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Abstract

Non-alcoholic fatty liver disease (NAFLD) encompasses
a wide spectrum of fat-induced liver injury, ranging from
relatively benign steatosis to cirrhosis and liver failure.
The presence of obesity and insulin resistance is strongly
associated with non-alcoholic fatty liver and confers on
it a greater risk of histologically advanced disease. There
is a growing concern in the medical profession as the
prevalence of this disease continues to rise in parallel
with the rise in obesity and the metabolic syndrome.
Treatment options are limited and dietary weight loss
is often advised. Low fat diets are difficult to adhere
to and recent studies have shown the potential of low
carbohydrate diets for weight loss and improving insulin
resistance. Thus far, no study has evaluated the effect of
low carbohydrate diets on NAFLD. Future studies will be
required to address this question and others with regards
to the nutritional adequacy and long-term side effects of
these diets.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

In the 1970s, patients undergoing jejunoileal bypass surgery

for morbid obesity were noted to develop steatohepatitis
and even liver failure following rapid weight loss!". Their
liver histology was similar to that seen in alcoholics, with
macrovesicular steatosis, Mallory hyaline, focal hepatocyte
necrosis, mixed lobular inflammation and fibrosis”. Similar
findings were later described in obese patients without
significant alcohol consumption. In 1980, Ludwig ef al”
coined the term ‘non-alcoholic steatohepatitis” (NASH)
to describe these findings. Since then, interest in the
disease has grown exponentially in keeping with its rising
prevalence. NASH was initially thought to be a benign
condition largely limited to middle-aged obese women
with diabetes. However, recent studies have shown it
to be a far more complex disease that is found in men,
women and even children. The spectrum of disease
ranges from pure steatosis alone to NASH with hepatic
fibrosis, cirrhosis, hepatocellular carcinoma, liver failure
and even death". Estimates suggest that 20-30% of
adults in Western countries may have NAFLD and about
10% of these individuals meet criteria for diagnosis of
NASH". NAFLD is now recognized as the most common
cause of chronically elevated liver transaminases™ and
may be the most common liver disorder!"”. Obesity is
the single most common condition found in association
with NAFLD. Other features of the metabolic syndrome,
such as hyperinsulinemia, hypertriglyceridemia and
hypertension, also play a significant pathophysiologic role
in its development.

In general, NAFLD in the absence of NASH is an
indolent disease with a benign course. However, as noted,
end stage liver disease may occur as a consequence of
NASH. The seriousness of this condition is demonstrated
by the fact that approximately 50% of patients develop
fibrosis, 15% develop cirrhosis and 3% may advance to
liver failure requiring transplantationm. NASH is now
being recognized as the underlying cause of most cases
of cryptogenic cirrhosis!"*"”, The natural history of
NAFLD is poorly understood, and it is not known why
some patients progress to cirrhosis, while others do not.
However, obesity and insulin resistance have been shown
to be associated with more histological advanced disease.

The aim of this article is to review the role of the
metabolic syndrome, especially insulin resistance and
obesity in the development of NAFLD, to discuss the
effect of weight loss on NAFLD and, finally, to evaluate
popular diets and compare them with regard to their
effects on the metabolic syndrome and NAFLD.

www.wjgnet.com
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NASH AND METABOLIC SYNDROME

Fatty liver is commonly associated with obesity and insulin
resistance. The increasing incidence of NAFLD closely
parallels these conditions. There is abundant data showing
a relationship between obesity and NAFLD. Wanless
et a in an autopsy study of 351 patients found that 70%
of obese patients had liver steatosis, and the degree of
steatosis was proportional to the degree of obesity. The
authors also found steatohepatitis in 18.5% and severe
fibrosis in 13.8% of markedly obese patients, compared
to steatohepatitis in 2.7% and severe fibrosis in 6.6% of
lean people. A prospective study performed by Klain
et al™ evaluated liver biopsies from 100 consecutive
morbidly obese patients undergoing Roux-en-Y gastric
bypass. Histological abnormalities were found in 98% of
biopsies, and ranged from mild fatty infiltration through
inflammatory change to fibrosis and cirthosis"”. Data
from 90 patients with NASH demonstrated insulin
resistance in 85% of them"”. An Italian study evaluated
the risk factors associated with hepatic steatosis. A total of
257 participants were assigned to one of four categories:
Controls, teetotalers with normal body mass index (BMI);
obese teetotalers; heavy drinkers (> 60 g of alcohol per
day) with normal BMI; and heavy drinkers with obesity.
The prevalence of steatosis on ultrasound increased from
16% in controls to 46% in heavy drinkers, 76% in obese
individuals and 95% in patients with both obesity and
heavy alcohol intake. Compared with controls, steatosis
was motre common by 2.8-fold in heavy drinkers, 4.6-fold
in obese persons and 5.8 fold in obese heavy drinkers.
In heavy drinkers, obesity increased the risk of steatosis
2.0-fold, while heavy drinking was associated with only a
1.0-fold increased risk in obese subjectsm. The authors
concluded that steatosis was more strongly associated with
obesity than with heavy drinking;

Evidence of an etiologic association between NAFLD
and metabolic syndrome (hyperglycemia, central obesity,
hypertension, hypertriglyceridemia and low HDL-
cholesterol) has been shown in both obese and non-
obese patients“sj. Studies also have shown that patients
with NASH are more insulin resistant than patients with
fatty liver alone'”. Given the wealth of data supporting
it, many researchers now consider NAFLD to be a
hepatic manifestation of the metabolic syndrome,
instead of a primary liver disease!"™*”. Chitturi et al"!
tested the hypothesis that insulin resistance is an essential
requirement for the development of NASH, and that
a high association between insulin resistance and liver
disease is relatively specific for NASH. Sixty-six patients
with NASH were studied. Insulin resistance was found
in virtually all patients (98%) and was seen in both lean
and overweight patients. A subset of 36 patients with
less severe NASH were compared to 36 age- and sex-
matched patients with chronic hepatitis C. The prevalence
of insulin resistance was significantly higher in those with
NASH than in comparable cases of HCV (75% vs 8.3%)[2”.
Marchesini e a/'” studied liver biopsies in patients with
NAFLD. Based on histology, these were classified as
having NASH »s pure fatty liver. The investigators found
that 88% of patients with NASH had metabolic syndrome

www.wjgnet.com

compared with 53% in patients with pure fatty liver!”,

Marceau ¢ a/*” investigated the relationship between liver
pathology and the metabolic syndrome. Five hundred
fifty one severely obese patients undergoing anti-obesity
surgery were studied. Steatosis was found in 86%, fibrosis
in 74%, steatohepatitis in 24% and unexpected cirrhosis in
2%. With each addition of the components of metabolic
syndrome, the risk of steatosis increased exponentially
from 1- to 99-fold™. In a series of 505 severely obese
patients evaluated before gastroplasty, prevalence of
steatosis was significantly higher in patients with impaired
glucose tolerance or type 1I diabetes as compared with
non-diabetics. The severity of steatosis was positively
correlated with BMI, fasting plasma glucose, insulin and
triglyceride concentrations, as well as serum ALT, AST and
GGT levels™.

Issues regarding the nature of hyperinsulinemia in
NASH have been raised. It has been questioned as to
whether hyperinsulinemia and insulin resistance occur as
part of the metabolic syndrome or whether liver damage
itself leads to chronic hyperinsulinemia and insulin
resistance from impaired insulin degradation, as is seen
in cirrhosis. Chitturi e/ a/*"! compared the patients with
NASH and mild or absent fibrosis with age- and sex-
matched patients with HCV, and found that the patients
with NASH showed more attributes of insulin resistance
than the controls. They had much higher levels of insulin
resistance, serum insulin and C-peptide levels. However,
the serum C-peptide/insulin ratio was similar in both
groups”!!. Pagano e a/*" addressed the same question,
comparing 19 patients with histologically mild NASH, who
had functionally competent livers with 19 normal subjects.
Patients with NASH showed marked hyperinsulinemia and
insulin resistance as compared with controls, however, the
hepatic insulin extraction was similar in both groups”.
These two studies showed that insulin hypersecretion, and
not just impaired insulin degradation, was the basis for
hyperinsulinemia in NASH.

The overall incidence of NASH in the severely obese
is reported to range from 25-36.4%"*". The prevalence
of obesity in the Western world has shown a large
increase in the last 20 years. The data of the National
Health and Nutrition Examination Survey (NHANES II,
1976-1980) showed a prevalence of 14.5%. By NHANES
IIT (1988-1994), this number had increased to 22.5%, and
the data of NHANES 1999-2000 showed a prevalence of
30.5%", Significantly, this number could reach 40% by the
year 2025, A similar increase in the number of patients
with type 2 diabetes is expected. By some estimates, 29
million people or 7.2% of the population will have type
2 diabetes by the year 2050°". Of grave concern is the
increasing incidence of obesity in children and adolescents.
Given these statistics, the incidence of NASH will rise
significantly in the coming years and so will hepatic
complications arising from it.

Factors responsible for the development of NAFLD
in obese patients are not clear, and the exact mechanism
of its progression to fibrosis and cirrhosis has yet to
be elucidated. However, our understanding of disease
pathogenesis has advanced significantly. Insulin resistance
is thought to be a primary pathophysiologic mechanism
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in development of fatty liver. Current understanding
of the pathogenesis is as follows: Insulin resistance
and visceral obesity lead to a hepatic influx of free
fatty acids, resulting in increased triglyceride synthesis
and decreased triglyceride export. This leads to hepatic
steatosis. At this stage, patients have the relatively benign
condition of NAFLD. Some of these patients will go on
to steatohepatitis. It is unclear why only a small fraction
will advance to NASH and what is the exact impetus
for this advance. One proposal is that these lipid-laden
hepatocytes are susceptible to a “second-hit”"", The exact
mechanism of this second-hit is unknown. In NASH, as in
alcoholic hepatitis, oxidative stress and lipid peroxidation
have emerged as the most likely candidates. This “hit”
occurs via increased mitochondrial beta-oxidation of the
free fatty acids, production of reactive oxygen species and
depletion of antioxidants glutathione and vitamin E. This
depletion of anti-oxidants hampers reactive oxygen species
inactivation, and increases the deleterious effects on the
mitochondria. Oxidative stress also results in abnormal
cytokine production, especially TNF-a through up-
regulation of nuclear translocation of transcription factor
nuclear factor »B. This combination of lipid peroxidation
and cytokine production results in hepatocyte death.

Another proposed mechanism of development of
NASH includes a primary mitochondrial abnormality, as
proposed by Sanyal e /™. This defect, otherwise clinically
silent, leads to increased mitochondrial beta oxidation and
production of reactive oxygen species in the presence of
insulin resistance.

Yang ¢t a*” have demonstrated that obesity itself may
cause progression to steatohepatitis by causing Kupffer
cell dysfunction and sensitizing the hepatocytes to
endotoxin, suggesting that the progression of liver disease
may depend on the extent of fatty infiltration™,

Iron, a strong oxidative agent, has also been proposed
as a factor causing the second-hit. Elevated serum ferritin
and insulin resistance on those levels have been noted
in patients with NASH, as well as increased prevalence
of C282Y and H63D mutations in the HFE gene"*",
However, evidence that hepatic insulin resistance plays a
significant role in fibrosis was found in only one study, and
recent studies suggested that increased ferritin levels were
likely markers of severe histologic damage and not iron
overload®. Leptin production by activated hepatic stellate
cells has also been considered an important factor in the
progression of fatty liver disease and development of
fibrosis"”’. Supporting evidence is furnished by genetically
leptin-deficient ob/ob mice, which do not develop fibrosis
even when fed a methionine-choline-deficient diet.

OBESITY AND INSULIN RESISTANCE AS

PREDICTORS OF FIBROSIS

The natural history of NAFLD is not well known, but
it is known that prognosis varies according to histologic
type. Matteoni ¢# al” conducted a retrospective study to
compare clinical characteristics and outcomes of patients
with different types of NAFLD. Patients were separated
into four histologic types: Simple fatty liver; steatohepatitis;

steatonecrosis; and steatonecrosis plus either Mallory
hyaline or fibrosis. Cirthosis and liver-related death were
seen almost exclusively in patients with steatonecrosis
with or without Mallory hyaline or fibrosis™. The study
also confirmed that the prognosis of simple steatosis is
favorable.

A number of risk factors for more histologically
advanced disease have been identified. Theses include
central weight distribution and metabolic syndrome. Dixon
et al™ studied 105 severely obese individuals undergoing
bariatric surgery, and showed that hyperinsulinemia and
increased insulin resistance were associated with adverse
histologic findings. The study found that C-peptide was
the best predictor of advanced fibrosis (stage 3-4) and
that patients with advanced fibrosis had significantly
higher C-peptide levels. The insulin resistance index and
systemic hypertension were independently associated with
advanced NAFLD. Insulin resistance was found to be the
best predictor of zone 3-centric steatosis, inflammation
and fibrosis. Interestingly, this study found that moderate
alcohol consumption reduced the risk of NAFLD by
decreasing insulin resistance. Angulo ef al” studied liver
biopsies from 144 patients with NASH. In multivariate
analysis, older age (>45 years), obesity, diabetes mellitus
and an AST/ALT ratio >1 werte significant predictors
of severe fibrosis (bridging/cirrhosis). The investigators
concluded that this subgroup would benefit most from
liver biopsy and investigational therapiesl”]. Researchers in
France investigated 93 obese patients, and found that age
= 50 years, BMI >28 kg/rnz, triglycerides >1.7 mmol/L
and ALT > 2 times normal value were independently
associated with septal fibrosis'™”. A univariate analysis
showed that diabetes and impaired glucose tolerance were
significantly associated with fibrosis. Another recent study
evaluating steatosis in chronic hepatitis C found that an
increased BMI had a role in pathogenesis of steatosis
in chronic hepatitis C, and that this may contribute to
fibrosis'". Studies by both Marceau et a/* and Willner
et al' showed that patients with cirrhosis were more
obese than those without citrhosis. In addition, Marceau
et al” found the presence of diabetes to be the strongest
predictor of cirrhosis. Finally, a recent investigation of
NAFLD and the metabolic syndrome showed that the
presence of metabolic syndrome carried a high risk for
NASH among NAFLD patients, and was also associated
with a high risk of severe fibrosis'™”.

Thus, features of the metabolic syndrome like obesity,
insulin resistance and hypertriglyceridemia are not only
predisposing factors for NASH, but are also risk factors
for more severe fibrosis and advanced disease.

TREATMENT OPTIONS

In light of the increasing incidence of NAFLD-associated
comorbid conditions and NAFLD itself, as well as
increased awareness of adverse outcomes associated with
steatohepatitis, a number of treatment options are being
explored. These combine specific therapies for NAFLD as
well as the management of comorbid conditions. Therapies
that have been evaluated include lifestyle changes such as

www.wjgnet.com
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diet and exercise, antioxidants like vitamin E and betaine,
cytoprotective agents such as ursodeoxycholic acid, lipid-
lowering agents, anti-diabetics, weight-loss agents like
otlistat and iron reduction therapy, i.e. phlebotomy. The
management of associated conditions, such as diabetes,
obesity and hyperlipidemia, is especially important, given
their association with more advanced liver disease. This
may be achieved by optimizing medical treatment of these
conditions, as well as through weight loss strategies.

