This observation may be due to the
fact that non-hepatic factors, such as neurotoxins produced
in the gut or toxic agents that cross the blood-brain barrier
such as ammonia, contribute to impairment of cerebral
function. Although no single metabolic derangement
can account for the occurrence of HE, the plasma level
of ammonia is believed to be an important causative
factor of HE. Lockwood et al. reported regional metabolic
abnormalities in cirrhotic patients with hyperammonemia[16].
They also reported increased permeability of the bloodbrain barrier to ammonia and suggested that ammonia
might be responsible for cerebral dysfunction in HE[31]. In
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Figure 4 Changes in relative CBF of different brain regions. CBF was
compared before and after BCAA. A: Left precentral; B: left parietal; C: left angular; D: left temporal; E:
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on the results of studies showing that the use of solutions
rich in BCAA reversed the abnormal blood levels of
amino acids and led to mental recovery from acute HE in
patients with cirrhosis[35,36]. Mental recovery is observed
immediately after the treatment with BCAA solution. One
of the proposed mechanisms of HE is the interference of
cerebral metabolism by ammonia, including depletion of
operational rates of tricarboxylic acid cycle by removing
[37]
a-ketoglutarate for ammonia detoxification . Decreased
brain levels of glutamate have been reported in various
models of HE. Glutamate is an integral component
of malate-aspartate shuttle. It is therefore possible that
reduced glutamate levels contribute to impaired cerebral
energy metabolism in HE[38]. BCAA is known to cross
rapidly the blood-brain barrier and to serve as an energy
source in the brain [39,40]. It has been previously shown
in animal models of chronic HE that decreased brain
BCAA concentrations is normalized and that acceleration
of ammonia metabolism occurs by stimulated glutamine
synthesis, after intravenous infusion of BCAA[41]. Thus,
it is possible that administration of BCAA blocks the
vicious cycle of cerebral energy metabolism in HE by
providing the amino group for glutamate synthesis from
a-ketoglutarate in astrocytes.
In the present study, we found that cirrhotic patients
increased thalamic perfusion after the administration of
oral BCAA. According to current knowledge, information
coming from the cortex passes through the striatopallidal
system to the thalamus and then returns to the cortex.
Alterations of neurotransmission within the pallidum and
thalamus therefore may lead to impairment of cortical
function, as in HE[42]. Catafau et al. reported that thalamic
CBF increases in proportion to neuropsychological deficits
as a compensatory effect[12]. Supplementation with BCAA
may be effective in the treatment of cirrhotic patients for
improving thalamic CBF.
A number of studies have reported association between
minimal HE and impairment of quality of life[5,6,8-10]. It
has also been suggested that the ability to drive a car is
impaired in patients with cirrhosis and minimal HE [43].
Therefore, it is important to initiate therapy to improve
neuropsychological function. Protein restriction may not
be beneficial for long-term therapy in patients with protein
malnutrition. Oral BCAA supplementation may be one of
the candidates for the initial treatment of minimal HE. In
the present study, there was no significant change in the
results of neuropsychological test after the administration
of BCAA. Additional study is necessary to clarify the time
course of regional CBF changes after oral administration
of BCAA. Neuropsychological performance and cerebral
perfusion after long-term oral administration of BCAA
also needs further evaluation.
In conclusion, this study shows that patients with
cirrhosis and no neurologic symptoms have widespread
reduction in relative CBF and that this is restored after
oral intake of BCAA. These findings suggest that oral
supplementation with BCAA may be a therapeutic adjunct
of conventional therapy for the treatment of cirrhotic
patients for its beneficial action on regional CBF.
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Abstract

AIM: To investigate the prevalence, risk factors, and
selection of the study population for cholecystolithiasis in
an urban population in Germany, in relation to our own
findings and to the results in the international literature.
METHODS: A total of 2 147 persons (1 111 females,
age 42.8 ± 12.7 years; 1 036 males, age 42.3 ± 13.1 years)
participating in an investigation on the prevalence
of Echinococcus multilocularis were studied for risk
factors and prevalence of gallbladder stone disease.
Risk factors were assessed by means of a standardized
interview and calculation of body mass index (BMI). A
diagnostic ultrasound examination of the gallbladder
was performed. Data were analyzed by multiple logistic
regression, using the SAS statistical software package.
RESULTS: Gallbladder stones were detected in 171
study participants (8.0%, n = 2 147). Risk factors for
the development of gallbladder stone disease included
age, sex, BMI, and positive family history. In a separate
analysis of female study participants, pregnancy (yes/no)
and number of pregnancies did not exert any influence.
CONCLUSION: Findings of the present study confirm
that age, female sex, BMI, and positive family history
are risk factors for the development of gallbladder stone
disease. Pregnancy and the number of pregnancies,
however, could not be shown to be risk factors. There
seem to be no differences in the respective prevalence

for gallbladder stone disease in urban and rural populations.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Disorders of the gallbladder are a major cause of
morbidity and a leading indication for hospital admissions
in the United States [1-4] and in Europe [5,6] . In these
developed nations, the economic impact of gallstone
disease is high[1-5]. In the United States, more than 500
000 cholecystectomies are performed annually and direct
costs for the diagnosis and treatment of gallbladder stones
are estimated at 5 billion US Dollar per year[7,8]. For the
treatment of gallstone disease in Germany, 200 inpatient
hospital days per 10 000 health insured persons accumulate
every year[9]. This creates costs of more than ½ billion[10].
Gallstone disease is not only an unsolved problem
in Western industrialized nations but also in African
nations[11,12] as well as in Asian countries like China, India,
Bangladesh, and Japan[13-17]. Cholelithiasis is one of the
commonest surgical diseases in China and accounted for
11.5% of overall hospitalized patients during the period
from 1985 to 1995[18].
The most important risk factors for the development of
gallstone disease currently being discussed in the literature
include age[19-23], female gender[14,20-22,24], obesity[6,25-28] and
heredity[19,20,29-31]. Other factors like pregnancy or number of
pregnancies are still discussed are contradictory[12,21,32-34].
To our knowledge, there are no publications that assess
the influence of the selection of study population on
gallstone disease prevalence.
The present prospective ultrasound-based survey investigates
the prevalence and risk factors for cholecystolithiasis in an
urban population and also addresses the effect of selection of
study population on the different risk factors.
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Figure 1 Study collective and participation.

METHODS
Study collective and participation
A random sample of 4 000 subjects was selected from
the population of a city in southwestern Germany (total
population: 12 475) for participation in a seroprevalence
study for Echinococcus multilocularis. Of the 4 000 randomly
selected and invited subjects, 107 could not be included in
the final evaluation due to factors such as non-response to
repeated invitations or incompetent legal status (n = 39), or
moved away with no forwarding address (n = 68), resulting
in a total random sample size of 3 893 subjects. Out of
this pool, a total of 2 445 persons actually participated in
the study (response rate: 62.8%). The following inclusion
and exclusion criteria determined the composition of the
collective studied for gallbladder stone disease (Figure 1):
Only persons in the age of 10-65 years were included
into the study. Written consent for the examination and
collection of personal health information was required.
Failure to visualize and assess the gallbladder or poor
or restricted examination conditions lead to the exclusion
from the study collective (n = 26 subjects). Significant
contraction of the gallbladder following an inadequate
fasting period (when no clinical signs of cholecystitis were
identified) (n = 9 subjects), a history of cholecystectomy
for gallbladder polyps or cholecystectomy of unknown
reason (n = 4 subjects) or subject’s refusal to undergo
examination (n = 1 subject) also constituted exclusion
criteria. Missing or invalid data acquisition (n = 4 subjects).
Patients with prior cholecystectomy for gallbladder stones
were added in the calculations of the gallbladder stone
prevalence.
The total collective of subjects undergoing ultrasound
examination of the gallbladder was 2 401 persons. In
order to enhance comparability with published studies, we
explicitly examined adult subjects aged 18-65 years. This
non-selected adult collective consisted of 2 147 subjects (1 036
males, 48.3%; 1 111 females, 51.7%).
Subjects’ informed written consent was obtained for
examination and collection of personal health information.
The study met the international agreements of the Helsinki
Declaration from 1996 and was approved by the research
Ethics Committee of the Baden-Württemberg General
Medical Council (Landesärztekammer Baden-Württemberg).
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Questionnaire and physical examination
Under the guidance of a trained interviewer, each subject
completed a comprehensive questionnaire covering the
following parameters: Demographic information (age,
sex, nationality, marital status, education, occupation),
recreational activities (sports, exercise), medical history
(gallbladder stones, gastrointestinal, hepatic, cardiovascular,
respiratory, endocrine, renal, rheumatic, or malignant
diseases), dietary behavior (meal patterns including intake
of certain foods; fluid intake including alcohol, use of
tobacco products), family history (gall bladder stone
disease, diabetes mellitus, overweight, history of cancer)
and medication history.
Based on the recommendations of the WHO[35] for
anthropometric measurements, patients then underwent
determination of body height and weight and waist and
hip circumference. BMI was calculated according to the
common formula[35].
Ultrasound examination
Study participants were asked to present for the examination
following a 4-h fasting period. All subjects underwent
ultrasound examination of the upper abdomen under
standard conditions to assure exact evaluation of the
gallbladder. In order to enhance visualization of the
gallbladder, subjects were asked to raise their right arm
over their head, which increases both the intercostal spaces
and the distance between the lower margin of the rib cage
and the iliac crest. Examination was performed upon deep
inspiration and with outward pressure on the abdominal
wall.
The gallbladder was examined in three planes (longitudinal,
cross-sectional and diagonal), providing the examiner with
a three-dimensional impression of the organ. In cases in
which cholecystolithiasis was present, the mobility of the
stone(s) was assessed. Subjects, in whom differentiation
between mobile stones and wall-adhering polyps was
difficult, were examined again in standing position in order
to reliably distinguish between stone and polyps on the
basis of their mobility. The thickness of the gallbladder
wall was measured and, in subjects with gallbladder
stones, the number, size, and localization of stones before
mobilization were determined. Ultrasound examinations
were performed by a group of six examiners trained
in gallbladder sonography. These examiners worked
under supervision of an experienced specialist (>4 000
examinations per year), who also reviewed all questionable
findings. Examinations were perfor med using four
identical, state-of-the-art HDI-5000 ultrasound scanners
(Advanced Technology Laboratories Ultrasound, Philips
Medical Systems, Bothell, WA, USA).
Criteria for the diagnosis of gallstones were as follows:
one or more hyperechoic structure(s) in the gallbladder
with dorsal shadow; one or more hyperechoic structure(s)
in the gallbladder without dorsal shadow but which by
means of examination in multiple planes and/or attempt
at mobilization can be certainly distinguished from a
gallbladder septum, Heister’s valve or a gallbladder polyp;
a strongly hyperechoic structure with dorsal shadow in
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Figure 2 Distribution of gallbladder stone prevalence in relation to sex and age.

Figure 3 Prevalence of gallbladder stones in relation to BMI and age.

the anatomic location of gallbladder, with no or only
slight visualization of residual gallbladder lumen; failure
to delineate the gallbladder lumen in patients who have
undergone prior cholecystectomy and who demonstrate
corresponding surgical incisions in the right upper
abdominal quadrant; presence of a significant amount of
gallbladder sludge filling at least one-quarter of the gall
bladder lumen with corresponding dorsal shadow.
Subjects, who because of recent food intake or other
reasons, such as overlying intestinal gas, presented
unfavorable examination conditions, were excluded from
the study.

for females than for males in all age classes. The highest
prevalence was found in the group of females aged 51-65
years (20.9%; 73 of 349 subjects; Figure 2). Overall, the
prevalence of gallbladder stones (defined as current and
past cholecystolithiasis) increases with advancing age from
1.5% among subjects aged 18-30 years to 15.2% in the 51-65
years age group.

Statistical analysis
Multiple logistic regression[36] was performed to assess
the impact of the known risk factors age, sex, BMI, and
positive family history on the development of gallbladder
stones. Two further multiple logistic regression models
were fitted for female study participants in order to assess
the impact of pregnancy and number of pregnancy,
whereby in both models odds ratios were adjusted for
the known risk factors like age, BMI, and positive family
history for gallbladder stones. Odds ratios with 95%
confidence interval and corresponding P-value are given.
Statistical analyses were performed using the SAS statistical
software package (version 8.02).

RESULTS
Prevalence in relation to age and sex
Gallbladder stones were detected at upper abdominal
ultrasound examination in 87 of 2 147 subjects examined
(4.1%), while gallbladder sludge was identified in two
subjects (0.1%). A further 84 subjects (3.9%) had
undergone prior cholecystectomy for the treatment of
gallbladder stone disease. Thus, 171 subjects satisfied the
inclusion criteria for cholecystolithiasis, representing an
overall prevalence of cholecystolithiasis of 8.0% in the
study population.
Among females, the proportion of subjects with current or prior gallbladder stone disease stood at 10.9% (121 of
1 111 subjects), while 4.8% of males (50 of 1 036 subjects)
fulfilled the criteria for the diagnosis of cholecystolithiasis.
The prevalence of gallbladder stone disease was higher

Prevalence in relation to BMI
BMI was calculated in 99.6% of study participants (n = 2 138).
Mean BMI for the subcollective of subjects without gallbladder stone disease was 25.8±4.9 kg/m2 (median 25.1 kg/m2;
range: 14.1-52.6 kg/m2). Corresponding value for subjects
with current or prior cholecystolithiasis was 29.2±5.9 kg/m2
(median 28.7 kg/m2; range: 17.6-51.5 kg/m2). For description, BMI results were assigned to one of three classes
defined according to the recommendations of the World
Health Organization (WHO; Figure 3).
Class I, defined as at or below a subject’s respective ideal
weight (BMI <21 kg/m2 in females and <22 kg/m2 in
males), included 367 subjects (17.2%). Class II (BMI 21-25 kg/m2
in females and 22-26 kg/m2 in males) included 804 subjects (37.6%), while 967 subjects (45.2%) met the criteria
for Class III (BMI >25 kg/m2 in females and BMI >26 kg/m2
in males), and thus were considered as overweight. Only 9
subjects (2.5%) in BMI Class I exhibited evidence of gallbladder stone disease compared to 37 subjects (4.6%) in
Class II and 124 subjects (12.8%) in Class III (Figure 3).
Prevalence in relation to positive family history of
gallbladder stones
Of 2 147 subjects, 105 (4.9%) were unable to provide
information on their biological parents; thus, evaluation
of the influence of hereditary predisposition was limited
to a subcollective of 2 042 subjects. Gallbladder stones
were diagnosed more frequently in subjects with a positive
family history of cholecystolithiasis. In subjects with a
positive family history involving one biological parent,
the prevalence of gallbladder stones stood at 12.6%
(51 of 405 subjects) and at 14.3% (3 of 21 subjects) in
subjects, both of whose biological parents suffered from
gallbladder stone disease. In the remaining 1 616 subjects
with negative family history of gallbladder stone disease,
prevalence of cholecystolithiasis stood at only 6.3% (n = 102).

Walcher T et al. Pregnancy is not a risk for gallstones

6803

Table 1 Classical risk factors of cholecystolithiasis in multiple
logistic regression

Table 3 Number of pregnancies in the multiple logistic regression
model (only females)

Classical risk factors

Factor tested

Age (per yr)
Female sex
BMI (per kg/m2)
Positive family history

Odds ratio (OR)
1.06
2.78
1.12
1.89

95%CI
1.05–1.08
1.91–4.07
1.08–1.15
1.30–2.75

P
<0.001
<0.001
<0.001
<0.001

Table 2 History of pregnancy and the number of prior pregnancies
in the multiple logistic regression model (only females)
Factor tested
Age (per yr)
BMI (per kg/m2)
Positive family history
Positive history of pregnancy

Odds ratio (OR)
1.06
1.11
1.99
0.76

95%CI
1.04–1.08
1.07–1.15
1.28–3.07
0.44–1.31

P
<0.001
<0.001
0.002
0.321

Prevalence in relation to pregnancy
All female study subjects were questioned about their
pregnancy status. Fifteen women declined to provide
information on prior pregnancy. Of the remaining 1 096
subjects included in this analysis, 26.3% (n = 288) reported
never having been pregnant. The group of women with
positive history of pregnancy (n = 808, 73.7%) was broken
down into the group with one to two pregnancies (560
women, 51.1%) and those with three or more pregnancies
(248 women, 22.6%). Gallbladder stones were detected in
22 of 288 nulliparae (7.6%). In the group of 560 women
with one or two pregnancies, 55 subjects (9.8%) were
positive for past or present cholecystolithiasis, compared
to 43 subjects (17.3%) in the group of patients with three
or more pregnancies.
Multiple logistic regression analysis
Multiple logistic regression showed a strong association
of the factor “age” with the development of gallbladder
stones (OR 1.11 per year of age; 95%CI: 1.05-1.08;
P<0.001; Table 1). The comparison of females to
males yielded an odds ratio of 2.78 (95%CI: 1.91-4.07;
P<0.001; Table 1). Body mass index (BMI in kg/m²)
also was an important risk factor (OR 1.12 per-unit; 95%CI:
1.08-1.15; P<0.001; Table 1). Compared to study subjects
without known gallbladder stone disease in the biological
parents, persons with a positive parental history of
cholecystolithiasis showed an odds ratio of 1.89 (95%CI:
1.30-2.75; P<0.001; Table 1).
In separate logistic regression models for females
including the risk factors age, BMI, and family history,
neither pregnancy nor number of pregnancies showed
an association with the development of gallbladder
stone disease. The first model revealed an OR of 0.76
for pregnancy yes vs no (95%CI: 0.44-1.31; P = 0.321; Table 2)
and the second model an OR of 0.65 for one or two
pregnancies vs no pregnancy and an OR of 1.04 for three
or more pregnancies vs no pregnancy (95%CI: 0.37-1.15 and
0.56-1.94; P = 0.104; Table 3).

Age (per yr)
BMI (per kg/m2)
Positive family history
Number of pregnancies
One or two vs none
Three or more vs none

Odds ratio (OR)

95%CI

1.06
1.11
2.09

1.04–1.08
1.07–1.15
1.34–3.25

0.65
1.04

0.37–1.15
0.56–1.94

P
<0.001
<0.001
<0.001
0.104

DISCUSSION
The present ultrasound-based epidemiological survey is,
to our knowledge, the first study conducted in a collective
drawn from an urban population in Ger many. The
prevalence of gallbladder stone disease in our unselected
collective stands at 8.0%. Our findings are comparable, on
one hand, with those documented in a rural population
and in a collective of blood donors in Germany [19,20],
and, on the other, with the prevalence figures reported
from Italian, British, and Danish studies[21,27,33,37], but our
results are not comparable with the low prevalences from
Eastern countries such as China, India, Japan, Taiwan, and
Thailand[14,16,17,23,38] (Figure 4).
T h e p r e va l e n c e o f g a l l b l a d d e r s t o n e d i s e a s e
(predominantly cholesterol gallstones) reported from
a majority of European and American studies shows a
clear female dominance. In Asian countries with a higher
prevalence of pigment gallstones, the female dominance
is less distinct[6,23,38]. In the present study, female sex was
also found to be a clear risk factor (OR = 2.78; 95%CI: 1.91-4.07;
P<0.001) and the ratio of males with gallbladder stone
disease to females stood at 1 to 2.3. Due to the great
importance of the risk factors, age and especially female
sex, the selection modalities of study collectives gain
paramount importance[6,37]. Comparing gallbladder stone
prevalence in women in relation to the method of selecting
the study population, the highest prevalence is observed
in studies conducted as a cross sectional sample of the
total population[20–22] or large random samples[14,24] (Table 4).
Most large European studies were conducted either as
random samples[24,39,40] or as surveys of entire factories or
governmental departments[32,41] (Table 4).
Our findings from Leutkirch (total prevalence 8.0%)
are comparable to those reported for populations in
Römerstein (7.8%) and blood donors in Ulm (6.0%) as
well as to Italian studies conducted in Sirmione (6.9%) and
Chianciano (5.9%), all of which were conducted as crosssectional sample of the total population[19–22] (Figure 4).
The prevalence of gallbladder stones in our study
collective is lower in younger persons than in those
belonging to older age groups. Similar trends toward
higher gallbladder stone prevalence in older persons have
been described in nearly all sonographic studies[6,19,20,23,25], as
well as in autopsy studies[37] and in studies based on clinical
symptoms[42] (Figure 4).
Using multiple regression analysis under consideration
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Table 4 Relative risk for gall bladder stones in relation to selection
of study population
Place/region

Population
selection

Chiayi[23]
Rome[32]
Bergen[40]
Ulm[19]
Copenhagen[44]
Chiang Mai[38]
Schwedt[41]
Okinawa[17]
Jiaotong[14]
M.I.C.O.L[24]
Römerstein[20]
Sirmione[21]
Cianciano[22]
Leutkirch

Random sample
Factory
Random sample
Blood donors
Random sample
Random sample
Factory
Inhabitants of an island
Random sample
Random sample
Total survey
Total survey
Total survey
Random sample

n
923
2 325
1 371
1 116
4 807
6 146
1 616
2 584
15 856
29 739
2 498
1 911
1 804
2 401

Sex distribution
male:female
1:1.0
1:1.1
1:1.1
1:1.1
1:1.4
1:1.5
1:1.6
1:1.7
1:2.0
1:2.0
1:2.1
1:2.2
1:2.3
1:2.3

25
20
15
10
5
0

18-30 > 30-40 > 40-50 > 50-65
Age in yr (women)

Figure 4 Age adjusted gallbladder stone prevalence in males and females in
comparable large studies. A: in men; B: in women.

of the known risk factors age, sex, and family history,
we found an association with study participants’ current
BMI (OR 1.12/unit; 95%CI: 1.08-1.15; P<0.0001). As
in most other European studies, our findings showed
an increased prevalence of gallbladder stone disease in
overweight subjects[6,25–28]. The prevalence of gallbladder
stones in subjects with a positive family history in the
biological parents (12.7%) is more than twice as high
as that in subjects with negative family history (6.3%).
Our findings point to a strong effect for genetic factors
in the pathogenesis of cholecystolithiasis (OR = 1.89;
95%CI: 1.30-2.75; P<0.001), although the mechanism
of inheritance is not known. A familial accumulation
of cholecystolithiasis cases has been observed in other
sonographic screening studies in first-degree relatives of
persons suffering from gallbladder stones[6,29-31,39].
The multiple logistic regression model failed to show
an increased prevalence of gallbladder stones for female
subjects with prior pregnancy (prevalence 12.1% vs 7.6%).
One reason might be the much lower average age of
the nulliparae (33.6±13.7 years) compared to women
who had borne children (46.0±10.7 years), suggesting
that the higher prevalence may actually be an age-related
phenomenon. This effect is also apparent in the increased
prevalence of gallbladder stones in women with three or
more pregnancies (average age 48.9±9.7 years) compared
with women who had been pregnant only one or two
times (average age 44.7±10.9 years). The analysis of
pregnancy as a risk factor for cholecystolithiasis has lead
to different results in the literature[12,21,32–34] which range
from no effect to a prevalence that is reduced by a factor

of 40 in comparison of nulliparae to women who have
been pregnant[15,43] (Table 5). The old clinical experience of
an increased prevalence of gallbladder stones in women
who have borne children could not be substantiated by the
findings of the present study.
In conclusion, the classical risk factors age, female sex,
body mass index (BMI), and positive family history have
been confirmed by the findings of the present study. The
female-specific factors of prior pregnancy and number of
prior pregnancies, however, could not be shown to exert
measurable influence on the prevalence of gallbladder
stones. The selection of study populations affects study
results i.e. the strength of the effect of female sex on the
development of gallbladder stones. There does not appear
to be a difference between the prevalence of gallbladder
stones in urban and rural populations.
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Table 5 Review of published studies addressing the effect of the factor “pregnancy” on the prevalence of gallbladder stones
Factor by which the prevalence of gallstone disease
in women with prior pregnancy is increased
Studies showing a quantitative relation
between cholecystolithiasis and pregnancy

1.0–1.5 times

1.6–2.5 times

2.6–10 times

11 – 50 times

1966 Framingham[42]
1988 Sirmione[21]
1985 San Antonio[45]
1985 Maastricht[46]

1982 Oxford[47]
1982 Kopenhagen[44]

1979 Stockholm[48]
1982 Rom[32]
1986 Schwedt[41]
1986 Chianciano[22]
1991 Santiago[49]

1988 Srinagar[15]

1956 Birmingham[50]
1970 Pima reservation[51]
1980 Boston[52]
1982 Oberpfuss[53]
1983 Oxford[54]
1984 Adelaide[55]
1989 Soweto[12]
1990 Dublin[43]
1995 Ulm[19]
1996 Römerstein[20]
2002 Leutkirch

Studies not showing a quantitative relation
between cholecystolithiasis and pregnancy

W, Kratzer W, Kron M, Manfras B, Meitinger K, Mertens
T, Oehme R, Pfaff G, Piechotowski I, Reuter S, Romig T,
von Schmiesing AFA, Steinbach G, Tourbier M, Voegtle A,
Walcher T, Wolff S.
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Abstract
AIM: To determine the risk factors for the development
of esophageal adenocarcinoma in these patients with
columnar-lined esophagus (CLE).
METHODS: Data collected retrospectively on 597
consecutive patients diagnosed at endoscopy and histology
to have CLE at Leeds General Infirmary between 1984
and 1995 were analyzed. Factors evaluated included age,
sex, length of columnar segment, smoking, and drinking
habits, history of non-steroidal ingestion, presence of
endoscopic esophagitis, ulceration or benign strictures
and presence of Helicobacter pylori in esophageal
biopsies. Univariate and multivariate analyses were
performed to identify risk factors for the development of
adenocarcinoma.
RESULTS: Forty-four patients presented or developed
esophageal adenocarcinoma during follow-up.
Independent risk factors for the development of
adenocarcinoma in patients with CLE were males (OR 5.12,
95%CI 2.04–12.84, P = 0.0005), and benign esophageal
stricture (OR 4.37, 95%CI 2.02–9.45, P = 0.0002). Male
subjects and patients who developed benign esophageal
stricture constituted 86% (n = 38) of all patients who
presented or developed esophageal adenocarcinoma.
The presence of esophagitis was associated with a
significant reduction in the development of esophageal
carcinoma (OR 0.28, 95%CI 0.13–0.57, P = 0.0006). No
other clinical characteristics differentiate between the
non-malignant and malignant group.
CONCLUSION: In patients with CLE, endoscopic
surveillance for the early detection of adenocarcinoma
may be restricted to male subjects, as well as patients

INTRODUCTION
Columnar-lined (Barrett’s) esophagus (CLE) is defined
as the replacement of the normal squamous lining of
the lower esophagus by a unique metaplastic columnar
epithelium usually as a consequence of chronic gastroesophageal reflux (GER). The prevalence of CLE has been
estimated to occur in 1 in 400 of the general population[1],
and in 10–16% of patients with reflux esophagitis [2,3].
Cameron et al. suggested that there are 20 times as many
cases of CLE in the general population as are clinically
diagnosed[4].
Patients with CLE are at increased risk of esophageal
adenocarcinoma [5]. The incidence of the latter varies
between one in 46 to one in 441 patient-years followup[6,7] with an annual incidence of 1%, and is increasing
more rapidly than any other type of malignancy [8,9] .
Endoscopic surveillance programs are therefore instituted.
Nonetheless, the increased cost and workload associated
with the surveillance adds to the pressures on available
resources. The identification of risk factors for the
development of adenocarcinoma in these patients may
allow for the selection of patients for intense endoscopic
surveillance and a more efficient utilization of health care
services and resources.
The current paper examines our experience with 597
consecutive patients diagnosed to have CLE for over a
11-year period. Our aim was to determine clinical factors,
which could identify a subgroup of patients who are at
a higher risk for the development of adenocarcinoma
and who therefore would benefit most from being in a
surveillance program. Examining the characteristics of
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Figure 1 Number of patients diagnosed with columnar-lined esophagus during the
study period.

patients with CLE and comparing them between the nonmalignant group and both the prevalence and incident
cases of adenocarcinoma might serve this purpose.

PATIENTS AND METHODS
Between January 1984 and December 1995, 626 consecutive
patients were diagnosed at endoscopy and histology to have
a CLE under the care of the Center for Digestive Diseases
at the General Infirmary at Leeds. Patients were identified
from a computer registry at the Institute of Pathology and
their records were retrospectively reviewed. Data, including
patient demographic characteristics, endoscopic findings,
and histology reports were entered into a computer
database.
Columnar-lined esophagus was defined as the presence
of columnar-lined epithelium at least 3 cm above the
endoscopically determined gastro-esophageal junction
or the presence of specialized columnar epithelium
(SCE) anywhere in the esophagus. Twenty-nine patients
were excluded from this study; 17 patients did not fulfill
the definition criteria mentioned above and the medical
records of 12 patients could not be located.
Factors that may be associated with increased risk
of development of adenocarcinoma were examined.
These included age, sex, smoking, regular alcohol use,
the ingestion of non-steroidal anti-inflammatory drugs
(NSAIDs), length of columnar segment, the presence of
hiatul hernia, esophagitis, benign esophageal stricture or
ulcers at endoscopy, and the presence of SCE or H pylori in
esophageal biopsies. Mean follow-up was 43 (range 1-155
mo) mo. Data related to the size of hiatul hernia and body
mass index of the patients were incomplete and excluded
from analysis. Data related to the result of the surveillance
program for these patients were published elsewhere[6].
Patients were defined as smokers if they regularly
smoked more than 10 cigarettes per day for at least one
year at any time before the diagnosis of CLE. Patients were
defined as regular alcohol users if they have a history of
drinking 10 units of alcohol or more weekly for at least one
year at any time before the diagnosis of CLE. Patients who
have a history of regular ingestion of NSAIDs for at least 6
mo at any time before the diagnosis of CLE were regarded
as NSAIDs users. H pylori colonization was determined upon
the basis of hematoxylin and eosin and the use of a modified
Giemsa stain of esophageal and gastric biopsy specimens.
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Figure 2 Age of patients at the time of diagnosis of columnar-lined esophagus.

All cases with malignant stricture were not regarded
as cases of benign esophageal stricture and were not
considered for the analysis. Only cases where the stricture
was away from the cancer and histologically not involved
with cancer were regarded as benign esophageal ulcer.
Statistical analysis
Univariate analysis was performed utilizing the χ 2 test
and the Mann–Whitney U test as appropriate. Statistical
significance was accepted at a P<0.05. Stepwise logistic
regression analysis was used to identify independent risk
factors. Statistical analyses were performed using SPSS for
Windows version 10.

RESULTS
Five hundred and ninety-seven patients with histologically
confirmed diagnosis of CLE were seen at our institute
from 31st January 1984 to 31st January 1995. The number
of new patients diagnosed each year during the study
period showed an increasing trend (Figure 1). There were
333 (56%) males and 264 (44%) females. The mean age for
the total group was 63.4 years (SD 14.86; range 2-94 years).
Seventy-three percent of the male patients (244/333) had
their diagnosis below the age of 70, while 81% (214/264)
of female patients were diagnosed when they were above
60 years of age (Figure 2).
Of the 597 patients included in the analysis, 31 (5.2%)
presented or developed adenocarcinoma within 6 mo
of initial diagnosis of CLE and 13 (2.2%) developed
adenocarcinoma after a mean follow-up of 55 mo
(range 8-155 mo). Patients were divided into two groups:
Non-malignant group: 553 patients had no esophageal
adenocarcinoma either at initial presentation or during
follow-up. T here were 299 (54%) males and 254
(46%) females. Malignant group: 44 patients presented
(31 patients) or developed (13 patients) esophageal
adenocarcinoma. There were 34 (77%) males and 10 (23%)
females.
Table 1 summarizes the details of patients and the
results of the univariate analysis of the risk factors studied.
Table 2 summarizes the results of multivariable analysis.
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Table 1 Univariate analysis of potential risk factors for the development
of esophageal adenocarcinoma in patients with columnar-lined
esophagus
Non-malignant
group (n = 553)
Age			
<60 (yr: n, %)
>60 (yr: n, %)
Sex: male (%)
Smoking+: n (%)
Regular alcohol use±: n (%)
NSAIDs: n (%)
Specialized epithelium: n (%)
Length of CLE
Median (cm)
Hiatul hernia: n (%)
Esophagitis: n (%)
Esophageal ulcer
Esophageal stricture
Hp in esophageal biopsy

189 (34.2)
364 (65.8)
299 (54.1)
161 (45.2)
52 (15.2)
304 (55)
467 (84.4)
5
314 (56.8)
330 (59.7)
117 (21.2)
77 (13.9)
42 (7.6)

Malignant
group (n = 44)
13 (29.5)
31 (70.5)
34 (77.3)
21 (51.2)
8 (20)
25 (56.8)
42 (95.5)
6
22 (50)
13 (29.5)
11 (25)
16 (36.4)
2 (4.5)

P

0.532
0.003
0.466
0.430
0.813
0.047
0.001
0.383
<0.0001
0.550
<0.0001
0.456

CLE – columnar-lined esophagus; NSAIDs – non-steroidal anti-inflammatory
drugs; Hp – Helicobacter pylori. +Information regarding smoking was
available in only 356 patients of the non-malignant group and 41 patients
of the malignant group; ±information regarding alcohol consumption was
available in only 342 patients of the non-malignant group and 40 patients of
the malignant group.

Significant independent risk factors for the development
of esophageal adenocarcinoma in patients with CLE were
male sex, and benign esophageal stricture. Male subjects
and patients who developed benign esophageal stricture
constituted 86% (n = 38) of all patients who presented
or developed esophageal adenocarcinoma. Among the 24
patients who presented with esophageal adenocarcinoma,
9 patients had histologically proven benign peptic stricture
above and away from the cancer and the strictures were
located at the junction of the columnar mucosa with the
squamous epithelium. Among the seven patients who
developed esophageal adenocarcinoma within 6 mo after
the diagnosis of CLE, four of them had histologically
proven benign peptic stricture at the time of diagnosis of
CLE. Among the 13 patients who developed esophageal
adenocarcinoma after a mean follow-up of 55 (range 8-155
mo) mo, three patients had histologically proven benign
peptic stricture at the time of diagnosis of CLE, and these
three patients developed adenocarcinoma 17, 24, and 35
mo after the diagnosis of CLE, respectively.
The presence of esophagitis was associated with a
significant reduction in the development of esophageal
carcinoma. Although univariate analysis identified the
length of columnar-lined esophageal segment and the
presence of SCE on endoscopic biopsies as significant
variables (P = 0.001, P = 0.047 respectively), these did not
reach significance on multivariable analysis. Age >60 years,
smoking, alcohol consumption, the presence of hiatul
hernia or esophageal ulcer, and the presence of H pylori in
the esophageal biopsies were insignificant risk factors for
malignant progression.
Symptoms as a risk factor
For the purpose of comparison between the two groups,
the main principal symptom for each patient was

6809

Table 2 Risk factors associated with the development of adenocarcinoma
in patients with CLE; results of multivariable regression analysis
Risk factors
Age ≥60 yr
Male sex
Regular alcohol use
NSAIDs
Esophagitis
Esophageal stricture

Odds ratio
1.65
5.12
1.15
1.41
0.28
4.37

95%CI for Odds ratio
0.75–3.64
2.04–12.84
0.46–2.90
0.68–2.93
0.13–0.57
2.02–9.45

P
0.216
0.0005
0.760
0.352
0.0006
0.0002

CLE – columnar lined esophagus; NSAIDs – non-steroidal anti-inflammatory
drugs

considered at the time of diagnosis, although many patients
had more than one symptom. In the non-malignant group,
the main symptoms at presentation were as follows: In
259 patients (46.8%), the main symptoms were those of
GER (heartburn, regurgitation) or dyspepsia. Anemia or
gastro-intestinal bleeding was the main symptom in 137
patients (24.8%). Dysphagia was the main symptom in 111
patients (20%) and chest pain was the main symptom in 26
patients (4.7%). Weight loss was the main symptom in only
20 patients (3.6%). Ninety-four patients (17%) in the nonmalignant group had no esophageal symptoms at the time
of diagnosis and CLE was diagnosed when endoscopy
was performed to investigate iron deficiency anemia. In
the malignant group, the main symptom was dysphagia in
21 patients (47.7%). Anemia or gastrointestinal bleeding
was the main symptom in nine patients (20.5%). GER
symptoms were the main symptoms in 10 patients (22.7%).
Weight loss was the main symptom in four patients (9%).
Dysphagia rather than reflux symptom was the main
complaint of the patients in the malignant group at the
time of diagnosis. This was mainly due to dysphagia being
prominent in the prevalent adenocarcinoma cases (61%;
19/31) as would be expected; in contrast among the 13
patients who developed adenocarcinoma during follow-up,
dysphagia was the main symptom in only two patients (15%;
2/13).
Length of the columnar segment
The length of the columnar segments for all patients
is shown in Figure 3. Twenty-three patients had short
segment (<3 cm) of SCE; none of this group were
adenocarcinoma patients. The mean length of the
columnar segment in the non-malignant group was 5.8 cm;
range 2-20 cm and for the malignant group was 7.2 cm; range
3-15 cm. There was no correlation between the extent of
the columnar segment and the presence or absence of
symptoms of GER.
Esophageal and gastric H pylori
Forty-four patients only (7.4%) had H pylori detected
in their esophageal biopsies. Only 234 patients of this
series had gastric biopsies in addition to their esophageal
specimens. Among this subg roup who had biopsy
demonstrated CLE and from whom concomitant gastric
biopsies were taken, 77 patients (32.9%) had H pylori in
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Figure 3 Length of the columnar segments in all patients.

their gastric biopsies, 20 of them had H pylori in both
the esophageal and gastric specimens. The finding of H
pylori in CLE biopsies was not associated with increase in
the prevalence of esophagitis (52% vs 58%), esophageal
strictures (11% vs 16%), esophageal ulcers (23% vs 21%) or
esophageal adenocarcinoma (4.5% vs 7.6%).