EFFECT OF WEIGHT LOSS ON NAFLD

Because obesity is the most commonly associated
condition with NAFLD, weight loss has traditionally
been the most commonly suggested intervention.
Patients are encouraged to lose weight through exercise
and dietary fat restriction. Exercise is of great value as
it reduces weight by preferentially decreasing visceral
obesity while preventing the loss of muscle mass. It
also enhances muscle insulin sensitivity even in the
absence of weight loss. A number of studies suggest that
NAFLD may improve after weight loss. Improvement
in liver biochemistry and ultrasonographic appearance
is a consistent finding with moderate weight reduction.
However, serum aminotransferases are unteliable markers
for follow-up, and do not provide accurate data on
prognosis. Worsening of fibrosis can occur even as the
levels of transaminases decline®”. A few studies have
evaluated and shown histologic improvement.

The effects of weight reduction on hepatic tests and
physical findings were studied in a retrospective review of
thirty-nine obese patients without primary liver disease.
A weight loss of >10% corrected abnormal liver tests,
decreased hepatosplenomegaly and resolved some stigmata
of liver disease™. Farly case series showed that improved
liver chemistry and histology was evident with even a
modest reduction in weight, as considerable extra weight
persisted in the subjects under evaluation™**”,

Drenick ez a/*” studied liver biopsies of 41 obese
patients undergoing massive weight reduction (>100 Ib).
Biopsies were obtained at various stages before, during
and after weight loss. Based on the method of weight
loss, patients were divided into three groups, including
prolonged fasting, low-calorie dieting and intestinal bypass
surgery. In the non-surgical groups, a transient increase in
hepatocellular degeneration and focal necrosis was noted
along with progressive diminution of fatty infiltration
during weight loss. However, late biopsies revealed
normal histology. In patients who underwent intestinal
bypass, biopsies variously revealed massive fatty changes,
cholestasis, polynuclear inflaimmatory infiltrates, diffuse
fibrosis, bile-duct proliferation and fatal hepatic necrosis'”.
These findings relating to jejunoileal bypass have been
demonstrated in several studies' ™! This surgical
procedure has been abandoned in favor of safer weight-
loss surgery.

In a study of twenty-five obese Japanese subjects”™,
fifteen underwent a program of restricted diet and exercise
for a period of three months, while ten did not. Patients
in the intervention group showed a significant decrease in
BMI, aminotransferases, total protein, cholinesterase, total
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cholesterol and fasting plasma glucose levels. In addition,
steatosis was significantly improved on liver biopsy in
these patients. The ten patients in the control group did
not show any change in biochemical parameters or liver
histology.

Regular body weight and biological measurements
were obtained from 505 severely obese patients before
and after undergoing gastroplasty”. There was a high
prevalence of biologic abnormalities associated with the
metabolic syndrome at baseline. After a mean follow-
up of 21 & 14 mo post-surgery, significant reductions in
biological markers of metabolic syndrome, such as blood
glucose, insulin, and triglycerides, were noted. Also, total
cholesterol, uric acid and fibrinogen and ALT levels were
reduced, along with an increase in HDL cholesterol levels.
Data on children with NASH, who underwent weight
reduction, also showed improvement in biochemical and
ultrasonographic findings®".

The effect of weight loss on NAFLD was studied in
36 obese patients. Paired liver biopsies were obtained,
the first at the time of laparoscopic adjustable gastric
band placement and the second after weight reduction.
Initial biopsies showed steatosis alone in 12 patients
and NASH in 23 patients. Initial fibrosis score of 2 or
more was noted in 18 patients. Follow-up biopsies were
obtained at 25.6 = 10 mo after surgery. Weight loss
resulted in a significant improvement in liver histology,
with repeat biopsies showing NASH in only 4 patients and
a fibrosis score of 2 or more in only 3 patients. Greater
improvement was seen in patients who had been diagnosed
with metabolic syndrome prior to surgery””.

Knobler ¢z a/°" suggested that NAFLD is not
only associated with biochemical abnormalities of the
metabolic syndrome, but it responds to their amelioration.
Forty-eight patients with chronically elevated liver
enzymes with clinical, ultrasound, and histologic findings
consistent with fatty liver were evaluated. Most of the
patients were overweight or obese (64%), 44% had
diabetes mellitus, 29% had impaired glucose tolerance,
and 17% were hyperinsulinemic. Dietary intervention was
the primary mode of weight loss. This was supplemented
by oral hypoglycemic or lipid-lowering drugs as needed.
The results showed moderate weight loss (3.7 kg),
improvement in fasting plasma glucose and lipid levels. An
improvement in liver enzymes was noted in 96% patients
with normalization in 50% patients.

In a recent pilot study, ten obese patients with NASH
were treated with orlistat in addition to diet for weight
reduction over a petiod of 6 mo™. BML, liver enzymes,
hemoglobin Alc, fasting lipids, glucose and liver histology
were assessed at baseline and at completion of the study.
Mean weight loss was 22.7 lb. There was a significant
decrease in the BMI, and levels of hemoglobin Alc, ALT,
AST. Steatosis improved in six patients and fibrosis in
three patients. Hickman ez o/ found that modest weight
loss through exercise and dietary intervention resulted
in sustained improvements not only of ALT and fasting
insulin levels, but also of health-related quality of life.

The above data demonstrates that NAFLD and NASH
improve significantly with weight reduction. However,
this must be done in a controlled manner over a period
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of time, as rapid weight loss may lead to exacerbation of
liver disease. This has been shown following drastic weight
reduction through diet as well as through bariatric surgery.
Forty-one patients who had weight loss on a very-low-
calorie diet showed improvement in fatty change on liver
biopsy. However, 24% developed portal inflammation or
fibrosis. These were patients who underwent a very rapid
weight reduction ( >1.6 kg per week)"”". Liver biopsies
obtained from patients undergoing gastroplasty for morbid
obesity were compared before surgery and after weight
loss (mean 32 & 19 kg). There was a significant decrease in
the prevalence of steatosis (38% of patients after weight
loss »s 83% before). However, an increase in the prevalence
of hepatitis was observed after significant weight reduction
(26% of biopsies after weight loss versus 14% before)™.
The pathogenesis appears to be massive mobilization of
fatty acids from visceral stores, which reach the liver via
the portal vein and may be toxic to the liver. Therefore,
initial target weight reduction should be 10% of baseline
weight and should not exceed 1.6 kg/wk.

POPULAR DIETS

The effects of many popular diets on fatty liver are not
known. However, metabolic improvements related to
dietary weight reduction may favorably influence NASH.
If dietary intervention can positively affect insulin
resistance and other features of the metabolic syndrome, it
would be important to know which particular diet is most
beneficial. Conventional diets usually fall into two main
categories. Those that alter the macronutrient composition
of the diet and those that limit overall energy intake.

Alterations in macronutrient composition

Diets that promote weight loss by emphasizing their
macronutrient make-up, as opposed to caloric intake,
include low-fat and low-carbohydrate diets. Low-fat
diets are traditionally the most recommended by medical
professionals. Over time, these have been shown to be safe,
cardio-protective and effective in weight loss. Adherence,
however, has been a problem. Energy density of food is an
important consideration. This refers to the energy (calories)
in a given weight of food. Weight loss from a low-fat diet
may be due to the low energy density of the diet. Both
carbohydrates and proteins have an energy density of 4
keal/kg, compared to 9 kcal/kg for fats. Researchers for
the National Weight Control Registry found that members
who maintained successful weight loss, consumed less
energy and a lower percentage of energy from fat when
compared to the general populationm. The low-fat (30%)
diet is advocated by the National Cholesterol Education
Program and by the American Heart Association.

Low carbohydrate diets have been popular periodically
over the last several decades, and are currently undergoing
a resurgence. An NPD survey on diet trends in the
United States showed that in early 2004 about 9% of
the population was on a low carbohydrate diet. These
diets limit the composition and/or amount (<100 g/d)
of carbohydrates, with an increase in dietary protein and

fat. They are marketed as low carbohydrate, high protein
diets, although they could also be called low carbohydrate,
high fat diets. A diet high in carbohydrates results in an
increase in blood glucose, insulin and triglycerides, all of
which are risk factors for the development of NAFLD.
Carbohydrate restriction leads to ketosis resulting not only
in weight loss, but also a decrease in blood glucose, insulin
and triglyceride levels. Studies have shown these diets to
be effective in short-term weight loss'*!!. Early weight
loss is a result of diuresis associated with ketone and urea
nitrogen excretion™. However, over time, weight loss is a
result of loss of body fat. Proponents believe that these
diets have a high satiety level, which make them easier to
adhere to. This is very important, as dietary adherence is
one of the main challenges faced by dieters. Questions
with regard to their nutritional adequacy and long-term
effects have been raised. In the short-term, these diets
have been found to be safe.

Popular low carbohydrate diets include the Atkins,
South Beach and the Zone diets. Originally published by
Dr. Robert Atkins in 1972 (Dr. Atkins diet revolution),
the Atkins diet is the most popular low carbohydrate diet
in the United States. Weight reduction is achieved in four
phases. The first phase is an induction diet which limits
carbohydrates to 20 g/d, but allows unlimited amounts
of fat. In phase two, there is ongoing weight loss with
easing of the carbohydrate restriction. Through phases
three and four, pre-maintenance and maintenance,
individuals determine the amount of carbohydrate they
can consume while maintaining their weight loss™). The
South Beach diet consists of 3 phases, gradually increasing
in proportion of carbohydrates and emphasizes good
carbohydrates and fats. The Zone diet recommends a low
carbohydrate, high protein diet, with macronutrient intake
in the 40:30:30 ratio, i.e. 40% calories from carbohydrates,
30% from protein and 30% from fat.

Reduction in energy intake

Studies have found that weight loss on a calorie-restricted
diet is due to decreased energy intake and not nutrient
composition. Golay e a/*" evaluated the effect of diets that
were equally low in energy, but widely different in amounts
of fat and carbohydrate over a 6-wk period. No significant
difference in amount of weight loss was noted™. Alford e
al* studied the effects of three different diets with a fixed
caloric intake of 1 200 kcal/d. They found no significant
difference in weight loss among diets with 25%, 45%, 75%
carbohydrate. The authors concluded that weight loss is
the result of reduction in caloric intake in proportion to
caloric requirements. Schlundt ez al*” found greater weight
loss with a low-fat, calorie-restricted diet when compared
to a low-fat, ad /ibitum carbohydrate intake diet. A
systematic review of low carbohydrate diets by Freedman
et al*” found weight loss to be associated with energy
restriction and not carbohydrate restriction. It is likely that
individuals on diets that alter macronutrient composition
(low fat or low carbohydrate) actually lose weight because
of a concurrent reduction in energy intake.
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LOW-CARBOHYDRATE VERSUS LOW-
FAT DIETS: EFFECTS ON BIOCHEMICAL
MARKERS OF METABOLIC SYNDROME
AND NAFLD

As mentioned previously, dietary weight reduction has
been shown to have a positive effect on biochemical
markers of the metabolic syndrome. This may translate
into a positive effect on NAFLD. Encouraging histologic
findings have been noted in these patients. Therefore, it
is important to compare the various diets and determine
which, if any, is most beneficial in NAFLD.
Low-carbohydrate diets have long been considered
fad diets by the medical profession. Several questions
have been raised regarding their weight loss potential
and possible adverse effects. Public interest continues
unabated, and books detailing low carbohydrate lifestyles
are regulars on best seller lists. A number of studies have
been published in recent years evaluating the effects
of low-carbohydrate diets on weight loss as well as on
metabolic markers, comparing these diets to traditional
low-fat diets. However, none has compared their effects
on liver histology and NAFLD. Effects on obesity and
biomatkers of the metabolic syndrome will be reviewed,
given their important etiologic association with NAFLD.
In an uncontrolled study, Westman es al®” showed
that in mildly obese, motivated persons, a very low-
carbohydrate diet led to sustained weight loss during
a 6-mo period. Positive effects were also noted on the
serum lipid profile, with a decrease in triglycerides, total
and low-density lipoprotein cholesterol and an increase
in high-density lipoprotein cholesterol levels. More
recently, several randomized controlled trials comparing
various diets have been published. Brehm ez al® studied
the effects of a very low-carbohydrate diet on body
composition and cardiovascular risk factors. Fifty three
healthy, obese women were randomized to 6 mo of an ad
libitum very low-carbohydrate diet versus a calotie-restricted
low-fat diet. The very low carbohydrate group had more
weight loss (8.5 1.0 »s 3.941.0 kg, P<0.001) without
any deleterious effect on cardiovascular risk factors.
Foster et a/ randomized 63 non-diabetic obese subjects
to a low carbohydrate (Atkins) versus a conventional diet
(low fat, high carbohydrate, calorie-restricted diet). The
Atkins group had more weight loss at 3 mo (-6.8 == 5.0 %
vs -2.7 £ 3.7%) and 6 mo (-7.0 = 6.5% s -3.2 £ 5.6%),
but at 12 mo the difference between the 2 groups was
not significant (-4.4 & 6.7% »s -2.5 £ 6.3%). The low
carbohydrate group was associated with a greater decrease
in triglycerides and a greater increase in high-density
lipoprotein cholesterol levels. No difference in the total
of low-density lipoprotein cholesterol levels was seen
between the both groups. Insulin sensitivity increased in
both groups without any significant difference between
groups[m]. In a study by Samaha e# 2/, 132 severely
obese subjects with a mean body mass index (BMI) of
43 (diabetes mellitus in 39% and metabolic syndrome in
43%) were randomized to a low-carbohydrate or a low-
fat, calorie-restricted diet. At 6 mo, the low carbohydrate
group had more weight loss (-5.8 £8.6 kg s -1.9 £ 4.2 kg)
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and a greater decrease in triglyceride levels ( -20 & 43%
vs -4 & 31%). In non-diabetics, the insulin sensitivity
improved more, and in diabetics, fasting glucose levels
decreased more in the low carbohydrate group®”. No
adverse effects on the serum lipid levels were observed.
The 12-mo data from this study was published in 2004.
Weight loss between the two groups at this point was no
longer significant. The favorable metabolic response to the
low-carbohydrate diet, however, persisted””. A recently
published study of 120 overweight, hyperlipidemic
subjects showed similar findings. At 24 wk, the low
carbohydrate (Atkins) group had greater weight loss
(mean -12.9% »s -6.7%, P<0.001). Effects on triglyceride
and high-density lipoprotein cholesterol levels were
also more favorable with the low-carbohydrate diet!".
Comparison of the National Cholesterol Education
Program (NCEP) diet with a modified low-carbohydrate
diet (low in total carbohydrates but higher in complex
carbohydrates, protein and monounsaturated fat) showed
a significantly greater weight loss in the modified low-
carbohydrate diet over a petiod of 12 wk. This study did
not show any significant difference between groups in
blood lipid levels'™. A low-carbohydrate diet over 12 wk
was also found to be more effective than a low-fat diet for
weight loss in overweight adolescents without adversely
affecting their lipid profile”. In comparing 4 popular
diets (Atkins, Zone, Weight Watcher’s and Ornish) over
one year, all were found to reduce weight modestly, and
to have a significant reduction in low-density lipoprotein/
high-density lipoprotein cholesterol ratio. No significant
difference was noted between diets, and no diet-related
adverse effects were noted . Evaluation of 3 different
diets in overweight, insulin-resistant women showed
greater weight reduction from the Atkins and Zone diets
when compared to a conventional low-fat diet. A greater
reduction in triglycerides and waist circumference was also
noted with these diets. A significant increase in low-density
lipoprotein levels was noted in 25% of subjects on the
Atkins diet, wheteas this was seen in only 13% of subjects
on the low-fat diet and 3% of those on the Zone diet”.
Improvement in characteristics of the metabolic syndrome
as demonstrated by a decrease in triglycerides, triglyceride/
high-density lipoprotein ratio, postprandial lipemia and
increase in low-density lipoprotein particle size was shown
in overweight men on a very low-carbohydrate diet”””,
Similarly, improved insulin sensitivity and prevention of
HDL cholesterol decline were noted in overweight men””.