DISCUSSION
The present series confir ms the findings of other
studies[10,11] that the prevalence of CLE increases with age
and reaches a peak in late middle age. Eighty-two percent
of our patients (487/597) were diagnosed when they
were over 50 years of age. The high prevalence of CLE
occurs mainly in later middle age and the elderly as shown
by our population with a mean age of 59 in males and
68 in females, although it can be seen in younger patients
also. However, only 2.5% of patients (15/597) were under
30 years of age at the time of diagnosis. One patient had
a diagnosis of CLE below the age of 10 and this was a
3-year old girl who presented with repeated vomiting.
Endoscopic and histological examination confirmed the
diagnosis of CLE and anti-reflux surgery was performed
on this patient at the age of four. This case could be
explained on the basis of the few cases of congenital
Barrett’s esophagus reported previously[12]..
Although there were slightly more males than females in
the whole of our series (56% vs 44%), we have found that
below the age of 60, there is a clear male predominance
of 3:1. In contradiction to other published data, which
showed either a male predominance [13] or an equal sex
distribution[10,14], we observed a female predominance of
1.5:1 in patients above the age of 70.
A large proportion of patients with CLE in the general
population will remain undiagnosed unless complications
or carcinoma develop. CLE itself causes no symptoms[15]
whereas the main symptoms, which bring patients to
medical attention, are related to the reflux symptoms
or complications of CLE such as ulceration, stricture,
bleeding or adenocarcinoma. There is no correlation
between severity of symptoms and histological findings, as
about 17% of our patients with CLE had no esophageal
symptoms. It is clear therefore that the selection of

patients for a surveillance program cannot be based on
symptomatology. This conclusion was also made in earlier
patient series[10,16,17].
Our study confirms that patients with CLE have
an increased incidence of esophageal adenocarcinoma.
There were 7 patients who developed adenocarcinoma
within 6 mo of initial diagnosis, before their first annual
review endoscopy. This is likely to reflect the presence of
undetected malignancy at the time of initial endoscopy.
This probably represents a sampling error in the biopsies
taken and therefore these seven patients were included in
the prevalence rather than the incidence data[6].
This study identified male sex, and benign esophageal
stricture to be independent risk factors (at least fourfold increased risk) for the development of esophageal
adenocarcinoma in patients with CLE. Male patients
with benign esophageal stricture constituted 86% of
all patients who developed esophageal malignancy. The
risk of malignancy was not related to the age of the
patients, smoking, presence of SCE, length of columnarlined segment, or the presence of esophageal ulceration
or hiatul hernia on endoscopy or H pylori in esophageal
or gastric biopsies. Previous reports identified white
ethnicity[18], older age[19], male sex[13,14,20], SCE[21,22], long
columnar segment [10,19,23-28], large hiatal hernia size [26,27],
esophageal ulcer or stricture[10,29-31], severe acid reflux[26,32],
obesity[33,34] and smoking and alcohol[20,35] to be associated
with the progression from columnar epithelium to
adenocarcinoma. However, some of these reports were
based on observations or univariate analyses, and did not
control for other variables as in the current study.
There was no significant association between age
>60 years and the risk of malignant progression. Most
patients are diagnosed with CLE in their sixth or seventh
decade of life. Patients with Barrett’s are often reported
to be of the same age as those who develop cancer[26]. On
the other hand, other studies have reported that the risk
of esophageal adenocarcinoma increases with age. Gopal
et al. reported that the risk of dysplasia increased by 3.3%
per year of age[19]. A potential problem is that the mean
age of patients with dysplasia is quite high, increasing
the expected operative mortality and tending to preclude
operative intervention. Clearly, surveillance should be
offered only for those patients in whom esophagectomy
is considered as a therapeutic option, if early carcinoma
is detected. On the other hand, with the availability of
ablation therapy, one can argue that even patients who are
not fit for esophagectomy will benefit from the treatment
of their high-grade dysplasia or early adenocarcinoma
using photoablation irrespective of their age.
The increased susceptibility of male subjects with CLE
to the development of esophageal malignancy has been
reported previously[20,36,37]. In these series, men constituted
67–100% of all patients who developed esophageal
adenocarcinoma (77% in this report). Our finding that
benign stricture formation, which complicated 16% of
all patients with CLE, was a risk factor for malignant
transformation that supports previous reports[10,30,31,38,39].
Careful endoscopic surveillance of patients with benign
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esophageal strictures is therefore required, despite the fact
that malignant progression occurred in only one in eight
patients.
We found no evidence to support the suggestion that
a longer CLE segment is associated with a greater risk of
carcinoma. Although the length of columnar segment was
significantly greater in patients who developed esophageal
adenocarcinoma compared with those who did not,
this was not an independent risk factor for malignant
transformation. This finding is in concordance with that
of Robertson et al. who showed that the progression
of the metaplastic epithelium up the esophagus, which
occurred in 20% of their patients, was not associated with
an increased risk of malignancy, as out of the 11 patients
who had progression up to 6 cm, only 1 developed
carcinoma[16]. Additionally, the marked association between
adenocarcinoma of the gastroesophageal junction and
‘short-segment’ Barrett’s mucosa[21,22,25,40] underscores the
importance of the ‘short-segment’, and calls for followup program similar to that of longer segments of CLE.
Rudolph et al. reported that segment length was not related
to cancer risk in the full cohort of patients with CLE, and
when patients with high-grade dysplasia at baseline were
excluded; however, a non-significant trend was observed;
a 5 cm difference in segment length was associated with a
1.7-fold increase in cancer risk. These authors concluded
that the risk for esophageal adenocarcinoma in patients
with short-segment Barrett esophagus was not substantially
lower than that in patients with longer segments. They
suggested that until more data are available, the frequency
of endoscopic surveillance should be selected without
regard to segment length[28].
There are some indications that the risk of cancer is
proportionate to the anatomic extent of CLE [19,26,27]. A
few studies have shown that the risk of adenocarcinoma
increases with the length of the columnar segment and
they suggested considering patients with CLE of more
than 8 or 10 cm in length for surveillance. For example,
Iftikhar et al.[24] reported that among 102 patients with
CLE, 12 were found to have dysplasia; all of them had
a columnar segment of 8 cm or more at the time of
diagnosis and no patient with a columnar segment of less
than 8 cm was found to have dysplasia or adenocarcinoma.
In two retrospective studies conducted by Harle et al.[41]
and Rosenberg et al.[42], 94% and 88% of patients with
adenocarcinoma had long segments (>10 cm) of columnar
epithelium. Both series suggested that an extended length
of Barrett’s esophagus is associated with a higher risk of
malignant progression. Schnell et al.[23] reported a series of
238 patients with CLE. Adenocarcinoma was found in 7%
of the 129 patients with segments less than 2 cm in length,
in 12% of 50 patients with 3-5 cm segments, in 31% of 45
patients with 6-10 cm Barrett’s segments and in 43% of
the 14 patients who had segments of more than 10 cm in
length. They concluded that there is a strong association
between the length of CLE and risk of adenocarcinoma.
Gopal et al. reported that the risk of dysplasia increased by
14%/cm of increased length[19], and similarly Avidan et al.
reported that each 1-cm elongation of Barrett’s mucosa
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carried with it a 17% increase in the risk of developing
high-grade dysplasia or carcinoma[26]. On the other hand,
other studies have suggested that shorter lengths of CLE
may have been obscured by the tumor and therefore
missed at resection. For example, Hamilton et al.[40] found
that 64% of the resected specimens of adenocarcinoma
of the esophagus and GEJ were associated with Barrett’
s esophagus although the Barrett’s mucosa was identified
by endoscopic biopsies in only 38% of cases. When
adenocarcinoma develops in a short segment of specialized
epithelium, the tumor may destroy the area of specialized
epithelium leaving no trace of such epithelium. Schnell et al.[21]
did indeed report four patients with adenocarcinoma in
short segment of specialized epithelium. Cameron et al.[22]
reported that SCE was found in 9 of 9 (100%) cases of
esophageal adenocarcinomas and in 10 of 24 (42%) of
cases of junctional adenocarcinomas. SCE was found in
8 of 12 (67%) of junctional adenocarcinoma of 6 cm or
less in length but in only 2 of 12 (17%) of larger tumors.
Again they concluded that junctional adenocarcinomas are
associated with both short and long segments of Barrett’
s esophagus and larger tumors probably overgrow and
conceal the underlying SCE from which they arise. In 38%
of the patients who developed cancer, the metaplastic
segment was less than 3 cm[43] Schnell et al.[21] emphasizes
that patients with short segments should be considered
at risk and should be followed in the same way as their
counterparts with longer segments of CLE. The above
studies clearly demonstrate that carcinoma can develop in
short as well as long segment of CLE. It is now established
that short segment CLE does carry a risk of malignant
progression, albeit currently this is difficult to quantify[44]..
Specialized epithelium is the most common and
distinctive type of columnar epithelium found in CLE.
Although dysplasia and carcinoma develop mainly in the
presence of SCE, we cannot regard this type of epithelium
as the sole indication for surveillance because histology
has shown that it is present in most patients with CLE.
Indeed nowadays its presence is rather a criterion to
establish the diagnosis of CLE. There are, however, a few
cases of adenocarcinoma, which can develop in columnar
epithelium of other histological types (junctional or fundic
type).
The reported data concerning the influence of alcohol
consumption on the malignant progression of CLE is
controversial. Most published reports including the current
study suggest that alcohol ingestion has no or only little
effect[26]. The reported decline in the incidence of oral
cavity and pharynx cancers, which are traditionally, related
to alcohol consumption contrasts with the increase
in the incidence of esophageal adenocarcinoma [45] .
Gammon et al. reported a decrease in the risk associated
with wine drinking and no increase in the risk by the use
of other alcoholic beverages[46]. Similarly, Garridou et al.
reported that wine might have a protective effect[47]. On
the other hand, other investigators have reported an
increased risk of esophageal adenocarcinoma with high
alcohol intake[20,35,48-50]. Zhang et al. reported a statistically
not significant twofold increase in the risk of esophageal
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adenocarcinoma in those who consume alcohol when
compared with nondrinkers[48]. Kabat et al. reported that
only hard liquor intake was associated with esophageal
adenocarcinoma in males, and only daily beer intake was
associated with adenocarcinoma in females[49]. Barrett’s
esophagus was reported to occur more frequently among
subjects who consume large amounts of alcohol and
alcohol consumption was also a risk factor for an increased
length of Barrett’s mucosa [51,52]. There is a well-known
association between alcohol intake and risk of upper
digestive tract cancers from epidemiological studies[53].
One possible mechanism is that this increased risk is due
to a direct exposure of the esophageal mucosa to high
alcohol concentrations but systemic effects could also be
important.
There were no differences between smokers and nonsmokers with regard to the length of the columnar segment
and the presence or absence of Barrett’s complications
such as ulcer, stricture or adenocarcinoma. Several
reports[26,54,55], as well as the current one, did not support
the suggested increased risk of malignant transformation
with smoking. Cooper and Barbezat[54] reported a series
of 52 patients with CLE and 25 of them were smokers or
ex-smokers. They also found no difference in the clinical
characteristics between the smokers and non-smokers.
Other investigators have shown a higher proportion of
smokers in patients with CLE[56] and some suggested that
the malignant progression of Barrett’s metaplasia was
higher in patients who smoked[20,35,50]. On the other hand,
Levi et al.[55] evaluated the relationship between tobacco,
alcohol and the risk of esophageal adenocarcinoma in
CLE in an endoscopy-clinic-based case-control study of
30 cases of adenocarcinoma and 140 controls with nonmalignant CLE. Among the cases, 18 (60%) were nonsmokers and 14 (47%) non-drinkers, the corresponding
proportions in the controls being 52% and 44%. Thus,
there was no apparent relation between tobacco, alcohol
and the risk of esophageal adenocarcinoma. They
suggested that the findings of their study, although based
on a limited number of cases, indicate that alcohol and
tobacco are unlikely to play a major role in the etiology of
adenocarcinoma in CLE. Overall, alcohol and tobacco may
be risk factors for esophageal adenocarcinoma, but are
not as important as they are in the etiology of esophageal
squamous cell carcinoma[57]..
Esophagitis and hiatal hernia were more common in the
non-malignant group than the malignant group. But these
differences have no clinical value, as it will not differentiate
between the two groups. The apparent protective effect
of esophagitis against malignant progression reflects the
natural history of the disease. Esophagitis precedes the
replacement of squamous with columnar epithelium, which
in turn may become progressively dysplastic with final
transformation into adenocarcinoma[12,58,59]. Additionally,
columnar epithelium, unlike squamous, is less sensitive
to injury secondary to GER and thus more resistant to
inflammation[60] .
There was an association between the prevalence of
esophagitis and esophageal ulcerations with the history
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of NSAIDs ingestion within the non-cancer patients;
however, there was no significant difference between the
non-malignant group and malignant group regarding the
prevalence of NSAIDs ingestion. It is likely that NSAIDs
are prescribed or self-prescribed for esophagitis. Fiftyfive percent of patients in the non-malignant group were
taking these drugs at the time of diagnosis and 62%
of them were found to have esophagitis or esophageal
ulcerations. Cooper and Barbezat [54] reported similar
findings and suggested that patients with CLE should
avoid taking NSAIDs. However, NSAIDs are now
proposed in intervention trials for patients with CLE.
Increased expression of the cyclooxygenase 2 enzyme is
proposed to be central to the development of esophageal
cancer. Since this enzyme is inhibited by NSAIDs, these
drugs hold promise as cancer chemopreventive agents in
Barrett’s esophagus patients[61]. Several preventive strategies
against esophageal adenocarcinoma are under investigation
using NSAIDs[62].
We found that esophageal ulcerations were present in
25% of patients in the carcinoma group (11/44) and in
21% of the patients who had no carcinoma (117/553); a
difference that was not statistically significant. No case of
esophageal perforation due to these ulcers was found in
our series. These findings disagree with previous series,
which suggested that the risk of developing carcinoma is
increased in the presence of esophageal ulcers[10,29–31].
In concordance with previous work suggesting that
stricture formation in CLE is a risk factor of malignant
progression[10,30,31,39], we observed that esophageal strictures
were present in 36% of patients in the carcinoma
group (16/44) and in only 14% of the patients without
carcinoma (77/553); a difference that was statistically
significant. Theoretically it is possible that some of the
strictures of the patients who presented or developed
adenocarcinoma within 6 mo of CLE diagnoses could
be malignant strictures (missed cancers) which were not
detected histologically due to sampling error.
We found that H pylori colonization of the esophagus
was not a risk factor for malignant progression. Our
data indicate that H pylori can colonize the CLE, but its
prevalence rate in the esophageal biopsies of these patients
or in the subgroups that had complications or carcinoma
is low and it is unlikely that H pylori has a significant role
in the pathogenesis of CLE or its complications. Similar
conclusion was reported before[63,64]. The prevalence rate
of H pylori in the gastric biopsies of the same patients
is similar or less than that in the normal population.
Weston et al.[65] found that Barrett’s high-grade dysplasia
and adenocarcinoma were significantly more prevalent in
patients who are not infected with H pylori. They suggested
that H pylori appear to have a protective effect against the
development of Barrett’s adenocarcinoma.
While the role of endoscopic surveillance in lowrisk patients with CLE is controversial, efficient and
effective screening would target high-risk patients.
This study suggests that such programs may be largely
directed to male subjects and those who develop benign
esophageal strictures. We have previously shown that
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immunohistochemical detection of cyclin D1 in
esophageal biopsies of patients with CLE is a sensitive
tool for identifying subgroup of patients who may be at a
higher risk[66]. But given that multiple genetic alterations,
which are implicated in the natural history of esophageal
adenocarcinoma, a combination of clinical risk factors and
carefully validated biomarkers including cyclin D1, might
improve still further the predictive value of the molecular
approach[66,67].
In conclusion, we have found that 44 patients presented or developed esophageal adenocarcinoma of
which 34 (77%) were males. Independent risk factors
for progression from columnar metaplasia to esophageal
adenocarcinoma were male sex, and the development of
benign esophageal stricture. No other clinical characteristics differentiate between the non-malignant and malignant
group. Most esophageal adenocarcinoma occurs in men
with specialized epithelium. This subgroup may constitute
a clinically recognized group at a high risk of cancer and
particularly suitable for endoscopic surveillance. In patients
with CLE, endoscopic surveillance for the early detection
of adenocarcinoma may be restricted to male subjects, as
well as patients who develop benign esophageal strictures.
A large proportion of patients with CLE have no esophageal symptoms making recruitment into endoscopic surveillance programs problematic.
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Abstract

AIM: To investigate the presence of the cag -pathogenicity
island and the associated histological damage caused by
strains with complete cag -PAI and with partial deletions
in correlation to the disease status.
METHODS: We analyzed the complete cag -PAI of 174
representative Helicobacter pylori (H pylori ) clinical
isolates obtained from patients with duodenal ulcer,
gastric ulcer, gastric cancer, and non-ulcer dyspepsia
using eight different oligonucleotide primers viz cag A1,
cag A2, cag AP1, cag AP2, cag E, cag T, LEC-1, LEC-2
spanning five different loci of the whole cag -PAI by
polymerase chain reaction (PCR).
RESULTS: The complete screening of the genes
comprising the cag -PAI showed that larger proportions of
subjects with gastric ulcer (97.8%) inhabited strains with
complete cag -PAI, followed by gastric cancer (85.7%),
non-ulcer dyspepsia (7.1%), and duodenal ulcer (6.9%),
significant differences were found in the percentage
distribution of the genes in all the clinical groups studied.
It was found that strains with complete cag -PAI were
able to cause severe histological damage than with the
partially deleted ones.
CONCLUSION: The cag -PAI is a strong virulent marker
in the disease pathogenesis as it is shown that a large
number of those infected with strain with complete

cag -PAI had one or the other of the irreversible gastric

pathologies and interestingly 18.5% of them developed
gastric carcinoma. The presence of an intact cag PAI correlates with the development of more severe
pathology, and such strains were found more frequently
in patients with severe gastroduodenal disease. Partial
deletions of the cag -PAI appear to be sufficient to render
the organism less pathogenic.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Gastric cancer is the second most deadly malignant neoplasia
worldwide. According to the presently available statistics,
approximately 74% of those diagnosed succumb to this
disease every year[1]; this is because of poor prognosis as it
is often made when the disease has assaulted the muscularis
propria. Evidences show that the pathogenesis of gastric
cancer is a multistep process[2,3]. This ‘cascade’ is believed
to be triggered by Helicobacter pylori (H pylori ) infection,
a Gram negative pathogen. Chronic infection with this
gastric pathogen is known to be the major factor driving
the precancerous process via mechanisms including direct
transformation of cells, induction of immunosuppression
with consequently reduced cancer immunosurveillance,
or by causing chronic inflammation [4,5] . In 1994, the
International Agency for Research on Cancer (IARC)
declared H pylori a Class l (definite) carcinogen based on
the epidemiological and interventional studies in human
beings[6] and convinced that this bacterial infection indeed
plays a key role in the initiation of the neoplastic process
in the stomach.
Although many attempts in the past have been made
to understand and associate the causal link between
H pylori infection and the sequelae that leads to gastric
carcinoma[7,8], there are conflicting data in the literature due
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to differences in the study population and designs[9,10].
In the past few years, many H pylori virulence factors
have been described that contribute to the survival of
this pathogen in an extremely hostile acidic milieu of the
stomach and its colonization in that organ [11,12]. Other
putative virulence determinants such as vacuolating
cytotoxin gene A (vacA), cytotoxin associated gene
pathogenicity island (cag-PAI) and induced by contact with
epithelium gene A (iceA) are not present in all H pylori
strains or are known to exhibit different allelic variations[13].
The cytotoxin-associated gene island also referred to as
the cag-PAI is an approximately 40-kb cluster of genes
and is the most studied marker of the H pylori. In many
studies [20,22,24], this large fragment has been a criterion
of typing H pylori into pathogenic and non-pathogenic
strains (Type I and Type II). Studies emphasizing on
the functional importance of this island have reported
that strains possessing cag-PAI induce more notable
phenotypic changes in vivo, such as higher levels of IL-8
production than cag-PAI negative ones[30]. Recent studies
made from within our institute[14,15] and other parts of the
world[16,17] have mainly focused on the presence of this
large fragment and its association with the disease status.
Therefore, in a continuing attempt to further establish a
strong epidemiologic relation between the cag-PAI and the
disease conditions with reference to the histopathologic
changes lead to the inception of the present study. As
it is reported[18] that the presence of cag island and the
consequent cag instability may produce differences in the
pathogenicity and host adaptability within a bacterial strain,
detailed analyses of the genes of the cag island in human
beings isolates with reference to histologic damage and
disease outcome would be essential. Therefore, compelled
by these observations, the present study was designed to
identify the distribution of different genes of the cag-PAI
in clinical H pylori isolates by assessing the presence of
representative genes located in different segments of the
cag-island and its correlation with the histologic changes
and disease status.

MATERIALS AND METHODS

Patients and sampling
The study population consisted of 174 patients (100
males and 74 females) with a mean age of 48.4 years
(range 21-73 years). The patients were classified at the
time of endoscopy into those suffering from active ulcers
disease [duodenal ulcers (n = 58), gastric ulcers (n = 46),
gastric carcinoma (n = 14)] and those with no evidence
of mucosal ulcer and gastritis, but suffering from mild
or severe dyspeptic symptoms, i.e. non-ulcer dyspepsia
(n = 56). None of the patients included in the study
had received NSAIDs or antibiotics within the previous
2 mo. Informed consents were taken from the patients
who underwent upper gastrointestinal endoscopy at the
department of gastroenterology, Deccan College of
Medical Sciences, Hyderabad.
Four gastric biopsies were collected: one in urea solution
for the rapid urease test (RUT), one in supplemented broth
for isolating culture, one in phosphate-buffered saline
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(PBS) for testing by PCR assay, and one in 10% buffered
formalin for histological examination by modified Giemsa
stain for the presence of H pylori.
H pylori strains
A total of 174 clinical H pylori strains were screened for the
presence of cag-PAI genes. These strains were recovered
from individual subjects undergoing upper gastrointestinal
endoscopy presenting with various symptoms. This
included 43 live strains and 131 genomic DNA isolated
from the gastric biopsy.
Extraction of genomic DNA
H pylori culture and DNA extraction from the culture and
biopsy was carried out as described elsewhere[19].
PCR analysis of the cag-PAI genes
The genes of the cag-PAI were PCR amplified under the
conditions described by Ikenoue et al.[20]. One microliter
of the extracted genomic DNA was used in a 20 m L
reaction volume containing 1´ PCR buffer, 1 U Taq DNA
polymerase, 1.5 mmol/L Mg2+, 200 mmol/L each dNTP
and 10 pmol/L of each primer.
The cycling parameters were optimized and are as
follows: Initial denaturation at 95 °C for 5 min, followed by
40 cycles each of denaturation at 94 °C for 30 s, annealing
at 52 °C for 30 s and extension at 72 °C for 1.5 min and
finally after the last cycle, extension was continued for
another 7 min.
Eight sets of oligonucleotide primers spanning the 40
kb cag-PAI were used in the study. Appropriate positive
and negative controls were included in each set to avoid
misinterpretation of results. The details of the primers
used with their product sizes are enlisted in Table 1.
Amplicons were separated by electrophoresis on 2%
agarose gel and stained by ethidium bromide.
Histopathological analysis
The biopsy specimen collected from the gastric antrum
was used for histopathologic examination to grade
Table 1 List of primers
Target
Primer
Sequence (5’- 3’)
gene			
CagA-F1
AACAGGACAAGTAGCTAGCC
CagA1
CagA-R1 TATTAATGCGTGTGTGGCTG
CagA-F2
GATAACAGGCAAGCTTTTGA
CagA2
CagA-R2
CTGCAAAAGATTGTTTGGCAGA
CagAP-F1 GTGGGTAAAAATGTGAATCG
CagAP1
CagA-R1
TATTAATGCGTGTGTGGCTG
CagAP-F2
CTACTTGTCCCAACCATTTT
CagAP2
CagA-R2
CTGCAAAAGATTGTTTGGCAGA
CagE
CagT
LEC-1
LEC-2

CagE-F1
CagE-R1
CagT-F1
CagT-R1
LEC-F1
LEC-R1
LEC-F2
LEC-R2

GCGATTGTTATTGTGCTTGTAG
GAAGTGGTTAAAAAATCAATGCCCC
CCATGTTTATACGCCTGTGT
CATCACCACACCCTTTTGAT
ACATTTTGGCTAAATAAACGCTG
TCTCCATGTTGCCATTATGCT
ATAGCGTTTTGTGCATAGAA
ATCTTTAGTCTCTTTAGCTT

Product
size (bp)
701
349
730
1 181
329
301
384
877
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Statistical analysis
The data were analyzed by means of c 2 test and the Mann
–Whitney U test.

RESULTS

In a total of 174 isolates screened, only 65 (37.4%) was
found to carry the complete cag-PAI, while 109 (62.6%)
carried the cag-PAI with partial deletions. No isolate was
found with completely deleted cag-PAI (Table 2).
With reference to the clinical status, we found majority
of the duodenal ulcer (DU) isolates and non-ulcer dyspepsia
(NUD) isolates to possess partially deleted cag-PAI, while
on the contrary we found ~97.8% of the gastric ulcer (GU)
isolates and 85.7% of the gastric carcinoma (GC) isolates
possessed the intact cag-PAI. The details of the results
obtained are given in Table 2 and Figure 1. Statistically
these differences were highly significant.
Table 2 Relationship between the presence of cag-PAI and the
clinical status
Clinical status (n)

DU (58)
GU (46)
NUD (56)
GC (14)
Total (174)

Intact PAI (%)

4 (6.9)
45 (97.8)
4 (7.1)
12 (85.7)
65 (37.4)

cag-PAI type
Partially deleted
PAI (%)
54 (93.1)
1 (2.2)
52 (92.9)
2 (14.3)
109 (62.6)

Completely deleted
PAI (%)
0
0
0
0
0

2

Percentage distribution

c =130.71 .

100
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Figure 1 Distribution of cag-PAI in dyspeptic subjects.

When checked for the presence of each locus, we
could find that the total cagA gene (i.e. with promoters)
to be present in 69 (39.7%) of all the isolates screened,
4 (2.3%) isolates had total deletion of the gene and 101
(58%) were carrying partial deletions. Of the 69-cagA
positive isolates, prevalence of cagA gene was predominant
among gastric ulcer (GU) and gastric carcinoma (GC)
strains (Table 3 and Figure 2) simultaneously cagA gene

with partial deletions were more prevalent among H pylori
isolated from duodenal ulcer (DU) and non-ulcer dyspepsia
(NUD) subjects.

Table 3 cagA status of H pylori isolates
Clinical status (n)
DU (58)
GU (46)
NUD (56)
GC (14)
Total (174)

cagA +ve (%)
8 (13.8)
45 (97.8)
4 (7.1)
12 (85.7)
69 (39.7)

Partial cagA +ve (%)
46 (79.3)
1 (2.2)
52 (92.9)
2 (14.3)
101 (58)

cagA –ve (%)
4 (6.9)
0
0
0
4 (2.3)

DU vs GU, DU vs GC, GU vs NUD and NUD vs GC combinations are highly
significant at 0.1% level. DU vs NUD and GU vs GC combinations are not
significant at 0.1% level.

100
Percentage distribution

the severity of disease after they were embedded in
paraffin and stained with hematoxylin and eosin. A
single experienced pathologist (ZA), who was blinded
to the patient’s history and molecular data of the isolate,
evaluated all histological data. The grade of gastritis was
determined on the basis of the updated Sydney system[21].
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Figure 2 Distribution of cagA in clinical isolates.

Observing the prevalence patterns of cagA deletion
mutant strains, we further analyzed the predominance of
deletions in the promoter and body part of the cagA gene.
The body part of cagA gene (i.e. A1+A2) was present in a
maximum number of isolates i.e. 134 (77%), among which
a considerable number of isolates lacked the promoter
region (i.e. AP1+AP2) (Table 4).
Screening of the cagII region of the cag-PAI revealed
cagE, cagT, LEC-1, and LEC-2 to be present in 143 (82.1%),
145 (87.3%), 142 (81.6%) and 111 (63.7%) of the total
isolates, respectively. The distribution of these genes with
reference to disease status is illustrated in detail in Table 5
and Figure 3. We found the difference between DU and
GU, GU and NUD, GC and NUD to be highly significant
statistically.
In the present study, histopathological examination of
antral biopsies from a total of 174 subjects was carried out

Table 4 Distribution of cagA gene and cagA promoter in H pylori
isolates
Clinical status (n)
DU (58)
GU (46)
NUD (56)
GC (14)

A1+A2 (%)
43 (74.1)
45 (97.8)
32 (57.1)
14 (100)

Total (174)

134 (77)

AP1+AP2 (%)
8 (13.8)
46 (100)
6 (10.7)
12 (85.7)
72 (41.4)
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Table 5 Distribution of cagE, T, LEC1, and LEC2 in H pylori isolates
Clinical status (n)
DU (58)
GU (46)
NUD (56)
GC (14)
Total (174)

cagE (%)
47 (81)
46 (100)
36 (64.2)
14 (100)
143 (82.1)

cagT (%)
56 (96.5)
46 (100)
36 (64.2)
14 (100)
152 (87.3)

LEC1 (%)
44 (75.8)
46 (100)
38 (67.8)
14 (100)
142 (81.6)

LEC2 (%)
33 (56.8)
46 (100)
18 (32.1)
14 (100)
111 (63.7)

For cagE, GU vs NUD is highly significant at 0.1% level (P<0.001), DU vs
GU, NUD vs GC combinations are significant at 1% level (P<0.01), DU vs
NUD combination is significant at 5% level (P<0.05) and DU vs GC . For
cagT, DU vs NUD, GU vs NUD combinations are highly significant at 0.1%
level (P<0.001), NUD vs GC combination is significant at 1% level (P<0.01)
and DU vs GU, DU vs GC, GU vs GC are not significant at 1% level. For
LEC1, DU vs GU, GU vs NUD combinations are highly significant at 0.1%
level (P<0.001), NUD vs GC is significant at 1% level (P<0.01), DU vs GC is
significant at 5% level (P<0.05). For LEC2, DU vs GU, GU vs NUD, NUD vs
GC combinations are highly significant at 0.1% level (P<0.001), DU vs NUD,
DU vs GC combinations are significant at 1% level (P<0.01) and GU vs GC is
not significant at 1% level.

cag E
cag T

90
Percentage distribution

statistically highly significant (P<0.001, Table 6).
In the NUD category, we found that 51 (91.1%)
showed chronic superficial gastritis and 5 (8.9%) showed
atrophic gastritis while none had intestinal metaplasia
and dysplasia. For metaplasia and dysplasia, the difference
between GU and NUD, was statistically highly significant
(P <0.001, Table 6).

Table 6 Frequency of atrophy, metaplasia, and dysplasia in chronic
gastritis subjects
Clinical
Acute
status (n) gastritis (%)
		
DU (58)
0
GU (46)
0
NUD (56)
0
Total (160)

100

LEC 1
LEC 2

80
70
60
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0

Chronic gastritis
Superficial Gastritis with Gastritis with Gastritis with
gastritis
atrophy (%)
metaplasia (%) dysplasia (%)
52 (89.7)
2 (3.4)
4 (6.9)
0
9 (19.6)
13 (28.3)
14 (30.4)
10 (21.7)
51 (91.1)
5 (8.9)
0
0
112 (70)

20 (12.5)

18 (11.25)

10 (6.25)

For atrophy, DU vs GU combination is highly significant at 0.1% level
(P<0.001), GU vs NUD is significant at 1% level (P<0.01) and DU vs NUD
combination is not significant at 1% level. For metaplasia, DU vs GU, GU vs
NUD combinations are highly significant at 0.1% level (P<0.001) and DU vs
NUD combination is significant at 5% level (P<0.05). For dysplasia, DU vs
GU, GU vs NUD combinations are highly significant at 0.1% level (P<0.001)
and DU vs NUD combination is not significant at any level.

50
40
30
20
10
0

DU

GU
NUD
Clinical Status

GC

Figure 3 Distribution of cagE, T, LEC1, LEC2

to check the grade of gastritis and the differences between
the pathologies of intact cag-PAI and partial cag-PAI
infection. Of the 174 subjects included for the study, we
screened 160 subjects as 14 of them had endoscopically
proven gastric carcinoma and hence histopathology
confirmed features of carcinoma. Out of the 160 subjects
screened, all showed chronic gastritis and on further
screening for any other advanced type of gastritis, we
found 112 (70%) of the total 160 to possess topographic
chronic superficial gastritis, 20 (12.5%) showed atrophic
changes, whereas 18 (11.25%) and 10 (6.25%) of the
subjects showed IM and dysplasia respectively (Table 6).
When each of these histological lesions were scored
individually in relation to their respective clinical status, we
found that among the 58 duodenal ulcer cases, 52 (89.7%)
showed chronic superficial gastritis, 2 (3.4%) showed
atrophy and 4 (6.9%) showed intestinal metaplasia while
none of the subjects had dysplasia (Table 6).
In the gastric ulcer category, we found that 9 (19.6%)
showed chronic superficial gastritis, 13 (28.3%) showed
atrophy, 14 (30.4%) showed intestinal metaplasia and
10 (21.7%) showed dysplasia. For atrophy, metaplasia
and dysplasia, the difference between GU and DU was

When we analyzed the histological status, with reference
to the strain infecting with either intact PAI or partially
deleted ones, we found a significant difference among
them. As evidenced from Table 7, we found that, of the
65 subjects infected with intact PAI, 8 (12.3%) showed
chronic superficial gastritis, 17 (26.1%) showed atrophic
changes, 18 (27.7%) showed intestinal metaplasia (all
of them were Type III), 10 (15.4%) showed high grade
dysplastic changes and 12 (18.5%) showed intestinal type
gastric carcinoma. On the contrary, when we checked
those subjects, who inhabited partially deleted strains, we
found 104 (95.4%) to possess chronic superficial gastritis,
3 (2.8%) showed atrophy while 2 (1.8%) showed gastric
carcinoma and these differences were statistically very
significant (P<0.001, Table 7).
When a correlation between the histological status
of the subjects infected with either intact cag-PAI or
partially deleted strains isolated from subjects with varied
disease status was made, we found that among 58 DU
subjects, 4 had intact cag-PAI and all of them were Type
III intestinal metaplasia, among the remaining 54, which
had partial deletions in the cag-PAI, 52 (96.3%) showed
chronic superficial gastritis and 2 (3.7%) showed atrophic
changes. Among the GU subjects, of the 46 infected,
45 were known to possess the cag-PAI and 8 (17.8%) of
them showed chronic superficial gastritis, 13 (28.9%)
showed atrophic gastritis, 14 (31.1%) showed Type
III intestinal metaplasia and 10 (22.2%) showed high
grade dysplastic changes (Table 8). Among the 56 NUD
subjects, 4 with intact cag-PAI showed atrophic changes
and of the rest with partial deletions 51 (98.1%) showed
chronic superficial gastritis and 1 (1.9%) showed atrophic
gastritis (Table 8) while among the 14 isolated from
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Table 7 Histological status of subjects with intact cag-PAI (n = 65) and partial cag-PAI (n = 109)
Cag-type
(n)
Superficial gastritis
(%)
Intact (65)
8 (12.3)
Partial (109) 104 (95.4)
b

Chronic gastritis
Gastritis with atrophy Gastritis with metaplasia (%)
(%)
Ty-1
Ty-2
Ty-3
17 (26.1)b
0
0
18
(27.7)
3 (2.8)
0
0
0

Gastritis with dysplasia(%)
Intestinal (%)
Low grade
High grade		
0
10
12b
(15.4)
(18.5)
0
0
2 (1.8)

Gastric carcinoma
Diffuse (%)
0
0

P<0. 001 vs others.

Table 8 Correlation of the histological status of the subjects with intact and partially deleted cag-PAI from varied disease status
Clinical status 		
(n)
cag status
(n)		
DU (58)
Intact (4)
Partial (54)
GU (46)
Intact (45)
Partial (1)
NUD (56)
Intact (4)
Partial (52)
GC (14)
Intact (12)
Partial (2)

Superficial gastritis
(%)
0
52 (96.3)
8(17.8)a
1 (100)
0
51 (98.1)
0
0

Chronic gastritis
Gastric carcinoma
Gastritis with atrophy (%)
Gastritis with metaplasia (%) Gastritis with dysplasia (%)
Intestinal (%)
Diffuse (%)
Ty-1
Ty-2
Ty-3
Low grade
High grade		
0
0
0
4 (100)
0
0
0
0
2 (3.7)
0
0
0
0
0
0
0
13 (28.9)
0
0
14 (31.1)
0
10 (22.2)
0
0
0
0
0
0
0
0
0
0
4(100)a
0
0
0
0
0
0
0
1 (1.9)
0
0
0
0
0
0
0
0
0
0
0
0
0
12 (100)b
0
0

0

0

0

0

0

2 (100)

0

a

P <0.05, bP <0.001 vs others.

gastric carcinoma 12 had intact cag-PAI while the other 2
partial deletions and when scored for the type of gastric
carcinoma all of them showed intestinal type of carcinoma
(Table 8).
DISCUSSION
The cag-PAI is an approximately 40-kb cluster of genes
in H pylori chromosome, and a quite conservative entity.
Censini et al.[22] in 1996 first identified strains with partially
deleted cag-PAIs. The molecular mechanism of these
genetic rearrangements was explained by incorporation
of an insertion element, IS605, in cag-PAI. Recently, the
composition of the cag-PAI in clinical H pylori isolates has
been studied in different populations by various methods,
including PCR, dot blotting and long distance PCR[20,23,24].
In the present study, we used simple PCR for structural
screening of cag-PAI in clinical isolates of H pylori. Out of
the 174 clinical isolates, we found only 37.4% were carrying
the complete cag-PAI (Table 2), whereas Mukhopadhyay et al.[25]
reported more than 96% in Calcutta strains of peptic ulcer
and non-ulcer dyspepsia. In our study, 97.8% of gastric
ulcer and 85.7% (Table 2 and Figure 1) of the gastric
carcinoma strains were carrying complete PAI, which are
considered to be severe forms of the gastro-duodenal
diseases. Even though duodenal ulcer is also considered
to be a severe form of the gastro-duodenal disease, the
proportion of DU strains that carried was just 6.9%.
Jenks et al.[23] reported that the presence of certain genes
(cagA, cagE, cagM, T, ORF 6, 10, 13) in the cag-PAI is highly
associated with duodenal ulcers. We too found a similar
type of observation, but not for all the seven genes which
they selected. We observed the same kind of correlation
with only two genes i.e. cagE and cagT, where DU cases
carried cagE with 81% and cagT with 96.5% (Table 5 and
Figure 3). Whereas NUD isolates were carrying the genes

with an average of 65% (Table 5 and Figure 3). Further,
Day et al.[26] revealed that isolates containing cagE were
associated with duodenal ulceration.
Among non-ulcer dyspepsia strains, we found 7.1%
to carry the complete cag-PAI, which is statistically almost
equal to DU percentage, and a report from Sweden [27]
showed 58% of cag-PAI positivity in NUD isolates. In the
same report, the authors showed that 5% of isolates from
severe pathology i.e. gastric carcinoma and duodenal ulcer,
and 15% of the isolates from NUD lacking the cag-PAI.
Not only the data from other continents, but from the
same Indian sub-continent showed total deletions from
ulcer group and non-ulcer group [25], whereas we could
not come across a single isolate with entirely deleted cagPAI from any of the disease condition indicating strain
diversity. This kind of diversity, i.e. absence of completely
deleted PAIs and presence of just 6.9% complete cag-PAIs
in duodenal ulcer cases, might be particularly true for the
south Indian of Telugu linguistic group who are mainly
Dravidian and married consanguineously for millennia[28].
Their genetic separation from other Indian communities
during much of the human history has already been
reported[29].
Strains with intermediate genotypes, lacking parts of
the cag-PAI, were found in 62.6% (Table 2) and more
frequently found in patients with non-ulcer dyspepsia and
duodenal ulcer (Figure 1). A probable mechanism for the
establishment of these internal deletions within the cagPAI would be that the short repeated sequences found
by Nilsson et al. [27] may serve as homologies enabling
slipped strand mispairing and consequently excision of
the enclosed DNA fragment especially in DU and NUD
subjects. Moreover, in our observation, the partially deleted
cag-PAI represented a genotype more common than a
complete cag-PAI and no strain was found with completely
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deleted cag-PAI.
Conventionally cagA was used and is still used as a
marker for the presence of an intact cag-PAI and for
virulence. Recently, Backert et al. [30] showed a good
correlation of cagA with the presence of cag-PAI. In
this study, we found that 39.7% of the strains carried
the complete cagA gene (Table 3) and the presence of
cagA gene did not correlate with the genetic presence of
complete cag-PAI. Further, for - 4 kb cagA gene, we used
four sets of primers i.e. two primers for body of the gene
and two primers for promoter, designed from various
locations of the body region and promoter, whereas other
studies taken up earlier had used a single set of primer
for complete cag-PAI. This might be the reason for the
correlation, which they obtained. The typical observation
was when 77% of the isolates were carrying the body
region (A1+A2) only 41.4% of them carried promoter
region (Table 4), which means that in our isolates even
though the strains carried the cagA gene, most of them
lacked the promoter of the gene, without which cagA is
not functional. Further, four isolates i.e. 2.3% completely
lacked the cagA gene and all the four isolates belonged to
duodenal ulcer cases.
Among many virulence markers present in the H pylori
genome, cag-PAI is the major virulence factor and is
associated with severe gastroduodenal pathology [31,32]
that includes both duodenal and gastric ulcers along
with carcinomas. Some studies have identified a
correlation between an intact cag-PAI and development of
disease[20,23,24,27], as we are trying to show with this present
study in Indian scenario, whereas others could not find
such a relationship[33,34].
“Infection with H pylori always causes chronic
active gastritis”[35]. This phrase has become true in our
observation. As it is observed in Table 6, there are no
acute gastritis subjects. Moreover, the subjects infected
with cag-PAI positive strains were found to show severe
forms of histopathological changes, like atrophic gastritis,
intestinal metaplasia, and neoplasia. This might be the
reason for IARC-WHO to designate H pylori a class I
(definite) carcinogen[6].
Out of the 174 isolates, 65 (37.4%) had complete cagPAI and 109 (62.6%) had partial deletions in the cag-PAI
(Table 2). As evident from Table 7, it can be observed that
subjects infected with H pylori strains with intact cag-PAI
had many remarkable histopathological changes, when
compared to those who had partially deleted cag-PAI. It
is quite clear from the statistics (P<0.001) that among 65
H pylori strains with intact cag-PAI, 18.5% subjects had
advanced cancerous lesions, while only 1.8% of the 109
subjects, who harbored H pylori with partial cag-PAI had
advanced to carcinoma thus allowing us to delineate that
persons with intact cag-PAI are 10-fold more prone to
develop carcinoma in comparison to the partially deleted
cag-PAI strains.
Parallelly, a small group of population, i.e. 12.3% with
intact cag-PAI, were shown to have only chronic superficial
gastritis, but according to Ohkuma et al.[36] H pylori positive
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cases with chronic gastritis have increased risk of atrophy
and intestinal metaplasia. On the other hand, partial cagPAI subjects were also shown to have chronic gastritis
(Table 6), but the percentage of disease progression
was very high among cag-PAI positive subjects (Table 7)
than those with partially deleted ones. Moreover, Type-3
metaplasia and high-grade dysplasia were seen only in cagPAI positive subjects, where Type-3 metaplasia is closely
linked to carcinoma[37] and dysplasia is nothing but a noninvasive type of neoplasia[38]. The results of this study
are in contrast to those obtained by Keates et al.[39] who
determined that gene products of the cag pathogenicity
island are required for maximal activation of mitogenactivated protein kinases (MAPK) in gastric epithelial
cells, which regulate cell proliferation, differentiation,
inflammatory responses, stress, and programmed death,
leading to induce gastroduodenal inflammation, ulceration
and neoplasia. Further, Naumann et al. [40] stated that
the integrity of whole cag-PAI is also a pre-requisite for
efficient activation of early transcription factor AP-1,
which is known for its immuno-stimulatory function.
In relation with disease status, among DU, GU, and
NUD, gastric ulcers are considered to be more prone to
the gastric carcinoma[41]. The observations of this study
are in correlation to that obtained by Hansson et al.[41].
When we compare GU subjects with DU and NUD, the
percentage of predisposing factors was much more among
GU subjects. Recently, Wanatabe et al.[42] proved this in
animal models. In their study at 26 wk, Mongolian gerbils
developed chronic gastritis, ulceration and metaplasia.
At 62 wk, 31% of them developed adenocarcinoma.
Interestingly the inoculum used for the infection was
obtained from a patient with gastric ulcer. Moreover, there
have been reports that gastric cancer mortality rates bear
an inverse relationship to duodenal ulcer disease rates[43],
suggesting that they are directly relating with gastric ulcer
in ulcer groups.
Further, in partial cag-PAI subjects, 2.8% showed
atrophy, 1.8% showed carcinoma (Table 7) suggesting the
role of other virulence genes and risk factors. Parallelly
high incidence rate of gastric carcinoma among the gastric
ulcer cases might be true, but it should not be assigned to
a single determinant such as cag-PAI, but it is a result of
many factors such as host genetic factors, environment,
low socio-economic status, irregular dietary habits in
addition to H. pylori with complete cag-PAI[44].
Hence, we can suggest that the cag-PAI is a strong
virulent marker in the disease pathogenesis because
more than 85% of the cag-PAI positive subjects were
shown to have one or the other of the irreversible gastric
pathologies and interestingly 18.5% of them developed
gastric carcinoma and GU is the major risk/predisposing
factor for the gastric carcinoma. Moreover, duodenal ulcer
is not at all a risk factor for severe gastric pathologies and
it is not a severe kind of disease, like gastric ulcer in our
population.
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Abstract

AIM: To compare the efficacy and safety of single
daily amikacin vs . cefotaxime in the 5-d treatment of
spontaneous bacterial peritonitis (SBP).
METHODS: Thirty-seven cirrhotic patients with SBP,
19 in group A and 18 in group B, were studied. Group
A received 1 g of cefotaxime every 6 h, and group
B received 500 mg of amikacin qd. Both antibiotics
were administered up to 5 d and the responses were
compared.
RESULTS: Infection was cured in 15 of 19 patients
(78.9%) treated with cefotaxime and in 11 of 18 (61.1%)
treated with amikacin. Four patients of the Cefotaxime
group (21.1%) and five patients of the Amikacin group
(27.8%) died. Two in each group (10.5% vs 11.1%)
had renal impairment during study period. One in each
group (5.3% vs 5.6%) may be considered to suffer from
nephrotoxicity due to increased urinary b2-microglobulin
concentration.
CONCLUSION: In this study, single daily doses of
amikacin in the treatment of SBP in cirrhotics were
not associated with an increased incidence of renal
impairment or nephrotoxicity. However, a 5-d regimen
of amikacin is less effective than a 5-d regimen of
cefotaxime in the SBP treatment.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Some studies have suggested that liver disease is a risk
factor for aminoglycoside-induced nephrotoxicity [1-4].
However, aminoglycosides are still frequently used to treat
sepsis in patients with liver disease[5]. In recent studies[6-8],
single daily parenteral aminoglycoside administrations
have shown some benefits as compared with multiple daily
doses. These benefits include reduced toxicity, possible
enhanced efficacy, greater convenience, and reduced
costs. However, results of single daily aminoglycoside
treatments of bacterial infections in cirrhotics have not
been evaluated.
Spontaneous bacterial peritonitis (SBP) is a common
complication of cirrhotic ascites. In a recent study, 5-d
cefotaxime treatment of SBP was as efficacious as a 10-d
course[9].
Because of these reasons, we have designed this
prospective randomized study to compare the efficacy and
nephrotoxicity of single daily amikacin dosage versus that
of cefotaxime in the 5-d treatment of SBP in cirrhotics.

MATERIALS AND METHODS

Materials
Between July 2000 and June 2002, patients admitted to the
Kaohsiung Veterans General Hospital who fulfilled all of
the following criteria were enrolled into this study: (1) had
liver cirrhosis; (2) had an ascitic fluid absolute neutrophil
count > 500 cells/mm3 with SBP as the only suspected
cause. Patients were excluded from the study for any of the
following reasons: (1) had a history of allergy to penicillins,
cephalosporins, or aminoglycoside; (2) considered to be a
terminal or critical case with life expectancy of less than
one month; (3) had secondary peritonitis or tumor rupture;
(4) had a serum creatinine level >2 mg/dL; (5) had an
antibiotic treatment during previous 2 wk.
Methods
Patients were randomly allocated into two different
therapeutic groups. Group A received 1 g of cefotaxime
every 6 h. Group B received 500 mg of amikacin qd or
8 mg/kg of body weight qd if patient’s body weight was
less than 60 kg. The subsequent dosages of amikacin
were adjusted according to renal function so that the
trough level of plasma amikacin remained ≤30 mg/mL
Both antibiotics were administered by intravenous
infusion for 30 min. The antibiotics were not changed
in any case during the first 72 h unless a nonsusceptible
organism was isolated in the initial cultures. Antibiotics
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were administered up to 5 d to patients who responded
to the treatment. For patients who did not respond to
the treatment after 5 d, antibiotic treatment was changed
according to antibiotic susceptibility tests when a resistant
organism was isolated, or empirically when the causative
bacteria was not cultured.
Blood, urine, and ascites samples were obtained for
culture, routine cell counts, and chemistry screening before
initiation of antibiotic treatment. Other body fluids were
cultured when indicated.
Abdominal paracentesis was repeated every 72 h until
the culture became sterile and the ascitic fluid neutrophil
count decreased to <250 cells/mm3. Clinical signs and
symptoms of infection, e.g., fever, chills, abdominal pain,
abdominal tenderness, ileus, and mental status change,
were recorded daily. Patients infected by organisms
resistant to cefotaxime or amikacin were treated with
appropriate alternative antibiotics according to the culture
result and susceptibility tests. Two days after completion of
antibiotic therapy, abdominal paracentesis was performed
for culture test and cell count. Blood culture was repeated
if bacteremia had been documented previously. If signs
or symptoms of infection developed after discontinuation
of the antibiotic, paracentesis for cell count and culture of
blood were also repeated.
Infection was considered cured when all clinical
and laboratory signs of infection disappeared during
therapeutic period and cultures performed 2 d after
antibiotic withdrawal were negative. Antibiotic treatment
was considered a failure when the symptoms and signs
of infection did not improve, or worsened, or when a
nonsusceptible bacteria was isolated in the initial cultures.
Patients discharged alive were followed closely throughout
their illness for 4 wk after completion of treatment.
Recurrence within 4 wk after discontinuation of therapy
was defined as recurrent SBP or bacteremia. Relapse
within 4 wk after discontinuation of therapy was defined
as recurrent infection of ascitic fluid or blood with the
same organism (identical species) that caused the initial
infection. Reinfection within 4 wk after discontinuation of
therapy was defined as recurrent bacteremia or recurrence
of SBP with an organism different from the original
pathogen. Superinfection was defined as development
of SBP or bacteremia caused by a different pathogenic
bacterium from the original organism during therapy.
Infection-related mortality was defined as death caused by
bacterial infection of ascitic fluid or blood, with clinical
or bacteriologic evidence of uncontrolled infection.
Hospitalization mortality was defined as death due to any
cause during the hospitalization. In evaluating antibiotic
efficacy, patients who died within the first 3 d after
inclusion in the study were not considered.
Serum and urine creatinine levels were measured
before treatment, every 2 d during treatment, and 24 h
after completion of therapy. The 24-h urine was collected
every 2 d for assessment of the creatinine clearance.
For patients who were treated with amikacin, blood
and ascites samples for the determination of the trough
and peak levels of amikacin were obtained 30 min before
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and one hour after administration of the drugs for every
alternate day during treatment. The samples were stored at
- 30 oC until assay. The amikacin levels were measured by
radioimmunoassay.
According to previous investigations [4], urinary b 2microglobulin is a useful test to discriminate antibioticinduced nephrotoxicity from functional renal failure (or
hepatorenal syndrome) in cirrhotic patients. Therefore,
in the current study, the urinary concentration of b 2microglobulin was measured in all patients studied before
therapy, 3 d after initiation of treatment, and 2 d after
antibiotic withdrawal. Fresh urine samples were collected
and stored at pH 6 to 7 (with the addition of 1 N sodium
hydroxide) and at - 30 oC until assayed. The analysis was
performed using a commercial radioimmunoassay. Results
of b2-microglobulin were not available during the study.
In this study, renal impairment was defined as a rise in
serum creatinine of 0.5 mg/dL or a ≥50% fall in creatinine
clearance during the period. In the absence of other
possible causes of renal tubular damage, renal impairment
was considered to be secondary to nephrotoxicity if
urinary b2-microglobulin concentration increased from
normal values (before treatment) to more than 2 000 mg/L
(during treatment). Otherwise, renal impairment was
considered functional. Patient who died within the first
3 d after inclusion in the study were not considered in
evaluating the incidence of nephrotoxicity.
The t-test with Yates’ correction, c2 with Fisher’s exact
test, or the nonparametric Mann-Whitney U test were used
for statistical analysis. Data are presented as mean±SD. In
each instance a two-tailed test was used. A P value of < 0.05
was considered significant.

RESULTS

A total of fifty- seven patients met inclusion criteria.
Twelve patients were excluded because of either critical
case with shock on presentation (4), prior treatment with
antibiotics (2), initial serum creatinine concentration >
2 mg/dL (4), evidence of secondary peritonitis (1), or
tumor rupture (1). Forty-five patients were eligible for
the study and were randomized. Twenty-two patients
were randomized to cefotaxime treatment and twentythree patients to amikacin treatment. Two patients in
amikacin group were later disqualified, because secondary
peritonitis and tuberculous peritonitis were diagnosed
after evaluation. Three patients in each group were not
considered in the analysis of the result, because they died
or fled against medical advice within 48 h after entry into
the study. The remaining 37 patients, 19 in cefotaxime
group and 18 in amikacin group, were the subjects of this
analysis.
There was no significant difference between patients of
the two groups (Table 1), in relation to sex, age, etiology
of cirrhosis, severity of cirrhosis as expressed by ChildPugh score, and renal function before treatment (expressed
by serum creatinine level). In each group only one patient
was Child-Pugh class B. The others were class C. Only 22
patients (59.5%) had normal serum creatinine level
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Table 1 Comparison of clinical and laboratory characteristics of the
patients
Characteristics

Treatment regimen
Cefotaxime
Amikacin
Number of patients
19
18
Male/female
17/2
11/7
Age(yr)1
54 ± 17
58 ± 11
Etiologies of cirrhosis (%)2			
Alcoholism
3 (16)
2 (11)
Chronic hepatitis B
14 (74)
11 (61)
Chronic hepatitis C
1 (5)
4 (22)
Child-Pugh score1
11.4 ± 1.2
11.1 ± 1.1
Serum creatinine(mg/dL)1
1.5 ± 0.5
1.4 ± 0.4

P
NS
NS
NS

NS
NS

Data are presented as mean ± SD. 2Data are presented as number and
percentage of total. NS: not significant

(<1.5 mg/dL) before treatment.
Nine (24%) of the 37 patients grew a pathogen from
their ascitic fluid, and 8 (21.6%) were bacteremic. The
ascites and blood isolates were similar between the two
groups (Table 2). Two pathogens in the blood (group
B Streptococcus and Vibrio amalonaticus) were resistant to
cefotaxime and amikacin. Although the clinical signs of
infection disappeared during therapeutic period with
cefotaxime, crystal penicillin and tetracycline were given
according to the susceptibility tests since the sixth day. The
Table 2 Flora of ascites and blood

Ascites			
Escherichia coli
Klebsiella pneumoniae
Citrobacter diversus
Blood			
Escherichia coli
Klebsiella pneumoniae
Streptococcus group B
Vibrio amalonaticus

and cured without recurrence within 4 wk after changing
antibiotics, treatment failure was still considered according
to the study’s design. The other 6 bacteremic patients
were bacteriologically cured by repeated culture after 5-d
of antibiotic treatment. Only one patient (16.6%) in the

Table 3 Results of treatment

1

Treatment regimen
Cefotaxime (%)
Amikacin (%)

6825

P

4 (21)
0
0

3 (17)
1 (6)
1 (6)

NS
NS
NS

2 (11)
1 (5)
1 (5)
1 (5)

1 (6)
2 (11)
0
0

NS
NS
NS
NS

Data are presented as number and percentage of total. NS: not significant.

other isolates were sensitive to cefotaxime and amikacin.
The clinical response to treatment and survival were
similar between the groups (Table 3). Infection was cured
in 15 of 19 patients (78.9%) treated with cefotaxime and
in 11 of 18 (61.1%) treated with amikacin. However,
there was no statistic significance between these two
groups. Three patients in cefotaxime group had recurrent
infection within 4 wk after completion of treatment. One
was considered relapse due to recurrent bacteremia with
the same organism that caused the initial bacteremia. The
other two also suffered from bacteremia, but the previous
infection episode was not bacteremic. Recurrent SBP
concurrent with new episodes of bacteremia rather than
relapse were considered in these two patients. Among
the 8 bacteremic patients in the initial treatment, 2 in
the cefotaxime group had resistant isolates. Although
they became well during the initial therapeutic period

Number of patients
Cure2
Normalized PMN count2
Serum creatinine(mg/dL)1
Afebril in 72 h2
Pain-free in 72 h2
Recurrence2
Superinfection2
Infection-related mortality2
Hospitalization mortality2
Days of hospitalization1

Treatment regimen
Cefotaxime (%)
Amikacin (%)
19
18
15 (78.9)
11 (61.1)
18 (94.7)
15 (83.3)
1.3 ± 0.8
1.5 ± 1.1
18 (94.7)
15 (83.3)
19 (100)
17 (94.4)
3(15.8)
0
0
0
0
3 (16.7)
4 (21.1)
5 (27.8)
12 ± 8
13 ± 9

P
NS
NS
NS
NS
NS
NS
NS
0.105
NS
NS

1

Data are presented as mean ± SD. 2Data are presented as number and
percentage of total. NS: not significant

cefotaxime group had relapse 10 d after completion of
treatment.
There was no significant difference between these
two groups in the mortality rate. During the whole
hospitalization period, 4 patients of the cefotaxime group
(21.1%) and 5 patients of the amikacin group (27.8%)
died. Although for most patients the cause of death
was multifactorial, in three cases of the amikacin group
infection was considered to be the main cause of death
due to no other major event or infection identified.
There was no significant difference in the incidence
of renal impairment or nephrotoxicity between patients
treated with cefotaxime or amikacin (Table 4). Two in
each group (10.5% vs 11.1%) had renal impairment during
study period. The urinary b2-microglobulin concentration
increased in both groups during treatment and decreased
after antibiotics withdrawal. One in each group (5.3% vs
5.6%) may be considered nephrotoxicity due to increased
urinary b 2-microglobulin concentration from normal
values (before treatment) to more than 2 000 mg/L (during
treatment). The patient who developed nephrotoxicity in
the amikacin group died on the 6th d of the study period.
Table 4 Evaluation of nephrotoxicity
Treatment regimen
Cefotaxime(%)
Amikacin(%)
Number of patients
19
18
Renal impairment (%)2
2 (10.5)
2 (11.1)
Urinary b2-microglobulin (mg/L)			
Before treatment1
402 ± 80
1220 ± 392
3 d after initiation1
779 ± 2465
612 ± 814
2 d after withdrawal1
126 ± 119
173 ± 44
increase > 2 000 mg/L (%)2
1 (5.3)
1 (5.6)
1

2

P
NS
NS
NS
NS
NS

Data are presented as mean ± SD. Data are presented as number and
percentage of total. NS: not significant.
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The mortality was considered infection-related. The patient
in the cefotaxime group died on the 5th d due to hepatic
and renal failure even though the infection appeared under
controlled.
Wide range of peak and trough levels of amikacin in patie‑
Table 5 Amikacin concentration (mean ± SD)
Blood peak level (mg/mL)
Blood trough level (mg/mL)
Ascites peak level (mg/mL)
Ascites trough level(mg/mL)

19.6 – 127.3 (40 ± 32)
1.3 – 73.7 (12 ± 22)
4.3 – 80.1 (20 ± 25)
1.2 – 78.9 (15 ± 26)

nts treated with amikacin was noted in this study (Table 5).

DISCUSSION

The aminoglycosides are potent antibiotics, with peak
concentration-dependent bactericidal activity against
Gram-negative pathogens and staphylococci. They
display trough concentration-dependent nephrotoxicity
and ototoxicity. Aminoglycosides exhibit enduring
antibacterial activity (especially against Gram-negative
bacilli) many hours after tissue concentrations become
negligible. Appreciation of this postantibiotic effect leads
to replacement of conventional multiple daily doses by
large single daily doses. The latter regimens confer at
least equivalent efficacy and less risk of nephrotoxicity[7].
Among the aminoglycosides available in our hospital,
we used amikacin in this study, because it is the least
susceptible to degradation by bacterial enzymes and causes
less nephrotoxicity than gentamicin and tobramycin [7].
Because some studies have suggested that liver disease
is a risk factor for nephrotoxicity in patients treated
with aminoglycoside[1-4], we used only about half of the
recommended single daily dosage of amikacin (15 mg/kg
q24 h in usual study[7]) in this study.
The optimal duration of antibiotic treatment for
SBP had been investigated recently. Ten to fourteen
days intravenous therapy had been recommended [10-12].
However, it had been argued that, because SBP had a
low bacterial load (often only 1 organism/mm3 of ascitic
fluid), a shorter duration of treatment might suffice. A
recent randomized controlled study comparing 5 d vs 10 d
treatment with cefotaxime found no difference in efficacy
and mortality rate [9].
In this study the cure rate was higher in the group
of patients treated with cefotaxime (78.9%) than in the
group of patients treated with amikacin (61.1%), although
there was no significant difference. Larger sample sizes
in further studies may confirm this finding. The cure rate
for SBP in patients treated with cefotaxime in this study
is similar to the previous studies. In Runyon’s study [9],
the cure rate for SBP treated by 5-d cefotaxime is 93.1%.
On the other hand, the cure rate in patients treated with
amikacin in this study is also similar to the previous studies
that treated cirrhotic patients with severe infection using
aminoglycosides combining with other antibiotics. In
Felisart’s study which compared cefotaxime vs. ampicillin-
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tobramycin in cirrhotics with severe infections (most
were peritonitis), the cure rates were 85% and 56%
respectively [13]. The response rate in the McCormick’
s study which used netilmicin plus mezlocillin in the
empirical therapy of presumed sepsis in cirrhotic patients
was 56%[5]. Single daily dosage of aminoglycoside in the
treatment of infections in cirrhotic patients seemed as
effective as combining with other antibiotics in traditional
dosages but less effective than cefotaxime.
It is well known that in traditional dosages, the serum,
the tissue and the body fluid levels of aminoglycosides
are unpredictable, varying from one patient to another[14,
15]
. We conducted this study by using a single daily dose
of aminoglycoside for easy monitoring of the drug
level. Just like previous reports, our study also showed
that there were wide ranges of drug levels in blood and
ascites between the patients regardless of whether their
renal function were normal or not. Some levels might not
achieve the bactericidal levels. For example, the MIC of
amikacin for E coli was 2 mg/mL in this study. Only 13 of
the 18 patients (72%) had 4-fold or higher for their peak
level of ascites. On the other hand, it is well established
that cefotaxime has a wide range between therapeutic
and toxic dosages. Also, the ascitic fluid concentration
of cefotaxime is several-fold higher than the MIC of
most susceptible organisms at any time throughout the
treatment[16]. This may explain the difference of efficacy of
treatment between cefotaxime and amikacin.
The incidence of nephrotoxicity in this present
study was 5.6% in patients treated with amikacin. This
was similar with the Felisart’s study in patients treated
with ampicillin-tobramycin (7%)[13], but almost six times
lower than the Cabrera’s study in patients treated with
cephalothin-gentamicin or cephalothin-tobramycin
(32%) [4] . Previous investigations have suggested that
combined therapy, i.e. cephalothin, might enhance
the nephrotoxicity of aminoglycosides [17, 18]. Although
some study suggested that the risk for aminoglycoside
nephrotoxicity was 5 times higher in a patient with liver
disease than without[2], we found that a single daily dosage
of amikacin did not cause marked nephrotoxicity in
cirrhotic patient in this study. The incidence was between
3% and 11% in patients treated with aminoglycosides,
similar with previous reports[19, 20].
In this study, eight patients (22%) had positive blood
culture concurrent with SBP. Two of them were resistant
isolates to cefotaxime and had other antibiotic treatment.
Six patients were all bacteriologic cured after 5-d of
treatment. This was confirmed by negative culture result
repeated after treatment. However, one of the six patients
(17%) who was treated with cefotaxime had bacteremic
relapse 10 d after completion of treatment. In Runyon’s
study, 9 bacteremic patients treated with 5-d cefotaxime
were documented to become sterile during the first 72 h of
therapy. No relapse was mentioned. 9 Because bacteremia
in cirrhosis is a severe prognostic sign, it has been
considered common practice to treat it for 10 to 14 d[21].
Do patients with SBP in addition to bacteremia require
longer treatments than patients without bacteremia? Is a
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5-d course adequate for treating bacteremia in cirrhotic
patients? These issues remain to be clarified.
In spite of the lower antibiotic efficacy of amikacin,
the hospitalization mortality rate resulting from this
antibiotic regimen was similar to that observed in patients
treated with cefotaxime. This may be explained by the
fact that both groups of cirrhotics had a similar degree
of liver failure. Most mortalities were related to infective
complications in patients treated with amikacin and
to noninfective complications in patients treated with
cefotaxime.
In summary, we found that single daily doses of
amikacin in the treatment of SBP in cirrhotics were not
associated with an increased incidence of renal impairment
or nephrotoxicity. However, the efficacy of a 5-d regimen
of amikacin is less than a 5-d regiimen of cefotaxime in
SBP treatment.
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Abstract

AIM: To evaluate a series of patients with hepatocellular
carcinoma (HCC) treated with several different protocols
and devices.
METHODS: We treated 138 patients [chronic hepatitis/
liver cirrhosis (Child–Pugh A/B/C), 3/135 (107/25/3)]
with two different devices and protocols: cool-tip needle
[initial ablation at 60 W (standard method) (n = 37)
or at 40 W (modified method) (n = 28)] or; ablation
with a LeVeen needle using a standard single-step, full
expansion (single-step) method (n = 39) or a multi-step,
incremental expansion (multi-step) method.
RESULTS: Eleven patients experienced rapid and
scattered recurrences 1 to 7 mo after the ablation. Nine
patients were treated by the cool-tip original protocol
(60 W) (9/37 = 24%) and the other two by the LeVeen
single-step method (2/39 = 5%). The location of the
recurrence was surrounding and limited to the site of
ablation segment in three cases, and spread over one
lobule or both lobules in the other eight cases. There
was no recurrence in the patients treated with the
modified cool-tip modified method (40 W) or the LeVeen
multi-step method.
CONCLUSION: There is a risk of rapid and scattered
recurrence after RFA, especially when the standard cooltip procedure is used. Because such recurrence would
worsen the prognosis, we recommend that modified
protocols for the cool-tip and LeVeen needle methods
should be used in clinical practice.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Radio frequency ablation; Hepatocellular
carcinoma; Cool-tip needle; LeVeen needle; Recurrence
Kotoh K, Enjoji M, Arimura E, Morizono S, Kohjima M, Sakai H,
Nakamuta M. Scattered and rapid intrahepatic recurrences
after radio frequency ablation for hepatocellular carcinoma.
World J Gastroenterol 2005; 11(43): 6828-6832
http://www.wjgnet.com/1007-9327/11/6828.asp

INTRODUCTION
Image-guided radio frequency ablation (RFA) is an
emerging technique for the treatment of hepatocellular
carcinoma (HCC) [1-5] , as well as for metastatic liver
tumors[6]. The procedure has been adopted worldwide as
a safe and effective method, and is replacing percutaneous
ethanol injection therapy (PEIT) as the treatment of
choice. Livraghi et al.[7] and Lencioni et al.[8] have compared
RFA and PEIT for the treatment of small-sized HCC.
Although both studies concluded that RFA resulted in
a higher rate of complete necrosis, Livraghi et al.[7] also
indicated that the complication rate was higher with RFA
than with PEIT.
A number of reports have described complications
associated with RFA[9-14]. The major complications reported
were peritoneal bleeding, hepatic abscess, hemothorax,
perforation of the gastrointestinal wall, and rapid hepatic
decompensation. These complications occurred during
or just after RFA, however, and delayed complications
have been reported much less frequently. Takada et
al.[15] described two cases in which rapid and aggressive
recurrence accompanied by portal thrombus occurred 4 to
6 mo after RFA. Nicoli et al.[16] described a peculiar form
of recurrence after RFA for HCC that was characterized
by numerous and equally-sized recurrence nodules and
which occurred after only one month post-treatment.
More recently, Ruzzenente et al.[17] also described a series
of patients with rapidly spreading recurrence after RFA.
In the past several years, we have observed cases
similar to those presented by Nicoli et al. [16]. We have
previously reported a significant increase in pressure
in the ablated area during RFA [18], and concluded that
scattered recurrence is attributable to an explosion
caused by excessive increases in intra-tumor pressure. In
our experience, intra-operative complications are easily
avoidable by confirming the safety of a puncture route
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before the treatment, whereas a rapid recurrence after
RFA is a serious clinical problem that can influence the
prognosis of patients.
In this report, we have evaluated a series of HCC cases
treated by RFA with different devices and protocols, and
have analyzed cases with rapid and scattered recurrence
after RFA.

PATIENTS AND METHODS
RFA
Between April 2000 and December 2004, 138 patients
with HCC were treated with the RFA procedure in Kyushu
University Hospital or National Hospital Organization
Kyushu Medical Center. Characteristics of the candidates
are shown in Table 1. They consisted of 79 males and 59
females, aged 40 to 83 years with a mean of 68.2 years.
All of them had chronic liver damage; 121 patients were
hepatitis C virus (HCV) positive and 17 were hepatitis
B virus (HBV) positive. Among them, 135 patients were
diagnosed with liver cirrhosis by liver biopsy, clinical
laboratory data, ultrasonography and/or computed
tomography. According to the hepatic functional reserve
evaluation for the cirrhotic patients just before RFA, 107,
25, and 3 were classified as Child–Pugh’s class A, B, and
C, respectively. The diagnosis of HCC was confirmed by
aspiration tumor biopsy for all patients prior to treatment.
RFA was performed with either a LeVeen™ multipolar
array needle in combination with an RF 2000 generator™
(Radio Therapeutics Corporation, Mountain View, CA,
USA) or a Cool-tip™ RF System (3.0 cm exposure length)
(Radionics, Burlington, MA, USA). One of the two devices
was selected randomly for RFA. All procedures were
performed by hepatologists who had at least 10 years of
experience performing image-guided in situ tumor ablation
therapy. The original standard protocol was used for cooltip needle RFA until December 2002, and the modified
protocol was used thereafter. For LeVeen needle RFA, the
Table 1 Characteristics of the patients
Scattered recurrence (–)
n
127
Age
67.5±8.6
Sex (male/female)
71/56
Virus (HBV/HCV)
14/113
Tumor size (mm)
24.3±13.7
Albumin (g/dL)
3.65±0.38
Bilirubin (mg/dL)
0.86±0.51
ALT (U/L)
48.4±28.3
Platelet (x104/mL)
10.9±5.5
Child–Pugh (CH1/A/B/C)a
3/102/20/2
Device and Protocolb
Original cool-tip
28
Modified cool-tip
28
Single-step LeVeen
37
Multi-step LeVeen
34
Prognosis (alive/death)b
87/40
Observation period (mo)
27.1±11.0
a

Scattered recurrence (+) Total
11
138
69.2±8.1
67.6±8.5
8/3
79/59
3/8
17/121
20.1±5.7
24.0±13.5
3.52±0.57
3.64±0.39
1.02±0.44
0.87±0.50
56.0±17.8
49.0±28.5
9.0±3.6
10.7±5.5
0/5/5/1
3/107/25/3
9
0
2
0
3/8
24.0±11.5

37
28
39
34
90/48
26.9±11.1

P<0.05, bP<0.01 between the patients with and without scattered recurrences

(c 2 test). 1CH: chronic hepatitis.
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original standard protocol was used until April 2002, and
the modified method was used thereafter. The details of
each protocol are described below.
Original procedure with cool-tip needle: Cool-tip
electrode with 3 cm of exposed tip was used to deliver
RF (radio frequency) energy to the tumors. RF energy was
delivered as described previously[19]. In short, after needle
puncture of the tumor, generator output was increased
to 100–120 W and maintained at this level until the end
of the procedure. If an increase in impedance equal to
or greater than 10 Ω above baseline was observed, the
current was reduced, until stable impedance was observed
and then increased again.
Modified procedure with cool-tip needle: The needle
used was the same type as was used for the original
procedure. The method differed from the original
procedure in that the ablation was started at a low voltage
of 40 W, and the electric power was increased by 10 W every
minute. The maximum of electric power was 120 W, and
the RF energy delivery was continued, until the impedance
increased beyond the limit of the generator.
Original procedure with LeVeen needle: The electrode
used for this procedure was a 3 or 3.5 cm LeVeen needle
depending on the tumor size. Before delivery of RF
power, the tumor was punctured with a needle and the ten
tines were then fully expanded. The ablation was started
at 40 W (3-cm needle) or 50 W (3.5-cm needle) RF power
and was further increased by 10 W/min up to 75 W (3-cm
needle) or 90 W (3.5-cm needle). If the impedance had not
increased after 10 min, the RF power was again increased
by 10 W increments. The procedure was terminated when
a marked increase in impedance (“roll off ”) occurred.
Modified procedure with LeVeen needle: The needle
used was the same type as was used for the original
procedure. In the modified version, the tines of the
electrode were expanded step by step in 10 steps, and at
every step, the length of tine expansion was one-tenth
of the full expansion length. Ablation at each step was
continued, until the impedance increased to “roll off ”.
Furthermore, at the first step, the ablation was started at
a low voltage of 30 W. If it took more than 30 s for “roll
off ” at a step, the power was increased by 10 W before
starting the next step. The maximum electric power for
this protocol was 75 W (3-cm needle) or 90 W (3.5-cm
needle), which was maintained until the final step.
After RFA treatment, all of the patients were
followed up every one or two months with US or CT.
When recurrence was detected by imaging examination,
additional treatment was instituted with RFA, PEIT,
transarterial chemoembolization (TACE) or a combination
of these therapies. The prognosis was based on the data
obtained up to December 2004.
Statistical analysis
Baseline characteristics of the patients prior to RFA
treatment are shown as mean±SD and statistical
comparisons were performed using c 2 test for categorical
data and non-paired t-test for numerical data.
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Table 2 Details of the patients with scattered recurrence
n

Sex

Age

Background

1
2
3
4
5
6
7
8
9
10

F
M
F
M
M
M
M
M
M
M

75
61
79
63
69
73
74
70
70
51

LC (HCV)
LC (HBV)
LC (HCV)
LC (HBV)
LC (HCV)
LC (HCV)
LC (HCV)
LC (HCV)
LC (HCV)
LC (HBV)

11

F

76

LC (HCV)

Liver function
(Child-Pugh)
C
A
B
A
B
B
A
A
B
B
A

Location/
Size (mm)
S8/15
S7/20
S2/25
S4/15
S7/26
S5/13
S4/18
S8/30
S8/25
S6/20

Device

Protocol

LeVeen
Cool-tip
Cool-tip
Cool-tip
Cool-tip
Cool-tip
Cool-tip
Cool-tip
Cool-tip
LeVeen

Original
Original
Original
Original
Original
Original
Original
Original
Original
Original

Form of
recurrence
Bilobular
Bilobular
Bilobular
Surrounding
Bilobular
Bilobular
Bilobular
Surrounding
Bilobular
Surrounding

S3/14

Cool-tip

Original

Lobular

RESULTS
Eleven patients suffered from rapid and scattered
intrahepatic recurrences, which occurred between one
month and seven months after ablation. These 11 cases
consisted of eight males and three females, ranging in
age from 51 to 79 years. The ablated tumors were located
variably in either lobe of the liver. Among the baseline
characteristics of patients prior to RFA treatment, the
cirrhosis stage was significantly more advanced in patients
without scattered recurrences (Table 1). Of the patients
with scattered recurrences, nine were treated with the cool-

A

B

Figure 1 CT images of scattered recurrences after RFA. A: Recurrences around
the ablated tumor after RFA (case 10 in Table 2); B: Multiple recurrences scattered
over the whole liver after RFA (case 6 in Table 2). The white arrows indicate the
ablated area without enhancement by contrast medium, and the black arrowheads
indicate scattered recurrence with enhancement.

Interval between RFA
and recurrence (mo)
3
3
2
7
4
5
4
5
6
2
7

Prognosis
after RFA (mo)
Death (15)
Alive (42)
Death (36)
Death (24)
Death (27)
Death (20)
Death (7)
Alive (36)
Death (16)
Death (10)
Alive (31)

tip device according to the original protocol and the other
two with the LeVeen needle and original full-expansion
method (Tables 1 and 2). After switching from the original
to the modified protocols, no scattered recurrences were
observed.
Scattered recurrent tumors occurred in two different
patterns. One pattern consisted of scattered tumors that
were located in a single lobe (three patients). This pattern is
shown in Figures 1A (CT) and 2A (angiography), appearing
as multiple tumors around the ablated tumor that were
localized in the segment. The other pattern consisted of
tumors spread over a single lobule in the several segments
(one patient) or both lobules (Figures 1B and 2B) (seven
patients). Regardless of the scattering pattern, the tumors
were roughly equal in diameter. When recurrences were
found, neither tumor thrombus nor extrahepatic metastasis
was observed by CT or US imaging.
Follow-up of patients to December 2004 showed
that the prognosis was significantly worse for patients
with scattered recurrences. Among the 127 patients
without scattered recurrences, 40 patients died within
the observation period; 8 due to liver failure caused by
progression of liver cirrhosis, 2 from variceal rupture, and
the remainder due to the progression of HCC. In contrast,
8 of 11 patients with scattered recurrences died and all had
advanced HCC.

DISCUSSION
A

B

Figure 2 Angiographic images of scattered recurrences after RFA, which were
treated by TACE in most of the cases. A: Multiple recurrences were located
surrounding the ablated tumor (case 8 in Table 2). B: Multiple recurrences were
scattered in the whole liver (case 9 in Table 2). In both patterns, recurrent tumors
were almost equal in size.

There are several common characteristics among the cases
described in this study. First, recurrence occurred rapidly
following RFA. Most of these cases were detected within
6 mo. Second, multiple recurrent tumors were almost
equal in diameter. Finally, the recurrent tumors were either
scattered around the ablated tumor or all over the lobe(s),
and the location had no relation to the puncture route used
for RFA.
Nicoli et al. [16] recently reported a similar form of
recurrence that is, rapid and numerous bilobular recurrent
tumors, and proposed that this type of recurrence would
result from new communication formed between two
vascular regions (arterial and venous-portal) as a result of
RFA needle puncture. It was also suggested that the new
communication facilitated the migration of tumor cells
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from a high pressure arterial regions to a low pressure
portal liver regions. However, we disagree with this
speculation because the tumor treated with RFA in that
study was only 3.5 cm in diameter, and the feeding artery
would not likely have sufficient pressure to spread the
malignant cells throughout the lobes. Ruzzenente et al.[17]
also identified a series of patients with similar recurrences
and suggested that increased intra-tumor pressure might
be the cause.
In recent in vitro and in vivo experiments, we demonstr‑
ated that the pressure in an ablated area can increase
drastically during RFA[18]. We assumed that the peculiar
scattered recurrence was caused by an explosion due to
increased intra-tumor pressure. The explosion could strew
the malignant cells, as a large cluster, which would enable
the metastatic tumors to grow in a short time.
A substantial increase in pressure would be necessary
for the tumor to explode during RFA, and in rider for
this to occur either of the two different conditions
would be necessary; namely a fibrotic capsule around the
tumor, or parenchymal fibrosis surrounding the tumor
accompanied by cirrhosis. Without these conditions,
the pressure produced by ablation would easily escape
through the microvasculature or sinusoids adjacent to
the ablated tumor. In our study, all of the patients with
scattered recurrences also had liver cirrhosis, and the rate
of advanced-stage cirrhosis was higher in patients with
recurrence. This suggests that accumulated collagens in the
liver of patients with cirrhosis could form a wall that traps
in pressure.
Once a scattered recurrence occurs, focal treatment
such as ablation therapy can no longer be used, and the
only remaining treatment options are TACE or systemic
chemotherapy. The incidence of recurrent tumors is also
associated with a poor prognosis. We found that within
the observation period, the mortality rate of patients with
scattered recurrences was higher than that of patients
without scattered recurrences.
In order to avoid scattered recurrences, we believe
that modified protocols for RFA should be used. After
changing to the modified protocols, we found no cases of
scattered recurrence associated with either the cool-tip or
LeVeen needle procedures. Another way to avoid scattered
recurrence is to use alternative procedures to RFA such
as ablation by PEIT, which is performed with a thinner
needle than that used for RFA and has a lower risk of
complications[7,8,20]. There are no reports that we are aware
of to indicate that PEIT can cause scattered recurrences.
PEIT is generally considered to be inferior to RFA for
the following two reasons. First, in contrast with RFA,
PEIT requires multiple sessions. Second, local recurrence
following PEIT may be more likely when the surgeon is
inexperienced, while a highly-skilled surgeon can achieve
complete tumor necrosis.
We conclude that critical complications of rapid
and scattered recurrences after RFA can be avoided by
the use of modified protocols. If the need arises, it is
also necessary to select PEIT, not to cling to use RFA
procedure. In some cases, PEIT should be considered as a

6831

suitable alternative to RFA.
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baseline. Treatment caused rise of its concentration only
in the R group, whereas values in NR group remained
on the level similar to baseline. Statistically significant
difference between groups was noted at wk 48 and 72.
CONCLUSION: These findings support the usefulness
of TGF-β1, TIMP-1, and MMP-1 in the management of
chronic hepatitis C. Elevated TIMP-1 and low MMP-1
plasma concentrations during antiviral therapy may
indicate medication failure.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Abstract

AIM: To evaluate the effect of antiviral treatment on
plasma levels of transforming growth factor-β1 (TGF-β1),
metalloproteinase 1 (MMP-1), and tissue inhibitor of
metalloproteinase-1 (TIMP-1) in patients with chronic
hepatitis C.
METHODS: TGF-β1, MMP-1, and TIMP-1 plasma
concentrations were measured by an enzyme immunoassay
in 28 patients, during 48 wk of treatment with pegylated
interferon-alpha 2b (PEG-IFN-a2b) plus ribavirin (RBV)
and after 24 wk of follow-up. Patients were divided into
two groups: responders (R) and non-responders (NR)
related to achieved sustained virologic response. Normal
values were evaluated in plasma samples of 13 healthy
volunteers.
RESULTS: Baseline plasma concentrations of TGF-β1
and TIMP-1 (30.9±3.7 and 1 506±61 ng/mL respectively)
measured in all subjects significantly exceeded the
normal values (TGF-β1: 18.3±1.6 ng/mL and TIMP-1:
1 102±67 ng/mL). In contrast, pretreatment MMP-1
mean level (6.5±0.9 ng/mL) was significantly lower
than normal values (11.9±0.9 ng/mL). Response to the
treatment was observed in 12 patients (43%). TGF-β1
mean concentration measured during the treatment
phase decreased to the control level in both groups.
However at wk 72, values of NR patients increased
and became significantly higher than in R group.
TIMP-1 concentrations in R group decreased during the
treatment to the level similar to normal. In NR group,
TIMP-1 remained significantly elevated during treatment
and follow-up phase and significant difference between
both groups was demonstrated at wk 48 and 72. MMP-1
levels were significantly decreased in both groups at

Key words: HCV; Hepatitis; Liver; Interferons; Fibrosis
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INTRODUCTION
Transforming growth factor-β1 (TGF-β1) is considered as
a pivotal inducer of liver fibrosis acting through activation
of hepatic stellate cells (HSCs) and their transformation to
myofibroblasts, which are the main source of extracellular
matrix (ECM) proteins[1,2]. Moreover, TGF-β1 stimulates
the production of tissue inhibitor of TIMP-1 that inhibits
MMP activity. This effect is responsible for the inhibition
of ECM protein breakdown and its accumulation [3] .
TGF-β1 inhibits DNA synthesis serving as a terminator
of regenerative cell proliferation and induces apoptosis
of hepatocytes [4] . Additionally, TGF-β1 may inhibit
stellate cell apoptosis and promote their survival, at least
in part as a result of anti-apoptotic effect of TIMP-1[5,6].
On the other hand, TGF-β1 exerts regulatory, mostly
immunosuppressive effects on the immune system and as
demonstrated recently can also suppress hepatitis C virus
(HCV) replication[7,8]. Since HCV infection is related to an
immune response, cell proliferation and fibrosis as well as
modulation of TGF-β1 can affect the course of chronic
hepatitis C. As demonstrated recently, HCV core and
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nonstructural proteins regulate biological functions in HSC
and increase the secretion of TGF-β1 and the expression
of ECM proteins in both HSCs and parenchymal hepatic
cells [9,10]. The possible role of TGF-β1, TIMP-1, and
MMP-1 as predictive biomarkers of chronic hepatitis
activity and progression is supported by recent clinical
studies[11-19]. These studies demonstrated association with
hepatic function impairment or fibrosis, and only few
evaluated possible effects of antiviral treatment on growth
factors, but they did not include possible metalloproteinase
involvement[20,21].
We undertook this study to evaluate the effect of
pegylated interferon-a2b plus ribavirin (PEG-IFN-a2b/
RBV) treatment on plasma TGF-β1, TIMP-1, and MMP-1
levels in patients with chronic hepatitis C.