Results from these studies suggest that a low-
carbohydrate diet results in weight loss and may even be
morte effective than a conventional, low-fat diet in the
short-term period. Greater weight loss may be the result of
the monotony and simplicity of the diet inhibiting appetite
and food intake!™. Enhanced satiety, palatability and
novelty of the diet may also play a role!”". There has been
great concern regarding negative effects on renal function,
bone health and cancer risk. Some studies showed that
low-carbohydrate diets had a higher incidence of minor
side-effects, such as constipation, headache, halitosis,
muscle cramps, diarrhea, rash and general weakness' .
The major concern of an adverse effect on serum lipids,
renal and cardiovascular health was not realized in these
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studies. Again, these studies have relatively short follow-
up periods, and the effect on low-density lipoprotein
cholesterol levels remains uncertain, and requires further
study. Caution must be exercised in subjects with baseline
abnormal low-density lipoprotein cholesterol levels.
Effects on biochemical markers associated with the
metabolic syndrome appeatr to be more favorable with
low-carbohydrate diets. In general, these diets show greater
improvements in insulin sensitivity, triglyceride and high-
density cholesterol levels. It is possible that for patients
with the metabolic syndrome, a low-carbohydrate diet may
be more advantageous. This, in turn, may positively affect

NAFLD.

CONCLUSION

As the prevalence of obesity increases, so will that of the
metabolic syndrome and NAFLD. It is now recognized
that the consequences of NAFLD are not always benign.
While pure steatosis alone is generally an indolent disease,
steatohepatitis can be a progressive disease leading to
cirrhosis and even liver failure. The etiologic association
between NAFLD and the metabolic syndrome is so
well established that NAFLD is considered a hepatic
manifestation of the disease. Obesity and insulin resistance
are associated with more histologically advanced disease.
Given this scenario, it is important to develop new
strategies to treat and prevent NASH. While it is known
that dietary weight loss improves markers of the metabolic
syndrome and data also suggest that judicious weight loss
affects the liver favorably in NAFLD, the best dietary
approach is yet unknown. Traditionally, a low-fat diet has
been recommended, but recent studies, show greater short-
term weight loss and greater improvement in markers of
the metabolic syndrome without significant adverse effects
with low-carbohydrate diets. This raises the question of
whether low-carbohydrate diets should be recommended
as part of a weight loss strategy for our patients. At this
point, questions regarding the nutritional adequacy and
long-term safety remain. While studies have evaluated the
effect of these diets on weight loss, cardiovascular and
metabolic marker studies are needed to evaluate the effect
of these diets specifically on NAFLD.
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Abstract

The incidence and mortality of gastric cancer have
fallen dramatically in US and elsewhere over the past
several decades. Nonetheless, gastric cancer remains a
major public health issue as the fourth most common
cancer and the second leading cause of cancer death
worldwide. Demographic trends differ by tumor location
and histology. While there has been a marked decline
in distal, intestinal type gastric cancers, the incidence of
proximal, diffuse type adenocarcinomas of the gastric
cardia has been increasing, particularly in the Western
countries. Incidence by tumor sub-site also varies
widely based on geographic location, race, and socio-
economic status. Distal gastric cancer predominates in
developing countries, among blacks, and in lower socio-
economic groups, whereas proximal tumors are more
common in developed countries, among whites, and in
higher socio-economic classes. Diverging trends in the
incidence of gastric cancer by tumor location suggest
that they may represent two diseases with different
etiologies. The main risk factors for distal gastric cancer
include Helicobacter pylori (H pylori) infection and
dietary factors, whereas gastroesophageal reflux disease
and obesity play important roles in the development of
proximal stomach cancer. The purpose of this review is
to examine the epidemiology and risk factors of gastric
cancer, and to discuss strategies for primary prevention.
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INTRODUCTION

Overall, gastric cancer incidence and mortality have
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fallen dramatically over the past 70 years". Despite its
recent decline, gastric cancer is the fourth most common
cancer and the second leading cause of cancer-related
death worldwide™. Tn 2000, about 880 000 people were
diagnosed with gastric cancer and approximately 650 000
died of the disease'.

The two main tumor sites of gastric adenocarcinoma
are proximal (cardia) and distal (noncardia). Despite a
decline in distal gastric cancers, proximal tumors have
been increasing in incidence since the 1970s, especially
among males in the Western countries™. These gastric
tumor types predominate in populations from different
geographic locations, racial and socio-economic groups.
They may also differ in genetic susceptibility, pathologic
profile, clinical presentation, and prognosis. The observed
differences between gastric cancers by anatomic site
suggest that they are distinct diseases with different
etiologies. Detailed epidemiological analyses of their
demographic trends and risk factors will help guide future
cancer control strategies.

PATHOLOGIC CONSIDERATIONS

About 90% of stomach tumors are adenocarcinomas,
which are subdivided into two main histologic types:
(1) well-differentiated or intestinal type, and (2)
undifferentiated or diffuse type. The intestinal type is
related to corpus-dominant gastritis with gastric atrophy
and intestinal metaplasia, whereas the diffuse type usually
originates in pangastritis without atrophy.

The intestinal type is more common in males, blacks,
and older age groups, whereas the diffuse type has a more
equal male-to-female ratio and is more frequent in younger
individuals™”. Intestinal type tumors predominate in high-
risk geographic areas, such as East Asia, Eastern Europe,
Central and South America, and account for much of the
international variation of gastric cancer”, Diffuse type
adenocarcinomas of the stomach have a more uniform
geographic distribution"”. A decline in the incidence of
the intestinal type tumors in the corpus of the stomach
accounts for most of the recent decrease in gastric cancer
rates worldwide!''. In contrast, the incidence of diffuse
type gastric carcinoma, particularly the signet ring type, has

; 2]
been increasing' .

DEMOGRAPHIC TRENDS

Time trends

In the 1930s, gastric cancer was the most common
cause of cancer death in US and Europe. During the
past 70 years, mortality rates have fallen dramatically



Crew KD et a/. Gastric cancer

355

L

W<59 MW<9.6 <14.6 W <23.6 WM<70.0
[Age standardised (world) rate per 100 000]

B__
Fo
=~
i
¢ ot

B >75%

W 65-74%

M 55-64%
<55%

Figure 1 (A) Incidence of stomach cancer in males. (B) Prevalence of H pylori
infection in asymptomatic adults. (Data adopted from Parkin et al’.)

in all developed countries largely due to unplanned
prevention. However, in the past 30 years, the incidence
of gastric cardia adenocarcinoma rose by five- to six-
fold in developed countries!” ", Gastric cardia tumors
now account for nearly half of all stomach cancers
among men from US and UK. There has also been
a rising trend in esophageal adenocarcinoma, in which
obesity, gastroesophageal reflux disease (GERD), and
Barrett’s esophagus are major etiologic factors. Gastric
cardia cancers share certain epidemiologic features
with adenocarcinomas of the distal esophagus and
gastroesophageal (GE) junction, suggesting that they
represent a similar disease entity.

Geographic variation

Gastric cancer incidence rates vary by up to ten-fold
throughout the world. Nearly two-thirds of stomach
cancers occur in developing countries'. Japan and Korea
have the highest gastric cancer rates in the world”"*,
High-incidence areas for noncardia gastric adenocarcinoma
include East Asia, Eastern Europe, and Central and South
America™?. Low incidence rates are found in South Asia,
North and East Africa, North America, Australia, and
New Zealand (Figure 1A).

In Japan, gastric cancer remains the most common type
of cancer among both men and women. Age-standardized
incidence rates in Japan ate 69.2 per 100 000 in men and
28.6 per 100 000 in women". In contrast to the increasing
incidence of proximal tumors in the West, distal tumors
continue to predominate in Japan. However, even in Japan,
the proportion of proximal stomach cancers has increased

[24]
among men

Migrant populations from high-risk areas such as
Japan show a marked reduction in risk when they move
to low-incidence regions such as the US™. Subsequent
generations acquite risk levels approximating those of the

host country*,

Sex, race, and age distribution
Noncardia gastric cancer has a male-to-female ratio of
approximately 2:1% Incidence rates are significantly
higher among blacks and lower socio-economic groups,
and in developing countries™. Incidence rises progressively
with age, with a peak incidence between 50 and 70 years.
In contrast, for gastric cardia carcinomas, men
are affected five times more than women and whites
P In addition, the incidence
rates of proximal gastric cancers are relatively higher
in the professional classes”. Different rates of genetic
polymorphisms according to tumor sub-site suggest
variation in susceptibility to stomach cancer by tumor
location™. These findings suggest that noncardia and
cardia adenocarcinomas are distinct biological entities.

twice as much as blacks

SURVIVAL

For the past few decades, gastric cancer mortality has
decreased markedly in most areas of the world™?",
However, gastric cancer remains a disease of poor
prognosis and high mortality, second only to lung cancer
as the leading cause of cancer-related death worldwide. In
general, countries with higher incidence rates of gastric
cancer show better survival rates than countries with lower
incidence"!. This association is largely due to a difference
in survival rates based on tumor location within the
stomach. Tumors located in the gastric cardia have a much
poorer prognosis compared to those in the pyloric antrum,
with lower 5-year survival and higher operative mortalitymj.

In addition, the availability of screening for early
detection in high-risk areas has led to a decrease in
mortality. In Japan where mass screening programs are
in place, mortality rates for gastric cancer in men have
more than halved since the eatly 1970s". When disease
is confined to the inner lining of the stomach wall, 5-year
survival is on the order of 95%. In contrast, few gastric
cancers are discovered at an eatly stage in US, leading to
5-year relative survival rates of less than 20%"4, Similarly
in European countries, the 5-year relative survival rates
for gastric cancer vary from 10% to 20%"7 Host-
related factors may also affect prognosis, as a US study
demonstrated that gastric cancers in persons of Asian
descent had a better prognosis compared to non-Asians””.

RISK FACTORS

Gastric cancer is a multifactorial disease. The marked
geographic variation, time trends, and the migratory effect
on gastric cancer incidence suggest that environmental ot
lifestyle factors are major contributors to the etiology of
this disease.

Helicobacter pylori infection

H pylori 1s a gram-negative bacillus that colonizes the
stomach and may be the most common chronic bacterial
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infection worldwide™. Countries with high gastric cancer
rates typically have a high prevalence of H pylori infection,
and the decline in H pylori prevalence in developed
countries parallels the decreasing incidence of gastric
cancer™™ (Figure 1B). In US, the prevalence of H pylori
infection is <20% at the age 20 years and 50% at 50
years'"'!. In Japan, it is also <20% at 20 years, but increases
to 80% over the age of 40 years™ and in Korea, 90% of
asymptomatic adults over the age of 20 years are infected
by H pylori*. The increase in prevalence with age is largely
due to a birth cohort effect rather than late acquisition
of infection. H pylori infection is mainly acquired during
eatly childhood, likely through oral ingestion, and infection
persists throughout life™. Prevalence is closely linked to
socio-economic factors, such as low income and poor
education, and living conditions during childhood, such as
poor sanitation and overcrowding .

The association between chronic H pylori infection and
the development of gastric cancer is well established™ .,
In 1994, the International Agency for Research on Cancer
classified H pylori as a type 1 (definite) carcinogen in human
beings®™. In Correa’s model of gastric carcinogenesis,
H pylori infection triggers the progressive sequence of
gastric lesions from chronic gastritis, gastric atrophy,
intestinal metaplasia, dysplasia, and finally, gastric
adenocarcinoma®™. Several case-control studies have shown
significant associations between H pylori seropositivity and
gastric cancer risk, with about a 2.1- to 16.7-fold greater
risk compared to seronegative individuals®™ . Prospective
studies have also supported the association between
H pylori infection and gastric cancer risk™***). Perhaps
the most compelling evidence for the link between
H pylori and gastric cancer comes from a prospective study
of 1 526 Japanese participants in which gastric cancers
developed in 2.9% of infected people and in none of the
uninfected individuals'™. Interestingly, gastric carcinomas
were detected in 4.7% of H pylori-infected individuals with
non-ulcer dyspepsia.

The vast majority of H pylori-infected individuals
remain asymptomatic without any clinical sequelae.
Cofactors, which determine that H pylori-infected people
are at particular risk for gastric cancer, include bacterial
virulence factors and proinflammatory host factors.
Gastric cancer risk is enhanced by infection with a more
virulent strain of H pylori carrying the cytotoxin-associated
gene A (cagA)™*. Compared to cagA- strains, infection by
H pylori cag A+ strains was associated with an increased risk
of severe atrophic gastritis and distal gastric cancer'® ",
In the Western countries, about 60% of H pylori isolates
are cagA+"", whereas in Japan, nearly 100% of the strains
possess functional cagA">". Host factors associated
with an increased risk of gastric cancer include genetic
polymorphisms which lead to high-level of expression of
the proinflammatory cytokine, interleukin—l[}[74’75].

The effects of H pylori on gastric tumor development
may vary by anatomical site. The falling incidence
of H pylori infection and noncardia gastric cancer in
developed countries has been diametrically opposed
to the rapid increase in the incidence of gastric cardia
adenocarcinomal’”. Based on a meta-analysis of
prospective cohort studies, H pylori infection was associated
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with the risk of noncardia gastric cancer, but not cardia
cancer”!. Other studies demonstrated a significant
inverse association between H pylori infection, particularly
¢cagA+ strains, and the development of gastric cardia and
esophageal adenocarcinomas”™””. In the Western countries,
where the prevalence of H pylori infection is falling,
GERD and its sequelae are increasing. Studies have shown
that severe atrophic gastritis and reduced acid production
associated with H pylori infection significantly reduced
the risk of GERD"™ ™). However, recent studies have
found conflicting results on whether H pylori eradication
therapy increases the risk of esophagitis and gastric
cardia adenocarcinoma™ ", Thus, the protective effect of
H pylori against cardia tumors remains controversial.

Dietary factors

It is unlikely that H pylori infection alone is responsible for
the development of gastric cancer. Rather, H pylori may
produce an environment conducive to carcinogenesis and
interact with other lifestyle and environmental exposures.
There is evidence that consumption of salty foods and
N-nitroso compounds and low intake of fresh fruits and
vegetables increases the risk of gastric cancer. H pylori
gastritis facilitates the growth of nitrosating bacteria,
which catalyze the production of carcinogenic N-nitroso
compounds”. In addition, H pylori infection is known
to inhibit gastric secretion of ascorbic acid, which is an
important scavenger of N-nitroso compounds and oxygen
free radicals”.