MATERIALS AND METHODS

Patients
Ethical approval for the study was obtained from the
Bioethical Committee of the Medical University of
Bialystok. Informed consent was obtained from 28 patients
(8 females and 20 males, mean age 49±12 years) with
chronic hepatitis C, who were included into the protocol
of PEG-IFN-a2b (Pegintron™, Schering-Plough) and
RBV (Rebetol™, Schering-Plough) treatment. All patients
had proven chronic hepatitis C through the presence
of anti-HCV antibodies with elevated ALT activities
demonstrated at least twice during a 6-mo observation
period. Additionally, the disease activity was confirmed by
the presence of viral replication and liver biopsy (Hepafix
System, Braun, Melsungen, Germany). Patients with HBV
infection and a history of alcohol abuse or psychiatric
disorders were excluded from the study. Patients received
combination therapy with weekly doses of 100 m g
PEG-IFN- a 2b administered subcutaneously and RBV
administered orally at daily doses of 1 000 or 1 200 mg/d
based on body weight <75 or ≥75 kg, respectively. The
total duration of treatment was 48 wk. Liver biopsy was
performed before and after antiviral therapy. Patients were
divided into two groups related to sustained virologic
response (SVR), defined as undetectable HCV RNA, 24
wk after the end of therapy. Patients who achieved SVR
were included into the responder group (R) and those
without SVR into non-responder group (NR). Paraffinembedded biopsy specimens were stained and evaluated
using the scoring system according to Scheuer[22]. TGF-β1,
TIMP-1, and MMP-1 plasma concentrations were
measured at baseline, 24 and 48 wk after treatment and
additionally 24 wk after the termination of the treatment
(wk 72). Serum liver function tests and scored histological
changes were investigated for the possible correlation
with TGF-β1, TIMP-1, and MMP-1. Normal values of
TGF-β1, TIMP-1, and MMP-1 were collected from 13
healthy volunteers (5 females and 7 males , mean age: 48±
6 years).
Methods
Venous blood for plasma TGF-β1, TIMP-1, and MMP-1
was collected on ice using tubes with EDTA. Samples for
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TGF-β1 were immediately activated with acetic acid and
urea and assayed with ELISA using recombinant human
TGF-β soluble receptor Type II (TbR-II) as a solid phase
precoated onto a microplate (Quantikine®, R&D Systems
Inc., Minneapolis, USA) as described previously[23]. TIMP-1
and MMP-1 were assayed by the two-site ELISA sandwich
technique (Amersham Pharmacia Biotech, Little Chalfont,
Buckinghamshire, UK) using specific antibodies as a solid
phase. MMP-1 assay recognized total human MMP-1,
namely free and complexed with TIMP-1. TIMP-1 assay
recognized total human TIMP-1, including free and
complexed with any of the metalloproteinases bound to
the solid phase. TIMP-1 or MMP-1 bound to the solid
phase was detected by peroxidase-labeled antibodies. There
was no cross-reactivity between TIMP-1 and MMP-1
in these assays. Alanine and aspartate aminotransferase
(ALT and AST) activity and bilirubin concentration were
measured in serum using a Cobas Mira instrument (Roche).
Statistical analysis
Values were expressed as mean±SE. The significance of
the difference was calculated by two-tailed Student's t test.
For correlation analysis, the Pearson’s product moment
correlation was perfor med. P<0.05 was considered
statistically significant.

RESULTS

Plasma concentrations of TGF-β1 and TIMP-1 measured
before PEG-IFN-a2b/RBV treatment (mean: 30.9±3.7
and 1 506±61 ng/mL respectively) significantly exceeded
the nor mal values (18.3±1.6 and 1 102±67 ng/mL
respectively). Treatment resulted in a significant decrease
of TGF-β1 by wk 24, and its further decline at the end
of the treatment as well as 24 wk after its completion
to the level similar to normal (Table 1). TIMP-1 plasma
mean concentration also decreased, but did not differ
significantly from baseline. Moreover, it remained on the
level significantly exceeding controls during treatment
and follow-up period (Table 1). Mean MMP-1 baseline
level (6.5±0.9 ng/mL) was significantly lower than normal
(11.9±0.9 ng/mL) but increased during the treatment.
After treatment, its level still remained lower than normal
but the difference was not significant (Table 1). There
was a significant positive correlation between TIMP-1
and aminotransferases as well as between TGF-β1 and
AST at baseline (Table 2). A significant correlation was
also demonstrated between baseline TGF-β1 or TIMP-1
concentrations and scored fibrosis in pre-treatment
liver biopsy specimens (Table 3). No association was

Table 1 Plasma concentrations of TGF-β1, TIMP-1, and MMP-1
during treatment (mean±SE)
Controls
		
TGF-β1 (ng/mL)
TIMP-1 (ng/mL)

18.3±1.6
1 102±67

MMP-1 (ng/mL)

11.9±0.9

a

c

Weeks after starting treatment
0
24
48
72
30.9±3.7a 21.2±2.8c 17.9±2.0c 21.0±2.5c
1 506±61a 1 372±70a 1 389±51a
1410±66a
6.5±0.9a

P<0.05 vs normal, P<0.05 vs baseline.

7.2±1.5a

7.5±2.6

8.0±1.6
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Table 2 Correlation expressed by r-value between biochemical
indices of liver injury and TGF-β1, TIMP-1, or MMP-1 in chronic
hepatitis C patients before treatment
TGF-β1 (ng/mL)
TIMP-1 (ng/mL)

Bilirubin
0.240
0.023

MMP-1 (ng/mL)

–0.192

ALT
0.163
0.393a

AST
0.388a
0.370a

–0.130

–0.299

a

P<0.05 biochemical indices vs TGF-b1, TIMP-1, and MMP-1.

Table 3 Correlation expressed by r-value between scored
histological picture and TGF-β1, TIMP-1, or MMP-1 in chronic
hepatitis C patients before treatmen
TGF-β1 (ng/mL)
TIMP-1 (ng/mL)

Portal
0.088
0.091

MMP-1 (ng/mL)

0.229

Inflammation

Fibrosis

Lobular
–0.132
0.326

0.495a
0.404a

0.360

–0.018

a

P<0.05 histological score vs TGF-b1, TIMP-1, and MMP-1

demonstrated between MMP-1 and biochemical or
histological signs of liver injury (Tables 2 and 3).
SVR was observed in 12 among 28 patients (43%).
Evaluation of baseline liver function tests showed no
statistically significant differences between R and NR
groups (Table 4). Treatment did not affect bilirubin levels
in both groups. Responders demonstrated a significant
decrease of ALT and AST activities during the treatment
and follow-up. Decline of aminotransferases activity
in NR group was only temporal and rose to values
significantly higher than in R group after discontinuation
of the treatment (Table 4). As demonstrated in Figure 1,
scored values of histologic changes were similar before the
treatment. There were no significant differences between
biopsies preformed before and after the treatment in NR
group. In contrast, responders demonstrated improvement
after the treatment; however, statistically significant
difference between score values at wk 0 and 48 was noted
only in respect to portal inflammation.

3
Non-responders
Responders

Score

2

1

0
48
0
Portal
inflammation

0

48
Lobular

inflammation

0

48

(wk)

Fibrosis

Figure 1 Mean score values of histologic changes in liver biopsy specimens
before (wk 0) and after (wk 48) treatment. Statistically significant difference is
indicated with arrows.
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Table 4 Values of biochemical indices of liver injury during
treatment (0, 24, and 48 wk) and 24 wk after its completion (wk 72)
in both groups

Bilirubin Non-responders
(mg%)
Responders
ALT(U/L) Non-responders
Responders
AST(U/L) Non-responders
Responders

Weeks after the beginning of treatment
0
24
48
72
1±0.1
1±0.1
0.7±0.1
0.9±0.1
1.1±0.1
1.1±0.1
0.9±0.1
1.0±0.1
101±15
40±6c
55±20
98±18a
c
c
96±13
35±9
24±5
22±2c
58±8
30±4c
34±6a,c
64±10a
48±6
26±3c
20±1c
19±2c

a

P<0.05 responders vs non-responders, cP<0.05 vs baseline.

There were no statistically significant differences in
TGF-β1, TIMP-1, and MMP-1 concentrations between
R and NR groups at the baseline and 24 wk after the
treatment. As demonstrated in Figure 2A, TGF-β1 mean
concentration decreased to the control level during
treatment in both groups. However, 24 wk after the
treatment (wk 72), values in NR patients increased (23.2±
2.3 ng/mL) and became significantly higher than those in
R group (18.6±3.7 ng/mL). As shown in Figure 2B, mean
concentration of TIMP-1 decreased during the treatment
only in R group and there were no statistically significant
differences in comparison with controls at wk 24, 48,
and 72. In contrast, TIMP-1 concentration in NR group
remained significantly elevated (above 1 500 ng/mL)
during treatment and follow-up (Figure 2B). Significant
difference between both groups was demonstrated at
wk 48 and 72. As shown in Figure 2C, MMP-1 levels
were significantly decreased in both groups at baseline.
Treatment caused rise of its concentration only in the R
group, whereas the values in NR group remained on the
level similar to baseline. Statistically significant difference
between groups was noted at wk 48 and 72 (Figure 2C).

DISCUSSION

The effect of TGF-β1 on liver fibrosis is at least in part
related to stimulation of TIMP-1 that affects MMP
activity and is responsible for inhibition of ECM protein
breakdown[3]. The pivotal role of TGF-β1 in fibrogenesis
is initially proved in transgenic mice with overexpression
of TGF-β1, causing increase of its plasma levels up
to 700 ng/mL and a marked upregulation of TIMP-1
gene expression[24-26]. Recent studies demonstrated that
HCV proteins can stimulate secretion of TGF-β1 and
production of ECM proteins by HSCs[9,10]. On the other
hand, Murata et al.[8] showed that TGF-β suppresses viral
HCV-RNA replication and can affect the mechanism of
liver disease caused by HCV. Chronic liver injury leading
to fibrosis displays diminished ECM degradation mainly
through TIMP induction following MMP inhibition[3]. As
demonstrated recently, TIMP-1 recombinant plasmid has
inhibitory effects on the production of types I and III
collagens secreted by activated rHSCs in vitro[27].
T he most impor tant factor affecting TGF-β1
measurement in human beings is from platelets which
are an impor tant source of this cytokine [28] . T he
Quantikine ELISA System is recommended because
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Figure 2 Mean TGF-β1 (A), TIMP-1 (B), and MMP-1 (C) plasma concentrations before and during IFN-α plus RBV therapy as well as 24 wk after its completion (wk 72) in
respect to the treatment efficacy. Statistical significance in comparison to normal values is indicated with asterisks and between groups with arrows.

of quick and simple activation with acid and urea that
disrupt the majority of TGF-β1 complexes. Mean plasma
concentration of TGF-β1 measured in our healthy controls
with this method is consistent with the range from more
than 20 studies reviewed by Grainger et al.[28].
According to our previous research, TGF-β1 and
TIMP-1 correlate with the degree of liver insufficiency,
hepatocyte injury and degree of fibrosis in human beings
with liver cirrhosis and chronic viral hepatitis [12,23,29].
Association between TGF-β1 mRNA in liver specimens
and fibrogenic activity in chronic hepatitis is demonstrated
for the first time by Castilla et al.[30]. Ten years after the
association between circulating or tissue TGF- b and
liver fibrosis in HCV infection has been confirmed by
Kanzler et al.[13]. As demonstrated by Yoo et al.[31] and Lee
et al.[32], HBV antigens also stimulate TGF-β1 synthesis.
According to Neuman et al.[20,33], serum TNF-α reflects the
progression of inflammation, whereas TGF-β reflects the
degree of fibrosis in HCV patients. A similar relationship
has been demonstrated with respect to primary biliary
cirrhosis and alcoholic liver disease[34]. Our previous study
showed that a positive predictive value of TGF-β1 plasma
levels exceeding the upper normal range reaches 96% for
liver cirrhosis[23]. According to Boeker et al.[11] measurement
of plasma TIMP-1 detects cirrhosis with 100% sensitivity
but a lower specificity. Lichtinghagen et al.[14] demonstrated
that MMP-1 mRNA expression increases steadily with
fibrosis prog ression during the course of chronic
hepatitis C. Walsh et al.[17] who studied liver histology in
patients with chronic hepatitis C have underlined the high
sensitivity of TIMP-1 and TIMP-2 in detecting advanced
liver disease. According to Nie et al.[35], there is a significant
correlation between circulating and liver levels of TIMP-1
in cirrhotics, indicating that its measurement in plasma
may be useful in fibrosis management. These observations
indicate the usefulness of both TGF-β1 and TIMP-1 as
possible early non-invasive biomarkers for liver fibrosis.
In this study, we confirmed the association between
the degree of hepatocyte injury or liver fibrosis and
plasma TGF-β1 or TIMP-1 levels in patients with chronic
hepatitis C. As the levels of TGF-β1 showed a similar
behavior in both groups during therapy, it is unclear

whether its decrease is a direct effect of medication on
the expression or an effect caused by HCV inhibition.
However, measurement carried out 24 wk after treatment
demonstrated an association with treatment efficiency.
Similar effects on plasma TGF-β1 have been observed by
Castilla et al.[30] and Neuman et al.[20] and in our previous
study of chronic hepatitis B [29]. TIMP-1 and MMP-1
concentrations demonstrated significant differences
between groups at the end of the treatment and after
24 wk of follow-up. Since plasma TIMP-1 and MMP-1
remained on the baseline level in non-responder group
only, lack of their normalization should be considered
as a possible indicator of ineffective antiviral therapy.
Results of the present study are in accordance with our
previous findings, demonstrating the strong association
between TGF-β1 or TIMP-1 plasma levels and scored
hepatic fibrosis evaluated in biopsy specimens of patients
with chronic hepatitis B and C[12]. Since the findings of
increased TGF-β1 and TIMP-1 are accompanied with
an elevation in plasma carboxyterminal cross-linked
telopeptide of type 1 procollagen (ICTP), indicating
type I collagen degradation, collagenolytic mechanisms
precede TGF-β1/TIMP-1 dependent stimulation of liver
fibrosis[12]. Low MMP-1 plasma levels before the treatment
in the present study are consistent with this observation
as well as in accordance with Murawaki et al. [15] who
demonstrated a decrease in MMP-1 concentration during
histological progression of chronic hepatitis. Moreover,
significantly decreased baseline plasma MMP-1 followed
by an increase during treatment supports the role of
TGF-β1/TIMP-1 dependent mechanism of liver fibrosis
in patients with active chronic hepatitis C. Similar effects
on MMP-1 and TIMP-1 in patients with chronic hepatitis
C have been observed by Ninomiya et al.[16] who showed
improvement of liver histology after treatment with
IFN-α alone. Downregulation of the mechanism causing
an increase of MMP-1 activity should be considered as
the probable reason for this effect. As we demonstrated
recently, treatment of chronic hepatitis B with lamivudine
affects TGF-β1, TIMP-1, and MMP-1 plasma levels in
a similar way and this mechanism should be recognized
as an effect of response to the antiviral treatment,

Flisiak R et al. TGF-b1, TIMP-1, and MMP-1 in chronic hepatitis C

irrespective of the etiology[29].
Results of this study support the role of TIMP-1 and
MMP-1 balance in the TGF-β1 dependent mechanism
of liver fibrosis related to HCV infection. Association
between hepatic injury and antiviral treatment efficacy
suggests their possible usefulness in chronic hepatitis C
management. Elevated TIMP-1 and low MMP-1 plasma
concentrations during antiviral therapy may indicate
medication failure.
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INTRODUCTION
Abstract

AIM: To assess the frequency and the risk factors of
stress-induced gastrointestinal (GI) bleeding in children
admitted to a pediatric intensive care unit (PICU).
METHODS: The medical records of children aged between 1 month and 15 years admitted to the PICU between January 2002 and December 2002 were reviewed.
Demographic data, indications for PICU admission, principle diagnosis, and basic laboratory investigations were
recorded. Previously described factors for stress ulcer
bleeding (mechanical ventilation, sepsis, acute respiratory distress syndrome, renal insufficiency, coagulopathy,
thrombocytopenia, and intracranial pathology) were used
as independent variables in a multivariate analysis.
RESULTS: One hundred and seventy of two hundred
and five medical records were eligible for review. The
most common indication for PICU admission was respiratory failure (48.8%). Twenty-five children received stress
ulcer bleeding prophylaxis with ranitidine. The incidence
of stress ulcer bleeding was 43.5%, in which 5.3% were
clinically significant bleeding. Only mechanical ventilation and thrombocytopenia were significantly associated
with stress ulcer bleeding using the univariate analysis.
The odds ratio and 95% confidence intervals were 5.13
(1.86-14.12) and 2.26 (1.07-4.74), respectively. However, the logistic regression analysis showed that mechanical ventilation was the only significant risk factor with
the odds ratio of 14.1.
CONCLUSION: The incidence of gastrointestinal bleeding was high in critically ill children. Mechanical ventilation was an important risk factor for gastrointestinal
bleeding.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Stress ulcer bleeding is one of the common complications
in critically ill patients admitted to the intensive care
unit. Its incidence in adults ranges from 0.17% to 14%,
depending on the diagnostic criteria, patient selection,
and methods of investigation[1-4]. There have been a few
reports of this condition in pediatric populations with
the incidence varying from 10% in a pediatric intensive
care unit to 53% in a neonatal intensive care unit[5,6]. This
study was designed to assess the frequency and the risk
factors of stress-induced upper gastrointestinal bleeding in
critically ill children admitted to a pediatric intensive care
unit.

MATERIALS AND METHODS
Patients
All medical records of children younger than 15 years
admitted to the PICU between Januar y 2002 and
December 2002 at Chiang Mai University Hospital were
retrospectively reviewed. Our hospital is a tertiary care
center with a facility of six-bed PICU, taking care of
approximately 83% of medical and 17% of surgical
pediatric patients. The general indications for admission
included respiratory/cardiovascular failure, shock, coma,
post-operative care, and patients requiring intensive
monitoring. The patients with duration of admission
in PICU shorter than 48 h, positive previous history
of GI bleeding, recent GI tract surgery, brain death,
and epistaxis/oropharyngeal bleeding were excluded.
Demographic data, indications for PICU admission,
and principle diagnosis as well as basic laborator y
investigations including hemoglobin level, platelet count,
coagulation studies, blood urea nitrogen (BUN), creatinine
(Cr), and liver function tests were recorded. Upper
GI bleeding during PICU admission was categorized
as overt and clinically significant bleeding. Overt GI
bleeding (OB) was diagnosed, if there was evidence of
hematemesis, coffee ground gastric content, or melena;
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whereas clinically significant bleeding (CSB) was defined
as overt GI bleeding associated with major changes in vital
signs, namely a decrease in blood pressure greater than
20 mmHg, an increase in heart rate of >20 beats above
the baseline value, and a decrease in hemoglobin level of
more than 2 g/dL. Based on previous studies in adults,
potential risk factors were used. These were the use of
mechanical ventilation, sepsis, acute respiratory distress
syndrome (ARDS), renal insufficiency, coagulopathy,
thrombocytopenia, and intracranial patholog y. The
diagnostic criteria for these conditions were: sepsis-at least
two of the following, body temperature >38 °C or <36 °
C, heart rate >160/min (infant) or >150/min (child) or
>90/min (adolescent), WBC >15 000 or <4000/mm 3,
and band form >10% or there was a positive blood
culture; ARDS - positive alveolar infiltration in both lungs
on chest X-ray and PaO2/FiO2 <200 without evidence of
left-sided heart failure; renal insufficiency - Cr >2 mg/dL, or
requiring dialysis; coagulopathy - prothrombin time (PT) >3s
and partial thromboplastin time (PTT) >10 s above the
control value; thrombocytopenia -’platelet count<100 000/mm3;
intracranial pathology - abnormal imaging study, meningitis,
or encephalitis. This study protocol was approved by the
Research Ethic Committee of Chiang Mai University.
Statistical analysis
All data were assessed by SPSS program. Cross-tabulations
were analyzed using the χ 2 test, presented as the odds
ratio and 95% confidence interval, in which a P<0.05 was
considered statistically significant. Multivariate analysis of
various independent variables was performed using logistic
regression modeling.

RESULTS
Over the 12-month period, 205 of 258 medical records
were available for review (53 records were missing).
Thirty-five cases were excluded for the following reasons:
duration of admission shorter than 48 h (n = 28),
incomplete medical records (n = 3), epistaxis (n = 2),
brain death (n = 1), and recent gastrointestinal surgery
(n = 1). Therefore, a total of 170 charts were eligibly
reviewed. There were 89 males (52.4%) with an average
age of 3.8 years. The total duration of admission was 7.2 d
(2-35 d). The most common indication for PICU admission
was respiratory failure (48.8%). The demographic data of
children with and without bleeding are shown in Table 1.
Twenty-five children received stress ulcer bleeding
prophylaxis, in which ranitidine was used in 22 cases
with a dosage of 3 mg/kg/d; whereas the other three
patients received antacids. In the subgroup of children
who received stress ulcer prophylaxis, 14 cases developed
upper GI hemorrhage (3 CSB and 11 OB); whereas stress
ulcer bleeding occurred in 60 of 145 cases who did not
receive the prophylactic treatment (6 CSB and 54 OB).
GI bleeding complicated 43.5% of cases admitted to
the PICU and 5.3% had clinically significant bleeding.
Twenty-two percent of patients with CSB were diagnosed
as dengue hemorrhagic fever, compared to none in the
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Table 1 Demographic data of children with and without stressinduced GI bleeding
Bleeding
(n = 74)

No bleeding
(n = 96)

P

Age (yr)1
Sex, male
Duration of admission (d)1

3.82 (0.44)
41
8.23 (0.78)

3.84 (0.40)
48
6.41 (0.58)

0.977
0.484
0.062

Underlying diseases
Respiratory system
Cardiovascular system
Neurological system
Hemato/oncologic system
Infections/HIV
Gastrointestinal system
Others

8
9
19
11
14
5
8

15
18
25
11
9
6
12

0.445

Characteristic

1

Presented as mean±SE.

patients without bleeding.
Among the independent variables, only mechanical
ventilation and thrombocytopenia were significantly
associated with stress ulcer bleeding using the univariate
analysis. The odds ratio and 95%CI were 5.13 (1.86-14.12)
and 2.26 (1.07-4.74), respectively (Table 2). Using
multivariate analysis, only mechanical ventilation was
found to be significantly associated with the development
of gastrointestinal bleeding in critically ill patients (P<0.05).
In our study, stress ulcer prophylaxis did not reduce the
risk of bleeding. The overall mortality rate was 18.8%.
Gastrointestinal bleeding and transfusion requirements
were associated with high mortality (P<0.05).

DISCUSSION
Stress-induced gastrointestinal lesions, including gastritis,
erosions, gastric, and duodenal ulcers, can result in
significant upper gastrointestinal hemorrhage, increased
morbidity and mortality[2]. The prevalence varies between
studies [1-6] . In our series, 5% of the cases developed
clinically significant bleeding which is considerably higher
than that in previous studies performed in pediatric
population [5,7]. This might result from a relatively high
prevalence of hemorrhagic fever which commonly
causes thrombocytopenia and subsequent gastrointestinal
bleeding in our region. As noted in our report, 22% of the
cases with CSB were diagnosed as dengue hemorrhagic
fever. Additionally, we did not routinely use stress ulcer
prophylaxis in all patients, and patients with ranitidine
prophylaxis did not receive the recommended dose
of 6 mg/kg/d [8]. This may explain the poor beneficial
prophylactic effect noted in our study. Apart from clinically
significant bleeding, we also found a high prevalence
of overt upper gastrointestinal bleeding (38.2%), which
is comparable to the retrospective report section from
Kuusela et al. in neonates[6]. However, this figure could
be exceptionally high due to a possibility of inclusion of
traumatic nasogastric tube injuries which are very difficult
to be documented in such a retrospective design and
we did not routinely perform endoscopy in all children
to delineate the cause of upper GI bleeding during the
study period. Although we believe that the prevalence
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Table 2 Risk factors for stress-induced GI bleeding in children (n = 170)
n

Risk factors

Mechanical ventilation

Gastrointestinal

Odds ratio (95%CI)

Odds ratio (95%CI)

bleeding (%)

simple regression

multiple regression
14.096 (2.205–90.112)

Yes

139

49.6

5.126 (1.861–14.118)

No

31

16.1

P = 0.001

P = 0.005

Thrombocytopenia

Yes

37

59.4

2.256 (1.073–4.745)

3.462 (0.843–14.216)

No

132

39.4

P = 0.030

P = 0.085

Renal insufficiency

Yes

9

77.8

4.858 (0.978–24.124)

2.763 (0.326–23.426)

No

160

43.1

P = 0.035

P = 0.351

Prolonged PT

Yes

34

64.7

2.292 (0.946–5.551)

1.222 (0.289–5.161)

No

32

44.4

P = 0.064

P = 0.785

Prolonged PTT

Yes

37

62.2

2.071 (0.876–4.899)

1.198 (2.640–5.446)

No

52

44.2

P = 0.095

P = 0.815

ARDS

Yes

96

46.9

2.050 (0.912–4.610)

0.772 (0.171–3.487)

No

54

38.5

P = 0.080

P = 0.737

Sepsis

Yes

69

49.3

1.481 (0.799–2.748)

1.234 (0.325–4.691)

No

101

39.6

P = 0.212

P = 0.757

Intracranial pathology

Yes

32

46.8

1.181 (0.546–2.556)

1.192 (0.283–5.010)

No

138

42.8

P = 0.672

P = 0.811

reported in this study might be over-estimated, it discerns
a significant magnitude of the problem that requires
careful medical attention. Similar to previous studies in
adults and children, the mechanical ventilation was found
to be the most significant risk factor for stress-induced
gastrointestinal bleeding in our study [1,2,5,6]. Although
coagulopathy is also noted as a significant independent
risk factor in some studies[1,2,5,7], this was not observed in
our series using multivariate analysis. A further prospective
study with a larger sample size is needed.
Imbalance between protective and destructive factors
has been postulated as a basic pathophysiology of GI
bleeding. Increased acid production and decreased gastric
blood flow, secondary to hypotension and metabolic
acidosis, are composed of major physiologic responses
leading to mucosal injuries. Hemorrhagic gastritis affects
mainly the gastric body as it is the most vulnerable area
for ischemic injury[4]. As a result, prophylactic strategies
with H2RA and cytoprotective agents have been widely
prescribed to the critically ill patients admitted to the
intensive care unit. Lacroix et al. [9] have reported a
significant increase in the gastric pH following cimetidine
prophylaxis stress ulcer bleeding in children, but no
prophylactic benefit was demonstrated in their study.
Kuusela et al. [10] showed that short-term prophylactic
ranitidine treatment could prevent gastric mucosal lesions
in newborn infants under stress. Cook et al.[11] performed a
meta-analysis and showed that H2RA significantly reduces
clinically important bleeding over sucralfate and antacids.
However, overgrowth of Gram-negative bacteria following
the increase of gastric pH by antisecretory agents can be
associated with ventilator-associated pneumonia (VAP)[12,13].
Lopriore et al. [14] reported that 8.4% of mechanically
ventilated children develop VAP. Among these, more
children prophylactically treated with ranitidine tend to
be associated with VAP than those in the control group

(11.1% vs 6.2%), despite no statistical significance. The
use of sucralfate, since its introduction, seems logically
useful in preventing this complication. Unfortunately, this
hypothesis was not supported by the large meta-analysis
study[11].
Ben-Menachem et al. [15] did a cost-effective analysis
on stress ulcer prophylaxis and suggested that the cost
of prophylaxis is substantial and may be prohibitive in
ICU patients at low risk of developing stress-related
hemorrhage. Therefore, several authors have recently
suggested that such prophylaxis should be selective and
may be indicated only for patients at high risk, particularly
in those with mechanical ventilation and coagulopathy[2,7].
However, the cost estimation in PICU on this issue has
not been well studied.
In conclusion, the incidence of gastrointestinal bleeding
is high in critically ill children. Mechanical ventilation is a
significant risk factor for gastrointestinal bleeding.
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Abstract
AIM: To investigate the influence of infliximab (Remicade)
on experimental colitis produced by 2,4,6,trinitrobenzene
sulfonic acid (TNBS) in rats.
METHODS: Thirty-six Wistar rats were allocated into
four groups (three groups of six animals each and a
fourth of 12 animals). Six more healthy animals served
as normal controls (Group 5). Group 1: colitis was
induced by intracolonic installation of 25 mg of TNBS
dissolved in 0.25 mL of 50% ethanol and infliximab
was subcutaneously administered at a dose of 5 mg/kg
BW; Group 2: colitis was induced and infliximab was
subcutaneously administered at a dose of 10 mg/kg
BW; Group 3: colitis was induced and infliximab was
subcutaneously administered at a dose of 15 mg/kg
BW; Group 4: colitis was induced without treatment with
infliximab. Infliximab was administered on d 2–6. On the
th
7 d, all animals were killed. The colon was fixed in 10%
buffered formalin and examined by light microscopy for
the presence and activity of colitis and the extent of
tissue damage. Tumor necrosis factor-alpha (TNF-α) and
malondialdehyde (MDA) were also measured.
RESULTS: Significant differences concerning the
presence of reparable lesions and the extent of bowel
mucosa without active inflammation in all groups of
animals treated with infliximab compared with controls
were found. Significant reduction of the tissue levels of
TNF-α in all groups of treated animals as compared with
the untreated ones was found (0.47±0.44, 1.09±0.86,
0.43±0.31 vs 18.73±10.53 respectively). Significant

reduction in the tissue levels of MDA was noticed in
group 1 as compared to group 4, as well as between
groups 2 and 4.
CONCLUSION: S ubc ut a ne o us a dm inis t ra t i o n o f
infliximab reduces the inflammatory activity as well as
tissue TNF-α and MDA levels in chemical colitis in rats.
Infliximab at a dose of 5 mg/kg BW achieves better
histological results and produces higher reduction of
the levels of TNF-α than at a dose of 10 mg/kg BW.
Infliximab at a dose of 5 mg/kg BW produces higher
reduction of tissue MDA levels than at a dose of 15 mg/
kg BW.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Ulcerative colitis is a chronic relapsing inflammatory
condition involving the large bowel of unknown etiology.
Clinical manifestations are considered to be the result of
an imbalance between proinflammatory and inflammatory
cytokines, resulting in inflammation and clinical symptoms.
Activated T-lymphocytes release cytokines, thereby
recruiting a large number of inflammatory cells in the
mucosa. Activation of these cells causes further production
of cytokines, cell recruitment and inflammation. In
addition to cytokines, leukotrienes, thromboxane, and
reactive oxygen species are released from activated mucosal
cells[1]. This uncontrolled immune system activation results
in the sustained overproduction of reactive metabolites
of oxygen and nitrogen[2]. It has been suggested that selfsustaining cycles of oxidant formation may amplify flareups of inflammation and mucosal injury in ulcerative
colitis[3]. Treatment of ulcerative colitis includes a wide
range of anti-inflammatory and immunosuppressant drugs
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with satisfactory results.
TNF-α is a pleiotropic cytokine with important
proinflammatory and immunomodulatory properties.
This cytokine plays a significant role in a number of
inflammatory disorders including inflammatory bowel
disease[4]. It has been shown that administration of the
chimeric anti-TNF-α antibody in patients with active
Crohn’s disease results in a dramatic improvement of many
clinical and laboratory parameters[5,6]. One of the most
striking findings of the initially performed clinical trials
is the observation that infliximab administered at a dose
of 5 mg/kg BW results in better patients’ improvement
than at the dose of 10 or 15 mg/kg BW. Infliximab has
also been administered in severe ulcerative colitis patients
with promising results[7-9], though the clinical benefit is not
prominent in patients refractory to previous administration
of steroids [10,11]. Experimental evidence suggests that
TNF-α may also play a role in the pathogenesis of
experimental colitis[12].
The aim of this study was to investigate the influence
of infliximab on experimental colitis in rats, produced by
TNBS and to estimate its influence on the oxidative stress
accompanying this model of colitis.

METHODS
The experimental procedures described below were
approved by the Animal Care Committee according to
the European Union Act and Greek Law 160, A-64, May,
1991.
General preparation
Adult male Wistar rats weighing 200-240 g were allowed
to adapt to our laboratory conditions 1 wk prior to the
experiment. They were housed individually in cages at a
constant temperature (22 °C) and in a 12-h d/night cycle
with free access to food and water. A total number of 36
rats were used. They were randomly allocated into five
groups. Group 1: experimental colitis was induced and
infliximab was subcutaneously administered at a dose
of 5 mg/kg BW (“Infliximab 5”); Group 2: experimental
colitis was induced and infliximab was subcutaneously
administered at a dose of 10 mg/kg BW (“Infliximab 10”);
Group 3: experimental colitis was induced and infliximab
was subcutaneously administered at a dose of 15 mg/kg
BW (“Infliximab 15”); Group 4: experimental colitis was
induced without treatment with infliximab (12 animals)
(“Untreated”). Six more healthy animals served as controls
(Group 5). On the 7th d, all animals were killed and the
colon was removed. The same part of rat’s colon was used
for histology as well as for MDA and TNF-α estimation.
Induction of experimental colitis
Distal colitis was induced by intracolonic installation of
25 mg of TNBS dissolved in 0.25 mL of 50% ethanol.
The solution was injected into the colon 8 cm proximal
to the anus with a PE-50 cannula. In order to ensure that
TNBS-ethanol solution was not immediately expelled by
the rat, the cannula was left in place for 15 s prior to its
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removal.
Drug administration
Infliximab was administered subcutaneously only in groups
1, 2, and 3 on d 2-6 at the doses of 5, 10 and 15 mg/kg
BW, respectively. The subcutaneous administration has not
previously been tried in both men and animals. We chose
to administer the drug for five consecutive d and not to
follow the usual scheme of administration of infliximab
in patients with Crohn’s disease because we were unable
to predict the exact serum levels of the drug following
the subcutaneous administration. A second reason was
the fact that in this model of experimental colitis, the
recommended time to kill the animals was 7 d. Following
two or more weeks, the macro- and microscopic lesions
were usually not detectable in the survived animals.
Healthy control animals were given a subcutaneous dose
of normal saline from d 2 to 6.
Histology
Specimens were fixed in 10% buffered formalin and
embedded in paraffin blocks (3-4 blocks for each case).
Then hematoxylin-eosin stained sections were blindly
examined by two pathologists. In each case, the extent of
lesions (expressed as a percentage of tissue damage of
the whole bowel length) was estimated. The histological
lesions such as active ulcers and erosions and reparable
lesions (newly re-epithelized lesions or granulation tissue
beneath cylindrical epithelium) were estimated. The extent
of mucosa without signs of active inflammation was also
estimated as previously described[13-16].
Tissue malondialdehyde (MDA) estimation
The MDA measurement was based on the reaction of a
chromogenic reagent, N-methyl-2-phenylindole (MPI),
with MDA at 45°C. One molecule of MDA reacted with
two molecules of MPI to yield a stable chromophore
with maximum absorbance at 586 nm. The reagents
used included Reagent MPI, 10.3 mmol/L N-methyl-2phenylindole in acetonitrile, MDA standard, 10 mmol/L
1,1,3,3-tetramethoxypropane in 20 mmol/L Tris-HCl,
500 mmol/L butylated-hydroxytoluene, in acetonitrile,
20 mmol/L Tris buffer pH 7.4, 0.9% NaCl, 37% (12 mol/L)
HCl, methanol, HPLC grade, acetonitrile and HPLC grade.
Before the procedure, three volumes of the MPI reagent
were diluted with one volume of 100% methanol. Tissue
samples were rinsed with ice-cold isotonic saline before
homogenization which was carried-out using Tris buffer
20 mmol/L pH 7.4 and an ULTRA-TURRAX (IKALabortecnik) blender. One milliliter buffer was used for
0.1 g of tissue. Ten milliliters of 500 mmol/L BHT was
added to 1 mL of tissue homogenate to prevent sample
oxidation. The homogenate was centrifuged at 3 000 r/
min at 4 °C for 10 min. Then 0.2 mL of sample (plasma
or supernatant of tissue homogenate) and 0.65 mL
of diluted MPI reagent were added to a polypropylene
microcentrifuge tube. The mixture was vortexed and then
0.15 mL of 12 mol/L HCl was added. Tubes were incubated
at 45 °C for 60 min and centrifuged at 6 000 r/min.
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Table 1 Comparison of histological lesions in treated and untreated
groups of animals (mean±SD)
Group

Active ulcers

P value

and erosions
1 (Infliximab 5, n = 6)

0.07±0.12

Reparative

P value

lesions

Table 3 Tissue TNF-α levels in treated and untreated groups of
animals (mean±SD)
Group

<0.0001

1.09±0.86

<0.0001

0.43±0.31

<0.0001

0.38±0.12

0.0001

2 (Infliximab 10)

2 (Infliximab 10, n = 6)

3.77±5.07

0.42

0.80±0.14

0.0001

3 (Infliximab 15)

3 (Infliximab 15, n = 6)

25.02±38.90

1.00

1.00±0.47

0.0001

4 (Untreated)

4 (Untreated, n = 12)

25.00±38.91

Group

Percentage of mucosa without active

18.73±10.53

5 (Healthy animals)

Table 2 Percentage of bowel area without active inflammation in
treated and untreated groups of animals (mean±SD)
P value

������������
inflammation

P value

0.47±0.44

0.30

15.00±5.48

Tissue TNF-α (pg/mL)

1 (Infliximab 5)

0.00+/–0.0

Table 4 Mean value of tissue malondialdehyde in treated and
untreated groups of animals (mean±SD)
Group

Serum malondialdehyde (μmol/l)

P value

1 (Infliximab 5)

1.85±0.20

0.017

1 (Infliximab 5)

99.55±0.19

0.049

2 (Infliximab 10)

1.84±0.37

0.011

2 (Infliximab 10)

95.43±5.15

0.088

3 (Infliximab 15)

2.29±0.56

0.272

3 (Infliximab 15)

73.98±39.29

0.705

4 (Untreated)

2.73±0.46

4 (Untreated)

60.00±37.18

for 15 min. Then 0.8 mL of the supernatant was measured
at 586 nm. MDA standards for the standard curve were
made by dilutions of the stock 10 mm TMOP solution.
The final concentrations were 2.08, 4.16, 8.33, 12.5 and
16.66 μmol/L and the assay procedure was followed as for
the samples. The absorbance was 0.059, 0.124, 0.264, 0.4,
and 0.545 respectively.
Tissue TNF-α estimation
TNF-α was determined after tissue homogenization by
ELISA. In order to avoid errors in the interpretation
of results, a specific rat antibody was used (antirat,
DIACLONE Research) instead of human antibody against
TNF-α.
Statistical analysis
Data were presented as mean±SD. Statistical comparisons
between groups were made by one-way ANOVA followed
by Dunnett’s (two-sided) test. A difference between
treated (1-3 groups) and untreated (group 4) animals was
considered statistically significant at the level of P<0.05.
Computations were done using the statistical package SPSS
(version 11.0).

RESULTS
Histology
Table 1 shows the percentage of bowel area with the
presence of active ulcers and erosions and reparative
lesions observed in the treated and untreated groups of
animals. Significant differences concerning the presence
of reparable lesions between all groups of animals treated
with infliximab compared to the untreated ones were
found. Though differences were obvious between groups
1 and 2, they did not reach statistical significance (Table 1).
Table 2 shows the extent of mucosa without active
inflammation in all groups of animals expressed as a
percentage (mean value). Significant differences between

5 (Healthy animals)

1.11+/–0.19

the three groups of treated animals compared to the
untreated ones were observed.
TNF-α tissue levels (pg/mL) (mean value)
The levels of tissue TNF-α in all groups are shown
in Table 3. A significant reduction of the tissue levels
of TNF-α was found in all groups of treated animals
compared to the untreated ones.
Tissue malondialdehyde levels (μM)
The levels of tissue MDA in the treated and untreated
animals are shown in Table 4. A significant reduction
was noticed in group 1 compared to group 4, as well
as between groups 2 and 4. No significant differences
between groups 3 and 4 were noticed.

DISCUSSION
The findings of this experimental study in rats suggested
that subcutaneous administration of infliximab was
biologically effective; infliximab at doses of 5, 10, and
15 mg/kg BW could reduce the histological changes as
observed in this particular experimental model; infliximab
could significantly reduce tissue levels of TNF-α and
MDA; sug gesting that this molecule has probably
antioxidant properties though the latter could be the
consequence of its anti-inflammatory action.
In more details, subcutaneous administration of
infliximab resulted in a significant amelioration of
inflammatory histological lesions, a finding which was more
prominent in the group of animals receiving 5 mg/kg
per d. Administration of the drug resulted in a statistically
significantly smaller area of large bowel with reparable
lesions compared to the untreated group of animals,
although the percentage of bowel area with active
ulcers and erosions did not differ significantly between
treated and untreated animals. It was also shown that
the percentage of bowel area with normal mucosa was
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significantly larger only in the group treated with 5 mg/kg
BW of infliximab as compared to untreated animals.
The percentage of bowel area with normal mucosa did
not differ significantly between groups receiving 10
and 15 mg/kg BW and the untreated group of animals.
Wooddruff et al.[17] also showed that a single IV dose of
infliximab before the induction of experimental colitis
results in a significant reduction of the severity of the
lesions.
In our study, all doses of infliximab significantly
reduced the tissue levels of TNF-α, suggesting that TNF-α
plays a significant pathogenetic role in this model of colitis
as well. The IV dose of 5 mg/kg BW is the currently
recommended one for the treatment of patients with
active Crohn’s disease. The beneficial effect of infliximab
observed in this experimental model is in accordance with
clinical observations showing beneficial clinical effects on
some patients with severe ulcerative colitis[7-9]. TNF-α is a
17-ku proinflammatory cytokine produced by monocytes,
macrophages, and T cells. The biological actions of this
cytokine include induction of acute-phase response,
cachexia, and potentially lethal shock[18]. Furthermore,
TNF-α stimulates secretion of IL-1 and IL-6, expression
of adhesive molecules and fibroblast proliferation. Release
of TNF-α is mediated by a specific metalloproteinase
(TNF-α convertase). After secretion, TNF-α binds as a
soluble ligand to two cell-bound transmembrane TNF
receptors, namely TNFR1 and TNFR2 [19] . Chronic
inflammation in Crohn’s disease can be attributed mainly
to the production of proinflammatory cytokines, especially
TNF-α. This cytokine is considerably increased in the
histologically normal as well as inflamed large bowel
mucosa of patients with Crohn’s disease. It has been
described that thalidomide, a drug with well-known antiTNF-α action, significantly reduces colonic inflammation
induced by iodoacetamide, probably via the inhibition
of TNF-α [20]. This experiment is another paradigm of
amelioration of colitis by a drug with inhibitory influence
of TNF-α.
An important finding of this study is the increased
tissue levels of tissue MDA in the untreated rats and the
reduced tissue levels of MDA in the groups treated with
5 and 10 mg/kg BW. However, the animals treated with
15 mg/kg BW did not show any statistically significant
difference from the untreated ones. There is no obvious
explanation for that, though it seems that the reduction
of MDA levels could not be a phenomenon related to
quantity of the reactive elements. We must emphasize
that the results of the 5 and 10 mg/kg BW administration
of infliximab on MDA levels were quite similar with the
results concerning the corresponding histological lesions.
We suppose that the reduction in lipid peroxidation and
cellular damage originating from oxidative stress following
the administration of infliximab is an important factor
contributing to amelioration of experimental colitis. A
growing number of data suggests that in experimentallyinduced colitis, the colon may be subjected to considerable
oxidative stress[21]. Oxidative stress leads to the extension
and propagation of crypt abscesses either through
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direct membrane disruption by lipid peroxidation or
through generation of secondary toxic oxidants such as
chloramines. Subsequently, chemotactic products of lipid
peroxidation provide positive feedback to accelerate the
inflammatory/oxidative process[22]. Colonic mucosa may
be overwhelmed during active inflammation resulting in
intestinal inflammation due to the inability of the mucosa
to ameliorate the generating stress because of the small
amount of antioxidant enzymes contained in it. It could
be possible that colonic injury and dysfunction observed
in inflammatory bowel disease are due to the elaboration
of these reactive species. Infliximab may have antioxidant
properties as well, as it can be suggested by the significant
reduction of MDA levels observed in all treated groups of
animals though this could simply be the consequence of
its anti-inflammatory action.
Another point of interest of this study is the fact that
subcutaneous administration of the drug resulted in
the reduction of inflammation and tissue damage. The
recommended route of administration of infliximab is
the IV route. The beneficial effect observed in this model
suggests that the other routes of administration of the
drug could be effective in human beings as well.
In conclusion, the results of the present study suggest
that subcutaneous administration of infliximab reduces the
inflammatory activity, as well as tissue TNF-α and MDA
levels in chemical colitis in rats. Moreover, infliximab
at a dose of 5 mg/kg BW achieves better histological
results and produces higher reduction of the levels of
TNF-α than at a dose 10 mg/kg BW. Finally, infliximab
at a dose of 5 mg/kg BW produces higher reduction of
tissue MDA levels than at a dose of 15 mg/kg BW. The
administration of infliximab in rats with chemical colitis
supports the clinical observations that the dose of 5mg/kg
BW produces better results than the dose of 10 or 15 mg/kg
BW. The possible antioxidant properties of infliximab
must be further investigated both from clinical and
experimental points of view.
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Abstract

A I M : To d e t e r m i n e t h e p r e d i c t i v e f a c t o r s f o r
hepatocellular carcinoma (HCC) development in patients
after spontaneous or therapeutic HBeAg seroconversion.
METHODS: In 48 patients who seroconverted to antiHBe positive during follow-up, the background factors for
HCC development were analyzed.
RESULTS: HCC was developed in six patients during
follow-up (average follow-up after HBeAg seroconversion:
10.9±5.4 years). The incidence of HCC evaluated by
Kaplan–Meier analysis was significantly higher in patients
with abnormal aspartate aminotransferase (AST>
4
40 IU/L) level, lower platelet counts (PLT<10×10 /μL),
lower albumin level (Alb<30 g/L), positive HBV-DNA or
older age at seroconversion (>40 years). However, lower
platelet count was the only predictive factor for HCC
development shown by multivariate proportional-hazard
analysis.
CONCLUSION: Active hepatitis or advanced hepatitis at
HBeAg seroconversion or progressive hepatitis even after
HBeAg seroconversion would be the risk factors for HCC
development. These predictive factors should be taken
into account in determining the frequency of biochemical
study or imaging studies for HCC surveillance.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatitis B virus
Hepatitis B virus (HBV) in Japan, where genotype C is
dominant, is generally infected during delivery or early
childhood with immature immune systems, and those
children become HBV carriers before HBV vaccine
was introduced. In adolescents, hepatitis e antigen
(HBeAg) seroconversion to its antibody (anti-HBe)
often occurs after multiple exacerbations, which coincide
with subsidence of hepatic inflammatory activities[1,2].
The failure of seroconversion usually results in chronic
progressive liver diseases and hepatocellular carcinoma
(HCC). T he calculated annual incidence of acute
exacerbation was two times higher in patients with positive
HBeAg or HBV-DNA than those without these markers[3].
The patients who have recurrent episodes of acute
exacerbations with bridging hepatic necrosis are more
likely to develop cirrhosis[4]. These observations suggest
that HBeAg seroconversion to anti-HBe confers favorable
long-term outcomes. On the other hand, most HCC
occurred in HBeAg-negative patients with undetectable
HBV-DNA[5,6], suggesting that all HBV patients should
be carefully followed-up for HCC even after HBeAg
seroconversion. However, there seems to be some
predictive factors for HCC in our clinical experiences.
Previous reports demonstrated the natural history of
anti-HBe positive patients. However, they included
patients with spontaneous reactivation, which may be the
major cause of progressive hepatic damage [7,8]. To our
knowledge, there are no reports about incidences of HCC
that selected only patients who seroconverted to anti-HBe
during follow-up. Therefore, we focused on anti-HBepositive patients without any reactivation of HBeAg and
tried to determine the risk factors for HCC development
to select high risk group for HCC.

MATERIALS AND METHODS
Three hundred and thirty-one HBsAg-positive patients
were followed-up in our hospital between 1990 and 2004.
Inclusion criteria in this study were: (1) follow-up until
death or October 2004; (2) sufficient data to evaluate;
and (3) careful follow-up for HCC with evaluation of
both tumor markers (alpha-fetoprotein or des-gammacarboxyprothrombin) and image studies (USG or CT)
every 3-6 mo. HBeAg serocoversion was determined if
anti-HBe completely became positive and HBeAg was
never recovered retrospectively. We excluded the cases
that showed fluctuation of HBeAg or anti-HBe levels.
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Statistical analysis
Fisher’s exact test or the χ 2 test was used to compare
patients’ backgrounds. Kaplan–Meier analysis and log-rank
test were performed to test a cumulative incidence of HCC
in each group. Multivariate proportional-hazards survival
analysis was used to determine the important risk factors
for HCC. P<0.05 was considered statistically significant.

RESULTS
One hundred and thirty-four out of the 331 HBV patients
were enrolled in this study. Forty six patients (M:F =
34:12) were HBeAg-positive and 88 (M:F = 64:24) patients
were anti-HBe-positive. There were no patients who had
positive tests for both HBeAg and anti-HBe. Regarding
the patients’ backgrounds, age, sex, platelet counts,
albumin level and AST level were similar in both HBeAgpositive and anti-HBe-positive patients. However, ALT
level was significantly higher in HBeAg-positive patients
as compared with anti-HBe-positive patients (P = 0.001,
Table 1 ). HCC developed in 15 HBeAg-positive patients
and in 11 anti-HBe-positive patients during follow-up. The
average age for the appearance of HCC was similar in both
groups (55±8 years in HBeAg-positive and 53±12 years in
anti-HBe-positive patients). The cumulative incidence of
HCC was significantly higher in HBeAg-positive patients
than in anti-HBe-positive patients as previously reported
(P = 0.016, Figure 1). However, the incidence of HCC
was found to be increased with age even in patients with
anti-HBe, especially in those who were over 70 years.
Out of 88 patients with anti-HBe, the time of HBeAg
seroconversion was observed in 48 patients. Other 40
patients already showed anti-HBe positive when the
patients first presented. The current study focused on
these 48 patients. The average age of 48 patients was 50

Table 1 Patients’ characteristics
Feature
n
Age
Male sex
Platelet (×104/μL)
Alb (g/dL)
AST (IU/L)
ALT (IU/L)
NS: not significant.

HBeAg
46
53±12
34 (74%)
14.3±6.6

Anti-HBe
88
54±14
64 (73%)
18.7±6.4

P
NS
NS
NS
NS

4.0±0.5
56±33
62±57

4.1±0.5
41±36
36±27

NS
NS
0.001

1.0
Cumulative incidence of HCC

None of the patients had any other viral infections, such
as hepatitis C virus (HCV) or human immunodeficiency
virus (HIV). Patients were followed-up by biochemical
studies and image studies for at least 3-6 mo intervals.
The biochemical tests were measured using routine
automated techniques. HBsAg, HBeAg, and anti-HBe
were assayed using commercial enzyme immunoassay kits
(Abbott Japan, Tokyo). HBV-DNA was determined by
a transcription-mediated amplification (TMA) method.
The detection sensitivity of this assay is 3.7 LGE/mL. All
HCC were initially found by USG or CT and confirmed by
CT during abdominal angiography.
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pp=0.0042
= 0.0042

0.8
0.6
HBeAg
HBeAg(+)
(+)
(n (n=46)
= 46)

0.4
0.2

anti-HBe(+(+)
anti-HBe
(n(n=88)
= 88)

0
0

20

40
Age

60

80

Figure 1 Cumulative incidence of HCC in patients with HBeAg or anti-HBe (Kaplan
–Meier analysis and log-rank test). The incidence of HCC in both groups was
increasing after the age of 50. The incidence of HCC was significantly higher in the
patients with HBeAg positive (solid line) than those with anti-HBe positive (dot line)
(P=0.0042).

±14 years (M:F = 34:14). The average age at HBeAg
seroconversion was 40±12 years (range, 16-67 years).
HBeAg seroconversion occurred spontaneously in 75%
(36/48), by IFN in 18.8% (9/48) and by propagermanium
in 6.2% (3/48) cases. HBV-DNA was detectable by TMA
methods in 27.1% (13/48) patients. The average followup periods after HBeAg seroconversion were 10.9±5.4
years (range, 1-25 years). Six patients developed HCC during
follow-up. All six patients were male and the average age of
HCC development was 57±13 years (14.0±5.1 years after
HBeAg seroconversion). The incidence of HCC evaluated by
Kaplan–Meier analysis was significantly higher in patients with
abnormal AST (>40 IU/L) level (P = 0.007, Figure 2A),
suggesting that active hepatitis even after seroconversion
may be one of the risk factors for HCC. However, there
were no differences in ALT levels (Figure 2B). Low
platelet count (<10×104/μL) (P<0.0001) or low albumin
level (Alb<30 g/L) (P = 0.009) was another risk factor for
HCC, suggesting that HCC may develop in patients with
advanced liver diseases at HBeAg seroconversion or with
progressive liver diseases even after seroconversion (Figures
2C and D). Positive HBV-DNA (P = 0.014) increased the
incidence of HCC as well (Figure 2E). The incidence of
HCC tended to be non-significantly higher in the patients
with HBeAg seroconversion by therapy as compared with
the spontaneous seroconversion (Figure 3A). The cumulative
incidence of HCC was significantly higher in the patients
with HBeAg seroconversion after 40 years of age (Figure 3B).
Multivariate proportional-hazards analysis demonstrated that
low platelet counts (<10×104/μL) was the only predictive
factor for HCC (P = 0.032, hazard ratio = 21.6), whereas
serum albumin and AST levels and HBV-DNA positivity
could not be determined as predictive factors for HCC
(Table 2). Furthermore, the incidence of HCC was not
observed in the patients with both normal platelet counts (>10
×104/μL) and normal AST level (<40 IU/L) during followup in our study. In contrast, the incidence of HCC
was annually increasing after HBeAg seroconversion in
patients with either lower platelet counts (<10×104/μL)
or abnormal AST level (>40 IU/L) (Figure 4).
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DISCUSSION
The present study demonstrated that low platelet counts
(<10×104/μL), low albumin level (<30 g/L), abnormal

Table 2 Predictve Features of HCC
Variable
Platelet counts
(< 105 vs ≥ 105/mL)
Alb (< 3.0 vs ≥ 3.0 g/dL)
AST (> 40 vs ≤ 40 IU/L)
HBV-DNA (+ vs -)

Hazard ratio
21.6
0.4
3.6
0.1

95%CI
1.3 – 354.8

P
0.032

0.1 – 3.4
0.2 – 51.3
0.1 – 10.4

0.376
0.351
0.912

Multivariate proportional-hazards analysis.

B
(A)AST>40
AST>40IU/L
IU/L

0.8
0.6

yes (n=11)
Yes
(n = 11)

0.4
0.2

Pp=0.007
= 0.007

no((n=37)
No
n = 37)

0
0

D
1.0

Cumulative incidence of HCC

1.0

25
10
5
15
20
Years after seroconversion

P p=0.009
= 0.009
yes (n=3)
Yes
(n = 3)

0.4
0.2

no ((n=45)
No
n = 45)

0
0

0.8

Pp=0.092
= 0.092

0.6
0.4

yes (n=15)
Yes
(n = 15)

0.2

no (n=33)
No
(n = 33)
0

1.0

0.8

1.0

(B) ALT>40
ALT>40IU/L
IU/L

E

Alb<3.0 g/dL
(D)
Alb<3.0 g/dl

0.6

C

0

Cumulative incidence of HCC

Cumulative incidence of HCC

1.0

Cumulative incidence of HCC

AST level (>40 IU/L), older age at HBeAg seroconversion
(>40 years) and positive HBV-DNA were the predictive
factors for HCC after HBeAg seroconversion. Multivariate
proportional-hazard analysis demonstrated that platelet
count was the only significant risk factor. T hese
observations suggested that active hepatitis or progression
of liver disease even after HBeAg seroconversion or
advanced hepatitis at HBeAg seroconversion would be
the predictive factors for HCC. In other words, patients
without any of these factors after HBeAg seroconversion
would be at low risk for HCC development.
In patients with chronic hepatitis C virus (HCV)
infection, we should focus on patients with advanced

Cumulative incidence of HCC

A
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4

/μL
(C) Plt<10×10
Plt<10×104 /m
l

0.8
0.6

yes (n=4)
Yes
(n = 4)

0.4
0.2

No
n = 44)
no ((n=44)

0
0

25
10
5
15
20
Years after seroconversion

Pp<0.001
<0.001

25
10
5
15
20
Years after seroconversion

HBV-DNA
(E) HBV-DNA

Pp=0.014
= 0.014

0.8
0.6

positive
Positive
(n (n=13)
= 13)

0.4
0.2

negative (n=35)
Negative
(n = 35)

0

25
10
5
15
20
Years after seroconversion

0

25
10
5
15
20
Years after seroconversion

Figure 2 Cumulative incidence of HCC in patients with different parameters (Kaplan–Meier analysis and log-rank test). A: AST level (>40 or ≤40 IU/L); B: ALT level (>40 or
≤40 IU/L); C: platelet counts (<10×104 or ≥10×104/μL): D: albumin level (<30 or ≥30 g/L); E: HBV-DNA (positive or negative).

Cumulative incidence of HCC

1.0

B

HBeAg
seroconversion
(A)
HBeAg
seroconversion

0.8

P =
0.097
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Figure 3 Cumulative incidence of HCC in patients after seroconversion (Kaplan–Meier analysis and log-rank test). A: Spontaneous or post-therapeutic seroconversion; B:
age at seroconversion (>40 or ≤40 years).

Murata K et al. Predictive factors for HCC with anti-HBe

Cumulative incidence of HCC

1.0
0.8
0.6
0.4
0.2
0
0

10
5
15
20
Years after seroconversion

25

Figure 4 Cumulative incidence of HCC in patients with or without risk factors
(Kaplan–Meier analysis and log-rank test). Solid line: either platelet counts<10×
104/μL or AST>40 IU/L; dot line: both platelet counts≥10×104/μL, and AST<40 IU/L.

chronic hepatitis or cirrhosis as high risk group for HCC
development and follow-up with tight observation for
biochemical studies, tumor markers and image studies since
HCC is usually accompanied with the progression of liver
diseases. In patients with chronic HBV infection, however,
HCC sometimes develops not only in liver cirrhosis, but
even in mild hepatitis[9,10]. So, it is more difficult to select
high risk patients for HCC in chronic HBV infection
than that in HCV infection. Of course, positive HBeAg
or reactivation after HBeAg seroconversion with active
hepatitis is one of the risk factors for cirrhosis[7,8], HCC[3,11]
or survival[12]. However, the cumulative incidence of HCC
in our study was high even in anti-HBe-positive patients,
especially in older patients (Figure 1). Therefore, we
conducted this study to determine the predictive factors
for HCC in patients with anti-HBe.
We found that the cumulative incidence of HCC
was significantly higher in patients with abnormal AST
(Figure 2A), suggesting that active hepatitis even after
HBeAg seroconversion was one of the risk factors.
This result was consistent with previous reports that
progression to cirrhosis or HCC occurred in patients
with HBeAg negative hepatitis without reversion to
HBeAg [11,13] . Fur ther more, the incidence of HCC
was significantly reduced in HBeAg-negative chronic
hepatitis or cirrhotic patients who maintained virological
response by lamivudine[14] or interferon (IFN)[15,16]. These
previous reports support our observation that therapy
for transaminase control may reduce the risk of HCC
development in our patients with abnormal AST level.
On the other hand, the cumulative incidence of HCC
was not statistically different in ALT levels. We, therefore,
hypothesized that ALT elevation might be observed in
patients with fatty liver as well as necroinflammatory liver
disease.
Other risk factors for HCC development in antiHBe-positive patients were lower platelet counts and low
albumin level. Interestingly, multivariate proportionalhazards analysis showed that low platelet counts (<10×
104/μL) was the only risk factor for HCC development,
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sug gesting that HCC may develop in patients with
progressive liver disease even after HBeAg seroconversion
or advanced liver diseases before HBeAg seroconversion.
Since multiple exacerbations usually occurred before
HBeAg seroconversion, necroinflammation occurs more
frequently in patients with delayed HBeAg seroconversion,
which results in progression to liver cirrhosis or HCC[13].
Our results show that the cumulative incidence of HCC
was significantly higher in patients with delayed HBeAg
seroconversion (older than 40 years) are consistent
with the previous reports. Furthermore, the cumulative
incidence of HCC in our study was annually increasing
in the patients with either low platelet counts (<10×
10 4 /μL) or abnormal AST (>40 IU/L) after HBeAg
seroconversion, whereas no HCC was observed in patients
with both normal platelet counts (≥10×10 4/μL) and
normal AST (<40 IU/L) during follow-up (median followup period: 11±5 years).
In this study, we observed a relatively higher incidence
of HCC in patients with anti-HBe as compared with the
previous reports. This might be because our study was not
a prospective study and we might have lost the patients
with relative low risk of active hepatitis or fibrosis during
follow-up. It is possible that there might be a bias, in which
the patients with relative high risk (high AST or ALT)
were accumulated in our study. Prospective and large-scale
studies need to determine the predictive factors for HCC
in patients with anti-HBe.
In conclusion, in anti-HBe-positive patients, lower
platelet counts, lower albumin, abnor mal AST and
positive HBV-DNA are the predictive factors for HCC.
In other words, anti-HBe-positive patients without any
of these factors are at low risk for HCC. In the followup of anti-HBe-positive patients, those predictive factors,
especially platelet counts, should be taken into account
for determining the frequency of biochemical study or
imaging studies. Moreover, to reduce the risk for HCC
development, we should induce HBeAg seroconversion
before progression to advanced liver diseases and control
AST level within the normal range using lamivudine
or IFN. These results may be supported by our clinical
experiences. However, to our knowledge, there are no
reports to clarify the high risk group in anti-HBe positive
patients with known time of HBeAg seroconversion.
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Abstract
AIM: To assess the clinical significance of Hepatitis
B virus ( HBV) DNA localization in the liver tissue of
patients with positive HBsAg and negative viremia.
METHODS: HBV virological parameters of 33 HBsAg
positive chronic hepatitis patients, including seromarkers
and HBV DNA amplification in both sera and liver
biopsies, were evaluated.
RESULTS: Ten patients had negative viremia and
positive HBV DNA in their liver biopsies. Most of them
had HBeAg-negative/HBeAb-positive chronic hepatitis.
Their liver biochemical and histopathological profiles
were different from the viremic patients. Their disease
pattern was designated as “hepatitis B in situ ”.
CONCLUSION: Hepatitis B in situ is a
entity which can be missed in clinical
a new clinical pattern of chronic HBV
considers HBV in liver biopsy and adds a
for antiviral therapy.

consequential
practice. It is
infection that
new indication

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

Key words: Hepatitis B in situ ; Antiviral therapy; HBV
DNA; Chronic hepatitis
Thakeb F, El-Serafy M, Zakaria S, Monir B, Lashin S,
Marzaban R, El-Awady M. Evaluation of liver tissue by
polymerase chain reaction for hepatitis B virus in patients
with negative viremia. World J Gastroenterol 2005; 11(43):
6853-6857
http://www.wjgnet.com/1007-9327/11/6853.asp

INTRODUCTION
Hepatitis B virus is a virus that infects 350 million people
worldwide with a clinical spectrum of acute hepatitis,
the healthy carrier state, cirrhosis, and hepatocellular
carcinoma. The outcome of infection is the result of
complicated viral-host interactions. As in other infections
with non-cytopathic viruses, the immune response is
thought to play a crucial role in disease pathogenesis.
However, there are increasing evidences that varieties of
viral mechanisms, some depending on the function of
virally encoded proteins, have a profound impact on the
infected hepatocytes, the liver microenvironment and host
antiviral responses[1].
Occult HBV infection is characterized by undetectable
HBsAg. Serum HBV DNA level is usually less than 104
copies/mL in these patients. Diagnosis requires a sensitive
HBV-DNA assay [2] . To our knowledge, no data are
available about the amount of HBV genomes in the liver
of patients with chronic HBV infection. However, it has
been reported that cases with suppressed HBV activity,
despite the very low level of viremia, maintain a relatively
high amount of intrahepatic viral genomes. This virus
reservoir is likely involved in HBV reactivation, which is
usually observed after stopping lamivudine treatment[3].
The detection of HBV genomes in nested PCRbased assays appears to be the most reliable methods for
monitoring infection and assessing response to antiviral
treatment [4]. The majority of patients with HBsAg in
serum have HBV DNA present in serum as well. Some
patients have HBsAg but no HBV DNA in serum. These
are chronic carriers with normal transaminases[5]. On the
other hand, HBV DNA can be detected in serum and
liver by PCR in patients who have lost their HBsAg. In
addition, hepatic HBV DNA can be detected in cirrhotic
liver in the absence of serum HBV DNA[5,6]. HBV DNA
can be treated as a sign of HBV activity[7], without ignoring
the facts that HBV DNA levels fluctuate in patients with
chronic HBV infection and that the correlation between
serum HBV DNA levels and histologic activity is poor[8].
In this study, we evaluated the clinical significance of
the localization of HBV in liver tissue of chronic HBV
patients with negative viremia and elevated ALT.

PATIENTS AND METHODS
This prospective study included chronic liver disease
patients who attended the out-patient clinic of the

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

Endemic Medicine Department, Cairo University during
the period between September 2002 and July 2003. All
patients with data suggestive of liver affection were
evaluated, and those with positive HBsAg and elevated
ALT were selected as the candidates for this study.
Exclusion criteria were HCV infection, advanced liver
disease, alcohol consumption, autoimmune hepatitis,
drug-induced hepatitis, hepatic schistosomiasis, evidence
of acute hepatitis in the last 6 mo, presence of HDVAb,
hepatocellular carcinoma, and advanced co-morbid
conditions such as cardiac or renal disease.
Selected patients were subjected to clinical evaluation
and laboratory investigations including viral serologic tests
using enzyme immunoassay technique applying the Abbott
System®. These assays included the detection of HBsAg,
HBsAb, HBcAb (total), HBeAg, HBeAb, and HCVAb (total)
by 3rd generation ELISA assay (Sorin®, Italy). Abdominal
ultrasonography and liver biopsy were performed. The
modified HAI score was used to stage and grade liver
disease[9]. For the detection of hepatic total HBV DNA
(integration plus CCC form), part of the liver sample was
incubated at 56 °C for 3 h with 270 µL of phosphate
buffer saline containing 160 µg of proteinase K (Promega,
Madison, WI, USA) and 30 µL of 10 buffer. Serum HBV
DNA was extracted by incubation at 56 °C for
3 h with 270 µL of serum plus 30 µL of 10×buffer containing
160 µg proteinase K. DNA extraction was purified by phenol:
chloroform (300 µL, 1:1 V/V) extraction, ethanol/0.2 mol/L
sodium acetate precipitation. Qualitative PCR testing for HBV
in serum and liver tissue was carried out using nested PCR
technique [10]. Total genomic DNA was extracted from
serum or liver tissue using phenol/chloroform extraction
after proteinase K digestion. Purified DNA (1–2 µg) was
utilized as a template in the polymerase chain reaction using
two rounds of amplification with nested primers as follows:
Outer primers: B1 5’ AAGGTCTTACATAAGAGGAC 3’
(nt 1 644–1 663), B2 5’ CTAACATTGAGATTCCCGAG
ATTGAGA 3’ (nt 2 458–2 432);
Inner primers: B3 5’ GGCTGTAGGCATAAATTGGTCTG 3’ (nt 1 781–1 803), B4 5’ TTGCCTGAGTGCAGTA‑
TGGT 3’ (nt 2 075–2 056).
The PCR reactions were performed in 50 µL reaction
volume containing 10 µmol/L dNTPs, 50 pmol from each
primer, and 2 U of Taq. The amplification protocol for
the two nested rounds consisted of 35 cycles, each cycle
contained a denaturation at 94 °C for 30 s, annealing
at 52 °C for 1 min, and extension at 72 °C for 2 min,
followed by a single cycle with final extension at 72 °
C for 7 min. Positive samples infected with HBV DNA
produced a amplified product of 295 bp in length.
Statistical analysis
Patients’ data were tabulated, and then processed using the
software SPSS for Windows 9 version 10.0®. Quantitative
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variables were expressed as mean±SD and compared using
Student’s t test. Qualitative variables were compared using
Fisher’s exact test. A P<0.05 was considered statistically
significant.

RESULTS
Out of the 670 patients with chronic liver disease, 44 were
seropositive for HBsAg. Eleven of the forty-four HBsAg
seropositive patients were excluded because of normal
liver enzymes. The study was then conducted on the
remaining 33 patients (26 males and 7 females; mean age
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Figure 1 Histopathological grading and staging

32.8±12.0 years, range 18–60 years). Fifteen patients were
originally from urban areas and 18 from rural areas (10
from Nile Delta, and 8 from Upper Egypt).
According to the modified HAI grading and staging,
histopathological findings are shown in Figure 1.
Ground glass pattern of the hepatocytes was detected
in 21 patients, steatosis was found in 14 patients, while
cholestasis was detected in two cases.
HBV markers were spread into Poynard’s table of
classification of HBV infected patients [10]. Seventeen
patients were fit with the “chronic carrier, pre-core
mutant type”, and six with the “chronic carrier, wild type”
definitions. Ten patients remained uncategorized, showing
a unique pattern (Table 1).
These 10 patients (group 1) were compared to the
remaining 23 chronic hepatitis B patients (group 2) as
shown in Tables 2 and 3. No statistically significant
differences were observed regarding the liver biochemical or
histological parameters. In this study, we found five possible
permutations of the HBV seromarkers, which were grouped
according to the HBV DNA results (Table 4). Among the
HBcAb-negative patients, three patients were also negative
for HBeAg and HBeAb. HBV DNA was detectable in

Table 1 Characteristics of patients uncategorized in Poynard (2000) classification
Uncategorized

HBsAg
+

HBsAb
+/–

HBeAg
–/+

HBeAb
+/–

HBcAb IgG
+

HBcAb IgM DNA serum DNA liver
–
–
+

Symptom
+/–

ALT
+

HAI/fibrosis
+

No. of patients
10

Thakeb F et al. Hepatic HBV PCR in negative viremia
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Table 2 Hepatic biochemical tests in group I vs group II patients
Group I (n = 10)
Group II (n = 23)
1.36±1.31
1.44±2.1
63.9±24.1
82.0±51.3
62.6±27.4		
3.9±0.50
4.0±0.57
1.25±0.22
1.23±0.14

Serum bilirubin (mg/dL)
AST (IU/L)
ALT (IU/L)
Serum albumin (g/dL)
INR

P values
0.9
0.3
0.2
0.4
0.7

Table 3 Hepatic histopathologic parameters in group I vs group II
patients
		
Grading
0–9
10–18
Staging
0–2
3–6

Group I (n = 10)
8
2
9
1

Group II (n = 23)
20
3
19
4

P values
0.4
0.9

Table 4 HBV seromarker pattern according to HBV DNA testing
Marker pattern
		
cAb+eAg–eAb+
cAb+eAg+eAb–
cAb–eAg–/+eAb–/+
cAb+eAg–eAb–
cAb+eAg+eAb+
Total

n

18
7
5
2
1
33

+ve serum
+ve liver
7
5
2
1
–
15

HBV DNA status
–ve serum
+ve serum
–ve liver
–ve liver
1
3
–
1
2
1
–
–
–
–
3
5

–ve serum
+ve liver
7
1
–
1
1
10

cAb: hepatitis B core antibody; eAg: hepatitis B envelope (e) antigen; eAb:
hepatitis B antibody against envelope (e) antigen.

six patients with positive HBsAb (four with detectable
viral DNA in both serum and liver tissue, while two with
detectable viral DNA only in liver tissue). Although four
of the HBeAg-negative cases had higher HAI score (10
–18) compared to none of the HBeAg-positive chronic
hepatitis cases, the two groups showed no significant
difference in either biochemical or histological parameters.

DISCUSSION
HBV infection varies widely from high (>8%, e.g., Africa,
Asia, and the Western Pacific) to intermediate (2–7%, e.g.,
Southern and Eastern Europe) to low (<2%, e.g., Western
Europe, North America, and Australia) prevalence areas.
Egypt lies in the intermediate prevalence region[10]. HBV
DNA is a good marker of the level of viremia and can be
correlated with serum transaminase levels. The majority of
patients with HBsAg in serum have HBV DNA. However,
some patients are positive for HBV DNA in serum even in
the absence of HBsAg, while some others have HBsAg but
not HBV DNA in serum[5]. The presence of HBV genome
is associated with ongoing necroinflammation[8]. In the
presence of HBeAg, the diagnosis of replicating chronic
HBV can be made whatever the viral load is. In contrast,
the interpretation of HBV DNA quantification is difficult
in HBeAg-negative/HBeAb-positive patients (pre-core
mutant HBV) who generally have lower replication levels
than HBeAg-positive patients. Active HBV replication is
associated with a significant risk of progression to chronic

hepatitis B complications[11]. The presence of HBV DNA
is the single most important indication to start antiviral
therapy [12]. This work aimed at evaluating the clinical
significance of localizing HBV DNA in the liver in case
of negative viremia. Patients with HBsAg and elevated
ALT were selected among patients who presented at the
outpatient clinic of the Tropical Medicine Department,
suffering from a variety of chronic liver diseases.
Of 670 patients, the prevalence of HBsAg-positive
patients among those with chronic liver disease was 6.6%
(44/670). This figure represented both the carriage rate
and the infection rate among chronic liver disease patients,
whatever the causes were. The prevalence of HBV chronic
hepatitis among chronic liver disease patients was 4.9%
(33/670). The prevalences of HBV infection in Egypt
have been found to be variable among different studies,
ranging from 3.2% to 21%[13–19], depending on the number
of patients. The higher figures studied the prevalence
among cirrhotic patients, the lowest figures were found
among school children in certain villages. Thirty-three
patients eligible for the present study were considered to
have chronic hepatitis B. NASH was not totally excluded.
Fourteen liver biopsies showed prominent steatosis.
The prevalence of steatosis in Egypt is expected to be
quite high. It is known that 35% of the Egyptians are
considered obese[20]. Moreover, high comorbid factors are
recorded among Egyptians, such as diabetes, pollution, etc.
It is worth mentioning that none of our 33 patients had a
BMI >29 kg/m2, and we had two diabetic patients.
In this study, the histopathological results showed that
most of our patients had relatively mild disease, with an
HAI score between 0 and 9, and a fibrosis score between
0 and 2. Conversely, the HBsAb-positive patients had a
higher HAI score as compared with the HBsAb-negative
patients. This might be explained by a stronger reaction to
HBV infection in the former subgroup. The co-existence
of both HBsAg and HBsAb has been previously described,
and it is thought that HBsAb in such a situation is unable
to neutralize the virus [21]. It has also been postulated
that infection with multiple types of HBV is another
explanation for this finding [22] . Most of our patients
(78.8%) were HBeAg-negative chronic hepatitis B. It is
known that the core promoter mutants are predominant
in Egypt[23]. Compared to the HBeAg-negative chronic
hepatitis B, the HBeAg-positive patients had a milder
disease histopathologically, which was in agreement with
previous reports [23–25]. We observed that the detection
of HBV viremia was more in HBeAg-positive patients,
which is expected, because of the formerly documented
strong correlation between HBV DNA and HBeAg [26].
Characteristically, five patients (15.2%) were negative for
both HBeAg and HBeAb, and five patients were negative
for HBcAb. Three patients were negative for all seromarkers
except HBsAg. These unusual patterns of serological
profile can be explained either by mutations or viral DNA
integration. Absence of cytotoxic T-lymphocyte (CTL)
recognition of epitopes in HBeAg, HBsAg, and other
viral proteins contributes to viral persistence. Failure of
antigen presentation to CD4 helper T cells, failure of CD4
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proliferating responses, immune modulation by secreted
proteins, viral mutation, and integration of viral DNA into
the cellular genome are all mechanisms involved in viral
persistence[27]. Three patients had undetectable HBV DNA
in either serum or liver tissue. This might be explained by
an enhanced immunological response to HBV DNA, and
extraordinarily low viral DNA copy number[28], or by the
integration phenomenon affecting the primer orientation
used in PCR technique[29]. Another explanation stands on
HBV infection being a dynamic process, so that some of
these patients might have been in the immune clearance
phase[23]. Five patients had negative HBV DNA in the liver
tissue, but positive in serum. This can be explained by the
liver being a vast size organ, and hence, substantial viremia
can result even if each cell produces only a few numbers
of virions per day. This hypothesis has been proposed by
Branch et al.[31] on HCV infection. In our opinion, it can
also be applied on HBV infection if the viral genome is
present in a very low level to be detected by biopsy. Ten
patients (30.3%) did not fulfill any of the clinical criteria
identified in literature. They could not classically fit in
the Poynard’s 2002 classification. They had one common
serological profile, which is, detection of HBV DNA in
the liver tissues but not in the sera (negative viremia). The
disease burden as evidenced by hepatic biochemical profile
and the spectrum of HAI and fibrosis was not different in
this group of patients from those with the classic chronic
HBV infection. This group has been named in this study
as “hepatitis B in situ”. Seven out of the eighteen patients,
showing a classic unequivocal pattern of HBeAg-negative
chronic hepatitis, had hepatitis B in situ. This implies that
the reliance on mere testing of serum HBV DNA would
have missed viral replication in such condition. On the
other hand, HBeAg-positive hepatitis showed viremia in
most cases.
In conclusion, a significant number of patients with
chronic hepatitis B fail to show viremia, yet HBV DNA
can be detected in their liver tissues. Hepatitis B in situ is
a term used to describe the detection of total HBV DNA
(Integrated plus CCC form) in liver tissue of patients with
positive HBsAg and negative viremia. It is particularly
frequent in the HBeAg-negative variety of chronic
hepatitis B. The bearing of “hepatitis B in situ” on the liver
is no less than the viremic form; serious sequelae are thus
liable to take place. The recognition of this form of the
disease may have its impact on the choice of therapy, since
such patients should not be denied the chance to receive
antiviral treatment.
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Abstract
AIM: To assess the impact of transjugular intrahepatic
portosystemic shunt (TIPS) on pulmonary gas exchange
and to evaluate the use of TIPS for the treatment of
hepatopulmonary syndrome ( HPS ).
METHODS: S e ve n p a t i e n t s , t h re e o f t h e m w i t h
advanced HPS, in whom detailed pulmonary function
tests were performed before and after TIPS placement
at the University of Alabama Hospital and at the Hospital
Clinic, Barcelona, were considered.
Results: TIPS patency was confirmed by hemodynamic
evaluation. No changes in arterial blood gases were
observed in the overall subset of patients. Transient
arterial oxygenation improvement was observed in only
one HPS patient, early after TIPS, but this was not
sustained 4 mo later.
Conclusion: TIPS neither improved nor worsened
pulmonary gas exchange in patients with portal
hypertension. This data does not support the use of
TIPS as a specific treatment for HPS. However, it does

reinforce the view that TIPS can be safely performed
for the treatment of other complications of portal
hypertension in patients with HPS.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Transjugular intrahepatic portosystemic shunt (TIPS)
has been used increasingly in patients with cirrhosis
complicated by bleeding varices and refractory ascites[1].
Recently, TIPS has also been proposed as a potential
treatment for pulmonary vasodilatation associated with
cirrhosis, the so-called hepatopulmonary syndrome (HPS)[2-7].
However, both hemodynamic and metabolic effects of
TIPS have been widely studied, little data exists on the
effects of TIPS on pulmonary gas exchange in patients
with portal hypertension.
HPS occurs when intrapulmonary vasodilatation
causes abnormal pulmonary gas exchange in the setting
of liver disease[8]. The abnormalities in pulmonary gas
exchange result from microvascular dilatation and involve
varying degrees of ventilation-perfusion imbalance,
oxygen diffusion limitation (diffusion-perfusion defect),
and increased intrapulmonary shunting[9]. Although the
natural history of HPS is poorly understood, pulmonary
gas exchange abnormalities are generally progressive, even
in the setting of clinically stable hepatic dysfunction[10].
Currently, liver transplantation is the only therapeutic
approach that can resolve HPS. However, perioperative
mortality remains high (16-38% within 1 year) and appears
to be greatest in those with more advanced HPS[11,12].
HPS has been described most commonly in patients
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with cirrhosis of the liver, although it has also been
reported in patients with severe acute hepatitis and in
non-cirrhotic portal hypertension [13-15]. These findings
suggest that portal hypertension plays an important role
in the development of intrapulmonary vasodilatation
and in the occurrence of HPS. TIPS, by correcting
portal hypertension [1] , could improve HPS. Indeed,
TIPS may be an attractive alternative therapeutic option
in selected patients with advanced HPS who are not
transplant candidates or in whom liver function is well
preserved, particularly if HPS is of sufficient severity to
increase transplant mortality or if the waiting time for
transplantation is expected to be prolonged. However, the
small number of case reports published to date have had
variable clinical features and results, and the majority TIPS
placement was performed for an acute indication other
than HPS[2–7]. Therefore, it is difficult to determine if TIPS
specifically improves HPS. In addition, TIPS is known to
further exacerbate the hyperdynamic circulation present in
patients with cirrhosis and portal hypertension, a fact that
might trigger or increase pulmonary vasodilatation and
adversely effect pulmonary gas exchange[16-19].
Accordingly, in the present study, we aimed to assess the
impact of TIPS on pulmonary gas exchange in patients
with portal hypertension and to evaluate the use of TIPS
for the treatment of HPS.