Salt-preserved foods and dietary nitrite found in
preserved meats are potentially carcinogenic. Intake of
salted food may increase the risk of H pylori infection
and act synergistically to promote the development
of gastric cancer. In animal models, ingestion of salt
is known to cause gastritis and enhance the effects of
gastric carcinogensm’m. Mucosal damage induced by salt
may increase the possibility of persistent infection with
H pylor’™. Several case-control studies have shown that a
high intake of salt and salt-preserved food was associated
with gastric cancer risk”” ", but evidence from prospective
studies is inconsistent"™""”. N-nitroso compounds are
carcinogenic in animal models and are formed in the
human stomach from dietary nitrite. However, case-
control studies have shown a weak, nonsignificant
increased risk of gastric cancer for high »s low nitrite
intake!””' ", Prospective studies have reported significant
reductions in gastric cancer risk arising from fruit and
vegetable consumption““’““. The wotldwide decline in
gastric cancer incidence may be attributable to the advent
of refrigeration, which led to decreased consumption of
preserved foods and increased intake of fresh fruits and
vegetables.

Animal studies have shown that polyphenols in green
tea have antitumor and anti-inflammatory effects. In
preclinical studies, polyphenols have antioxidant activities
and the ability to inhibit nitrosation, which have been
implicated as etiologic factors of gastric cancer! "7,
Although various case-control studies have shown a
reduced risk of gastric cancer in relation to green tea
consumptionl“&m], recent prospective cohort studies
four[gl2 1IZIL_)(]) protective effect of green tea on gastric cancer
risk" =
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Cardia Noncardia

Incidence Increasing Decreasing
Geographic location

Western countries + -

East Asia - +

Developing countries - +
Age ++ ++
Male gender ++ +
Caucasian race + -
Low socio-economic status - +
H pylori infection ? iz
Diet

Preserved foods ¥ iz

Fruits/vegetables - -
Obesity ¥ ?
Tobacco + +

NOTE: ++, strong positive association; +, positive association; -, negative
association; ?, ambiguous studies.

Tobacco

Prospective studies have demonstrated a significant dose-
dependent relationship between smoking and gastric
cancer risk!”""?". The effect of smoking was more
pronounced for distal gastric cancer, with adjusted rate
ratios of 2.0 (95% CI, 1.1-3.7) and 2.1 (95% CI, 1.2-3.6)
for past and current smokers, respectively“zsl. There is little
support for an association between alcohol and gastric
cancet!"”,

Obesity

Obesity is one of the main risk factors for gastric cardia
adenocarcinoma™™"”", Obesity can promote GE reflux
disease which predisposes to Barrett’s esophagus, a
metaplastic precursor state for adenocarcinoma of the
esophagus and GE junction!”*"”, A Swedish study
found that the heaviest quarter of the population had a
2.3-fold increased risk for gastric cardia adenocarcinoma
compared to the lightest quartile of the population”!,
A recent prospective study from US found that body
mass index was significantly associated with higher rates
of stomach cancer mortality among men"”. Thus, risk
factors positively associated with adenocarcinoma of the
esophagus and gastric cardia include obesity, GE reflux,
and the presence of Barrett’s esophagus. A summary of
the main differences between cardia and noncardia gasttic
cancer can be found in Table 1.

Other

Less common risk factors for gastric cancer include
radiation™, pernicious anemia'”", blood type A", prior
gastric surgery for benign conditions'"™, and Epstein-
Barr virus' "' In addition, a positive family history is a
significant risk factor, particularly with genetic syndromes
such as hereditary nonpolyposis colon cancer and Li-

. 143-145
Fraumeni syndrome!"*"*,

PREVENTION OF GASTRIC CANCER

Lifestyle modifications
Because gastric cancer is often associated with a poor

prognosis, the main strategy for improving clinical
outcomes is through primary prevention. Reduction
in gastric cancer mortality is largely due to unplanned
prevention. The widespread introduction of refrigeration
has led to a decrease in the intake of chemically preserved
foods and increased consumption of fresh fruits and
vegetables”™ . A decline in the prevalence of H pylori
infection may be due to improvements in sanitary and
housing conditions, as well as the use of eradication
therapy”™. In addition, reduced tobacco smoking at least in
males may have contributed to the decline in gastric cancer
incidence!"". Therefore, modifiable risk factors, such as
high salt and nitrite consumption, low fruit and vegetable
intake, cigarette smoking, and H pylori infection, may be
targeted for prevention.

Helicobacter pylori eradication

Public health measures to improve sanitation and housing
conditions are the key factors in reducing the worldwide
prevalence of H pylori infection. H pylori eradication
therapy is another potential strategy for gastric cancer
chemoprevention. A 7 to 14 d course of two antibiotics
and an antisecretory agent has a cure rate of about 80%
with durable responses[14
rates are seen in developing countries after people have
had effective eradication therapy“w]. In Japanese patients
treated for early gastric cancer, H pylori eradication therapy

. However, higher reinfection

resulted in a significantly lower rate of gastric cancer
recurrence™. A randomized controlled chemoprevention
trial showed that antimicrobial therapy directed against
H pylori or dietary supplementation with antioxidants
increased the regression rate of gastric atrophy and
intestinal metaplasia compared to placebo“m. In a
randomized, placebo-controlled primary prevention trial
conducted in a high-risk region of China, 1 630 healthy
carriers of H pylori infection were randomized to a 2-wk
course of eradication treatment or placebo“sz]. Although
the incidence of gastric cancer was similar in both
groups after 7.5 years of follow-up, post hoc analysis
of a subgroup of H pylori carriers without precancerous
lesions at baseline showed a significant decrease in the
development of gastric cancer with eradication therapy.

Several large-scale chemoprevention trials of H pylori
eradication therapy with gastric cancer endpoints are
ongoing. Potential downsides of widespread eradication
therapy in asymptomatic carriers include developing
antibiotic-resistant strains of H pylori and perhaps
increasing the risk of GERD and adenocarcinoma of the
esophagus and gastric cardia.

Antioxidants

High intake of antioxidants, such as vitamins C and
E and B-carotene, may have a protective effect on the
risk of gastric cancer. High serum levels of q-carotene,
B-carotene, lycopene, and vitamin C were significantly
associated with reduced risk of gastric cancer in a
cohort from Shanghai, China™”. A randomized trial in
Linxian, China showed a reduced risk of both cardia and
noncardia gastric cancers in individuals supplemented
with a combination of selenium, B-carotene, and
a—tocopherol[154]. However, a randomized trial from
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Finland showed no association between o-tocopherol
or B-carotene supplementation and the prevalence of
gastric cancer in elderly men with atrophic gastritis'>
Another prospective study from the US Cancer Prevention
Study II cohort found that vitamin supplementation
did not significantly reduce the risk of stomach cancer
mortality!™. Therefore, dietary supplementation may only
play a preventive role in populations with high rates of
gastric cancer and low intake of micronuttients.

COX-2 inhibitors
Cyclooxygenase-2 (COX-2) plays a role in cell
proliferation, apoptosis, and angiogenesis, and may be
involved in gastric carcinogenesis'~ """, Increasing levels
of COX-2 are present in the progression from atrophic
gastritis to intestinal metaplasia and adenocarcinoma
of the stomach™™., Exposure to cigarette smoke, acidic
conditions, and H pylori infection all induce COX-2
expression' "', Furthermore, McCarthy ¢/ al. showed that
COX-2 expression in the antral mucosa was reduced in the
epithelium after successful eradication of H pylor'®.
Aspirin and other nonsteroidal anti-inflammatory
drugs (NSAIDs) are thought to inhibit cancer cell growth
primarily through the inhibition of COX-2, and evidence
is mounting that COX-2 inhibitors may be beneficial in
preventing upper gastrointestinal malignancies. Compared
to colorectal cancer, the association between NSAID use
and the development of gastric cancer has been studied
less extensively*'*. A recent meta-analysis showed
that NSAID use was associated with a reduced risk of
noncardia gastric adenocarcinoma’®”. Thus, COX-2
inhibitors may provide a chemopreventive strategy against
gastric carcinogenesis.

Endoscopic screening and surveillance

Because of the high risk of gastric cancer in Japan, there
has been a national endoscopic surveillance program
within the commercial workforce. Annual screening with
a double-contrast barium technique and endoscopy is
recommended for persons over the age of 40 years“(’sj.
With mass screening, about half of gastric tumors are
being detected at an early stage in asymptomatic individuals
and the mortality rate from gastric cancer has more than
halved since the early 1970s"”. An intervention study
in China is underway which involves a comprehensive
approach to gastric cancer prevention, including H pylori
eradication, nutritional supplements, and aggressive
screening with double contrast X-ray and endoscopic
examination. In the first four years after intervention, the
relative risk of overall mortality with this intervention for
a high-risk group was 0.51 (95% CI, 0.35-0.74)""". This
study suggests that targeting high-risk populations for
aggressive screening and prevention may decrease gastric
cancer mortality.

CONCLUSION

In summary, cardia and noncardia gastric cancers exhibit
unique epidemiologic features characterized by marked
geographic variation, diverging time trends, and differences
based on race, sex, and socio-economic status. H pylori
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infection and dietary factors appear to be the main
causative agents for distal gastric cancer, whereas GERD
and obesity play a primary role in proximal gastric cancer.
Future directions in primary prevention should target
modifiable risk factors in high-risk populations. In the
planning and evaluation of gastric cancer control activities,
detailed demographic analyses will inform future screening
and intervention studies.
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Abstract

Cancer commonly arises at the sites of chronic inflam-
mation and infection. Although this association has long
been recognized, the reason has remained unclear. With-
in the gastrointestinal tract, there are many examples
of inflammatory conditions associated with cancer, and
these include reflux disease and Barrett’s adenocarcino-
ma of the esophagus, Helicobacter infection and gastric
cancer, inflammatory bowel disease and colorectal cancer
and viral hepatitis leading to hepatocellular carcinoma.
There are several mechanisms by which chronic inflam-
mation has been postulated to lead to cancer which
includes enhanced proliferation in an endless attempt to
heal damage, the presence of a persistent inflammatory
environment creating a pro-carcinogenic environment
and more recently a role for engraftment of circulating
marrow-derived stem cells which may contribute to the
stromal components of the tumor as well as the tumor
mass itself. Here we review the recent advances in our
understanding of the contributions of circulating bone
marrow-derived stem cells to the formation of tumors in
animal models as well as in human beings.
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INTRODUCTION

The association between cancer and inflammation has
been recognized for over 2 000 years“’zJ. Virchow rec-
ognized that many tumors arise in a setting of chronic
inflammation, and later, Dvorak aptly described cancer as
“wounds that do not heal””. It is estimated that up to 15%
of cancers worldwide are associated with chronic infec-
tion'” and there are many more examples throughout the
body of cancer associated with inflammation of unclear
etiology. Within the GI tract, examples include esophageal
adenocarcinoma arising in the setting of Barrett’s meta-
plasia, gastric cancer occurring secondary to Helicobacter
infection, colorectal cancer occurring in longstanding in-
flammatory bowel disease and hepatocellular carcinoma
secondary to viral hepatitis (Table 1). There are several
mechanisms by which inflammation and a cycle of chronic
injury/trepair has been postulated to lead to cancer, includ-
ing the push for continued proliferation, an abnormal
inflamed-stromal environment, and more recently we
recognize a role for engraftment of circulating marrow-
derived stem cells, which may contribute to the stromal
components of the tumor as well as the epithelial compo-
nent of the tumor mass itself.

INFLAMMATION: THE RELATIONSHIP
BETWEEN TISSUE INJURY, REPAIR AND
CANCER

Proliferation of cells alone is not sufficient to cause cancet,
rather proliferation in the setting of altered growth signals
from inflammatory cell infiltrates and DNA damaging
agents released from infiltrating leukocytes promote
malignant degeneration. Wound healing, which requires
subversion of usual growth programs, mobilization and
migration of cells and a heightened resistance to apoptosis,
embodies all the properties of malignant cells with one
exception, that is, healing is self limited. Successful
wound healing results in restoration of tissue integrity
and resolution of inflammation, reinstating homeostatic
growth control. The tissue environments of longstanding
unrelenting chronic infection or idiopathic chronic
inflammation are persistent states of inadequate wound
healing. Within this setting, inflammatory cells produce
highly reactive oxygen and nitrogen species, which interact
with cellular DNA inducing point mutations, deletions or
rearrangements. Usually DNA damage such as this triggers
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Quiescent
® Z
Cause Site .
\ e
Chewing tobacco/oral irritation Oral cancers \ / ~
Smoking/chronic bronchitis Lung
Asbestos Mesothelioma \ >
Reflux disease Barretts” adenocarcinoma of T~
the esophagus
Chronic Helicobacter infection Gastric adenocarcinoma and N\ o
lymphoma -

Chronic pancreatitis Pancreatic cancer

Opisthorchis sinensis infection (liver fluke) Cholangiocarcinoma

Viral hepatitis Hepatocellular carcinoma

Ulcerative colitis and Crohn’s disease Colorectal carcinoma

Human papilloma virus Anogenital carcinomas

Schistosomiasis Bladder cancer

Pelvic inflammatory disease Ovarian cancer

Chronic osteomyelitis Osteosarcoma

Chronic scar tissue “Scar” cancer arising in the
lung, skin and other areas of
scarring

apoptosis. However, in areas of chronic inflammation
and repair, growth programs are corrupted and the
environment is poised to allow replication and survival
of cells, which under normal situations would either be
quiescent or lost to apoptosis. Allowing cells to continually
divide in an environment conducive to DNA damage
may result in the accumulation of genetic defects and the
emergence of malignant cells.

Which cell is the target of malignant transformation
has been the area of much debate. Original thought was
that a terminally differentiated cell would acquire enough
genetic damage to treplicate endlessly. This would require
multiple genetic alterations in key cell signaling cascades
to allow autonomous growth. A more likely scenario,
however, is that these cells would undergo apoptosis or
be sloughed off as a normal part of organ turnover prior
to “backing up” the differentiation ladder sufficiently to
acquire independent growth. More recently, focus has
been on tissue-derived stem cells as the source of cancer.
Tissue stem cells possess several important features mak-
ing them attractive candidates for malignant degeneration.
These include long life span, relative apoptosis resistance
and ability to replicate for extended periods of time. In the
setting of chronic inflammation, progenitor or stem cells
within the peripheral tissue are forced to undergo multiple
rounds of cell division predisposing to the accumulation
of mutations. While restricted progenitors or even differ-
entiated cells can still become transformed, in most cases,
it has been believed that early stem cells are the targets of
transformation.