MateRIALS and methods
Patients submitted to TIPS treatment at the University of
Alabama Hospital and at the Hospital Clínic, Barcelona,
were reviewed and the characteristics of patients in whom
pulmonary function was evaluated in a period of less
than 6 mo before TIPS placement and no more than
1 year after, were included. In three of these patients, TIPS
was placed specifically for the treatment of HPS. The
diagnosis of HPS was made on the basis of established
criteria: the presence of an increase of alveolar-arterial
oxygen difference (AaPO2 >15 mmHg); with or without
hypoxemia; and evidence of pulmonary vascular dilatation
by means of contrast-enhanced echocardiography and/or
nuclear isotope lung perfusion scanning, in the context
of liver disease [8-10] . The presence of mild intrinsic
cardiopulmonar y disease was not considered as an
exclusion criterion for the diagnosis of HPS[20,21].
Before TIPS placement, all patients underwent
measurements of forced spirometry, plethysmography,
and single-breath carbon monoxide diffusing capacity
(DL CO) after correcting appropriately for hemoglobin
concentration. Arterial blood gases were collected while
breathing room air in the upright position. The AaPO2
was calculated according to the alveolar gas standard
equation using 0.8 as the standard respiratory exchange
ratio. Arterial blood gases were repeated after a 20-min
period of 100% oxygen breathing in an upright position in
patients with HPS.
The TIPS procedure was similar in both institutions
and has been previously described[1]. After TIPS, patients
underwent close follow-up with US-Doppler and

6859

hemodynamic evaluation of TIPS patency. Clinical and
biochemical evolution, pulmonary gas exchange analysis,
and systemic and pulmonary hemodynamics after TIPS
placement were recorded for at least 1 mo following TIPS.

RESULTS
Pulmonary gas exchange was assessed before and after
TIPS placement in seven patients. Three patients had
HPS and the specific indication for TIPS in each of
these patients was treatment of HPS. The remaining four
patients had no HPS, but one of them had mild hypoxemia
due to a moderate obstructive ventilatory pattern, and the
indication for TIPS in these patients was variceal bleeding
in three and refractory ascites in one. Demographic and
clinical data are summarized in Table 1. TIPS substantially
reduced the portal pressure gradient (PPG) (from 15±2
to 5±2 mmHg). In each case, the PPG immediately after
TIPS was below 12 mmHg. In addition, during followup, TIPS patency, defined as a PPG <12 mmHg, was
confirmed by hemodynamic evaluation. The clinical course
of pulmonary function in patients without HPS was stable
during all the study period. Pulmonary function tests and
gas exchange data before and at least 3 mo after TIPS
placement in patients with normal gas exchange prior to
placement are shown in Table 2. As shown, TIPS neither
influenced arterial blood gases nor pulmonary function
tests in these patients.
Individual data of patients with HPS are shown in
Table 3. All patients had advanced HPS as evidenced by
PaO 2<60 mmHg with low PaCO 2 values; only Patient
#2 responded favorably to 100% oxygen administration.
Patients #1 and #2 had a mild restrictive ventilatory
pattern possibly related to a coexistent diffuse interstitial
Table 1 Demographic and clinical characteristics (mean±SD, n)
Sex (M/F)
Age (yr)
Smoking (n)
Current
Past
Etiology of chronic liver disease (n)
Hepatitis C
Alcohol abuse
Idiopathic portal hypertension
Child–Pugh score A/B/C (n)
Presence of esophageal varices
Gastrointestinal bleeding
Ascites
Hepatic encephalopathy
Cutaneous spider nevi
Concomitant respiratory symptoms
Digital clubbing
Dyspnea
Cyanosis
Indication of TIPS
Variceal bleeding
Refractory ascites
Hepatopulmonary syndrome

HPS (n = 3)

Non-HPS (n = 4)

2/1
50±22
1
1

4/–
48±10
4
2
2

1
1
1
1/2/–
3
2
1
–
3

1
3

3
3
3

–
1
–

–
–
3

3
1
–

1/2/1
4
3
1
–
3

TIPS: transjugular intrahepatic portosystemic shunt；Query: please check
the change made.
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lung disease (Patient #1) and unilateral pleural fibrosis
(Patient #2), respectively. Pulmonar y angiography
excluded the presence of arterio-venous communications.
Ventilation-perfusion (VA/Q) studies in these two patients,
using the multiple inert gas elimination technique[22], was
consistent with HPS, showing increased intrapulmonary
shunt (43% and 11% of cardiac output) with a mild to
moderate degree of VA/Q mismatch, characterized by areas
with low VA/Q units (6.4% and 0.1% of cardiac output).
All three patients exhibited a very severely reduced diffusing
capacity (<25% predicted). Transient improvement in
arterial oxygenation was observed in only one patient
early after TIPS placement (Patient #1) but this was
not maintained 4 mo later despite TIPS patency. In the
other two patients, no improvement in gas exchange was
observed early after TIPS and progressive deterioration in
arterial oxygen saturation was evident at 4 mo in Patient
#2 and at 4 wk in Patient #3 after TIPS. Patient #1 was
excluded for liver transplantation because of the potential
coexistence of diffuse interstitial pulmonary disease
Table 2 Pulmonary gas exchange before and after TIPS placement
in patients without HPS (mean±SD)
PaO2 (mmHg)
PaCO2 (mmHg)
AaPO2 (mmHg)
FEV1 (% pred)
FVC (% pred)
FEV1/FVC
DLCO (mL/(min×mmHg))
DLCO (% pred)

Pre-TIPS

Post-TIPS

95±16
29±6
18±12
72±9
76±6
75±10
22±4
67±13

95±27
31±7
18±20
74±5
80±2
76±8
20±5
63±9

PaO2: partial pressure of arterial oxygen; PaCO2: partial pressure of arterial
carbon dioxide; AaPO2: alveolar to arterial oxygen partial pressure gradient;
FEV1: forced expiratory volume at 1 s; FVC: forced vital capacity; FEV1/FVC:
ratio of forced expiratory volume at 1 s to forced vital capacity; DLCO: singlebreath carbon monoxide diffusing capacity.
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and severe hypoxemia with a poor response to 100%
oxygen breathing. He died of progressive deterioration
of pulmonary, hepatic, and renal function. Patient #2 was
transplanted, 8 mo after TIPS placement. At the time of
liver transplantation, he had persistent severe oxygenation
abnormalities. Ten months after orthotopic liver transplant
(OLT), pulmonary gas exchange was markedly improved
with normal arterial oxygenation and contrast-enhanced
echocardiography confirmed resolution of intrapulmonary
vasodilatation. Patient #3 was excluded for liver
transplantation due to severe hypoxemia. Subsequently,
she developed progressive hypoxemia 4 wk after TIPS and
died of multisystem organ failure one week later.

DISCUSSION
Portal hypertension is characteristically associated with a
hyperkinetic circulation reflected by an increased cardiac
output and splanchnic and peripheral vasodilatation[23]. A
number of mechanisms contribute to these hemodynamic
changes including increased bioavailability of vasodilators,
such as nitric oxide[23]. HPS is most commonly observed
in the setting of portal hypertension and likely appears
to result from a disequilibrium between vasodilator and
vasoconstrictor factors in the pulmonary microcirculation.
Increased production of nitric oxide has also been
proposed as one major deter minant of pulmonar y
vascular dilatation in human HPS[24]. However, whether
the same mechanisms that drive the splanchnic and
peripheral vasodilatation are operative in the pulmonary
microvasculature in HPS is still unknown.
Since HPS is associated with the presence of portal
hypertension, portal pressure reduction through TIPS
placement may be a useful therapeutic alternative. �����������
Till date,
six case reports have evaluated the effects of TIPS on gas
exchange in HPS[2–7]. Surprisingly, five demonstrated some

Table 3 Pulmonary gas exchange and hemodynamics before and after TIPS placement in patients with HPS
Patients

#1

Pre-TIPS
#2

#3

#1

FEV1 (% pred)
FVC (% pred)
FEV1/FVC
TLC (% pred)
DLCO (% pred)
PaO2 (mmHg)
PaCO2 (mmHg)
AaPO2 (mmHg)
PaO2 100% O2 breathing (mmHg)
PAP (mmHg)
PVR (dyn.s/cm5)
SVR (dyn.s/cm5)
QT (L/min)
PP (mmHg)
IVCP (mmHg)
PPG (mmHg)

69
66
77
68
21.3
32
27
88
64
14.5
49
773
9.0
22
5
17

77
77
80
70
24
59
28
54
606
9
31
415
10.4
16
4
12

100
113
82
83
8
28
35
78
86
18
111
1 174
6.47
19
3
16

58
31
53
–
–
–
–
–
14
7
7

Post-TIPS <1 mo
#2
# 3

61
27
69
–
8
21
400
11.2
11
2.5
8.5

31
38
71
–
22
82
922
7.8
22
19
3

#1

33
26
87
–
20
38
549
10.5
18.5
8
10.5

Post-TIPS >4 mo
#2
#3

34
34
73
–
8
18
560
11.3
11
2.5
8.5

–
–
–
–
–
–
–
–
–
–
–

FEV1: forced expiratory volume at 1 s; FVC: forced vital capacity; TLC: total lung capacity; DLCO: single-breath carbon monoxide diffusing capacity; PaO2:
partial pressure of arterial oxygen; PaCO2: partial pressure of arterial carbon dioxide; AaPO2: alveolar to arterial oxygen partial pressure gradient; PAP: mean
pulmonary artery pressure; PVR: pulmonary vascular resistance; SVR: systemic vascular resistance; QT: cardiac output; PP: portal pressure; IVCP: inferior vena
cava pressure; PPG: portocaval pressure gradient.
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degree of improvement in oxygenation. However, shortterm (<1 mo) duration of follow-up in two patients[2,3]
and the presence of coexistent hepatic hydrothorax in
the third one[4] limit the evaluation of the utility of TIPS
for hypoxemia in these cases. In two other reports [5,6],
with a longer follow-up (>7 mo), arterial desaturation
improved after TIPS and in one of these, a 11 year-old
female with biliary atresia, gas exchange improvement was
associated with a remarkable reduction in intrapulmonary
shunt [6]. In the sixth report [7], TIPS failed to improve
arterial hypoxemia in one patient. Altogether these reports
suggest that portal pressure reduction per se does not
consistently improve pulmonary gas exchange in HPS.���
Portal pressure reduction after TIPS is also associated
with an exacerbation of the hyperdynamic circulatory
state, an effect that persists for at least 3 mo following
TIPS placement[16-19]. During this time, pulmonary vascular
resistance may also decline [17,18,25]. The mechanisms by
which TIPS accentuate the hyperdynamic circulation
are not well understood but may involve porto-systemic
shunting of vasoactive substances through the TIPS
which alter NO production[17,26-28]. The net result could
enhance pulmonary vasodilation, thereby resulting in
the development and/or worsening of HPS. In two
of our patients with HPS who underwent TIPS, we
confirmed obviously decreased systemic and pulmonary
vascular resistance early after placement. Despite these
hemodynamic changes, arterial oxygenation did not
significantly deteriorate. In addition, in our four other
patients without HPS who underwent successful TIPS,
no changes in gas exchange were shown following TIPS
placement. These findings complement and extend the
findings of prior reports and support that the exacerbation
of the hyperdynamic state following TIPS placement is
not associated with arterial oxygenation worsening.
The portal pressure gradient (PPG) was reduced below
10 mmHg in each of our patients who underwent TIPS
for HPS. Despite this, none of them had a sustained
improvement in arterial blood gases. One patient did have
a transient improvement in arterial oxygenation early after
TIPS placement. Conceivably, one explanation for this
improvement could be improved ventilation-perfusion
matching induced by a rise in cardiac output resulting
in increased blood flow, selective redistribution to the
upper lobes of the lung, where vasodilatation is typically
less severe in HPS. A similar mechanism may have been
operative in the study by Selim et al.[4] where oxygenation
improved after TIPS in association with a rise in cardiac
output despite significant persistent intrapulmonary
shunting. Alternatively, the increased cardiac output may
improve PaO2 through increased mixed venous PO2, other
things being equal. Our study and patients were different
from prior case reports in that our group represented
patients who specifically underwent TIPS for HPS. In
four of the six prior reports, another acute indication
for TIPS was present, including variceal bleeding and
hepatic hydrothorax. The presence and resolution of other
major complications of portal hypertension could have
influenced favorably arterial blood gases in these cases.
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In addition, our patients had more severe gas exchange
abnormalities than those in prior studies and it is unknown
whether or not the severity of pulmonary vasodilatation
may modulate the response to TIPS. Finally, our findings
are clearly different from the report by Paramesh et al.[7],
where TIPS placement resulted in a sustained and dramatic
improvement in both pulmonary vasodilatation and arterial
oxygenation. However, this case involved a child with
biliary atresia and whether pathophysiologic mechanisms
and responses to portal decompression in this setting are
applicable to adults with other causes of liver disease is
unknown[7].
In summary, our findings suggest that treatment
with TIPS in patients with portal hypertension has no
deleterious effects on pulmonary gas exchange, despite
coexisting exacerbation of the hyperdynamic circulatory
state. However, portal decompression with TIPS as a
specific therapy for HPS is ineffective. This data supports
the use of TIPS in patients with HPS for the treatment of
other accepted indications for TIPS, but not as a specific
therapy to improve arterial oxygenation defects in HPS.
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INTRODUCTION
Abstract
AIM: To investigate the incidence and localizations of
lymphoid follicles (LFs) in early colorectal neoplasms in
human beings.
METHODS: From July 1992 to September 1999, a
total of 1 324 early colorectal neoplasms were removed
endoscopically or surgically at our hospital; 1 031 (77.9%)
were available for analysis in this study. Localization
of LFs was defined histologically: as submucosal
LFs, if located under the muscularis mucosa; and as
intramucosal LFs, if located across or over the muscularis
mucosa.
RESULTS: Histologically, the materials included 903
intramucosal neoplasms and 128 submucosal cancers.
Overall incidence of LFs was 27.2% (280/1 031). The
incidence of LFs was significantly higher in females
( 3 3 . 6 % vs 2 4. 9 % , P = 0 . 0 0 6 4 ) , t h e r i g h t- s i d e d
colon (32.2% vs 25.6%, P = 0.0403) and in flat or
depressed type lesions (34.6% vs 25.2%, P <0.0001)
as compared to males, left-sided colon and protruding
type lesions, respectively. The incidences of intramucosal
neoplasms and submucosal cancers were 24.3% and
43.8%, respectively (P <0.0001). Localizations of LFs
(intramucosal LF/submucosal LF) in depressed, flat,
and protruding types were 1/24, 14/36, and 131/74,
respectively.
CONCLUSION: The incidence of LFs in early human
colorectal neoplasms significantly differs by gender,
location, macroscopic type, and histology. Moreover,

Several reports have investigated the association between
lymphoid aggregates and colonic tumors in rodents[1-4]. The
results indicate that colonic crypts overlying lymphoid
follicles (LFs) show a significantly higher proliferative
activity. These results also showed that the risk of
carcinoma increased in the colonic mucosa on LFs
compared to mucosa without LFs. Consequently, it was
considered that factors from LFs promote carcinogenesis
in the epithelium in rodents. Rubio et al.[5] also investigated
the incidence of LFs in early stage adenomas and
adenocarcinomas in Swedish and Japanese patients,
showing that 38% of 174 consecutive non-polypoid
adenomas and flat incipient adenocarcinomas had
subjacent LFs. Moreover, they observed a higher incidence
of LFs in non-polypoid neoplasms as compared to
polypoid neoplasms in rats[6].
Recently, advances in endoscopic techniques and
equipment have enabled much smaller flat and depressed
colorectal neoplasms to be detected [7-11]. We have also
microscopically encountered LFs and found that their
incidence and localization tended to be different according
to their macroscopic features in early colorectal neoplasms.
In this study, we, therefore, aimed to investigate the
incidence and localization of LFs revealed in early human
colorectal neoplasms.

MATERIALS AND METHODS
Subjects
From July 1992 to September 1999, a total of 1 324 early
colorectal neoplasms, including adenoma with high-grade
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Figure 1 Localizations of LFs in early colorectal neoplasms. A: Submucosal LF in intramucosal carcinoma; B: intramucosal LFs in adenoma with moderate atypia; C:
intermucosal LFs in adenoma with moderate atypia.

atypia, intramucosal cancer and submucosal invasive
cancer, were removed endoscopically or surgically in
our hospital. Of the 1 324 lesions, 293 (22.1%) were
excluded from this study because the histology had been
damaged by endoscopic procedures and they were judged
inappropriate for analysis. The lesions of patients with
familial polyposis, hereditary non-polyposis colorectal
cancer, and inflammator y bowel disease were also
excluded.
Location
The locations of the lesions were categorized into two
groups at the splenic flexure: right-sided colon (including
the cecum, ascending colon, and transverse colon); and
left-sided colon (including descending colon, sigmoid
colon, and rectum).
Macroscopic type
Macroscopically, colorectal lesions were classified into three
groups according to the criteria of the Japanese Research
Society for Cancer of the Colon and Rectum (JRSCCR):
depressed (D) type; flat (F) type; and protruding (P) type.
Evaluation
Histological examinations of the available lesions were
performed with hematoxylin-and-eosin (HE) staining. The
pathological definitions of the lesions were as established
by the JRSCCR. We defined a lymphoglandular complex
with an enlarged germinal center as a LF. The localizations
of LFs were classified into two groups: LFs located
beyond the muscularis mucosa were defined as “submucosal
LFs” (Figure 1A); and LFs located across or above the
muscularis mucosa were defined as “intramucosal LFs”
(Figures 1B and C). The presence and localization of LFs
were investigated histologically.
Statistical analysis
Using χ 2 test and Fisher′s exact probability test, we
compared the clinicopathological characteristics and the
incidence and localization of LFs in early human colorectal
neoplasms. Correlations between lesion size and the
presence or absence of LFs in each macroscopic type were
evaluated by using Spearman’s rank correlation. A value of
P<0.05 was considered statistically significant.

RESULTS
The details of the clinicopathological characteristics of
the subjects are shown in Table 1. A total of 1 031 lesions,
including 903 intramucosal neoplasms and 128 submucosal
cancers, were investigated histologically. Endoscopically,
60 were depressed type, 157 flat type, and 814 protruding
type.
Incidence of LFs
LFs were present in 280 of the 1 031 lesions, an
overall incidence of 27.2%. The incidence of LFs was
significantly higher in females (89/265, 33.6%) compared
to males (191/766, 24.9%) (P = 0.0064). The incidence of
LFs was markedly higher in the right-sided colon (32.2%,
79/166) than in the left-sided colon (25.6%, 201/786, P =
0.0403). In addition, the incidence of LFs in submucosal
cancers (43.8%, 56/128) was significantly higher than in
intramucosal neoplasms (24.3%, 224/903, P<0.0001).
The incidences of LFs in submucosal cancers with or
without lymph node metastasis were 8.9% (5/56) and 8.3%
(6/72), respectively, showing no significant correlation
between the presence of LFs and lymph node metastasis
in submucosal cancers. LFs were present in 41.7% (25/60)
of D type, 31.8% (50/157) of F type, and 25.2% (205/814)
of P type lesions. The incidence of LFs in F and D type
(34.6%, 75/217) was significantly higher than in P type
(25.2%, 205/814) (P<0.0001, Table 1).
Localization of LFs
Of the 280 lesions with LFs, 146 were classified as
intramucosal and 134 as submucosal. In addition, the
localizations of LFs (intramucosal/submucosal) were
also different according to macroscopic types: 1/24 in D,
14/36 in F, and 131/74 in P types (Table 2). The D and
F type lesions harboring LFs also showed a significantly
higher incidence of submucosal LFs as compared to the P
type lesions (P<0.0001).
Correlation between the presence of LFs and tumor size
The mean tumor sizes of the early colorectal neoplasms with
or without LFs in each macroscopic type were 12.3±6.3 and
8.0±5.7 mm in D type, 14.8±10.6 and 8.6±5.1 mm in F type,
and 17.9±12.0 and 12.8±8.3 mm in P type, respectively,
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Table 1 Correlations between clinicopathological characteristics and the presence or absence of lymphoid follicles
Total cases
Gender
Male
Female
Location
Right - sided colon
Left - sided colon
Size (mean)(mm)
Depressed + Flat
Protruding
Macroscopic type
Depressed + Flat
Protruding
Histology
Intramucosal neoplasias
Submucosal cancer

LF1 present (%)
280 (27.2)

1 031

LF absent (%)
51 (72.8)

P

766
265

191 (24.9)
89 (33.6)

575 (75.1)
176 (66.4)

0.0064

245
786

79 (32.2)
201 (25.6)

166 (67.8)
585 (74.4)

0.0403

10.3 ± 3.4
14.1 ± 9.6

13.9 ± 6.3
17.9 ± 12.0

8.5 ± 5.3
12.8 ± 8.3

0.0095

217
814

75 (34.6)
205 (25.2)

142 (65.4)
609 (74.8)

0.0133

903
128

224 (24.8)
56 (43.8)

679 (75.2)
72 (56.2)

<0.0001

1

Lymphoid follicle.

Table 2 Localizations of the lymphoid follicles in each macroscopic
types
Depressed
Flat
Protruding

Intramucosal LF1 (%)
1 (4)
14 (28)
131 (64)

Submucosal LF (%)
24 (96)
36 (72)
74 (36)

Total
25
50
205

1

Lymphoid follicle

wh ich sh owed th a t t h e m e a n t u m o r s i z e in e a ch
macroscopic type with LFs was obviously larger compared
to the macroscopic type without LFs (P<0.0001), and
the mean tumor sizes of D and F types with LFs were
markedly smaller than that of P type (P = 0.0095).

DISCUSSION
We believe that this study is the first report to describe
the incidence and localization of LFs subjacent to early
colorectal neoplasms in human beings. Rubio et al. [5,6]
concluded that there appeared to be a genuine association
between LFs and non-polypoid adenomas, not only in
rodents but also in human beings; however, they did not
mention depressed type lesions. Recently, with advances in
endoscopic instruments and techniques, concerns have arisen
about depressed and flat type early colorectal neoplasms that
have increasingly been found worldwide[7-11]. To clarify the
characteristics of these depressed and flat type lesions, we
investigated the incidence of LFs not only of protruding,
but also of depressed and flat type lesions.
Our present results showed that the incidence of
LFs differed according to the macroscopic features
of early colorectal neoplasms, being especially high in
depressed type lesions (41.7%). We also observed that the
localizations of LFs seen in early colorectal neoplasms
were different according to macroscopic type: 96% (24/25)
of depressed and 72% (36/50) of flat lesions-associated
LFs were located under the muscularis mucosa (submucosal
LF), while 36% (74/205) of protruding lesions harboring
LFs were located over or across the muscularis mucosa

(intramucosal LF). To the best of our knowledge, no
other reports on the localization of LFs in early colorectal
neoplasms have been published as yet.
Depressed lesions are known to demonstrate invasive
tendencies despite their smaller size[7-9]. Furthermore, flat
lesions are reported to be 10 times more likely to contain
high-grade dysplasia than protruding ones [12]. In this
study, the depressed or flat lesions were found to have
a significantly higher incidence of LFs and submucosal
LFs compared to the protr uding lesions. Based on
reports of the aggressive growth patterns of depressed
and flat lesions, we speculate that the differences in
incidence and location of LFs between flat or depressed
and protruding lesions might reflect the host physical
defense against neoplasms in human beings; that the
submucosal LFs might prevent depressed or flat lesions
from downward growth; and that LFs might act against
the upward growth of protruding lesions. However,
the results from experimental colon cancer studies
indicated that aggregates of LFs might promote the
development of adenocarcinomas[1-4]. On the other hand,
studies in experimental animals have also shown that the
intestinal lymphoid system plays an important role in the
immunologic defense mechanisms; that is, antigenic stimuli
result in germinal center formation, subsequently antibody
production, and finally enlargement of the follicles [13].
In vivo, the presence of tumor-infiltrating lymphocytes is
associated with improved prognosis in colorectal cancers,
as does the presence of high level DNA microsatellite
instability [14-15]. Carcinomas with lymphoid stroma in
various organs are also reported to be associated with
better prognosis[16]. Thus, these results suggest LFs in early
colorectal neoplasms play an important role in defense
rather than promotion.
In our study, the incidence of LFs was markedly higher
in submucosal invasive cancers than in intramucosal
lesions, and it was also more frequently observed in
depressed or flat lesions and in larger sizes of each
macroscopic type. We observed significant correlations
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among the incidence of LFs and the invasive tendencies
and size of early colorectal lesions. Mortality rates for
colorectal cancer in Japan tend to be lower in females
than males. Our results also showed a significant higher
incidence of LFs in females compared to males (33.6% vs
24.9%). Taking these results together, we suggest that LFs
in early colorectal neoplasms are signs of a possible early
physical defense event against neoplastic cells.
Submucosal cancers are reported to show lymph
node metastasis in 3.6–16.2%[17-20]. However, in this study,
we could not find a significant difference between the
presence of LFs and lymph node metastasis in submucosal
cancers. This might be due to the small numbers of
submucosal cancers (8.6%, 11/128) harboring lymph node
metastasis. Another explanation is that LFs may have
defense only against the process of tumor invasion but not
that of metastasis.
In conclusion, significant differences exist in the
incidence and localization of LFs in early colorectal
neoplasms in human beings. We suggest that LFs in early
colorectal neoplasms might be considered as a sign of
the host physical defense against neoplastic cells. Further
studies, including experimental and clinical analyses, will be
necessary to confirm this phenomenon.
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Abstract
AIM: To evaluate the effect of MSX2 on gemcitabineinduced caspase-3 activation in pancreatic cancer cell
line Panc-1.
METHODS: Using V5-tagged MSX2 expression vector,
stable transfectant of MSX2 was generated from Panc-1
cells (Px14 cells). Cell viability under gemcitabine
administration was determined by MTT assay relative to
control cell line (empty-vector transfected Panc-1 cells;
P-3EV cells). Hoechst staining was used for the detection
of apoptotic cell. Activation of caspase-3 was assessed
using Western blotting analysis and direct measurement
of caspase-3 specific activities.
RESULTS: MSX2 overexpression in Panc-1 cells resulted
in decreased gemcitabine-induced caspase-3 activation
and increased cell viability under gemcitabine treatment
in Px14 cells.
CONCLUSION: MSX2 exerts repressive effects on
gemcitabine-induced apoptotic pathway. This novel
apoptosis-regulating function of MSX2 may provide a
new therapeutic target for pancreatic cancer.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Pancreatic cancer is known as a cancer with poor prognosis.
Surgical resection of pancreatic cancer is available only in
15-20% of all patients[1], while medical approaches, such
as chemotherapy or radiation, have no cure. The resistance
of pancreatic cancer to chemotherapeutic agents is one
of the serious problems in clinical situation. Gemcitabine
(2’,2’-dif luoro-2’-deoxycytidine) is a widely used
chemotherapeutic agent for unresectable pancreatic cancer
treatment, and its administration triggers apoptosis in
pancreatic cancer cell line[2]. On the other hand, previous
report showed that acquired gemcitabine resistance was
accompanied by altered expression of apoptosis regulatory
genes[3]. The mechanisms how cancer cells evade apoptotic
signals are beginning to come to light, but its upstream
regulators are not fully understood as yet.
We have previously demonstrated that overexpression
of homeobox gene MSX2 accelerated proliferation of
pancreatic cancer cell lines, combined with epithelialmesenchymal transition (EMT)-like phenotypic changes in
vitro (Satoh et al., submitted). In addition, forced expression
of MSX2 increased anchorage-independent growth of
pancreatic cancer cells, indicating enhanced aggressive
biological behavior. Recent studies have demonstrated
that MSX2 is a downstream target of the Wnt signaling
pathway in several cancer cell lines[4,5]. The upregulation of
Wnt signaling is reported in various cancer cell lines, and
its target genes are closely related to cancer cell growth
and survival[6–9]. At this point of view, we hypothesized
that MSX2 might affect apoptotic signaling pathway, which
leads to the chemoresistance of pancreatic cancer cells.
In this study, we generated MSX2-overexpressing
pancreatic cancer cell line Px14, and this cell line revealed
resistance to the gemcitabine treatment. When cells were
treated with gemcitabine, the caspase-3 activation was
significantly upregulated in empty vector-transfected
control cells, but not in Px14 cells compared to basal
control cells. Taken together, MSX2 might act as a negative
regulator of apoptosis in this cell line. This new upstream
regulator of apoptotic signaling pathway may provide
a novel therapeutic target of chemotherapy-resistant
pancreatic cancer.

MATERIALS AND METHODS
Cell line and cell culture
Panc-1, a human pancreatic cancer cell line, was maintained
in Dulbecco’s modified Eagle’s medium (DMEM)
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supplemented with 100 mL/L fetal bovine serum (FBS),
and incubated at 37 °C in a humidified atmosphere
containing 50 mL/L CO2 in air.
Chemical substances
Gemcitabine (Gemzar; Eli Lilly Co., Indianapolis, IN,
USA) was dissolved in phosphate buffered saline (PBS)
at various concentrations of 0.1, 1, 10, 100 μg/mL and
1 mg/mL as stock solutions. In cell culture, vehicle and
these stock solutions were used in 1:100 dilutions.
Plasmids, gene transduction and expression
Expression vector, pcDNA3.1-MSX2V5, was generated as
described previously (Satoh et al. submitted). Panc-1 cells
were plated in six-well plates and cultured until reaching
a subconfluent state. Cells were transfected with 1 μg of
pcDNA3.1-V5His (empty vector) or pcDNA3.1-MSX2V5
using FuGENE6 transfection reagent (Roche Diagnostics,
Basel, Switzerland) in normal growth medium. Three days
later, cells were plated on 10-cm dishes and cultured until
reaching a confluent state. After G418 selection, clones
were subjected to Western blot analysis with a specific
anti-V5 antibody (Invitrogen, Carlsbad, CA, USA).
Cell proliferation and cell viability assays
For cell proliferation assay, 6 000 cells were seeded per
well in triplicate in 96-well plates in normal growth
media. After 24-h (d1) and 72-h (d3) incubation, cell
proliferation assay was performed using cell proliferation
ELISA, BrdU (5-bromo-2-deoxyuridine) kit (Roche
Diagnostics) according to the manufacturer’s instructions.
Cell proliferation ratio at d3 was normalized by that of d1.
For cell viability assay, 10 000 cells were seeded per well in
triplicate in 96-well plates in normal growth media. After
24-h incubation, cells were incubated with gemcitabine
at various concentrations. After 48-h incubation, cell
viability was measured by using 3-(4,5-dimethylthiazol2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay.
Cells were treated with MTT solution at a concentration
of 0.5 mg/mL for 2 h, and then solubilized in
dimethylsulfoxide (DMSO). Color reaction was measured
by a spectrometer at a wavelength of 570 nm. Each
experiment was repeated at least twice.
Detection of apoptotic cells
Apoptosis was determined by staining with Hoechst. Cells
were plated at 1×104 on culture slide (Becton Dickinson,
Franklin Lakes, NJ, USA) and allowed to adhere to the
slide overnight. Gemcitabine (1 μg/mL) was added and
incubated for an additional 24 h. The cells were fixed
with 40 g/L paraformaldehyde for 20 min, followed by
Hoechst 33342 (Calbiochem-Novabiochem, La Jolla, CA,
USA) staining in these cells for 30 min. Then the cells
were analyzed under a fluorescence microscope (Leica,
Cambridge, UK). Between the incubations, the specimens
were washed thrice with PBS. Chromatin condensation,
nuclear shrinkage, and nucleosomal fragmentation were
considered to be morphological markers of apoptosis.
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Measurement of caspase-3 activities
APOCYTO Caspase-3 Colorimetric Assay Kit (MBL,
Nagoya, Japan) was used for the detection of caspase-3
activity following the manufacturer’s protocol. The
subconfluent state cells in 10-cm dishes were harvested
after 24-h incubation with gemcitabine (1 µg/mL), and
subjected to caspase-3 activity detection.
Western blotting analysis
Cells were lysed by the addition of lysis buffer containing
150 mmol/L NaCl, 50 mmol/L Tris–HCl, 10 mL/L Nonidet
P40 and 5 g/L sodium deoxycholate. Cell lysates were cleared
by centrifugation at 16 000 g at 4 ˚C for 15 min. Cleared
lysates were boiled for 5 min at 100 ˚C after the addition of
5× sample loading buffer containing 1 mol/L Tris–HCl (pH
6.8), sodium dodecyl sulfate, glycerol, and bromophenol
blue. Samples were electrophoresed at 200 V on 125 g/L
polyacrylamide gels and transferred to nitrocellulose
membranes (Bio-Rad, Hercules, CA, USA), blocked with
50 g/L nonfat dry milk, and then incubated with primary
antibodies, such as anti-caspase-3 antibody (BD610322),
anti-v5 antibody (R960-25, Invitrogen) and anti-α-tubulin
antibody (sc-8035, Santa Cruz Biotechnology, Santa Cruz,
CA, USA). Horseradish peroxidase-conjugated anti-mouse
antibody (NA931, Amersham, Buckinghamshire, UK) was
used as secondary antibody. Reactive bands were detected
using ECL™ Western Blotting Detection Reagents
(Amersham).
Statistical analysis
The unpaired t-test and one-way ANOVA were used for
statistical comparison. Calculations were made with the
help of Microsoft Excel computer software (Microsoft,
Redmond, WA, USA). P<0.05 was considered statistically
significant.

RESULTS
Forced MSX2 expression in human pancreatic cancer cell
line Panc-1
To evaluate whether MSX2 expression correlates with
gemcitabine resistance in pancreatic cancer cells, we
generated MSX2 stable transfectant cell line. As described
previously (Hamada et al., submitted), V5-tagged MSX2
expression vector was transfected in Panc-1 cells. MSX2expressing clone (Px14) was selected and subjected to
further analysis (Figure 1A). Panc-1 cells transfected with
empty vector were maintained with the culture media
containing G418, and used as control cell line (P-3EV).
BrdU incorporation assay showed no significant difference
in cell growth between two cell lines, but there was a
tendency of slightly increased proliferation ratio in Px14 cells
(P = 0.074, Figure 1B) relative to control cells (P-3EV cells),
which was compatible to our previous report (Satoh et al.,
submitted).
Decrease of gemcitabine sensitivity in Panc-1 cells by
MSX2 overexpression
Gemcitabine administration at a concentration of 10 µg/mL
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Figure 2 A: Cell viability of P-3EV and Px14 cell lines after 24 h of gemcitabine
treatment at various concentrations. Gemcitabine reduced cell viability in a dosedependent manner. At a concentration of 0.1 μg/mL or above, Px14 cells exhibited
higher viability relative to P-3EV cells (one-way ANOVA, n = 3, aP<0.05 vs others);
B: Hoechst staining of P-3EV and Px14 cell lines. After 24 h of gemcitabine
treatment at a concentration of 1 μg/mL, apoptotic changes (nuclear chromatin
condensation and nuclear fragmentation) were obviously observed in P-3EV cells
(arrow), but not in Px14 cells.

for 48 h decreased the viability of P-3EV cells by 60%,
whereas that of Px14 cells only by 30% (Figure 2A). Px14
cells also depicted gemcitabine resistance at concentrations
of 1 and 0.1 µg/mL (Figure 2A). Since Px14 cells were
thought to be resistant to gemcitabine cytotoxicity, we
analyzed gemcitabine-induced morphological alteration
in P-3EV cells and Px14 cells. Gemcitabine-treated
P-3EV cells at a concentration of 1 µg/mL for 24 h
showed obvious apoptotic characteristics such as nuclear
fragmentation and chromatin condensation, while these
morphological changes were unremarkable in Px14 cells
(Figure 2B).
Gemcitabine-induced caspase-3 activation in P-3EV cells
and Px14 cells
Gemcitabine treatment led P-3EV cells to apoptotic state,

thus we examined caspase-3 activation in P-3EV and
Px14 cells. Gemcitabine administration at a concentration
of 1 µg/mL clearly induced active (cleaved) form of
caspase-3 in P-3EV cells, but not in Px14 cells (Figure
3A). Caspase-3 activation is a critical event in apoptosis
induction; therefore, we hypothesized that gemcitabine
resistance in Px14 cells might be due to suppressed
caspase-3 activity. To evaluate this hypothesis, we
conducted direct measurements of caspase-3 activities in
P-3EV cells and Px14 cells, with or without gemcitabine
treatment. The basal activities of caspase-3 in these cells
were not significantly different (Figure 3B). However,
gemcitabine treatment at a concentration of 1 µg/mL
significantly increased caspase-3 activity in P-3EV cells
but not in Px14 cells as compared with its basal activity in
control cells.