If one looks at areas of high proliferative capacity (high
BrdU or PCNA staining in tissue) as the stem cell zone,
then this theory of peripheral stem cells as the cells of
origin of cancer must be reconciled with the fact that this
supposed stem cell compartment is often the most dam-
aged and depleted by agents thought to be carcinogens'”.
With chronic inflammation leading to atrophic changes
attributed to peripheral stem cell exhaustion, the very cell
thought to be transformed is lost - leading us to investigate
if an alternate stem cell compartment is responsible for
petipheral cancers arising in the setting of inflammation.
In order to understand this concept, and why the bone
marrow-derived stem cell (BMDC) is a “logical choice”

www.wjgnet.com

High proliferation rate ‘

Figure 1 A proposed model for the cancer stem cell. The cancer stem cell repli-
cates itself asymmetrically, thus maintaining one daughter stem cell identical to
itself. This remains in a relatively quiescent state. The asymmetric division also
produces another daughter cell with a high proliferative rate which rapidly divides
to sustain the tumor mass.

Re-growth of tumor

Conventional
Chemotherapy Tumor growth
—_ —_ and metastasis

Rapidly growing cells killed
Stem cell remains

Residual cells can not
Targeted Sustain tumor mass

chemotherap(p & & Apoptosis or
> O (g) B & % differentiation
Stem cell killed

Figure 2 Conventional versus stem cell-targeted chemotherapy. Conventional che-
motherapy and radiotherapy targets rapidly dividing cells, and may shrink tumor
mass substantially. However, the stem cell (gray), which is relatively quiescent, is
not affected. Regrowth of tumor from surviving stem cell leads to regrowth of tumor
and treatment failure. Chemotherapy targeted at the stem cell would remove the
source of new cell growth, and allow residual cells within the tumor to be targeted
with chemotherapy, differentiating agents or therapy aimed at inducing apoptosis,
thus successfully eliminating the tumor.

for a cancer stem cell, we need to understand a few points
about cancer stem cells, and BMDCs in general.

Stem cells in cancer - cancer as an abnormal organ

A tumor mass can be compared to an abnormal organ;
in that it is composed of a heterogeneous mixture of cell
types and of cells possessing different proliferative capaci-
ties and different levels of differentiation. Tumor cells are
admixed with fibroblasts, endothelial cells and inflamma-
tory cells comprising the tumor stroma. This tumor stroma
is being increasingly recognized as a critical contributor to
malignant growth and survival of the tumor mass; how-
ever, stromal cells themselves are usually not malignant.
Likewise, not all cells within a tumor are malignant - mean-
ing not all cells can form tumors if transplanted at another
site, or into a secondary host. In fact, the majority of cells
within a tumor are incapable of independent growth and
are readily susceptible to apoptosis. Only a small frac-
tion of cells within a tumor are capable of independent
growth, and fulfill the criteria described for cancer stem
cells™. These cells have metastatic potential, form tumors
in secondary hosts and are believed to be responsible for
continual renewal of cells within the tumor mass. These
cells are likely to proliferate slowly and asymmetrically,
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self renewing the stem cell population and giving rise to
daughter cells, which proliferate to sustain tumor growth
(Figure 1). Conventional anti-cancer chemotherapy and
radiotherapy target rapidly dividing daughter cells, affect-
ing the bulk of the tumor mass, but leave the cancer stem
cell intact, explaining the often rapid recurrence of tumor
bulk, once therapy is stopped (Figure 2). At present, the
most pressing issue for cancer research is to identify the
cancer stem cell and exploit its unique characteristics with
targeted therapies.

Bone marrow stem cells

BMDCs are a heterogenous group of cells isolated from
the bone marrow which are capable of repopulating the
hematopoietic system of a lethally irradiated immunologi-
cally compatible secondary host. These cells have been di-
vided into at least two main categories; the hematopoietic
and mesenchymal stem cells (MSC). Hematopoietic stem
cells are traditionally regarded as the cells which give rise
to the formed elements of the blood and have been used
extensively in human bone marrow transplantation. Thus,
hematopoietic stem cells have been extensively studied and
defined with regard to surface markers, growth character-
istics and repopulation potentialm. Less well defined are
the MSC. This term MSC, as defined in the literature, is
the heterogenous population of cells isolated as the adher-
ent population, when total marrow is placed in culture!™,
These cells give rise to adipocyte, chondrocyte, cells of
osteocyte lineages and the marrow mesenchyma, which is
vital for optimal hernatopoiesism'm.

Work from multiple laboratories demonstrates sur-
prising roles for marrow-derived stem cells in addition to
hematopoiesis, stressing that the potential for differentia-
tion may be much greater than originally believed. Markers
defining cell subpopulations within the marrow are not
standardized in these studies, making direct comparison of
data between laboratories challenging; however, one thing
remains consistent - cells within the bone marrow have a
markedly greater differentiation potential than originally
believed. For the purposes of this discussion, the term
BMDCs will be broadly used to refer to cells detived from
the marrow, and will encompass hematopoietic stem cells,
MSC multipotent progenitor cells and whole marrow.

In vitro and in vivo studies-plasticity of BUDCs

Multiple and elegant studies from independent groups
have shown quite clearly that bone marrow stem cells can
differentiate along multiple diverse lineage pathwaysm’m.
These findings challenge the conventional view that bone
marrow stem cells give rise only to the marrow mesen-
chyma or formed elements in the peripheral blood. I vitro,
BMDCs have been shown to differentiate at the single cell
level and acquire characteristics of mesoderm, neuroecto-
derm and endoderm™'". These cells appear to use culture
environmental factors to guide lineage decisions. Strik-
ingly, #n vivo studies in the mouse model have confirmed
this plasticity. Elegant studies utilizing transplanted single
cells demonstrate differentiation along multiple lineages,
supporting a central role for the local tissue environment
in dictating differentiation of stem cells, confirming that
a single cell is multipotent, and supporting the assertion

that experimental findings demonstrating multiple cell lin-
eage differentiation is not due to circulating tissue specific
progenitor cells, but rather to a single multipotent cell. In
these studies, multiple types of epithelial cells have been
shown to be derived from BMDCs including epithelium
of the lung, gastrointestinal tract and skin after transplan-
tation of a single bone marrow-derived stem cell™®. This is
not a transient event, as cells can be recovered neatly a year
after transplantation. In the gastrointestinal tract, engrafted
cells are seen as isolated epithelial cells in the gastric pits
of the stomach, the small intestinal villi, the colonic crypt,
and rarely in the esophagus. Under these experimental
conditions, cells were recovered as single differentiated
epithelial cells, and did not appear to engraft into the stem
cell niche as clonal expansion was not seen. Infusion of
labeled BMDCs into a non-irradiated host, also led to the
engraftment (a/beit to a lesser degree) and differentiation as
epithelial cells of the liver, lung and gut in a similar pattern
to that seen with marrow ablation and transplantation'”,
demonstrating that engraftment and differentiation are
true physiological events and not merely artifacts of ir-
radiation and experimental manipulation. While epithelial
cell damage is not necessary for engraftment, studies sup-
port the notion that damage to the epithelium increases
engraftment.

The mechanism by which the marrow-derived cells
acquire the appropriate phenotype of epithelial cells is not
known, with evidence supporting both direct differentia-
tion or fusion with a peripheral cell"**. The method of
engraftment and differentiation may be specific to the
individual tissues and/or may depend on the mechanism
of injury inducing engraftment. Irrespective of the mecha-
nism involved, BMDCs have been shown to engraft and
take on the function of cells within the peripheral tis-

[16,18-23]
sues .

HUMAN STUDIES - EVIDENCE FOR
PLASTICITY OF BMDCS IN PATIENTS
TRANSPLANTED WITH GENDER
MISMATCHED BONE MARROW

Human studies have confirmed that plasticity of BMDCs
is not restricted to mice, and may be a physiologically
relevant phenomenon in man as well. Studies, examin-
ing peripheral tissue of female patients transplanted with
bone marrow derived from male donors, have shown that
BMDCs from the donor can differentiate into skin, gut
epithelium and mature hepatocytes”. Tdentification of
the Y chromosome in cells of these tissues confirms that
BMDCs can substantially repopulate the GI tract epithe-
lium™, and this repopulation does not appear to be a rare
event. Patients in these studies have some level of graft-
versus-host disease, and the level of inflammation in the
tissue correlates with the level of donor cell engraftment.
These findings are consistent with the data derived from
murine studies and suggest the inflammatory environment
is crucial for optimal engraftment and differentiation of
BMDCs. The fact that BMDCs have the capacity to dif-
ferentiate along organ-specific lineages appropriate for the
organ of engraftment, and ate found in increasing num-
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Figure 3 An experimental mouse model for bone marrow transplantation and
H. felis-induced gastric carcinoma.

bers during chronic inflammation (a condition associated
with cancer), places these cells “in the right place, at the
right time” to be candidates for the cancer stem cell.

Similarities between BMDCs and cancer cells

In addition to what appears to be of immense plasticity
of cells within the bone marrow, BMDCs have other traits
which make them attractive candidates for cancer stem
cells. BMDCs have the capacity for self renewal, are long
lived, are chemoresistant, and may be inherently muta-
o2 Intriguing is the fact that similar growth regula-
tors and control mechanisms are involved in both cancer
and stem cell maintenance. For example, proteins from the
polycomb group, the epigenetic chromatin modifiers, are

genic

involved in both cancer development and maintenance of
embryonic and adult stem cells™. Also, pathways used by
bone marrow stem cells for trafficking appear to be ex-
ploited by tumor cells for metastasis”'. For instance, che-
mokines and cytokines produced during chronic inflam-
mation (such as SDF-1) influence the behavior and migra-
tion of cancer cells. These ate the same chemokines and
cytokines responsible for physiological stem cells homing
299 Tdentification of bone
marrow stromal cell-detived growth inhibitor as a potent
inhibitor of breast cancer cell migration, and the capability
of this protein to induce cell cycle arrest and apoptosis in
breast cancer stem cells further supports the use of simi-
lar growth mechanisms between stem and cancer cells”™”,
Inflammation of the GI tract is associated with 1L-6 and
IL-8 production which initiate neutrophil infiltration™
Interestingly, IL-6 is also chemotactic for MSC™. Other
cytokines and chemokines prominent in the setting of
mucosal inflammation such as VEGF and MIP-1¢, are also
chemoattractants for MSC">*. Receptors such as CXCR
2 and 4 are found on both cancer cells and stem cells, and
influence the homing of stem cells, or invasion/metastases

back to the marrow cavity!

of cancer cells, suggesting a link between the two popula-
tions of cells. One might suppose that a mechanism simi-
lar to that used to regulate BMDC circulation and homing
back to ateas of bone may also facilitate migration and
engraftment of BMDCs into peripheral tissues as a result

www.wjgnet.com

of chronic inflammation, if the peripheral tissue secretes
the appropriate homing signals.

Additionally, immune escape has long been a perplex-
ing property of cancer cells; MSCs have unique immuno-
logical properties in that they are not immunogenic, they
do not stimulate alloreactivity, and they escape lysis by cy-
totoxic T cells and natural killer cells”. This inherent abil-
ity to evade immune recognition may explain why many
cancer cells evade the host immune response.

BMDCs as the origin of epithelial cancer: helicobacter
induced gastric cancer as a model system

We reasoned that BMDC s, as the ultimate uncommitted
adult stem cell, might represent the ideal candidate for
transformation, if placed in a favorable environment. We
used the well-desctibed H. fe/is/ C57BL/6 mouse model of
gastric cancer to test this theorym]. This model is optimal
for studying the role of stem cells in inflammatory-mediat-
ed cancers because C57BL/6 mice do not develop gastric
cancer under controlled conditions. With Helicobacter
infection, however, the gastric mucosa progresses through
a series of changes including metaplasia and dysplasia,
culminating in gastrointestinal intraepithelial neoplasia
(GIN)™ by 12-15 mo of infection, thus reiterating human
disease, where gastric cancer in the absence of Helico-
bacter infection is unusual, while longstanding infection
carries a significant (up to 1-3%) risk of gastric cancer "7,
In order to test the role for BMDCs in gastric cancer (Figure
3), C57BL/6] mice were myeloablated and transplanted
with gender-mismatched bone marrow from mice that
expressed a non-mammalian beta-galactosidase enzyme
[C57BL/6]Gtrosa26 (ROSA 26)], mice that expressed green
fluorescent protein [C57BL/6]-beta-actin-EGFP (GFP)], or
control C57BL/6] liter mates. Engraftment of ROSA26
BMDC:s into the gastric mucosa was confirmed by several
independent methods including detecting enzyme activity,
specific B-galactosidase immunohistochemistry (IHC, two
cytoplasmic markers) (Figures 4 and 5), and detection of
LacZNeo fusion gene sequence (nuclear marker) by PCR
within beta-galactosidase positive gastric glands isolated by
laser capture microscopy. In those mice transplanted with
GFP marrow, GFP was detected by fluorescence activated
cell sorting of cytokeratin positive-single cell preparations,
and GFP immunohistochemistry of tissue sections. X and
Y chromosome fluorescent 7z situ hybridization (X and
Y-FISH) was used as an additional means to detect BM-
DCs in gender mismatched transplantsw.

As expected, acute Helicobacter infection was associ-
ated with an influx of bone marrow-derived inflammatory
cells (Figure 4A - blue staining) into the tissue. At early
time points, we did not detect any engraftment or differen-
tiation of BMDCs to an epithelial cell phenotype. At 20 wk
of infection, rare glands entirely replaced by BMDCs were
1solated, suggesting that engraftment into the stem cell
niche had occurred. These findings were more pronounced
at 30 wk, where antralized glands and metaplastic cells at
the squamocolumnar junction were entirely replaced by
marrow-derived cells (Figures 4D and 4E). The severity
of intraepithelial dysplasia increased over time, and by one
year of infection, most mice developed invasive neoplastic
glands. All of the intraepithelial neoplasia in mice infected
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Figure 4 Engraftment of donor-derived ROSA-26 marrow by x-gal staining. A: Mice transplanted with ROSA 26 marrow and infected with H. felis for 4 wk had donor-derived
leukocytes (blue) infiltrating the gastric mucosa, and no engraftment into gland structures. B and C: A higher power view reveals myocytes and myofibroblasts in the sub-
mucosal tissue adjacent to vascular structures (arrows). D: After 30 wk of infection, marked architectural distortion is seen with antralization and appearance of metaplastic
glands. Entire gland structures are derived from donor marrow (blue staining). Gland shown in panel D (arrow) is shown at higher power in E.

for 12-16 mo rose from donor marrow cells, strongly sug-
gesting an inherent vulnerability of this population of cells
to malignant progression. Progressive parietal and chief
cell loss is a hallmark of chronic Helicobacter infection.
Of the few parietal or chief cells which we isolated from
the infected mice, none were derived from the bone mat-
row, strongly suggesting that marrow cells do not differen-
tiate toward the patietal or chief cell phenotype under the
experimental conditions that were used™”.

Normal healing of the gastric mucosa after iatrogenic
ulceration likewise did not require BMDCs™, nor did
loss of specific cell lineages, such as targeted ablation of
parietal cells, lead to marrow engraftment’. Rather, it
seems that long standing inflammation and inflammatory
mediated damage to the epithelium is required - an envi-
ronment strongly linked to the development of cancer in
many settings. In our Helicobacter-gastric cancer model,
infection and inflammation reached a plateau at 8 wk;
however, engraftment was not apparent until 20 wk, sug-
gesting that events other than increased inflammation are
responsible for engraftment. Between 8 and 20 wk, there
is loss of the oxyntic glands, and a restructuring of the
gastric architecture to include metaplastic cell lineages, re-

flecting the effects of an abnormal tissue milieu on rapidly
proliferating cells™. Once engraftment began, however,
the number of bone marrow-derived glands increased dra-
matically, suggesting that a threshold for recruitment had
been reached™’.

In addition to epithelial cells within the tumor, BMDCs
also comprise a subset of cells within the tumor stroma
and within seemingly uninvolved epithelium and subepi-
thelial spaces adjacent to the tumors. We have recovered
adipocytes (Figure 5C), fibroblast, endothelial cells and
myofibroblasts (Figures 4B and 4C) derived from bone
marrow precursors in areas adjacent to dysplasia and neo-
plasia.

Based on these experiments, we have proposed a new
paradigm for epithelial cancer (Figure 6). Chronic tissue
inflammation leads to tissue injury and with time, to tis-
sue stem cell failure. Peripheral stem cell failure leads to
recruitment and permanent engraftment of BMDCs into
the tissue stem cell niche, where the BMDCs essentially
take over the function of the tissue stem cell. In the setting
of inflammation, specifically with Th1 type cytokines and
an abnormal tissue environment (for example, one lacking
chief and parietal cells), the BMDCs initiate differentia-
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Figure 5 Immunohistochemistry for bacterial beta-galactosidase confirms uniform signal in gastrointestinal neoplasia. Mice developed severe dysplasia and intraepithelial
neoplasia derived from donor marrow, 12-15 mo after infection with H. felis (A) and (B). Immunohistochemistry for bacterial beta-galactosidase demonstrates cytoplasmic
staining in dysplastic glands. A population of adipocytes in the submucosa are also stained for beta-galactosidase (arrow).
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Figure 6 A new paradigm proposed for epithelial cancer.

tion, but fail to regulate growth programs appropriately
and progresses through stages of metaplasia and dysplasia.
We speculate that the inappropriate retention of primitive
growth programs in a stem cell forced to replicate may
permit survival despite otherwise lethal mutations, thus
allowing transformation. This new model brings together
previously unexplained observations regarding the behav-
ior of cancet, and presupposes that properties inherent to
cancer such as their resistance to apoptosis, their unlimited
growth potential and their ability for local spread and dis-
tant metastasis are fundamental to the origin of the cell,
rather than traits acquired. The concept of cancer initia-
tion and promotion can also be viewed within the context
of this model. Initiation may represent BMDCs trafficking
into the stem cell niche as a result of tissue stem cell dam-
age. In the absence of continued inflammation and injury,
these engrafted cells may behave in a way indistinguishable
from endogenous tissue stem cells. Promotion may rep-
resent an additional stimulus received at a later time that
allows sustained proliferation of BMDCs and transforma-
tion.

In vitro experiments and animal models supporting the
BMDC-epithelial cancer model

In addition to the Helicobacter-gastric cancer model, other
studies have begun to address the role of BMDCs in can-
cer using various iz vifro and iz vivo models. For example,
BMDCs have been shown to localize to a known stem cell
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niche within the epidermis known as the CD34 positive
bulge region of the hair follicle, and clonally expand to
repopulate portions of the epidermis, functioning as an
epidermal stem cell®”’. Similar to our findings, engraftment
of BMDC s to the stem cell niche is dramatically increased
with injury severe enough to deplete peripheral stem cells
in the region. However, these are short-term studies. Lon-
ger term studies utilizing carcinogen exposure will deter-
mine the eventual fate of these BMDCs, and determine
if BMDCs in the stem cell niche behave differently from
peripheral stem cells occupying the same niche. It is in-
triguing, however, to speculate the ultimate fate of these
stem cells given the prevalence of BMDC-skin carcinoma
in solid organ recipients (see below).

In addition to residing in the epithelial stem cell niche,
bone marrow-derived myofibroblasts have been recovered
within the colonic subepithelial compartments in both
mice and human beings[sn’sﬂ. Interestingly, Direkze ez al. ob-
served that in the I11.-10 knockout mouse model of colitis,
up to 45% of subepithelial myofibroblasts were marrow
derived”™", suggesting that in the setting of chronic inflam-
mation, damaged tissue is replaced by BMDCs. When the
same group looked at tumor-associated myofibroblasts and
fibroblasts, they also found a significant portion of these
cells derived from bone marrow cells®™. Tt is not clear
from these data, if tumors recruit bone marrow cells into
the stromal compartment or if resident myofibroblasts
and fibroblasts derived from marrow contribute to tumor
formation because of abnormal signaling behavior.

Adenocarcinoma of the distal esophagus (Barretts’ ad-
enocarcinoma) results from reflux-induced mucosal dam-
age followed by healing with a metaplastic intestinal cell
lineage. This intestinal metaplasia is prone to malignant
degeneration and is another ideal model to test the role
of BMDCs in inflammatory-mediated cancers. Using a rat
model of Barrett’s metaplasia, a significant contribution of
BMDC:s to the stroma and the metaplastic epithelium has
been demonstrated, supportlng a role for BMDCs in these
pre-neoplastic lesions'™ Though these findings have only
been reported in an abstract form so far, this information
1s especially exciting because it provides evidence of direct
BMDC involvement in carcinogenesis from both an ad-
ditional species (rat) and tissue type (esophagus), providing
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further support for our BMDC-epithelial cancer model.

Human data supporting the BMDC-epithelial cancer model
In human beings, the incidence of solid tumors is signifi-
cantly increased following bone marrow transplantation™!
and may be related to persistent chronic inflammation of
graft »5. host disease. The data on BMDCs in human can-
cers, however, have been conflicting, First, it is difficult to
examine the contribution of donor marrow to tumor fot-
mation in human beings because of a paucity of cell mark-
ers to consistently identify autologous BMDCs or donor
cells after BM transplantation. The most reliable marker
we have to date is identification of the sex chromosomes
in sex mismatched transplants. However, there are inherent
difficulties with using Y-chromosome identification. X/Y
fluorescent 7z sitw hybridization (FISH) analysis of archived
tumors is estimated to miss more than 50% of Y-positive
cells due to sectioning bias, where only a portion of the
nucleus and thus only a portion of the chromosomes are
included in the tissue section. Additionally, females with
a history of carrying a male fetus may show peripheral
blood chimerism confounding interpretation of data, and
eliminating this population from the study. Also, tumors
identified within a short time after transplant may reflect
the effects of immunosuppression on previously unde-
tected early malignancy and not newly formed tumors, and
may explain why some studies conclude tumors in these
patients are host derived™ ) while other studies demon-
strate a definite contribution of donor’s-BMDCs"™. Stud-
ies utilizing larger numbers of patients followed for longer
petiods of time will better address this new and controver-
sial area, and determine if the BMDCs are confined to the
stroma, involved in angiogenesis or constitute the epithelial
component of the tumor mass in human beings.

In addition to patients receiving bone marrow trans-
plants, recipients of solid organ transplants also have a
higher incidence of secondary malignancy. Interestingly,
in solid organ transplant recipients, hematopoietic cells of
donor origin are often found in the circulation, indicat-
ing that hematopoietic stem cells are transferred with the
transplanted organ®’. These transferred stem cells have
been shown to give rise to Kaposi sarcoma (KS), a vascular
tumor"”, and skin carcinoma’”. The detected KS lesions
occurred distal to the graft site, and formed presumably
via mobilization of donor progenitor cells with subsequent
transformation at a distant site. Donor-derived stem cells
contribute to skin carcinomas, and have been recovered
as components of squamous cell catcinoma, basal cell
carcinoma, actinic keratosis, keratoacanthomas and benign
cutaneous lesions™, attesting to the great potential for ab-
normal differentiation of these cells. BMDCs as terminally
differentiated cells in other organs including hepatic endo-
thelial cells, hepatocytes and biliary epithelial cells®”, sug-
gesting that these cells may play a role in transformation
within these organs as well, if subjected to the appropriate
environmental conditions.

CONCLUSION

One of the greatest and most elusive challenges in cancer
biology has been to identify the cellular origin of cancer.

We have identified the bone marrow stem cell as the cell of
origin of Helicobacter-induced gastric cancer in a mouse
model, radically altering our cutrrent view of gastric cancer
formation in particular, and of inflammation-mediated
cancers in general. The concept of BMDC plasticity is be-
ing increasingly recognized and validated by independent
groups. Our recent observation that BMDCs are the origin
of Helicobacter-induced gastric cancer™ combined with
supporting observations of BMDCs in other tumors such
as benign and malignant tumors of the skin”, Kaposis
sarcoma”™ Barretts” adenocarcinoma of the esophagus®”
as well as demonstration of BMDCs as constituents of
tumor stroma and tumor vascular structures” ' suggests
exciting approaches for cancer therapy. If the propen-
sity for BMDCs to transform is based on inappropriate
regulation of immature growth programs, with growth
programs left “turned on” rather than the previously held
concept of mutation driven-reactivation of programs, can
we target these pathways? Undoubtedly, genetic mutations
have occurred which are irreversible; but if we can target
and switch off inappropriately activated growth cascades,
perhaps we can push these damaged cells into apoptosis
or enhance the sensitivity to conventional chemo- and ra-
diotherapy. These approaches may lead to novel and more
efficacious cancer therapy.

Presently, our laboratory is involved in identifying
the cell population within the bone marrow capable of
cancer formation as well as defining the homing and
differentiation signals which allow these cells to access
to gastric mucosa, and to differentiate as metaplastic and
dysplastic cells. Studies designed to determine if fusion
is a means of bone marrow cell integration into gastric
mucosa and gastric cancer are underway. The applicability
of these findings to other epithelial cancers will be tested
as well as our ability to control the growth of these cells
by manipulations of the local tissue environment. These
efforts are aimed at identifying cell-specific targets for
chemotherapy. Findings from these studies will radically
alter our approach to the treatment of gastric cancer as
well as other solid tumors, and offer hope for improved
survival and potential cure.
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Abstract

Surgery is currently the only potentially curative
treatment for gastric cancer. Since the inception of the
gastrectomy for cancer of the stomach, there has been
debate over the bounds of surgical therapy, balancing
potential long-term survival with perioperative morbidity
and mortality. This review delineates the current role of
surgery in preoperative staging, curative resection, and
palliative treatment for gastric cancer.
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INTRODUCTION

Gastric cancer is one of the most common malignancies in
the world and is a leading cause of cancer death. Despite
some recent advances in neoadjuvant therapy, studies
generally have failed to show any improvement in overall
or relapse-free survival following adjuvant therapy. Surgical
therapy remains as the most effective modality in treating
gastric cancer. The goal of this review is to evaluate the
optimal role and impact of surgery in regards to staging,
resection of primary, regional and locally advanced disease,
and palliation of symptoms in patients with incurable
gastric cancet.

STAGING

Laparoscopy has emerged as an essential staging modality
prior to gastric resection, identifying unresectable discase
in a significant number of patients deemed resectable
by current radiographic and endoscopic modalities. The
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diagnostic yield of laparoscopy has been improved by
the addition of laparoscopic ultrasound and peritoneal
cytology.

Stell ez a/'" compared 103 patients with gastric
adenocarcinoma who underwent preoperative staging
with ultrasound (US), computed tomography (CT),
and laparoscopy. Histologic confirmation was obtained
at laparotomy (#=065) or with percutaneous liver
biopsy during laparoscopy (#=27). The sensitivity,
specificity, and accuracy of laparoscopy in detecting
hepatic metastases (#=27) was 96%, 100%, and 99%,
respectively. Laparoscopy had a sensitivity of 53%, a
specificity of 100%, and an accuracy of 65% in detecting
nodal metastasis (#=49). Peritoneal metastases were
histologically confirmed in 13 patients, and laparoscopy
was 69% sensitive, 100% specific, and 94% accurate.

Burke ¢ al” reviewed 103 patients who were deemed
free from intra-abdominal metastases by CT scan and
subsequently underwent laparoscopy. A control group
who underwent laparotomy for possible gastric resection
and subsequently found to have M1 disease was also
reviewed. Laparoscopy accurately staged 94% of these
patients. Histologic evidence of metastasis was obtained
in 32 patients during laparoscopy. Of the 71 patients
who were MO by laparoscopy, 65 were confirmed by
laparotomy. Of the six false negatives, three were missed
peritoneal metastases, and three were missed distant nodal
metastases, two of which were identified after resection.
Of the 32 patients who were M1 on laparoscopy, 4
had chemotherapy followed by resection, 3 had further
palliative procedures, and 1 had a mini-laparotomy for
additional specimen. The remaining 24 patients went on
to have no further operation. When comparing these
24 patients to the control group of 60 patients with M1
disease on laparotomy, the hospital stay was significantly
shorter. There was one complication in the laparoscopy
group and eight in the laparotomy group; however, this
did not reach significance. The authors concluded that
laparoscopy is a valuable staging tool that can spare
patients with asymptomatic M1 disease a laparotomy, and
identify those patients who may benefit from neoadjuvant
therapy.

The addition of laparoscopic US has improved the
yield of laparoscopy for staging gastric cancer. Hulscher
et al”’ reviewed the utility of laparoscopic US in staging
48 patients with gastric carcinoma of the cardia and
esophageal invasion. All of these patients were staged
with endoscopic US, percutaneous US of the neck and
abdomen, conventional chest radiograph and bronchoscopy
if there was extensive proximal invasion. Metastatic
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disease was detected and histologically confirmed in 11
patients (23%), 7 detected with laparoscopy alone, and an
additional 4 detected by laparoscopic US. Of the patients
who went on to laparotomy, two were found to have
posterior liver metastases, and two to have unresectable
lymph nodes at the base of the celiac axis. Three of these
four lesions were detected laparoscopically, but were
either not amenable to biopsy due to position, or were
negative on laparoscopic biopsy. The authors concluded
that laparoscopy is a valuable staging tool for gastric
adenocarcinoma of the cardia, and that the addition of
US increases the yield, avoiding laparotomy in 23% of
patients.

Peritoneal cytology obtained at laparoscopy has
proven to be a predictor of post-operative mortality in
patients undergoing curative (R0O) resection. Bentrem
et al” reviewed 371 patients who underwent staging
laparoscopy with peritoneal washings and subsequent RO
resection as a combined procedure. Twenty-four patients
(6%) had positive cytology, defined as the presence of
adenocarcinoma cells, regardless of quantity. Positive
cytology without evidence of macroscopic M1 disease
was associated with advanced preoperative T stage and
advanced AJCC stage, but not preoperative N stage. The
median survival for patients with positive cytology was 15
mo, compared to 98.5 mo for those with negative cytology.
On multivariate analysis, preoperative T stage, preoperative
N stage, primary tumor site, and peritoneal cytology were
significant predictors of survival, with positive cytology
showing the highest risk ratio. The authors have altered
their practice in response to this information, performing
staging laparoscopy as a separate procedure in patients
considered high risk (T3/4 and AJCC stage I1I/1IT). Those
patients found to have positive cytology were then referred
for chemotherapy followed by possible resection with
intraperitoneal chemotherapy.