DISCUSSION
Even in pancreatic cancer cells, apoptotic signal does exist,
but the signal is considered to be overwhelmed by inhibitor
of apoptosis[10]. In our experiment, gemcitabine treatment
induced apoptotic changes in P-3EV cells, whereas this
effect was attenuated by MSX2 overexpression. Studies
have shown that the ability of evasion from apoptosis
is one of the critical steps for tumor progression. For
example, interference of X-linked inhibitor of apoptosis
(XIAP) expression in MDA-MB-231 mammary cancer
cell line increases sensitivity to several chemotherapeutic
agents[11]. The expression level of survivin in pancreatic
cancer tissue is significantly associated with the reduction
of the apoptotic index of tumor cells [12] and is also
reported to be correlated with the prognosis of patients[13],
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indicating that anti-apoptotic effectors directly affect clinical
outcomes.
MSX2 overexpression enhanced cell proliferation
in pancreatic cancer cell line BxPC-3 (Satoh K et al.,
submitted), and tended to stimulate the Panc-1 cell growth
in the current study, indicating that MSX2 enhances the
proliferation effect rather than the pro-apoptotic effect
in pancreatic cancer cells. Association of MSX2 with cell
proliferation has also been shown in facial mesenchyme[14]
and in skeletogenic mesenchyme[15], suggesting that the
downstream targets of this homeobox gene may include
regulators of cell proliferation. In addition, MSX2 itself
and/or BMP-induced MSX2 has shown to lead the
pancreatic cancer cells to epithelial-mesenchymal transition
(EMT) state (Satoh et al., Hamada et al., submitted),
indicating the enhancement of malignant phenotype
of pancreatic cancer cells by MSX2. In this study, we
clearly demonstrated that forced expression of MSX2
in pancreatic cancer cells produced the resistance to
gemcitabine-induced apoptosis via the suppression of
caspase-3 activity, which is an additional new aspect of
MSX2 to accelerate the pancreatic cancer cell malignancy.
Although further detailed investigations would be required
to clarify how MSX2 inhibits caspase-3 activation in
pancreatic cancer cells, the involvement of this gene in
the development of gemcitabine resistance provides us
some clues for further understanding of the cancerous cell
nature and a novel therapeutic target.
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age, while they increased by age in the CG, POPUL, and
NoDg groups (P ≤0.0001). The Ig A response, but not
the Ig G response, was associated with an increased risk
of CA (OR 2.41, 95%CI 1.79-3.53) and GU (OR 2.57,
95%CI 1.95-3.39) in comparison with CG patients.
CONCLUSION: An Ig A antibody response during H pylori
infection is significantly more common in CA and GU
patients as compared with CG patients.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Abstract
AIM: To compare the prevalence of Helicobacter pylori
(H pylori) Ig G and Ig A antibodies between adult subjects,
with defined gastric diseases, nondefined gastric
disorders and those representing the population.

METHODS: Data on H pylori Ig G and Ig A antibodies,
determined by enzyme immunoassay, were analyzed
in 3 252 subjects with DGD including 482 patients with
gastric ulcer, 882 patients with duodenal ulcer, 1 525
patients with chronic gastritis only and 363 subjects
with subsequent gastric cancer, 19 145 patients with
NoDg and 4 854 POPUL subjects. The age-adjusted
prevalences were calculated for 1- and 20-year age
cohorts.
RESULTS: The prevalences of Ig G antibodies were
equally high (89-96%) in all 20-year age cohorts of the
DGD groups, whereas the prevalences of Ig G antibodies
were lower and increased by age in the POPUL and
NoDg groups. The prevalences of Ig A antibodies
were also higher in the DGD groups; among them CA
(84-89%) and GU groups (78-91%) showed significantly
higher prevalences than DU (68-77%) and CG patients
(59-74%) (OR 2.49, 95%CI 1.86-3.34 between the GU
and DU groups). In the CA, GU, and DU groups, the Ig A
prevalences showed only minor variation according to

INTRODUCTION
Helicobacter pylori (H pylori), the causative agent of chronic
gastritis[1], is also the most important risk factor for peptic ulcer
disease[25] and distal gastric cancer[4,5]. The presence of H
pylori antibodies signify this chronic infection and their
prevalence increases with age in all populations, mainly
due to the birth of cohort phenomenon[6,7]. The optimal
serological tests for IgG antibodies to H pylori show a
sensitivity and a specificity of over 95%[8-10]. Antibodies
of the IgA class are usually detected in combination with
elevated IgG antibodies in approximately two-thirds of
infected subjects[8,11,12]. They are diagnostically useful in
the 2-7% of H pylori patients who do not have elevated
IgG levels[7,8,12-15]. IgA antibodies have been shown to be a
sensitive indicator of an increased risk for gastric cancer[14].
In this context, it may be important that subjects with
CagA antibodies have more often H pylori antibodies
of the IgA class as compared with those who are CagA
antibody-negative[15], since CagA-positive infections have
been associated with an increased risk of both peptic ulcer
disease and gastric cancer[16,17].
In the present study, we analyzed the prevalences of
H pylori antibodies determined in our laboratory from
1986 to 2000 in clinical samples taken from patients with
endoscopically verified or undefined gastric disorders and
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MATERIALS AND METHODS
Study subjects
Serum samples for this study were obtained from 1986
to 2000 from the following patient groups: 3 252 patients
with defined gastric diseases (DGD), including 482
patients with an endoscopically confirmed gastric ulcer
(GU) (mean age 60.79 years, SD±12.59 years), 882 patients
with an endoscopically confirmed duodenal ulcer (DU)
(mean age 53.80 years, SD±13.64 years), 1 525 patients
with a histologically verified chronic gastritis (CG) (mean
age 50.58 years, SD±15.95 years) and 363 subjects with
subsequent gastric cancer (CA) (mean age at the time of
the serum sampling 57.23 years, SD±10.91 years). Sera
from GU, DU, and CG patients were collected on the
day of the endoscopy, those from CA patients between
2 wk to 24 years before the diagnosis of cancer was made
(reported in part earlier [5,14]). In the GU, DU, and CG
groups, patients who had prior successful eradication
therapy were excluded from the study. In addition, serum
samples were obtained from 4 854 subjects participating in
a population study in Vammala, Finland (POPUL) (mean
age 41.73 years, SD±20.60 years), reported in part earlier[7]
and from 19 145 patients whose sera were sent by general
practitioners, Municipal Health Centers or Hospitals to our
diagnostic laboratory for H pylori antibody tests without
any information on possible gastric disorders (NoDg)
(mean age 51.47 years, SD±16.97 years).
Ethics
The study was approved by the Ethics Committee for
Epidemiology and Public Health of the Helsinki and
Uusimaa Hospital district.
Laboratory assessment
H pylori IgG and IgA antibody titers were determined by
in-house enzyme immunoassays[8,10].The antigen used was
an acid glycine extract from H pylori strain NCTC 11637.
During the study period, the sensitivity and specificity
of the IgG test were 95-99% and 93-97%, respectively,
and those of the IgA test were 64-67% and 92-98%,
respectively, as determined in patients in whom the
presence of H pylori infection had been verified by culture
and histology of gastric biopsies[8,10].
Statistical analysis
The trend in changes in the prevalences of IgG and
IgA antibodies by age was studied using the linear trend
test. The comparisons of prevalences of IgA and IgG
antibodies between the groups were analyzed using the
logistic regression model adjusting for age based on
1-year age cohorts. For an overview, the prevalences
were determined for 20-year age-adjusted cohorts (15-34,
35-54, 55-74, and 75-94 years), each including at least 50
subjects. The association of IgA and IgG responses with
the risk of serious complications (CA, GU, and DU) was
analyzed using a logistic regression model by comparing
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Figure 1 Prevalence of H pylori IgG antibodies by 20-year age cohorts in the
Finnish population and patients with different gastric disorders. (Only cohorts
including at least 50 subjects are shown).

the number of subjects in each antibody response and
complication category to that in CG patients, who are
regarded to present the basic disease caused by H pylori.
Statistical analyses were carried out using the SPSS 12.0
software package (SPSS Inc., Chicago, IL, USA). P<0.05
was considered statistically significant.

RESULT
Of the 27 251 subjects, 13 939 (51.2%) were positive for H
pylori antibodies. Of the antibody-positive subjects, 61.8%
were positive for both IgG and IgA antibodies, 34.9% for
IgG antibodies only and 3.3% for IgA antibodies only.
IgG antibody prevalences
Among the subjects in the DGD groups, 88.6-95.7%
had H pylori antibodies of the IgG class in all 20-year
age cohorts (Figure 1). In contrast, among the subjects
representing the POPUL and NoDg groups, significantly
lower seroprevalences were obser ved (OR 19.73,
95%CI 16.15-24.10 and OR 14.11, 95%CI 12.28-16.21,
respectively) (Figure 1). Furthermore, the prevalence was
seen to increase by age from 12% in the youngest cohort
to 63% in the 55-74-year-old cohort in the POPUL
group (P<0.0001; trend test), and from 27% to 62%,
respectively, in the NoDg patients (P<0.0001; trend test).
The prevalence of IgG antibodies was significantly higher
in the NoDg patients than in the POPUL group (OR 2.18,
95%CI 2.00-2.36) (Figure 1).
Within the DGD group, the prevalences did not differ
between the GU, DU, CG, and CA groups, nor did they
show any significant variation by age (trend test).
IgA antibody prevalences
The prevalence of IgA antibodies group in all age cohorts
was significantly higher in the DGD group than in the
POPUL (OR 9.61; 95%CI 8.20-11.26) and NoDg groups
(OR 5.00; 95%CI 4.59-5.44) (Figure 2). Within the DGD
group, the highest prevalences were found in the GU
and CA groups in all 20-year cohorts (77.7-90.7% and
84.3-88.6%, respectively) (Figure 2) without a significant
difference between these two groups (OR 1.09, 95%CI
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Figure 2 Prevalence of H pylori IgA antibodies by 20-year age cohorts in the
Finnish population and patients with different gastric disorders. (Only cohorts
including at least 50 subjects are shown.)

0.75-1.58). Although the GU patients showed a small
decrease of IgA-positive subjects by increasing age (P = 0.016;
trend test), the prevalence was markedly higher than in DU
(68.4-77.4%, OR 2.49; 95%CI 1.86-3.34) and CG patients
(58.7-74.2%, OR 2.57, 95%CI 1.95-3.39). In the DU
patients, the IgA prevalence showed no significant trend
by age (trend test), whereas a significantly increased trend
by age was found in CG patients (P = 0.0001; trend test);
the overall prevalences did not differ significantly between
these two groups (OR 1.13; 95%CI 0.95-1.35) (Figure 2,
Table 1).
In the subjects representing the POPUL and NoDg
groups, the prevalence of IgA antibodies increased by
age from the lowest rates (6.5% and 15.1%, respectively)
to significantly higher rates in the 55-74-year-old cohorts
(52.1% and 45.6%, respectively; P<0.0001; trend test)
(Figure 2). The overall prevalence of IgA antibodies was
higher in the NoDg patients than that in the POPUL
group (OR 1.93, 95%CI 1.73-2.10).
Association of IgG and IgA responses with the risk of CA,
GU, and DU in comparison with CG
IgA response was more common in CA and GU groups as
compared with CG patients (OR 2.41, 95%CI 1.79-3.53
and OR 2.57, 95%CI 1.95-3.39, respectively); however, this
difference was not significant in DU patients (Table 1). The
number of IgG responders in CA and GU groups did not
differ significantly as compared with the CG patients (Table 1),
whereas it was even slightly lower in DU patients as compared
with the CG patients (OR 0.72, 95%CI 0.55-0.99).

DISCUSSION
In the present study, we analyzed, according to age cohorts,
a large body of serological data collected during a 15-year
period. DGD subjects with gastric disorders known to
be associated with H pylori infection showed a high and
rather a constant prevalence of H pylori IgG antibodies
in all the 20-year age cohorts. Based on the prevalence
of IgA antibodies, the DGD group could be divided into
two categories: in GU-CA-category, the age-adjusted IgA
prevalences ranged from 78% to 91%; whereas in DU-
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Table 1 Association of H pylori IgA and IgG antibodies with the risk
of CA, GU or DU in comparison to CG
Subjects
with
CG
CA
GU
DU

IgA
OR
1
2.41
2.57
1.13

IgG
95%CI
1.79–3.53
1.95–3.39
0.95–1.35

OR
1
1.28
0.69
0.72

95%CI
0.81–2.02
0.46–1.03
0.55–0.99

CG-category, the age-adjusted IgA prevalences remained
significantly lower. With the exception of CG patients,
the IgA antibody rates also remained rather constant
throughout the age range. In contrast, the infected subjects
in the POPUL and NoDg groups showed significantly
lower IgG and IgA rates than those in the DGD group
and that increased significantly by age. The CG patients
formed a special intermediate group with overall IgG and
IgA antibody prevalences at the same level as those of the
DU patients, but with a significantly increasing trend by
age in the prevalence of IgA antibodies.
The importance of the IgA response increases when
considered in connection with our earlier findings showing
the association of H pylori antibodies of the IgA class with
a CagA-positive infection[15], as well as with other reports
showing an increased risk of peptic ulcer disease and
gastric cancer in CagA-positive infection[16,17]. The present
results imply that an IgA response during H pylori infection
might be regarded as an indicator of an increased risk not
only for gastric cancer[14] but also for gastric ulcer disease.
In these comparisons, that we carried out using the data
from patients with chronic gastritis as baseline values,
we found that the higher IgA response rate seen in DU
patients did not reach significance.
By using the data obtained in prospective gastric cancer
studies, we wanted to avoid the bias caused by severe
atrophic gastritis, regarded as a precancerous process[18].
Severe atrophic gastritis may progress to a disease stage
when Helicobacters first gradually decrease in number,
then disappear and finally also Helicobacter antibodies, the
longest lasting indicators of the infection, fall to a normal
level[19]. In particular, in elderly subjects with non-cardia
cancer, there may be several individuals who at the time of
diagnosis may have lost all direct indicators of their burnt
out Helicobacter infection.
Our large materials and the high sensitivity and
specificity of our antibody tests also gave an opportunity
to compare the prevalence of H pylori antibodies between
the POPUL and NoDg groups. It is tempting to speculate
that the higher H pylori prevalence in the two youngest
cohorts (by 15% and 18% units in antibodies of IgG class
in the order of increasing age) in NoDg patients would
preferentially reflect the strength of gastric symptoms
driving patients to clinical consultations.
In conclusion, irrespective of age, practically all DGD
subjects have H pylori IgG antibody. The prevalence of IgA
antibodies highest in CA and GU patients, second highest
in DU and CG patients, and lowest in the NoDg patients
and POPUL subjects. An IgA response is associated with
serious sequelae of H pylori infection.

6874

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

REFERENCES
1

2
3
4
5

6

7

8

9

10

Marshall BJ, Armstrong JA, McGechie DB, Glancy RJ. Attempt
to fulfil Koch’s postulates for pyloric Campylobacter. Med J Aust
1985; 142: 436-439
Rauws EA, Tytgat GN. Cure of duodenal ulcer associated with
eradication of Helicobacter pylori. Lancet 1990; 335: 1233-1235
Marshall BJ. Helicobacter pylori. Am J Gastroenterol 1994; 89:
S116-128
Infection with Helicobacter pylori. IARC Monogr Eval Carcinog
Risks Hum 1994; 61: 177-240
Helicobacter and Cancer Collaborative Group. Gastric cancer
and Helicobacter pylori: a combined analysis of 12 case control
studies nested within prospective cohorts. Gut 2001; 49:
347-353
Talley NJ, Noack KB. The woldwide prevalence of Helicobacter
pylori: Asymptomatic infection and clical states associated
with infection in adults. In: Goodwin CS, Worsley BW, eds.
Helicobacter pylori: Biology and clinical practice. Boca Raton,
Florida: CRC Press Inc. 1993; 63-83
Kosunen TU, Aromaa A, Knekt P, Salomaa A, Rautelin H,
Lohi P, Heinonen OP. Helicobacter antibodies in 1973 and
1994 in the adult population of Vammala, Finland. Epidemiol
Infect 1997; 119: 29-34
Kosunen, TU, Seppälä K, Sarna S, Sipponen P. Diagnostic
value of decreasing IgG, IgA, and IgM antibody titres after
eradication of Helicobacter pylori. Lancet 1992; 339: 893-895
Feldman RA, Deeks JJ, Evans SJ. Multi-laboratory comparison
of eight commercially available Helicobacter pylori serology
kits. Helicobacter pylori Serology Study Group. Eur J Clin
Microbiol Infect Dis 1995; 14: 428-433
Oksanen A, Veijola L, Sipponen P, Schauman KO, Rautelin H.
Evaluation of Pyloriset Screen, a rapid whole-blood diagnostic
test for Helicobacter pylori infection. J Clin Microbiol 1998; 36:
955-957

11

12

13

14

15

16

17

18

19

November 21, 2005 Volume 11 Number 43

Kosunen TU, Höök J, Rautelin HI, Myllylä G. Age-dependent
increase of Campylobacter pylori antibodies in blood donors.
Scand J Gastroenterol 1989; 24: 110-114
Andersen LP, Rosenstock SJ, Bonnevie O, Jorgensen T.
Seroprevalence of immunoglobulin G, M, and A antibodies to
Helicobacter pylori in an unselected Danish population. Am J
Epidemiol 1996; 143: 1157-1164
Jaskowski TD, Martins TB, Hill HR, Litwin CM.
Immunoglobulin A antibodies to Helicobacter pylori. J Clin
Microbiol 1997; 35: 2999-3000
Aromaa A, Kosunen TU, Knekt P, Maatela J, Teppo L,
Heinonen OP, Harkonen M, Hakama MK. Circulating antiHelicobacter pylori immunoglobulin A antibodies and low
serum pepsinogen I level are associated with increased risk of
gastric cancer. Am J Epidemiol 1996; 144: 142-149
Rautelin HI, Oksanen AM, Karttunen RA, Seppala KM,
Virtamo JR, Aromaa AJ, Kosunen TU. Association of CagApositive infection with Helicobacter pylori antibodies of IgA
class. Ann Med 2000; 32: 652-656
Cover TL, Glupczynski Y, Lage AP, Burette A, Tummuru MK,
Perez-Perez GI, Blaser MJ. Serologic detection of infection
with cagA+ Helicobacter pylori strains. J Clin Microbiol 1995; 33:
1496-1500
Parsonnet J, Friedman GD, Orentreich N, Vogelman H. Risk
for gastric cancer in people with CagA positive or CagA
negative Helicobacter pylori infection. Gut 1997; 40: 297-301
Correa P, Haenszel W, Cuello C, Zavala D, Fontham E,
Zarama G, Tannenbaum S, Collazos T, Ruiz B. Gastric
precancerous process in a high risk population: cohort followup. Cancer Research 1990; 50: 4737-4740
Kokkola A, Kosunen TU, Puolakkainen P, Sipponen P, Harkonen M, Laxen F, Virtamo J, Haapiainen R, Rautelin H. Spontaneous disappearance of Helicobacter pylori antibodies in
patients with advanced atrophic corpus gastritis. APMIS 2003;
111: 619-624

Science Editor Kumar M and Guo SY Language Editor Elsevier HK

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

ELSEVIER

World J Gastroenterol 2005;11(43):6875-6879
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• RAPID COMMUNICATION •

Polymorphisms in sulfotransferase 1A1 and glutathione
S -transferase P1 genes in relation to colorectal cancer risk
and patients’ survival
Xiao-Feng Sun, Ahmad Ahmadi, Gunnar Arbman, Åsa Wallin, Daniel Asklid, Hong Zhang

Xiao-Feng Sun, Åsa Wallin, Department of Oncology, Institute
of Biomedicine and Surgery, University of Linköping, Linköping,
Sweden
Ahmad Ahmadi, Daniel Asklid, Hong Zhang, Department of
Cell Biology, Institute of Biomedicine and Surgery, University of
Linköping, Linköping, Sweden
Gunnar Arbman, Department of Surgery, Vrinnevi Hospital,
Norrköping, Sweden
Supported by grants from the Swedish Cancer Foundation and
the Health Research Council in the South-East of Sweden
Correspondence to: Xiao-Feng Sun, Professor, MD, PhD,
Department of Oncology, Institute of Biomedicine and Surgery,
University of Linköping, S-581 85 Linköping,
Sweden. xiasu@ibk.liu.se
Telephone: +46-13-222066 Fax: +46-13-222846
Received: 2005-03-09
Accepted: 2005-04-02

Abstract
AIM: To examine whether polymorphisms in SULT1A1
and GSTP1 genes contribute to colorectal cancer
development and whether they are associated with
clinicopathological variables are not well identified.
METHODS: We examined the genotypes of 125
colorectal cancer patients and 666 healthy controls in a
Swedish population by using PCR-restriction fragment
length polymorphism (RFLP).
RESULTS: SULT1A1 *2/*2 genotype (OR = 2.49,
95%CI = 1.48-4.19, P = 0.0002) and *2 allele (OR =
1.56, 95%CI = 1.16-2.10, P = 0.002) had an effect on
colorectal cancer susceptibility, while GSTP1 genotype
was without effect. However, GSTP1 G-type predicted a
worse prognosis in the patients independently of gender,
age, Dukes’ stage, growth pattern, and differentiation
(P = 0.03).
C O N C L U S I O N : Polymorphism in SULT1A1 may
predispose to colorectal cancer and GSTP1 may be a
biological indicator of prognosis in the patients.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Sulfotransferase 1A1 (SULT1A1), a major sulfotransferase
enzyme in human beings, is an important component in
the detoxification pathway of numerous xenobiotics. The
enzyme also plays an important role in the metabolism
and bioactivation of many dietary and environmental
mutagens, including heterocyclic amines implicated in carcinogenesis of colorectal and other cancers[1]. SULT1A1
is polymorphic with the most common variant allele,
SULT1A1*2, where a G→A change occurs at nucleotide
638, resulting in an arg213→his213 change. This allele
codes for an allozyme with low enzyme activity and stability compared to the SULT1A1*1 variant. Therefore,
SULT1A1 genotype may influence susceptibility to mutagens following exposure to heterocyclic amines and other
environmental toxins[1]. However, regarding the results of
the SULT1A1 polymorphism in relation to colorectal cancer risk was inconsistent[2-4].
Glutathione S-transferase P1 (GSTP1) plays a central
role in the inactivation of toxic and carcinogenenic
electrophiles[5]. The A to G polymorphism at nucleotide
313 in the GSTP1 gene results in an isoleucine to valine
change at residue 105, which reduces the catalytic activity
of the enzyme. The polymorphism of lower activity allele
of GSTP1 was related to several types of cancers including
bladder, testicular, and lung cancer, but not to colorectal
cancer[5-10].
There was no study on the polymorphisms of
SULT1A1 and GSTP1 in patients with colorectal cancer in
comparison with healthy controls in Sweden; we, therefore,
investigated the polymorphisms in this population in order
to clarify whether the polymorphisms were related to
colorectal cancer risk, and further to analyze whether the
polymorphisms had any clinicopathological significance.
We analyzed genomic DNA of normal colorectal mucosa
from 125 colorectal cancer patients and of blood samples
from 666 healthy controls by using PCR-restrictionfragment length polymorphism (RFLP).
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MATERIALS AND METHODS
Materials
Normal colorectal mucosal samples and colorectal cancer
tissue were obtained from 125 patients with primary
colorectal adenocarcinomas diagnosed at the Department
of Pathology, Vrinnevi Hospital, Norrköping, Sweden,
during the period between 1990 and 2001. All patients
were Caucasians. Patients’ gender, age, tumor site, Dukes’
stage and the grade of differentiation were obtained from
their surgical and pathological records and reviewed by
two authors. Normal colorectal mucosa was taken from
the distant resection margin and the corresponding tumor
tissue from the colorectal cancer. The patients with colon
cancers in Dukes’ stage C/advanced tumor received
chemotherapy (the influence on survival was less than
20%), and some patients with rectal cancers received
adjuvant preoperative radiotherapy (the treatment has a
marginal influence on survival). The patients were followed
up until the end of October 2003, and 32 deaths due to
the cancer had been registered.
Control population comprised 666 individuals from
the same residential area as the patients. The individuals
had neither gastrointestinal diseases nor history of
tumors. DNA samples were extracted from the peripheral
leukocytes.
Methods
DNA extraction Genomic DNA was isolated from
frozen nor mal colorectal mucosa and tumor from
colorectal cancer patients by a modified proteinase K
digestion and phenol/chloroform extraction technique. In
brief, the tissue (about 200 mg) was cut into small pieces
and dissolved in a cell lysis buffer (40 µL of 20% SDS,
40 µL of 10 mg/mL proteinase K, 400 µL TEN buffer,
0.1 mol/L NaCl, 10 mmol/L Tris-HCl, 1 mmol/L EDTA,
pH 8.4). Samples were kept in a shaking water bath at
55 °C overnight. The digestive step was repeated by the
addition of half of the volume of the cell lysis solution
(above), until the sample solution turned completely clear.
DNA was extracted with phenol, phenol/chloroform and
chloroform, precipitated with ice-cold ethanol, washed
with 70% ethanol, and redissolved in double distilled water.
The amount of purified DNA was measured by a DU 640
spectrophotometer (Beckman, Fullerton, USA), and the
DNA concentration was calculated. Genomic DNA from
the controls was extracted from peripheral leukocytes by
means of the Wizard Genome Purification Kit (Promega
Inc., Madison, USA) according to the manufacturer’s
instructions.
PCR-RFLP Two sets of primers were used respectively
for determining the polymorphisms of the SULT1A1
(A1VIIF: GTT GGC TCT GCA GGG TCT CTA GGA
GAG and 1A1VIIR: CCC AAA CCC CCG TAC TGG
CCA GCA CCC) and GSTP1 (P105F: ACC CCA GGG
CTC TAT GGG AA and P105R: TGA GGG CAC AAG
AAG CCC CT). PCR reactions were performed in a total
volume 20-80 µL of a solution containing PCR buffer
(2 mmol/L MgCl2, 50 mmol/L KCl, 10 mmol/L Tris-
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HCl, pH 8.4, 1.2 μL DMSO (only for SULT1A1)),
0.2 mmol/L each of dATP, dCTP, dGTP, and dTTP
(Pharmacia Biotech, Uppsala, Sweden) and 0.4-1.0 U of
Taq DNA polymerase (Sigma Chemical, St. Louis, USA).
The reaction started with 94 °C for 3 min, followed by
35-39 cycles consisting of denaturation (at 94 °C for
0.5-3 min), annealing (SULT1A1: at 63 °C for 1 min and
GSTP1: 55 °C for 0.5 min), and extension (at 70-72 °C for
0.5-5 min). PCR products were checked by electrophoresis
on a 1.5-2% agarose gel (Invitrogen Life Technologies,
Groningen, The Netherlands) with 0.2 µg/mL ethidium
bromide. A negative control (PCR without template) was
included in each set of PCR reactions. All PCR reactions
were repeated at least three times for confirmation and to
ensure reproducibility.
Hae II (New England BioLabs) was applied to identify
SULT1A1 genotypes [11] and Alw26I (New England
Biolabs, Hertfordshire, UK) for GSTP1 genotypes [8].
The PCR products were digested with the restriction
enzymes and separated in a 3.5% agarose gel or in a 4%
of 3:1 NuSieve GTG agarose (BioWhittaker Molecular
Applications, Rockland, ME, USA)/agarose, stained with
ethidium bromide to visualize the bands.
Genotyping and grouping Genotyping and
grouping of genotypes in the present study were
based on their effect on carcinogenic metabolism and
commonly used classifications in previous other studies.
For SULT1A1, three genotypes of *1/*1, *1/*2, and
*2/*2 were classified[2,11-13]. To analyze the relationship
of SULT1A1 genotype with clinicopathological factors,
we combined SULT1A1*1/* with *1/*2 as one group vs
SULT1A1*2/*2 group. The polymorphisms of GSTP1
were confirmed to be A/A, A/G, and G/G. GSTP1 A
type was referred to A/A, and G type was referred to both
A/G and G/G[6,14,15].
Statistical analysis
The χ 2 method was used to test the frequencies of
genotypes/allele in colorectal cancer patients with the
control population and various clinicopathological
variables. McNemar’s method was used for testing the
differences of the genotype/allele frequency in normal
colorectal mucosa and tumor tissue. The odds ratio (OR),
an estimate of the relative risk, with 95% confidence
intervals (CI) was computed to assess the relationship
of the genotypes/allele to the risk of colorectal cancer.
Cox’s Proportional Hazard Model was used to test the
relationship between the polymorphisms and the survival
of patients. Survival curves were computed according to
the Kaplan-Meier method. All P values cited were twosided and P values <0.05 were judged as statistically
significant.

RESULTS
We examined the polymorphisms of SULT1A1 in 109
colorectal cancer patients and 666 healthy individuals. As
shown in Table 1, the frequencies of SULT1A1 *2/*2
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Table 2 Multivariate analysis of GSTP1, gender, age, site, Dukes’
stage, growth pattern, and histological type in relation to survival in
colorectal cancer

1.0

Survival probabillity

0.9
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A/A genotype

0.8

Number

0.7
0.6

A/G+G/G genotype

P = 0.02

0.5
0.4

0
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72

84

96

108 120

Time (mo)

Figure 1 Colorectal cancer patients with G-type genotype (A/G+G/G) of the
GSTP1 gene had a worse prognosis than those with A/A genotype (A/A) (P = 0.02).

Table 1 Polymorphisms of SULT1A1 and GSTP1 in colorectal
cancer patients and healthy controls
Gene
SULT1A1
*1/*1
*1/*2
*2/*2
Allele *1
Allele *2
GSTP1
A/A
A/G
G/G
A allele
G allele
1

6877

Patients
(%)

P

Controls
(%)

Odds ratio
(95%CI)

43 (39)
27 (25)
39 (36)
113 (52)
105 (48)

266 (40)
303 (45)
97 (15)
835 (63)
497 (37)

1.0
0.55 (0.32–0.94)
2.49 (1.48–4.19)
1.0
1.56 (1.16–2.10)

0.00021

59 (47)
51 (41)
15 (12)
169 (68)
81(32)

127 (50)
101 (40)
27 (10)
355 (70)
155 (30)

1.0
1.09 (0.67–1.76)
1.20 (0.56–2.55)
1.0
1.10 (0.78–1.54)

0.632

0.002

0.57

2

SULT1A1: *2/*2 vs *1/*1+*1/*2, GSTP1: G type (G/G+A/G) vs A type (A/
A).

genotype (36% vs 15%, OR = 2.49, 95%CI = 1.48-4.19, P
= 0.0002) and *2 allele (48% vs 37%, OR = 1.56, 95% CI
= 1.16-2.10, P = 0.002) in the patients were significantly
higher than in the controls. The SULT1A1*2/*2 was still
related to the risk for developing colorectal cancer when
we did age-matched analyses of case-control, age ≤70
(P = 0.04), ≤80 (P<0.0001) and >70 years (P<0.0001).
The status did not change when the tests were performed
in different tumor sites (proximal or distal) in comparison
with the control group (P>0.05).
The genotypes and allele frequency of the GSTP1 gene
were determined in 125 patients and 255 healthy controls.
GSTP1 G type was referred to both A/G and G/G. As
shown in Table 1, there was no significant difference
between the patients and controls based on G type (53%
vs 50%, OR = 0.90, 95%CI = 0.57-1.41, P = 0.63) or allele
frequency (32% vs 30%, OR = 1.10, 95%CI = 0.78-1.54,
P = 0.57), neither in the subgroups of the age and tumor
location (P>0.05).
The patients with GSTP1 G-type genotype had a worse
prognosis than those with GSTP1 A (A/A) type genotype
(P = 0.02, Figure 1). Even in multivariate analysis, the

GSTP1 genotype
A/A
A/G+G/G
Gender
Male
Female
Age
≤70
>70
Tumor location
Colon
Rectum
Dukes’ stage
A+B
C+D
Growth pattern
Expansive
Infiltration
Histological type
Non-mucinous
Mucinous

Cancer death
Rate ratio

95%CI

14
26

1.0
5.3

–
1.26–19.53

25
15

1.0
0.2

–
0.05–1.18

15
25

1.0
1.9

–
0.51–7.94

21
19

1.0
1.0

–
0.26–3.98

19
21

1.0
2.7

–
0.69–10.72

24
16

1.0
4.1

–
0.85–19.45

27
13

1.0
7.1

–
1.39–32.07

P

0.03
0.09

0.37

1.00

1.16

0.08

0.02

genotype was still related to survival, independent of
gender, age, tumor location, Dukes’ stage, growth pattern,
and differentiation (P = 0.03, Table 2). Besides, there was
no relationship of genotype/allele frequency with any of
the clinicopathological variables studied in the patients
(P>0.05).
In order to check whether there was a difference between
normal colorectal mucosa and tumor regarding the two
polymorphisms, we isolated DNA from the tumors in the
same patients and analyzed the genotype/allele frequencies
of SULT1A1 and GSTP1 polymorphisms by using the
same protocol. Neither genotype nor allele frequency of
the polymorphisms in the tumors differed from that of the
polymorphisms determined in normal mucosal samples
(P>0.05).

DISCUSSION
In the present study, we demonstrated that the patients
with colorectal cancer, comparing with the controls,
had significantly higher frequencies of SULT1A1*2/*2
genotype (36% vs 15%) and *2 allele (48% vs 37%),
indicating that SULT1A1*2/*2 allele was related to
colorectal cancer risk. Our results supported previous
findings in colorectal, esophagus, breast and lung cancer
studies, where SULT1A1 *2/*2 genotype was associated
with an increased risk for the tumor development[2,16-18]. It
has been observed that a G to A transition at nucleotide
638 in SULT1A1 g ene causes an Arg213 to His
substitution associated with a low SULT activity. Thus,
these results suggest that low activity of SULT1A1*2
allozyme lacks a protection against dietary and/or
environmental chemicals involved in the carcinogenesis of
colorectal cancer.
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It has been demonstrated that individuals with GSTP1
G/G alleles had a lower catalytic activity compared with
individuals with GSTP1 A/A. An intermediate activity
was reported for heterozygotes[19,20]. In the present study,
the frequencies of genotype and allele in the control (50%
for A/A, 40% for A/G, 10% for G/G, and 70% for A
allele) and in the patients (47%, 41%, 12%, and 68%,
respectively) were similar to the frequencies raised by other
studies in Caucasian controls (40-52%, 39-48%, 7-11%,
and 67%, respectively) and colorectal cancer patients
(37-49%, 42-55%, 8-12%, and 70%, respectively)[7,8,10,14,21].
We failed to find any evidence supporting an association
between the allelic variants of GSTP1 and susceptibility
to colorectal cancer or certain clinicopathological factors
including gender, age, tumor location, Dukes’ stage
and differentiation, which is supportive to previous
findings[6,7,9,21].
Interestingly, we found that patients with GSTP1
G-type had a worse prognosis than the patients with
GSTP1 A-type, even after adjustment for gender, age,
tumor location, Dukes’ stage, and differentiation. A
study in breast cancer found that a significantly higher
proportion of breast cancer patients with a GSTP1
G-type had more frequency of p53 mutations and loss of
heterozygosity at the TPp53 gene locus, compared with
GSTP1 A-genotype[22]. It has been widely accepted that
altered p53 predicts a poor prognosis in breast cancer
patients, although there is not a direct evidence of GSTP1
in relation to survival in their study. It seems that GSTP1,
through the A→G polymorphism, may reduce its effect on
the inactivation of toxic and carcinogenic electrophiles[5].
In contrast, Stoehlmacher et al.[21] demonstrated that the
GSTP1 A→G polymorphism was associated in a dosedependent fashion with increased survival of patients with
advanced colorectal cancers receiving 5-FU/oxaliplatin
chemotherapy. They suggest that the effect of certain
chemotherapeutic drugs might be altered when enzymes
that could enhance the elimination of these drugs show a
reduced activity. The opposite results related to survival
in colorectal cancer patients may be due to different
characteristics of patients included in the two studies.
We included all Dukes’ stages with a proper stratification
(A = 12, B = 46, C = 34, and D = 17); among them,
the cases with colon cancers in Dukes’ stage C or
advanced tumors received chemotherapy, and some
patients with rectal cancer received adjuvant preoperative
radiotherapy. All patients in their study had a metastasis
and received 5-FU/oxaliplatin combination chemotherapy.
Furthermore, we had a longer follow-up period than theirs
(median month: 33 vs 10.9). Comparing with their data, we
have more Caucasians (100% vs 72%) and older patients
(median: 73 vs 60 years).
In conclusion, our results suggest that SULT1A1 may
predispose to colorectal cancer, and GSTP1 may be used
as a prognostic factor to predict the patients’ survival.
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Abstract
AIM: To screen the immunogenic membrane proteins of

Shigella flexneri 2a 2457T.

METHODS: The routine two-dimensional polyacrylamide
gel electrophoresis (2-DE) and Western blotting were
combined to screen immunogenic proteins of S. flexneri
2a 2457T. Serum was gained from rabbits immunized
with the same bacteria. Immunogenic spots were
cut out from the polyacrylamide gel and digested by
trypsin in-gel. Matrix-assisted laser desorption/ionization
time of flight-mass spectrometry (MALDI-TOF-MS)
was performed to determine the molecular weight of
peptides. Electrospray ionization (ESI-MS/MS) was
performed to determine the sequences of the interesting
peptides.
RESULTS: A total of 20 spots were successfully
identified from Coomassie brilliant blue stained gels
representing 13 protein entries, 5 known antigens and
8 novel antigens. A hypothetical protein (YaeT) was
detected, which might be a candidate target of vaccine.
CONCLUSION: Membrane proteins of S. flexneri 2a
2457T were successfully observed by 2-DE. Several
known and novel antigens were identified by mass
spectrum.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The genus Shigella spp. is a group of Gram-negative enteric
bacilli which cause bacillary dysentery in human beings,
accounting for 20% of the 4.6 million diarrhea-associated
deaths among children [1]. Though the LPS can induce
a good immune response in human beings, the role of
proteins (especially the membrane proteins) in conferring
immunity to shigellosis is at best speculative. Considering
outer membrane proteins of Shigella spp. function as a dynamic interface between the cell and its surroundings, it is
possible to develop new antigens from them. Due to the
methodology limitations of protein separation and identification, it is difficult to identify the immunogenic proteins
in bands on 1-D gel. With the improvement of 2-DE in
recent years much valuable information is available and immunoproteomics has been built around 2-DE and routine
immunologic technologies.
S. flexneri 2a is the dominant serotype causing shigellosis
in China. Our laboratory has finished a two-dimensional
electrophoresis reference map and a proteomic database
of S. flexneri 2a 2457T[2], but only a few of membrane proteins can be identified in that database. In order to develop
new protective antigens against S. flexneri and to understand their immune mechanism, we applied immunoproteomic technologies in screening new antigens of S. flexneri
2a 2457T.

MATERIALS AND METHODS
Bacterial strains and growth conditions
S . flexneri 2a 2457T was aerobically cultured in LB
overnight at 37 °C. Overnight cultures were diluted 1:100
and shaken at 250 r/min. Growth was stopped at the early
stationary phase at an A600 of 3.3.
Membrane protein preparation
Cells were harvested and centrifuged for 15 min at 2 000 r/min
(Sigma 3K12, No. 12150; St. Louis, MO, USA) at 4 °C. The
pellet was washed thrice for 10 min at 2 000 r/min with low-
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salt washing buffer (3 mmol/L KCl, 1.5 mmol/L KH2PO4,
68 mmol/L NaCl, 9 mmol/L NaH2PO4)[3]. Proteins were
extracted using the ReadyPrepTM protein extraction kit
(Membrane I) (BioRad, USA). Integral membrane proteins
were separated from hydrophilic proteins using the
nonionic detergent Triton X-114.
Two-dimensional electrophoresis
Eighteen-centimeter immobilized pH gradient (IPG) strips
(pH ranges, 4-7) (Amersham Pharmacia Biotech, Sweden)
were used. Isoelectric focusing (IEF) was conducted for
60 000 Vh (IPGphor, Amersham Pharmacia Biotech).
Vertical slab SDS-PAGE (12.5%) was run at 30 mA/gel
for the second dimension. Gels were stained with Colloidal
Coomassie Blue [4]. Image analysis was performed with
Image-Master 2D Elite Version 3.1.
Preparation of antisera against 2457T
S . flexneri 2a 2457T was aerobically cultured in LB
overnight at 37 °C. Rabbits were immunized six times with
culture solution intravenously at intervals of 5 d. The doses
were (5, 7.5, 10, 15, 20, 20)×108 CFU, respectively. Eight
days after the last immunization, blood was collected from
the tested animals and the sera were separated. Antibody
titers 1:5 120 was measured by microaggalutination test
and ELISA.
Immunoblot assay
After two-dimensional electrophoresis, the gels were
electroblotted onto Hybond™ECL™ nitrocellulose
membrane (Amersham Pharmacia Biotech) using a semidry transfer unit (Hoefer™ TE 77, Amersham Pharmacia
Biotech, Sweden). Before immunodetection, the
membranes were stained for 10 min with 5 g/L Ponceau S
in 10 mL/L acetic acid and the positions of some selected
spots were marked by clean needles. Western blotting
was performed as previously described[5]. Then antigenantibody complexes were detected with peroxidase-labeled
goat anti-rabbit IgGs and substrate.
In-gel protein digestion and MALDI-TOF-MS protein
identification
In-gel protein digestion was performed as previously
described [6] . All MALDI-MS measurements were
perfor med on a Br uker Ref lex. III MALDI-TOFMS (Bruker Daltonik, Bremen, Germany) operating in
reflectron mode.
Nanospray ESI-MS/MS
The peptide solution after in-gel protein digestion was
desalted with ZipTip C18 TM pipette tips (Millipore,
Bedford, MA, USA). Electrospray ionization (ESI-MS/MS)
was carried out with a hybrid quadrupole orthogonal
acceleration tandem mass spectrometer (Q-TOF2)
(Micromass, Manchester, UK)[2].
Peptide mass fingerprinting
Peptide mass fingerprinting searches were performed
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Figure 1 A: Two-dimensional electrophoresis profile of S. flexneri 2a 2457T
membrane proteins, stained with Colloidal Coomassie Blue; B: Western blot
of membrane proteins of S. flexneri 2a 2457T. Gel equal to Figure 1A was
electroblotted onto nitrocellulose membrane using a semi-dry transfer unit.

using the program Mascot developed by Matrix Science Ltd
(http://www.matrixscience.com). For protein identification,
peptide mass searches against the database of 2457T by
Mascot licensed in-house and the searches against the
NCBInr database with free access on the internet were
done. A peptide mass accuracy of 0.3 Da was defined.