Laparoscopy and laparoscopy US are currently accepted
as standard pre-operative staging tools. Laparoscopy is
significantly more accurate than US and CT in detecting
hepatic, nodal and peritoneal metastases. Reports
suggest minimal added morbidity and no mortality from
laparoscopy. Peritoneal cytology is not widely accepted as a
screening tool; however, this is a topic of growing research
interest.

EXTENT OF GASTRIC RESECTION

Distal gastric adenocarcinoma

The extent of gastric resection for distal lesions had been
debated, and the traditional view that total gastrectomy
(TG) is required for all gastric lesions has been challenged.
Gouzi ¢t al” conducted a multicenter randomized trial
comparing TG to subtotal gastrectomy (SG) enrolling
169 patients with resectable lesions of the gastric antrum.
Patients with macroscopic lymph node involvement of
the cardioesophageal or splenopancreatic region were
excluded from the study. TG consisted of TG with Roux-
en-Y esophagojejunostomy. Splenectomy was not routinely
petformed; however, the TG group had an unspecified
higher splenectomy rate than the SG group. SG consisted
of a distal gastrectomy and Billroth 1I gastrojejunostomy.

Both procedures included a total omentectomy, and
lymph node dissection extended to the pyloric, left gastric,
hepatic, and cardiac nodes. The groups were well matched
for tumor size, extent of invasion, and lymph node stage.
There was a post-operative mortality of 2.4%, with three
deaths in the SG group and one death in the TG group.
The non-lethal complication rate was 33% in the TG
group and 34% in the SG group. Lymph node involvement
and serosal extension were significantly associated with
5-yeat survival; however, extent of resection was not. The
authors concluded that TG or SG could be performed
with equal morbidity and mortality, but that TG offered no
added survival benefit. A major criticism of this study was
that it was underpowered to detect a difference between
the groups, as 200 patients were originally calculated to
show a difference of 20%.

In a larger trial, Bozzetti ez a/* also performed a
randomized trial comparing TG to SG in 618 patients
with resectable tumors at least 6 cm from the cardia.
Patients were enrolled if they had tumors of the distal half
of the stomach without evidence of metastatic disease,
were under 75 yeats of age and in good health, and had
no previous gastric resection or chemotherapy. Patients
were further assessed at laparotomy for a minimum
distance from the tumor to the cardia and no evidence
of peritoneal, D3 lymph node metastasis or extension
into adjacent organs. Patients were randomized intra-
operatively to TG or SG. Both operations wete performed
with a D2 lymphadenectomy. Splenectomy was left to
the discretion of the operating surgeon. Patients were
then followed regularly for a median follow-up of 72 mo
in the SG group and 75 mo in the TG group. Five-year
survival was 65.3% in the SG, and 62.5% in the T'G group,
suggesting that type of resection had no influence on the
survival. Site of tumor, wall invasion, extension of surgery
including splenectomy, and relative frequency of metastatic
lymph nodes were significant predictors of survival. Given
the lack of survival benefit, the authors concluded that
SG was the preferred operation for distal gastric cancet,
provided that a proximal margin of at least 6 cm could be
obtained, because it is technically less demanding, results
in a lower splenectomy rate, and is associated with better
quality of life (QOL).

QOL is a very important outcome after gastrectomy.
For tumors of the distal stomach, given the current data
suggesting equivalent morbidity and survival for TG and
SG, the procedure with the best QOL profile is preferred.
Davies ¢/ al” compared the QOL of patients following
TG to those after SG. These authors compared 46 patients
who had undergone an RO resection. Twenty-six underwent
TG and 21 underwent SG. Five questionnaires were used:
the Rotterdam symptoms checklist, the Troidl index, the
hospital anxiety and depression scale, the activities of daily
living score, and the Visick grade. Patients were questioned
before the operation and at 1, 3, 6, and 12 mo. There was
no difference in QOL ptior to the operation or at 1, 3 or
6 mo; however, patients undergoing SG had a significantly
higher QOL at 1 year. The authors thus concluded that,
given equivalent survival, SG is the operation of choice for
tumors of the distal stomach.

Based on data that accrued in prospective, randomized
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trials, it is now accepted that SG is an appropriate
oncologic operation for distal adenocarcinoma.

Proximal gastric adenocarcinoma

The extent of resection needed to achieve cure in tumors
of the gastroesophageal junctions has been a topic of
much debate. Ito ¢ a/”' reviewed patients with Siewert
type II or III carcinoma of the gastric cardia in an attempt
to discern the optimal surgical approach. Eighty-two
patients were included in the study, 59 with type II and 23
with type 1II lesions. The surgical approach varied, with
33% undergoing total esophagectomy, 29% undergoing
extended gastrectomy with thoracotomy, and 38%
undergoing extended gastrectomy without thoracotomy.
There was no significant difference in the type of
procedure between type II and III lesions. There was no
significant difference in post-operative mortality; however,
there was a higher post-operative morbidity associated with
total esophagectomy as compared to extended gastrectomy
with ot without thoracotomy (33% »s 11%). The addition
of a thoracotomy to extended gastrectomy did not have
an impact on post-operative morbidity (13% »s 10%).
There was a significantly higher incidence of microscopic
residual disease at the proximal margin in the extended
gastrectomy group with or without thoracotomy as
compared to the total esophagectomy group (38% vs 7%).
The mean follow-up was 34 mo and 5-year survival for the
entire group was 33%. Multivariate analysis revealed that
patient’s age over 65, lymph node metastases, and absence
of an RO resection were adversely associated with sutvival.
There was no survival difference between the different
types of resection despite a higher incidence of positive
proximal margins in the extended gastrectomy group.
Based on these results, showing RO status and nodal
status to be predictors of survival, the authors made the
following recommendations: (1) A minimum proximal
margin of 6 cm and distal margin of 4 cm should be
obtained. (2) A minimum of 15 lymph nodes should be
sampled. The type of surgical approach should be tailored
to fit the individual patient with these goals in mind.

TG is the traditional treatment for proximal gastric
cancer; however, this has been recently challenged as
well. Harrison e a/” reviewed 98 patients with proximal
gastric cancer who underwent gastric resection via an
abdominal approach, excluding all patients who underwent
esophagogastrectomy. Of these 98 patients, 65 underwent
proximal gastrectomy (PG), and 33 underwent TG. There
was no difference in post-operative mortality (6% vs 3%).
Post-operative morbidity data was not analyzed; however,
there was no difference in the length of hospital stay.
There was no significant difference in time to recurrence
or first site of recurrence. The 5-year survival rate was
not significantly different between the TG and PG groups
with a mean follow-up of 30 mo (43% for PG »s 41% for
TG). The authors concluded that either procedure can be
performed safely without sacrificing long-term survival.

The optimal approach for carcinoma of the
gastroesophageal junction or gastric cardia is still a topic
of debate. The over-riding factor, regardless of the type
of resection, is the ability to obtain a margin-negative
resection.
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EXTENT OF LYMPH NODE DISSECTION

The extent of lymphadenectomy is one of the most
controversial topics in gastric cancer surgery. The
Japanese developed an extensive classification system
for the regional lymph nodes and a systematic method
of dissection referred to now as the D2 resection. This
method is described in detail by Maruyama ez a}“”, who
also reviewed the Japanese National Cancer Center
experience with gastric resection over the period from
1963 to 1985. The authors reported an improvement over
this time span in 5-year survival for resected patients from
44.3% to 61.6%. Most of this improvement was attributed
to eatly gastric cancer screening established at a national
level; however, they do report an increase in survival over
this time period with respects to specific stage, T stage,
and N stage.

Shiu ez a/'" reviewed the results of gastric resection
and lymphadenectomy for gastric cancer at Memorial
Sloan Kettering Cancer Center over a 20-year petiod. They
analyzed the outcomes of 210 patients and attempted to
identify risk factors for mortality. On multivariate analysis,
they identified non-pyloric tumor site and greater than
three positive lymph nodes as pathologic risk factors. They
also identified positive microscopic margins, inadequate
lymphadenectomy, and TG as independent surgical risk
factors for mortality. Adequate lymphadenectomy was
defined as one and a half lymph node levels beyond the
furthest level of lymph node disease. For example, patients
with NO disease would require a dissection including the
N1 and part of N2 nodes.

This data from a Western center as well as the Japanese
data were sited to justify extended lymphadenectomy, a
practice which was not commonplace in the West. Multiple
clinical trials were performed to look at the morbidity,
mortality, and long term survival of a D2 dissection in
Western centers.

The best known trial to evaluate lymphadenectomy was
from the Dutch Gastric Cancer Group. Bonenkamp ez al™?
published their results from a randomized controlled trial
comparing D1 and D2 gastrectomy in 80 Dutch hospitals
over 5 years. D1 resection was defined as containing only
the N1 (perigastric) nodes. D2 resection was defined
as encompassing the N2 nodes. The spleen and distal
pancreas were resected in 11 (3%) of D1 resections and
30 (37%) of D2 resections. The type of gastrectomy, TG
vs SG, as well as the method of reconstruction were left to
the preference of the surgeon. Surgeons were instructed in
the technique with video classes, and eight visiting Japanese
surgeons were present to supervise all D2 resections.
Seven hundred and seven patients underwent resection
with intention to treat, and 632 were found to have an RO
resection, and thus followed for evidence of recurrence.
These authors reported a statistically significant difference
in post-operative mortality (4% »s 10%) and complication
rate (25% vs 43%) for D1 »s D2 resection. The 5-year
survival rate was 45% for the D1 group and 47% for the
D2 group, which was not statistically significant. The
5-year risk of relapse was 43% in the D1 group and 37%
in the D2 group, which also was not statistically significant.
Subgroup analysis, however, showed that in patients who
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did not require splenectomy or pancreatectomy, there was
a significantly lower 5-year risk of relapse. The conclusions
drawn from this article were that D2 lymphadenectomy
was associated with a higher morbidity and mortality
without offering a long-term survival benefit, and thus
it was not recommended. The sub-group analysis also
questioned the benefit of distal pancreatectomy or
splenectomy.

A concomitant British trial was also performed over
the same time period. Cuschieri ¢z @/" reported the results
of a randomized study compating D1 to D2 resections.
Four hundred patients were randomized. In this trial a D1
resection consisted of the removal of all lymph nodes
within 3 c¢m of the tumor and D2 resection consisted
of the standard resection of the omental bursa, the
hepatoduodenal nodes for antral lesions and the splenic
artery, splenic hilar, and retropancreatic nodes by distal
pancreatectomy for middle and upper third lesions. They
reported similar post operative morbidity and mortality
data to that of the Dutch study for the D2 resection
group, and showed no difference in the 5-year survival
(35% w5 33%) or risk of recurrence. As in the Dutch trial,
the British trial showed that resection of the spleen and
pancreas was independently associated with decreased
survival.

Both of these large randomized studies showed no
benefit from a D2 resection; however, each also raises
the question: is there a role of D2 resection without
pancreatico-splenectomy? Two current studies attempt to
answer that question.

Edwards e# a/'" compared D1 resection to D2 resection
sparing the pancreas and spleen in a total of 118 patients.
The study was not randomized, as one surgeon performed
all the D1 resections (#»=30) at one hospital and the
other surgeon performed all the D2 resections (#=82) at
another hospital in the same region of Wales. Splenectomy
and pancreatectomy were performed only for evidence of
direct invasion of tumor. They reported similar operative
mortality (8.3% »s 7.3%) and a significant 5-year survival
advantage for the D2 resection group (32% ws 59%), which
was most evident in the patients with stage III disease (8%
vs 33%). Extent of lymphadenectomy was independently
associated with increased sutrvival on multivariate analysis.
The authors concluded that a modified D2 resection
sparing resection of the pancreas and spleen offers a
survival advantage over a D1 resection with no increase in
short-term morbidity or mortality.

Recent phase II data from a multicenter trial conducted
in Italy showed acceptable morbidity and mortality with
good 5-year survival following pancreas-preserving D2
resection'”. The Ttalian Gastric Cancer Study Group
enrolled 191 patients, and pancreas-preserving D2
resection was petformed with an operative mortality of
3.1%, morbidity of 20.9%, and 5-year survival rate of
55%. These numbers compare favorably to the Japanese
experience, and suggest that pancreas-preserving D2
may offer a survival benefit; however, the randomized
comparison to D1 resection has not yet been performed.

Data from Japan concerning mortality and 5-year
survival after gastrectomy had been criticized for being
retrospective in nature. A D1 gastrectomy is considered

as a non-curative operation in Japan; thus, it would not
be performed in any randomized trial. Sano ez a/'” are
conducting a randomized trial comparing standard D2
resection to extended para-aortic lymphadenectomy. This
is the first randomized prospective study to come from
Japan. The selection criteria of the surgeons and the
selected centers should be mentioned. Only surgeons with
over 100 D2 gastrectomies, and only centers with over 80
gastrectomies a year wete selected for the trial. This is in
stark contrast to the Dutch and British trials which did
not require a set training period to master the “learning
curve” of the procedure. The spleen was resected in all
the cases where TG was performed, and the pancreas was
resected only in cases of direct invasion. The morbidity
and mortality data for this trial have been released. The
overall morbidity of a D2 resection was 20.9%, with a
mortality of 0.8%. The conclusions that can be drawn
from this study, pending the 5-year survival data, are that
D2 resection can be performed at specialized centers by
surgeons with ample experience with low morbidity and
mortality.

Based on the current data, it appears that a modified
D2 lymphadenectomy, sparing the spleen and pancreas
when possible, can be performed safely and may offer
the best chance for long-term survival; however, the
randomized controlled data to support this argument is
currently in progress.

EXTENDING RESECTION TO ADJACENT
ORGANS

D2 resection with splenectomy and distal pancreatectomy
was performed by many centers in Japan to facilitate
dissection of lymph nodes around the splenic artery with
early reports suggesting improved survival'’. The utility of
extended resection was later called into question by many
Japanese and Western surgeons. Otsuji e a/'" reviewed 128
patients who underwent TG for gastric adenocarcinoma
of the middle or proximal stomach. Of these, 35.9%
underwent pancreaticosplenectomy, 44.6% splenectomy,
and 19.5% gastrectomy alone. Pancreaticosplenectomy
increased the risk of pancreatic fistula significantly. Five-
year survival for the pancreaticosplenectomy group, the
splenectomy group and the gastrectomy alone group
wete 40.7%, 55.9%, and 54.2%, respectively; however,
on multivariate analysis pancreaticosplenectomy and
splenectomy alone were not independently associated with
survival. The conclusions drawn from this study were that
extension of TG to include pancreaticosplenectomy or
splenectomy increases the risk of complications without
improving survival.