RESULTS
The sample was prepared on the basis of the separation
of membrane proteins by temperature-dependent phase
partitioning using Triton X-114 detergent. Proteins
anchored to the membrane or containing one or two
transmembrane domains were efficiently partitioned to
the detergent-rich phase. In order to solubilize the protein
thoroughly, thiourea was used. In pH 4-7 gradient 2-DE
map, 148 spots were cut and 111 spots were successfully
identified by MALDI-TOF-MS presenting 82 protein
entries. Twenty-five proteins were not observed/identified
in our previous work[2]. The majority of these 25 proteins
(data not shown) were hydrophobic and associated with
the membrane. The relative abundance of membraneassociated proteins identified in this study was higher than
that in our previous study[2].
On the basis of the established immunoproteomic map
of soluble proteins of S. flexneri 2a 2457T (unpublished),
we described a g roup of spots in a 2-DE map of
immunogenic proteins from hydrophobic proteins in
this study. Five hundred micrograms of protein sample
was used to perform the 2-DE. One of the parallel gels
was electroblotted onto nitrocellulose membrane and the
other was stained with Coomassie brilliant blue G-250.
We successfully identified 20 immunoreactive spots from
Coomassie brilliant blue stained gels using sera from
immunized rabbits, which represented 13 protein entries,
5 known antigens and 8 novel antigens. The 20 spots
were marked on the 2-D gel and corresponding blotting
membrane (Figure 1). Table 1 lists all the identified
proteins. ESI-MS/MS was used to confirm the protein
marked as spot 1. Figure 2 shows the result of ESI-MS/
MS identification.
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Table 1 List of immunoreactive proteins of membrane proteins
Spot ID

Gene symbol

Protein common name

NCBI GI identifier

Cellular role

1
2
3
4/14/16/17/ 20
5
6
7
8/9
10
11
12/13/18
15
19

YaeT
DnaK
ClpB
OmpA
MopA
Pgm
OppA
AtpA
LpdA
Gnd
TufB
Tsf
MglB

Hypothetical protein
Chaperone Hsp70; autoregulated heat shock protein
Heat shock protein
Outer membrane protein 3a (II*; G; d)
GroEL, chaperone Hsp60, peptide-dependent ATPase, heat shock protein
Phosphoglucomutase
Periplasmic oligopeptide binding protein
Membrane-bound ATP synthase, F1 sector, alpha-subunit
Lipoamide dehydrogenase (NADH)
Gluconate-6-phosphate dehydrogenase
Protein chain elongation factor EF-Tu
Protein chain elongation factor EF-Ts
Galactose-binding transport protein; receptor for galactose taxis

gi|30061734
gi|30061584
gi|30063993
gi|30062494
gi|30065518
gi|30062137
gi|30062764
gi|30064961
gi|30061682
gi|30063478
gi|30064737
gi|30061727
gi|30063593

Cell envelope
Protein fate
Protein fate
Cell envelope
Protein fate
Energy metabolism
Protein fate
Energy metabolism
Energy metabolism
Energy metabolism
Protein synthesis
Protein synthesis
Transport and binding proteins
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Figure 2 Mass spectra showing the determination of a partial peptide sequence of
the hypothetical protein (spot 1).

DISCUSSION
Known antigens
Our results are in accordance with other studies[7-11].The
outer membrane protein 3a (II*; G; d) is a precursor of
OmpA, a major and highly conserved outer membrane
protein of Gram-negative bacteria. Due to its high copies
per cell [12], multiple charged isoforms [13] and its strong
immunogenecity, identification of OmpA was performed
several times during the immunoproteomics analysis.
All these proteins were observed in our other works
(unpublished).
Novel antigens
Besides the above confir matory findings, the study
detected several new immunoreactive proteins (AtpA,
OppA, MglB, LpdA, ClpB, Gnd, Pgm, YaeT). AtpA, LpdA,
Gnd, and Pgm are components of the energy metabolism
system. ATP synthesis/hydrolysis occurs in the ATP
synthase F1 sector which lies at the surface of cytoplasmic
membrane. LpdA codes for an outer membrane lipoamide
dehydrogenase that is highly immunogenic. It is an in vivoinduced antigen in Mycobacterium tuberculosis[14]. Since LpdA
is a functional subunit of both pyruvate dehydrogenase
(aceEF) and alpha-ketoglutarate dehydrogenase (sucAB),
a lpdA mutant of H. influenzae can be significantly
attenuated [15] . Gnd is an impor tant component of
pentose phosphate pathway. Phosphoglucomutase

(pgm) is associated with virulence of Brucella abortus
because the deltapgm strain is unable to assemble the
O side chain in the complete LPS. Vaccination with
the deltapgm strain induces effective protection[16]. The
periplasmic oligopeptide binding protein OppA is part
of the oligopeptide transport system. In addition to the
function mentioned above, it also plays a role in mediating
the adhesion or interactions of bacteria to different
substrates, tissues or environments [17-19] . OppA and
periplasmic galactose-binding protein MglB also display
some chaperone-like functions, suggesting that they are
probably involved in protein folding and protection against
stress in periplasm[20]. ClpB is also a heat shock protein.
The proteins described above have not been reported as
antigens and may serve as candidate markers for bacterial
infection though they are unlikely to be protective.
A hypothetical protein (YaeT) detected is of high
homology to Oma90 of S. flexneri M90T (serotype 5)[21]. We
also detected this protein in another study (unpublished),
which is verified by ESI-MS/MS. Since it has an enhanced
expression in a murine model and exhibits strong
homology to genes encoding Haemophilus influenzae D15
and Pasteurella multocida Oma87, its role in Shigella infection
and immunoreaction is worthy to be clarified.
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Abstract
Primary splenic cyst is a relatively rare disease, and the
majority of cases are classified as epithelial cysts. Three
cases with nonparasitic splenic cysts are presented: two
epithelial and one pseudocyst. All cases had an atypical
symptomatology, consisted mainly of fullness in the
left upper abdomen and a palpable mass. Preoperative
diagnosis was established with ultrasonography and
computerized tomography. Two cases with large
cysts located in the splenic hilum were treated with
open complete splenectomy. The most recent case, a
pseudocyst, was managed laparoscopically with partial
cystectomy. All cases did not have any problems or
recurrence during follow-up. Laparoscopic partial
cystectomy is an acceptable procedure for the treatment
of splenic cysts, because it cures the disease preserving
the splenic tissue. Complete splenectomy is reserved for
cases in which cyst excision cannot be done otherwise.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Splenic cysts are unusual in everyday surgical practice.
They can be parasitic (hydatid), caused by the parasite
Echinococcus granulosus, or nonparasitic[1,2]. Non-parasitic
cysts are classified as primary (true, epithelial), lined by an
epithelial cover (epidermoid, dermoid, and mesothelial)
or endothelial cover (hemangioma, lymphangioma), and
secondary (pseudocysts, non-epithelial), which are usually

of post-traumatic origin[3,4].
Primary splenic cysts comprise 30-40% of the total and
are encountered more commonly in children and young
adults[5,6]. Most of the cysts are asymptomatic, and they are
incidental findings during abdominal ultrasonography. The
number of diagnosed splenic cysts seems to rise because
of the increased use of abdominal imaging techniques[7].
Laparotomy with splenectomy has been the method of
choice for the treatment of primary splenic cysts[5,8]. Today,
performance of more conservative surgical procedures has
been advised, especially in children and young adults, in
order to avoid overwhelming postsplenectomy infection[4,8].
Herein, we present three cases with non-parasitic splenic
cysts, their diagnostic evaluation and surgical management.

CASE REPORTS
Case 1
A 15-year-old girl was admitted to our Department with
a chief complaint of abdominal fullness. An elastic, hard
mass of approximately 15 cm in diameter was palpable
in the left upper abdomen. A chest X-ray showed a mild
elevation of the left hemidiaphragm. Ultrasonography
of the upper abdomen showed a giant cystic lesion with
irregular echoic patterns. Computerized tomography
confir med the splenic localization of the cyst and
demonstrated almost total displacement of the remaining
splenic parenchyma.
At laparotomy, a huge splenic cyst of approximately
15 cm of maximal diameter was revealed, located in the
middle of the splenic parenchyma, displacing it towards
the splenic poles. First, reduction of the cyst with
intraoperative drainage of 1 000 mL of serous fluid was
done. However, due to the cyst location, preservation
of the spleen was considered impossible, and complete
splenectomy followed. The aspirated cystic fluid showed
no evidence of malignancy. Histology report revealed
that the cyst wall consisted of dense fibrous tissue,
covered by stratified squamous or cuboid epithelium.
Thus, the diagnosis of a primary epidermoid splenic
cyst was established. The postoperative clinical course
of the patient was satisfactory and was discharged on
postoperative d 7. She received a pneumococcal vaccine
and chemoprophylaxis with oral penicillin at a dose of 1
500 000 IU twice daily, for a period of 6 months. Today,
the patient is in excellent condition, 8 years after surgery.
Case 2
A 27-year-old woman presented with mild dyspeptic
symptoms, an atypical pain and a sensation of fullness
in the epigastrium. Past medical history was negative,
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Figure 1 Plain abdominal CT scan showing the splenic localization of a large cyst
displacing the remaining splenic parenchyma, the so-called “beak-sign”.

and physical examination revealed a 6-7 cm palpable
mass in the left upper quadrant of her abdomen. All
laboratory tests were normal, and serological tests gave
no evidence of parasitic infection with Echinococcus
granulosus. Plain abdominal films of the abdomen were
negative. Ultrasound and computerized tomography of
the abdomen showed a solitary cystic mass in the splenic
hilum with a maximum diameter of 8 cm, displacing the
splenic parenchyma (Figure 1). Endoscopic examination
of the upper gastrointestinal tract did not reveal any
significant findings.
The diagnosis of a splenic cyst was confirmed and
the patient was subjected to exploratory laparotomy.
On exploration, there was a medium-sized splenic cyst
located in the hilum, which made splenectomy inevitable.
Postoperative recovery was uneventful. Histological
examination of the specimen showed a normal splenic
parenchyma and an epidermoid splenic cyst with a fibrous
wall lined by epithelial cells. The patient had no problems
after surgery and she received pneumococcal vaccine and
oral penicillin for 6 months. Today she is in good clinical
condition, 4 years postoperatively.
Case 3
A 24-year-old female presented with an asymptomatic
lump in the left hypochondriac region, since 2 years.
The patient did not have any specific symptoms except
for a mild abdominal discomfort and a sensation of
fullness in her left upper abdomen. She had a negative
medical history. On physical examination, a cystic mass
was palpable under the left costal margin, which was
moving according to the respiratory movements. The
routine hematological and biochemical tests were normal.
Casoni’s skin test and complement fixation test for hydatid
disease were negative. A clinical diagnosis of cystic
splenomegaly was made and the patient was subjected to
radiological investigations. Ultrasonography of the upper
abdomen revealed a single unilocular spherical cystic
lesion in the anterior surface of the spleen. Computerized
tomography confirmed the ultrasound findings of a
subcapsular cystic lesion with an almost 10 cm of maximal
diameter within the spleen with attenuation value near that
of water with a non-calcified wall.

Figure 2 Laparoscopic view of the cyst. Most parts of the cyst are covered with
a thin layer of splenic tissue; only a small portion in the upper pole of the spleen
displays a “white roof” (A). The cyst was punctured and evacuated and a 3 cm×
3 cm portion of the cyst was excised using the monopolar scissor (B). A drainage
tube was inserted in the remaining cavity (C).

With a preoperative diagnosis of a splenic cyst, the
patient was subjected to laparoscopy. Before starting with
the procedure, a thorough video-guided inspection of
the peritoneal cavity was performed. After focusing on
the left upper quadrant, the greater omentum was pulled
down, and the cyst was clearly visible in the upper pole of
the spleen (Figure 2A). The cyst roof was punctured and
about 700 mL of yellowish (serous) fluid was aspirated
and sent for culture and cytological examination. A 3 cm
×3 cm portion of the collapsed cyst wall was then excised
with monopolar scissors, paying attention to remove the
cyst wall segment free of splenic parenchyma (Figure 2B).
Thus, there was minimal blood loss and unroofing of
the cyst wall was accomplished. The specimen was
extracted through a 10-mm port and sent for histological
examination. The tip of an elastic drainage tube was left
inside the remaining cavity (Figure 2C). The postoperative
course was uneventful. The patient resumed oral diet
on the first postoperative day, and was discharged on the
second postoperative day after the drain was removed.
Bacteriological cultures of the fluid were negative.
Cytological examination of the fluid showed a few
lymphocytes and histiocytes. Histological examination
of the cyst wall revealed the presence of dense cytopenic
connective tissue without any epithelial lining, and
confirmed the diagnosis of a splenic pseudocyst. The
patient is in good clinical condition, one year after surgery,
and on follow-up tomographic scan had no evidence of
recurrence.

DISCUSSION
Benign true non-parasitic splenic cysts cannot be clinically
distinguished from other types of splenic cysts. They
have an inner lining of epithelial cells and are usually of
congenital etiology[3,6]. Pseudocysts have an inner lining
of connective tissue and are usually secondary to blunt
trauma or hemorrhage in the splenic parenchyma, but
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they may also be of infectious and degenerative origin[9,10].
Both types of splenic cysts do not produce any specific
symptoms, until they reach a significant size. Large
cysts may cause atypical pain and heaviness in the left
hypochondriac region, due to distension of the capsule or
space-occupying mechanisms within the abdominal cavity,
or they may present as a palpable mass[3,5,9]. Indeed, in our
patients, symptomatology was atypical with a sensation of
fullness and a palpable mass in the left upper abdominal
quadrant, as well as mild dyspeptic symptoms. Symptoms
secondary to pressure on surrounding organs, such as
nausea, vomiting, flatulence, and diarrhea may gradually
appear. Also, pressure in the cardiorespiratory system may
cause pleuritic pain or dyspnea, and irritation of the left
diaphragm may cause persistent cough[10]. Occasionally
splenic cysts may present with complications, such as
infection, rupture and hemorrhage[9,11].
When a lump is detected in the left upper quadrant
of the abdomen, it is necessary to exclude any disease
associated with splenomegaly, mononucleosis, fever of
unknown origin, hemolytic anemia, chronic leukemias,
collagen vascular disease, and liver diseases[12]. Serological
studies are useful in excluding most of the abovementioned diagnosis. In our cases hematological,
biochemical, and serological investigations were negative.
Angiog raphy is useful in differentiating a splenic
cyst, which is usually avascular, from solid malignant
tumors (lymphoma, sarcoma), which usually have
neoplastic vasculature in a disorganized pattern [10,13].
Ultrasonography is able to see that the cysts are either
anechoic or hypoechoic and they have a smooth thin
wall [14] , whereas solid tumors are either isoechoic or
hypoechoic. In addition, computerized tomography
and magnetic resonance imaging may give most of the
necessary information, regarding the morphology of the
cyst, the composition of the cystic fluid, the location in
the spleen, the position of the cyst and its relationship
with the surrounding tissues[5,7,10]. Calcifications of both
the primary and secondary cysts are frequently found,
which are useful in diagnosing cysts from other causes
of splenomegaly[5]. In our cases, ultrasonography and
computerized tomography had preoperatively set the
diagnosis of solitary unilocular noncalcified splenic cysts.
Due to the increased risk of complications in splenic
cysts with a diameter larger than 4-5 cm should be
managed surgically [9,11,15], because conservative options,
such as percutaneous aspiration or sclerosis, do not result
in long-term control[5,8,16]. There are different types of
surgical treatment according to the patient’s age and
the size, location and nature of the cyst. The classical
approach to splenic cysts has been open complete
splenectomy[5,8,17]. However, there was a trend towards
more conser vative surgery after the 1970s, because
of the appearance of overwhelming life-threatening
septicemia, especially in children who underwent
splenectomy[5,10,18]. Indeed, the spleen plays an important
role in hematopoiesis, immune function, and protection
against infections and malignancies[5,19]. Today the optimal
treatment options are partial splenectomy, total cystectomy,
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marsupialization, or cyst decapsulation (unroofing),
accessed either by open laparotomy or laparoscopy[5,11,19,20,21].
Partial splenectomy preser ves more than 25% of
splenic parenchyma, which is the minimal splenic tissue
to preserve immunologic protection without increasing
the risk of recurrence[5,20]. Partial splenectomy can be
performed safely with the laparoscopic approach[4,11,20,21].
This procedure is recommended, if the cyst is located in
the poles of the spleen, or if the cyst cavity is deep, due to
the higher risk of recurrence[5,8]. Incision of the splenic
capsule and hemostasis is performed with the ultrasonic
or the monopolar scissors [5,11] . A more conservative
option could be a partial cystectomy (unroofing) of the
cyst. However, it has yet to be determined how much of
the cyst wall should be resected, and whether unroofing
should be partial or radical. It is supported that as much
of the cyst wall as possible should be resected to prevent
reclosure of the cyst[11,15].
Marsupialization of the cyst is another conservative
option recommended for superficial splenic cysts, and can
be performed safely with the laparoscopic method. This
approach reduces the duration of the operation and carries
no risk of recurrence [5,8]. In general, the laparoscopic
management of splenic cysts offers the benefits of
minimally invasive surger y: minimal postoperative
pain, faster recovery, shorter hospital stay, and reduced
morbidity and recovery[21].
However, any type of conservative procedure is difficult
to perform, if the cyst is very large, is located in the splenic
hilum, or is covered completely by the splenic parenchyma
(intrasplenic cyst), or if there are multiple cysts (polycystic
cases): in these cases, a complete splenectomy should be
performed either using the open or the laparoscopic appro
ach[1,21,22,23].
In all our cases, the cysts were of significant size and
had produced clinical manifestations. Therefore, surgical
treatment was absolutely indicated. Our first and second
cases have been treated earlier, when laparoscopic
splenectomy was not performed routinely in our center.
In both the cases, we had to treat large cysts located in the
splenic hilum, whereas the splenic parenchyma consisted
of a rim of tissue pushed to the periphery. Therefore,
both indications were met, location and dimension, and a
successful open complete splenectomy was accomplished.
In both cases the cysts were proved to be true epithelial
cysts.
In the third case, there was a large subcapsular cyst
located in the lower pole of the spleen, and thus a
laparoscopic cystectomy looked as a feasible option. A
partial cystectomy was done using the monopolar scissors
followed by placement of a drainage tube in the remaining
cavity. In this case, histology revealed a cyst without an
epithelial lining (pseudocyst), and thus recurrence is not
expectable[15,24]. Since there was no history of trauma, this
cyst was probably of degenerative origin. We conclude
that laparoscopic partial cystectomy is considered as an
adequate procedure in cysts devoid of epithelial lining[24],
as was our third case. No neoplastic growth has been
found in any of our cases.

Macheras A et al. Management of splenic cysts

In conclusion, splenic cysts larger than 5 cm or
symptomatic ones should be treated surgically, trying
to preserve as much of splenic parenchyma as possible.
If the cyst is very large and almost completely covered
by splenic parenchyma, or if it is located in the splenic
hilum, complete splenectomy is recommended, because
of the risk of intractable bleeding from the spleen. Partial
cystectomy (unroofing) could be an acceptable procedure
in the majority of other cases. The laparoscopic approach
seems to be a safe procedure, having all the benefits of
minimally invasive surgery.
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Abstract
We report a case of secondary pouchitis, defined as
a mucosal inflammatory lesion in the ileal reservoir
provoked by pouch-related complication following total
colectomy and pouch anal anastomosis, which was
successfully treated by salvage surgery. A 20-year-old
woman with ulcerative colitis developed acute severe
bloody diarrhea following proctocolectomy, ileal pouchanal anastomosis and diverting ileostomy. She was
diagnosed as having a secondary pouchitis mainly
caused by a peripouch abscess and partly concerned
with the abnormal pouch formation. The remnant
rectum and ileal pouch were excised and ileal pouch-anal
anastomosis and diverting ileostomy were constructed.
The postoperative course was uneventful with no sign
of pouchitis. Salvage surgery may be indicated to treat
secondary pouchitis when caused by surgery-related
complications.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Restorative proctocolectomy with ileal pouch-anal
anastomosis (IPAA) is the current treatment of surgical
choice for ulcerative colitis and for selected familial
adenomatous polyposis[1,2]. One of the main long-term

complications after IPAA is inflammation of the pouch
(pouchitis). Symptomatic inflammation of the ileal pouch
develops in 7-40% of patients who undergo IPAA[3-6]. The
etiology of pouchitis is probably a multifactorial event
involving genetic, immune, microbial, and toxic mediators, but is poorly understood. Heusten first identified
“secondary pouchitis” caused by surgical complication
specific to the ileal reservoir and pouch anal anastomosis[7].
Most cases of pouchitis are primary with an acute course
and show a good response to medical therapy, but patients
with secondary pouchitis underlying surgical complications
need surgical management because medical treatment
alone is ineffective. In this report, we described a case of
secondary pouchitis due to a peripouch abscess, blind loop
formation, which had no response to medical treatment,
and so we selected a surgical procedure suitable to the
disease state.

CASE REPORT
This case was about a 20-year-old woman who had been
diagnosed as having an ulcerative colitis when she was
12 years old. She had been controlled in remission with
medical therapy (prednisone and 5-aminosalicylic acid), but
on July 2001, she relapsed to severe colitis and was admitted in another hospital. She was treated there with intravenous fluids, broad spectrum parenteral antibiotics, systemic
steroids (prednisone 60 mg/d), and granulocytapheresis
(GCAP). Despite this conservative therapy, her condition
deteriorated and she had underwent laparoscopic total
colectomy, ileal pouch-anal anastomosis and diverting
ileostomy.
About 3 mo after the primary operation, she had episodes 10 times a day of continuous severe bloody diarrhea.
Colonoscopy showed inflammatory mucosa spontaneously
bleeding from the anal verge to the ileal J pouch; and was
diagnosed as severe pouchitis. She received metronidazole
in the form of enemas, but did not respond.
On admission to our hospital, she was not pale, afebrile with a pulse rate of 90 beats/min, and had an anal
bloody mucus discharge of 5-10 times per day. Laboratory studies showed that all parameters were almost
normal. Culture analysis of the bloody mucus discharge
showed multiplication of streptococcus agalactiae and
Gram-negative rods. Pouchoscopy showed easy bleeding,
inflammatory mucosa with ulcer formation, apical bride
formation in the ileal J pouch and edematous colonic
mucosa with inflammation from the anal verge to the
anastomosis (Figure 1). A pouchogram showed an about
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Figure 1 Pouchoscopy shows inflamed hemorrhagic mucosa. An apical bridge is
seen (arrow head).
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Figure 3 Superior mesenteric arteriography shows a marginal disconnection of the
arcade (superior mesenteric artery–ileocolic artery) (arrow).

A
Blind loop
Apical bridge

C

Figure 2 Pouchography shows a blind loop 10 cm in length (arrow head) and
apical bridge formation (arrow).

10-cm blind loop formation of the ileal J pouch and
apical bridge formation (Figure 2). Since we assumed
that the operative procedures had not causally affected
the outcomes, conservative therapy using metronidasole
enemas, steroid enemas, and leukocytapheresis was undertaken for 1 mo.
However, no improvement of clinical symptoms or
endoscopic findings was obtained. We attempted to reevaluate using more extensive examinations. Abdominal
CT showed that bilateral ovarian cysts but no remarkable
intrapelvic abscess was recognized. Superior mesenteric
arterial angiography showed that the ileal J pouch was
supplied from the superior mesenteric artery (SMA) and
the ileocolic artery (ICA), but that the arcades of these
arteries were divided (Figure 3). These findings suggested
that the pathogenesis of the disease was secondary
pouchitis, due to abnormal formation of the ileal J pouch
constructed apical bridge and blind loop or/and ischemic
change of the pouch.
On 27 February 2002, she underwent laparotomy. At
laparotomy, adhesion in the intra-abdominal space was
recognized, but no ascites was seen. From the dentate
line, rectal mucosectomy and ileal J pouch excision was
performed at first. A peripouch abscess was recognized
on the posterior wall of the pouch, and was tightly adhesive to the sacrum. Pouch mucosa on the site of the
abscess had erosion and was partly deficient. We diagnosed

B
Abscess
Resection
Mucosectomy
D

New ileal J pouch

Re-IAA

Figure 4 A: Mucosectomy and ileal pouch excision; B: side to side anastomosis
of blind loop by linear stapler; C: reconstruction of a new ileal pouch; D: re-ileal
pouch anal anastomosis.

secondary pouchitis due to a late peripouch abscess. We
undertook abscess drainage, excision of the remnant
rectum and ileal J pouch including the apical bridge. Side
to side anastomosis of the blind loop was performed using
a linear stapler into the site of the wall deficiency. After reileoanal anastomosis was performed, a covering ileostomy
was constructed (Figures 4A-D).
There was a sustained clinical improvement in the patient after this re-operation without any complications. She
was discharged on March 25, 2002. Three months later,
ileostomy closure was performed. She remains well, with
no sign of pouchitis, and has complete continence with
bowel movements, 5 times per day.

DISCUSSION
Pouchitis is a term coined by Kock[8] that described the
reservoir ileitis that developed in a number of patients
with ulcerative colitis who underwent continent ileostomy
operations. In 1980, proctocolectomy with ileal reservoir and anal anastomosis was described by Parks[9] and
this operation, when performed for ulcerative colitis,

6890

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

also produced pouchitis in a number of patients. The
causes of the pouchitis have been poorly understood.
Possible causes advanced include fecal stases resulting in
bacterial overgrowth and infection[10], ischemia[11], oxygen
free radical injury[12] and deprivation of short chain fatty
acids[13].
Data on incidence and prevalence of pouchitis in the
literature shows great disparities[14,15]. One reason for this
disparity is related to the varying durations and modes of
follow-up, the lack of a commonly accepted definition
of pouchitis, and the lack of valid scoring for estimating
the severity of inflammation[16-20]. Another reason is that
pouchitis caused by surgical complication is not widely
recognized. Heuschen [7] coined the term “secondary
pouchitis” caused by surgical complication specific to the
ileal reservoir and pouch-anal anastomosis. These surgical
complications can cause clinical symptoms, such as an
elevated frequency of defecation, hematochesia, fever,
and malaise, which are very similar to those of idiopathic
pouchitis. Nonspecific medical treatment of these
symptoms as with primary pouchitis appears to be totally
inadequate.
In our case, the patient had inflammatory changes in
ileal J pouch mucosa with a defunctioned pouch. Pouch
formation was abnormal with an apical pouch bridge[21]
and an about 10-cm blind loop of the ileal pouch. Furthermore, medical treatment such as with metronidazole,
topical steroids in the form of enemas, and GCAP were
not effective. SMA angiography could suspect ischemic
changes of the pouch mucosa because of the dividing
of the arcades of SMA and ICA. However, a resected
specimen (remnant rectum and ileal pouch) near the
abscess formation showed extensive erosion and diffuse
thickening. So we diagnosed that this secondary pouchitis
was mainly caused by a peripouch abscess and was partly
concerned with the abnormal pouch formation.
Moreover, crucial elements in our salvaged surgery
were the initial resection of the peripouch abscess
and the damaged portion of the pouch, and then the
reconstruction of the pouch and re-IAA; thus improving
hopes of curability.
In conclusion, salvage surgery might be indicated as
a first choice treatment for secondary pouchitis caused
by surgery-related complications. A surgical procedure
suitable for the state of the disease should be selected after
instituting a comprehensive series of examinations[22].
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Abstract
The clinical diagnosis of classic Crohn’s disease (CD)
of the small bowel is based on a typical history, tender
right lower quadrant fullness or mass, and characteristic
radiographic findings of the terminal ileum. Appendicitis
may as well present with chronic or recurrent symptoms
and this presentation may be confused with CD. We
herein describe the case of a young teenage girl with
a presumptive diagnosis of CD, who was ultimately
diagnosed as having chronic nongranulomatous
appendicitis. The literature on the subject is reviewed.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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feature of CD, their absence does not r ule out the
diagnosis[1]. Only half of the documented cases of CD
reveal epithelioid granulomas in surgical specimens [1].
CD can involve the appendix by extension from the
terminal ileum or the cecum and present as an acute or
subacute appendicitis. About 25% of patients with ileal
CD and 50% of those with colonic Crohn’s disease have
appendiceal involvement[2]. A clinical picture similar to
acute appendicitis is not an uncommon presentation of
Crohn’s disease.
Among the inflammatory diseases of the right lower
quadrant that may mimic CD, acute appendicitis is the
most common and potentially the most dangerous one.
The principal distinguishing features of acute appendicitis
are its onset without any pre-existing history of chronic
bowel symptoms and the change in the location of pain
and tenderness from epigastrium to the right lower
quadrant (RLQ)[1]. Appendicitis, however, may present with
chronic or recurrent symptoms and this presentation may
be confused with CD. Although an entity of recurrent
attacks of RLQ pain, apparently self-limiting, is not
infrequently encountered, the entity of chronic or recurrent
appendicitis is controversial[3-7]. Nevertheless, it is probably an
authentic clinical and pathologic entity[3-15]. Intermittent bouts
of obstruction of the appendiceal lumen with spontaneous
remission may be the cause[4]. True chronic inflammation
of the appendix is difficult to define as a pathologic entity,
although occasionally granulation tissue and fibrosis
associated with acute and chronic inflammation of the
appendix are demonstrated, suggesting an organizing
acute appendicitis[16]. In the pediatric population, children
with cystic fibrosis can develop chronic appendicitis due
to mucous engorgement of the lumen. The occurrence
of chronic appendicitis in otherwise healthy children is
nevertheless debatable[6].
Herein, we have described the case of a young
teenage girl with a presumptive diagnosis of CD, who was
ultimately diagnosed as having chronic non-granulomatous
appendicitis. The literature on the subject has been
reviewed.

INTRODUCTION

Case report

Crohn’s disease (CD) is a chronic transmural inflammation,
which may involve any part of the alimentary tract from
mouth to the anus. CD typically affects the ileum, colon, or
perianal region[1]. The clinical diagnosis of classic CD of
the small bowel is based on a typical history, tender right
lower quadrant fullness or mass, characteristic radiographic
findings of the terminal ileum and endoscopic findings.
Although granulomas are regarded as the characteristic

A 17-year-old girl presented to our pediatric emergency
room because of persistent RLQ abdominal pain. She had
been previously healthy. Three weeks prior to admission,
she was admitted to another hospital for severe RLQ pain.
A computerized tomography (CT) scan of the abdomen
with barium contrast showed a bowel conglomerate in the
cecal area and a stricture of the distal ileum. A presumptive
diagnosis of CD was made and the patient was discharged
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Table 1 Laboratory values
1st
admission
HB
12
WBC
8.0
PLT
322
ESR
NA
CRP
2.4
ALB
3.7
AST
27
ALT
18
GGT
10

2nd
3rd
4th
admission admission admission
12.4
13.2
13.8
17.7
5.7
9.1
197
371
309
20
53
6
27
0
0.28
3.6
4.4
4.8
15
65
17
46
61
15
16
105
47

Normal values
11.5–16.5 g/dL
4.0–11.0×109/L
150–400×109/L
0–20 mm/h
0–1 mg/L
3.2–5 g/dL
10–40 U/L
10–40 U/L
7–33 U/L

HB: hemoglobin; WBC: white blood cells; PLT: platelets; ESR: erythrocyte
sedimentation rate; CRP: C reactive protein; ALB: albumin; AST: aspartate
aminotransferase; ALT: alanine aminotransferase; GGT: gamma-glutamyl
transpeptidase.

on 5-ASA, antibiotics and steroids. Colonoscopy, performed
a week later, showed no gross pathology and the treatment
was discontinued. Biopsy samples from the colon and
terminal ileum were normal.
She was admitted to our Pediatric Department because
of the continuation of RLQ abdominal pain, recurrent
non-bilious vomiting and a 6-kg weight loss over 2 wk.
Physical examination revealed a well-looking young
girl with 45 kg body weight and 167 cm height. Diffuse
tenderness of the abdomen and right flank was noted.
Rectal examination revealed no masses, normal stools and
no localized tenderness.
Laboratory results are shown in Table 1 (1st admission).
Abdominal ultrasound (US) was normal; a gynecological
US showed a left ovarian cyst and a tubular structure
in the RLQ. An upper gastrointestinal and barium
follow-through study showed a stricture of an ileal loop
without involvement of the terminal ileum. This finding
was considered to be compatible with CD (Figure 1).
Gastroscopy showed gastritis with hemorrhagic areas
in the body and antrum. A quick urease test for H pylori
was negative. Biopsies from the antral mucosa showed
remodeling of the foveolar layer, regeneration, atypia, and
mild chronic inflammation. Biopsies from the small bowel,
gastric corpus and esophagus were normal.
Despite the absence of characteristic histological findings
of CD, the clinical presentation and the radiological findings
were thought to be compatible with CD and therefore oral
steroids and omeprazole were prescribed with resolution
of symptoms.
Four weeks later, she was readmitted because of a 24-h
history of abdominal pain mainly over the RLQ, fever of
39 °C and non-bilious vomiting.
Physical examination revealed a sick-looking girl
having 37.8 ° C temperature, 47.5 kg body weight and
severe diffuse tenderness over the right lower abdomen.
Laboratory results are shown in Table 1 (2nd admission).
Abdominal X-ray was normal. Abdominal US showed
a thickened bowel loop located over the RLQ. A repeat
CT of the abdomen with contrast media showed a bowel
conglomerate in the cecal area and a stricture of the distal
ileum similar to the findings previously demonstrated.
No signs of appendicitis or periappendicular abscess

→

Figure 1 Upper gastrointestinal and barium follow-through study showing a
stricture of an ileal loop without involvement of the terminal ileum (arrow).

↓

R

L

Figure 2 Abdominal CT with contrast media showing a bowel conglomerate in the
cecal area and a stricture of the distal ileum (arrow).

were noted (Figure 2). After 5 d of intravenous treatment
with steroids, ciprofloxacin, and metronidazole, the patient’s
symptoms and clinical signs improved and she was discharged
on oral steroids and azathioprine.
For the following 2 mo, the patient was asymptomatic.
She was gradually weaned from steroids and maintained
on azathioprine. She was then readmitted because of
abdominal pain and non-bilious vomiting for 10 d. She
had no fever or diarrhea, her appetite was poor and had a
1 kg weight loss. Her physical examination revealed severe
diffuse tenderness over the right abdomen. Laboratory
results are shown in Table 1 (3rd admission). Budesonide
was started and the azathioprine dose was decreased due to
abnormal liver enzymes. She was discharged after a clinical
improvement but readmitted a week later due to vomiting
and epigastric and RLQ pain for 4 d. Laboratory results
are shown in Table 1 (4th admission). Gastroscopy showed
a mild inflammation with normal antral and duodenal
biopsies. A diagnostic laparoscopy showed a phlegmonous
appendicitis and an appendectomy was performed. No
other abnormality was noted and the ileum appeared to
be normal. Histological examination of the appendix and
terminal ileum showed periappendicular inflammation
and normal small bowel. No granulomata were found. A
diagnosis of chronic appendicitis mimicking CD was made.
Follow-up of 4 years showed a healthy asymptomatic girl.

Shaoul R et al. Crohn's disease and recurrent appendicitis

Discussion
Controversy and skepticism surround the diagnoses of
chronic and recurrent appendicitis [3-6]. Nevertheless, a
sufficient histological and radiological evidence to support
that this entity exists[3-16].
Chronic appendicitis is defined as lower abdominal
pain lasting for 3 wk with radiological and pathological
findings of appendicitis. Recurrent appendicitis is defined
as recurring episodes of right lower abdominal pain with
radiological or pathological finding of appendicitis[17].
Five to ten percent of patients suffering from acute
appendicitis describe prior episodes of RLQ pain resolving
spontaneously. USG studies have demonstrated a
spontaneous resolution of acute appendicitis, in as many
as 1 in 13 patients suffering from symptoms of acute
appendicitis. The recurrence rate, however, was 38%,
mostly in the year following the initial episode [9]. The
CT diagnosis of acute appendicitis includes distended
or thickened appendix with or without appendicolith,
greater than approximately 5-7 mm in size. The wall of
the inflamed appendix is circumferentially thickened
and may appear as a “halo” or “target.” CT findings of
periappendiceal inflammation would also support the
diagnosis of appendicitis[4,18]. Moreover, CT findings of
appendices in patients suffering from prolonged (more
than 3 wk) abdominal pain as well as recurring episodes of
abdominal pain are identical to those of patients suffering
from acute appendicitis[17]. None of these findings were
present in the CT done in our patient. It is important
to mention that advances in CT with high-resolution
techniques have yielded a sensitivity as high as 100%
and specificity as high as 98% for the diagnosis of acute
appendicitis[18]. The yield of CT in the diagnosis of CD is
not good.
Mattei et al. [14] reviewed a series of seven patients
matching the criteria of chronic or recurrent appendicitis and
concluded that recurrent and chronic appendicitis should
be considered in the differential diagnosis of recurrent or
non-resolving lower abdominal pain. Barber et al.[3], in their
retrospective study encompassing 1 084 patients who had
inflamed appendices removed, found that 6.5% of them
had attended the emergency ward prior to their operation
for symptoms compatible with recurrent appendicitis. Our
patient had clinical and radiological findings compatible
with Crohn’s ileitis, without evidence of acute or chronic
appendicitis on US and CT. It has been sug gested
that these modalities can aid diagnosis in questionable
situations [1]. Although there was no histopathological
evidence of CD at biopsy, the clinical manifestations,
the radiological findings and the response to treatment
supported the diagnosis.
Consideration was also given to the diagnosis of
isolated CD of the appendice, an uncommon chronic
appendicitis with histological findings (granulomas)
resembling a CD[2]. This rare presentation of CD is confined
to the appendice and progression to systemic disease is
rarely noted. The reluctance to intervene surgically in a
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patient with a suspected CD is another barrier to diagnosis.
Considering the data presented, chronic or recurrent
appendicitis seemed to be the probable diagnosis. It
must be considered in every case of unexplained longstanding or recurrent abdominal pain over RLQ. The
great improvements in laparoscopic techniques should be
valuable in those cases where endoscopical, histological
and radiological findings do not provide a definitive
answer.
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ELSEVIER
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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 			
sion.
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) 		
1 M 			
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 		

4 d 				
four days			
d 				
Four days 			
2 h 				
2 h 				
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 				

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

1000 g 			
Gene bank 		
Ten L 			
Ten mL 			
umol 			
30 sec		
1 g/dl 			
OD260
One g/L 			
A260 nm		
b
P<0.05

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 				

Low speed. g cannot be used.
International classified genetic materials collection bank
At the beginning of a sentence
At the beginning of a sentence

										

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

45

1
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 conver-

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