Kasakura ez al'” reviewed 1 938 gastric resections over
18 years and also concluded that splenectomy and distal
pancreatectomy do not have an impact on survival and are
associated with an increased incidence of complications.
Of these 1 938 patients, 78 underwent splenectomy (S),
105 underwent splenectomy/pancreatectomy (PS), and 1
755 underwent gastrectomy alone. The PS and S groups
were associated with a higher percentage of proximal
tumors and TG, higher T stage, higher N stage, and worse
histologic grade. There were more severe post-operative
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complications in the PS and S groups over the gastrectomy
alone group, with a higher rate of pancreatic fistula, intra-
abdominal abscess, and anastomotic leak. There was also
a higher rate of local recurrence in the S and PS groups.
When analyzed by UICC stage; however, no difference in
5-year survival for stage 11, 111, or IV tumors was detected.
Gastrectomy alone was found to have higher 5-year
survival for T2 tumors; however, for T3 and T4 tumors,
there was no difference. Conclusions from this study were
that long-term survival is not affected by splenectomy
ot pancreatectomy and these procedures should not be
performed solely to aid in lymph node dissection. The
spleen should only be resected when there are cleatly
positive lymph nodes in the splenic hilum and around the
splenic artery, and the pancreas should only be resected
when there is ditect invasion of tumor.

Resection of adjacent organs for local invasion was
advocated in the early Japanese literature"”; however, this
practice also has been analyzed extensively in the past
decade. Shchepotin ¢ al'” reviewed 353 patients with T4
gastric cancer who underwent gastrectomy combined with
resection of adjacent organs. Of these patients, 89% had
histologically confirmed invasion. TG was performed in
32.9% of patients and SG in 67.1%. The extent of lymph
node dissection was the same in all patients, consisting
of dissection of all perigastric nodes, nodes along the
celiac axis, hepatic artery, and proximal splenic artery.
The transverse colon was resected in 45%, the tail of
the pancreas and spleen in 42.5%, the left hepatic lobe
in 28.5% and the head of the pancreas in 10.5%. The
complication rate was 31.2%, and mortality rate was
13.6%. Combined 5-yeat survival was 25%; however, when
this was broken down into node positive or node negative
T4 lesions, 5-year survival changed significantly. Node
negative T4 patients had a 37% 5-year survival, whereas
node positive T4 patients had only a 15% survival. From
these data, the authors continued to advocate extended
resection of adjacent organs in the resection of gastric
cancer for cure.

Martin ez a/”" showed that extended organ resection
could be performed with acceptable morbidity (4%)
and 5-year survival (32%). Two hundred and sixty-eight
patients with locally advanced gastric cancer underwent
gastrectomy with adjacent organ resection and D2
lymphadenectomy. The type of gastrectomy was variable;
however, there was a higher incidence of adjacent organ
resection in the TG group. Spleen alone was the most
common resection (#=123), followed by spleen/pancreas
(n=138), spleen/colon (#=18), pancreas alone (#=12),
and colon alone (#=16). As would be expected, there
was a higher percentage of T3/T4 tumors and N2/N3
lymph node metastases in the organ resection group.
Perioperative mortality was not significantly different, 3.6%
in the gastrectomy group and 3.7% in the gastrectomy
with organ resection group. There was a higher rate of
recurrence in the gastrectomy with organ resection group
(52% vs 42% at 24 mo follow-up), and significantly lower
median survival (32 mo »s 63 mo) on univariate analysis.
On multivariate analysis, however, only T-stage, N-stage
and overall stage were predictors of survival. The authors
concluded that resection of adjacent organs is important
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to achieve an RO resection and can be done with minimal
morbidity; however, careful selection of clinically T4
tumors should be performed to limit unnecessary organ
resection in early stage gastric cancer.

Resection of adjacent organs in conjunction with
gastrectomy can increase survival with minimal additional
morbidity in a highly selected patient population.

POSITIVE MARGINS

Patients with recurrence after resection of gastric cancer
uniformly have a rapid decline. The risk factors for
recurrence, and the rate and pattern of recurrence has
been examined. In a recent retrospective review of 367
patients who underwent an RO resection with subsequent
recurrence, the rate and pattern of recurrence was
examined”'. The majority of the patients (65%) had
T3 lesions, 46% had N1 nodal disease, and 54% were
AJCC stage III. The type of gastric resection was highly
variable, with the highest percent being esophago-proximal
resections (45%). The extent of lymphadenectomy was
also variable, with the majority being D2 (68%). The rate
of locoregional, peritoneal, and distant metastases was
54%, 51%, and 29% respectively, with significant overlap
of these three. Seventy-nine percent had recurred within
two years and 94% by four years. The median time to death
from diagnosis of recurrence was 6 mo. The pattern of
recurrence was not associated with survival time; however,
T stage, N stage, age and presentation with symptoms were
all predictors of decreased survival. Advanced T stage,
distal location, diffuse Lauren’s subtype, and female gender
were significantly associated with peritoneal metastases.
Proximal location and male gender were associated with
locoregional recurrence. Proximal location, early T' stage,
and intestinal Lauren’s subtype were associated with distal
recurrence. There was no significant pattern of recurrence
associated with overall stage, extent of lymphadenectomy,
nodal status, or extension of resection to adjacent organs.
There is no surgical therapy for recurrent gastric cancer;
however, the question of re-excision for positive margins
at primary resection has been raised. Survival for patients
with microscopically positive margins has been shown to
be significantly shorter than those with clear marginsm].
In a recent review of 259 patients who underwent
gastrectomy with curative intent, 22 had microscopically
positive resection line marginslzzj. Positive margins were
associated with tumor location and differentiation. There
was a significantly lower 5-year survival for the patients
with positive margins (18% #s 45%); however, when this
was stratified for lymph node status, the patients with
positive lymph nodes had a significantly lower survival.
The authors concluded that, given the very poor prognosis
associated with positive margins, re-laparotomy may be
justified in those patients with node-negative disease.

PALLIATIVE SURGERY FOR GASTRIC
CANCER

Despite improved clinical outcomes associated with eatlier
diagnosis, more accurate staging, and decreased surgical
morbidity and mortality, the overall prognosis of gasttic
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cancer remains poor because many patients are incurable
at presentation. A complete RO resection remains the most
powerful indicator of survival, but is obtained in only
50% of those presenting for resection of a primary gastric
cancer™), For those patients who present with stage TV
disease, cure measured by 5-year survival is exceedingly
rare and is not a realistic treatment goal™****. Because
of the low cure rate and the advanced stage at which
many patients present, palliative strategies and symptom
management remain an essential component in the total
care of the patient with gastric cancer™.

Palliation of symptoms caused by any advanced cancer
demands the highest level of surgical judgment. Although
an important part of the surgical decision making process
requires consideration of risk in terms of treatment-
related toxicity, morbidity, and mortality, attention to this
clement should not be the predominant factor in making
decisions about palliative therapy. Decisions are made
best on endpoints such as the probability and durability
of symptom resolution, the impact on overall QOL, and
pain control. Deliberations must consider the medical
condition and performance status of the patient, the
extent and prognosis of the cancer, the availability and
success of non-surgical management, cost effectiveness
and the individual patient’s quality and expectancy of life.
Knowledge about the need to repeat a specific therapy
or requitements to manage additional symptoms can give
further information about the potential for symptom-free
survival and what additional cate will be needed. Therapy
for symptoms must remain flexible and individualized to
continually meet the patient’s unique and ever changing
needs™ . Surgical palliation of advanced gastric cancer
may include resection or bypass, alone or in combination
with endoscopic or percutaneous interventions. Such
interventions have been proposed not only to improve
symptom control, but also to eliminate potential
complications (bleeding, obstruction, pain, perforation,
and debilitating ascites) caused by the primary tumor®"*,

In 1958, Lawrence and McNeer demonstrated that
palliative gastric resections effectively relieve symptoms
in patients with incurable gastric cancer. Because of
high rates of associated perioperative morbidity and
mortality and the brief period of anticipated survival,
however, the authors suggested that a TG in patients with
incurable gastric cancer was rarely a worthwhile palliative
procedure™. This conclusion was supported by Remine
in 1979 who also suggested that TG was not a satisfactory
palliative operation'”. Later series, however, showed
improved symptom relief with gastrectomy compared
to gastroenterostomy, without increasing complication
#4 Others have based their support for palliative
gastric resections primarily on improved survival
data and have proposed that it should be performed
whenever technically possible™™*!. Because of decreasing
perioperative complications, some authors now suggest

rates

that total palliative gastrectomy and esophagogastrectomy
is justified in selected patients™™*,

The effective and appropriate use of palliative surgical
interventions in patients with gastric cancer remains
controversial. Recommendations from the literature
are contradictory and often based on the retrospective

evaluation of suboptimal data. A highly variable and
imprecise understanding of the goals and indications of
palliative surgery, poorly defined patient groups, and a
reliance on inappropriate endpoints contributes to this
confusion. The designation of patients as “palliative” is
commonly based on the extent of disease (ranging from
gross disease at opetration to postoperative margin status)
rather than a sound definition encompassing factors
associated with good palliative therapy. Even though the
value of a palliative procedure should be judged by its
ability to control symptoms, reports often fail to utilize
validated QOL or pain assessment instruments and rarely
consider the durability of potential palliative benefits™”,
These factors limit useful interpretation of most prior
studies on palliative procedures for gastric cancer. The
impact of such deficiencies in the literature has been
demonstrated by a recent analysis of the Memorial Sloan-
Kettering Gastric Cancer Database. Important differences
among the patients undergoing a non-curative gastric
cancer were demonstrated when a sound and reproducible
definition of palliative surgery was applied. Significant
differences between overall survival, primary tumor sites,
staging, degrees of nodal and metastatic disease, and the
types of procedures performed support the differentiation
between palliative and non-palliative designations™.

Conclusions over the effectiveness of palliative
operations in the gastric cancer literature are often based,
incorrectly, on incremental survival differences. Caution
must be taken when evaluating survival data in patients
following a palliative intervention. Palliative care ideally
selects treatment that will maximize QOL and minimize
complications. Consideration of anticipated survival
helps to define a period during which the requirements of
effective symptom control must be met and may be useful
when considering the risk-benefit ratio for an individual
patient®™. Although increased survival may be a
secondary goal of a palliative procedure, it is inappropriate
to select a palliative procedure solely based on improved
duration of survival®. Based on patients grouped by
extent of disease rather than palliative intent, The Dutch
Gastric Cancer Group has suggested that differences in
overall survival following “palliative” gastric resections
may be beneficial in patients with tumor load restricted to
one metastatic site”™”. Such conclusions about the value
of palliative gastrectomy are premature because they fail
to consider the associated risks, benefits, and expected
durability of the procedure™*,

To compare the impact of potentially achievable
gains associated with palliative surgery, non-curative
gastrectomies were analyzed with a partitioned survival
analysis”>”, The technique, which has been generally used
to evaluate chemotherapy trials, analyzes treatment by
defining relevant clinical health states and comparing their
duration with regard to treatment, toxicity and relapse.
The analysis provided by this methodology is well suited
to evaluate surgical palliation, especially in conditions such
as gastric cancer, in which treatment-related toxicity plays
such an important role in both the literature and in clinical
decision-making"™*". Palliative gastric resections previously
have been associated with considerable operative morbidity
(54%) and mortality (6%)"”. Duration in the time without
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symptoms or toxicity (TWiST) state was found to be
significantly decreased (8.5 mo »s 2.1 mo, P=0.04) in
patients experiencing a major postoperative complication
(requiring invasive interventions, unplanned ICU
admission, or permanent disability). Complications have
a considerable influence on the patients’ limited sutrvival
by not only increasing time in a hospitalized setting but
also by diminishing the QOL. Concerns about potential
complications such as bleeding, obstruction or petforation
have led some to propose prophylactic gastric resections in
patients with advanced, asymptomatic gastric cancer. Sarela
¢t al have shown in patients with known metastatic disease
identified on laparoscopy; however, that complications
requiring emergency or urgent palliative operations were

rare in patients not receiving a prophylactic resection for

incurable gastric cancer™.

Since palliative gastrectomies are associated with
significant perioperative morbidity and mortality, the
authors recommend deliberate palliative resection only in
carefully selected patients with severe symptoms™*****,
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Abstract

Gastric cancer is one of the most common tumors
worldwide. The therapeutic outcome of conventional
therapies is inefficient. Thus, new therapeutic strategies
are urgently needed. Gene therapy is a promising
molecular alternative in the treatment of gastric cancer,
including the replacement of defective tumor suppressor
genes, the inactivation of oncogenes, the introduction of
suicide genes, genetic immunotherapy, anti-angiogenetic
gene therapy, and virotherapy. Improved molecular
biological techniques and a better understanding of
gastric carcinogenesis have allowed us to validate a
variety of genes as molecular targets for gene therapy.
This review provides an update of the new developments
in cancer gene therapy, new principles, techniques,
strategies and vector systems, and shows how they may
be applied in the treatment of gastric cancer.
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INTRODUCTION

Gastric cancer is the fourth most common malignancy
wotldwide with an estimated 934 000 new cases that was
reported in 2002 and the second most common cause of
death from cancer (700 000 deaths annually). Almost two-
thirds of the cases occur in developing countries and 42%
in China alone''. The prognosis of gastric cancer is poor
with an estimated relative 5-yeat survival rate of less than
20%". The efficacy of current therapeutic approaches
such as surgery, hormone, radio- and chemotherapy is

www.wjgnet.com

limited. Thus, new therapeutic approaches are urgently
needed. Cancer is an acquited genetic disease developing
in a multi-step process. Mutations of genes related to
growth control, apoptosis, invasion and metastasis form
the molecular genetic basis of malignant transformation
and tumor progression. The characterization of
dysregulated genes like the tumor suppressor p53, which
are critical for carcinogenesis, and a better understanding
of the molecular basis for tumor-host interaction led to
significant progress in the development of new therapeutic
agents. More than 15 years ago, gene therapy emerged as a
new therapeutic approach and has meanwhile become an
important strategy in cancer treatment. Cancer is by far the
most frequent of all indications addressed by gene therapy
(60% of all clinical trials™), underlining the expectations
raised by this new therapeutic option. The original concept
of cancer gene therapy was further developed into two
branches as a result of different strategies of therapeutic
benefit: molecular cancer therapy and virotherapy.
Moleculatr cancer therapy can be defined as a therapeutic
technique, which aims at the introduction of nucleic acids
into cancer patients’ cells in order to modulate the gene
expression profile of the target cells and thereby eradicate
the tumor'™. In contrast, virotherapy is a new concept of
gene therapy that uses replication-competent oncolytic
viral vectors (OVV) with viro-oncolytic potency for
targeted tumor cell destruction®.

There are different ways to modulate tumor growth by
gene therapeutic strategies. These include direct destruction
of tumor cells, inhibition of tumor angiogenesis and
tumor cell spread and activation of the host immune
response against the tumor. Although all these approaches
showed promising anti-tumor effects in pre-clinical
investigations, clinical trials have often been disappointing,
since they demonstrated only slight therapeutic benefit.
Thus, a major breakthrough is still needed in gene therapy
of cancer. Nevertheless, clinical trials proved the relative
safety of human cancer gene therapy. The application of
vectors and the expression of transgenes are generally well
tolerated and the low risk of severe side effects seems to
be calculable.

The main problem of the relative inefficiency of cancer
gene therapy continues to be the low 7 vivo efficiency
of gene delivery into the target tumor cells, leading to
low expression of therapeutic genes and thus limited
curative effects. Several factors seem to be responsible
for this, among them the presence of anatomic barriers
inhibiting the efficient transfer of vectors from circulation
to target cells and the low expression of vector-specific
target receptors on the cancer cells causing reduced
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cellular uptake of viral vectors. Moreover, immunological
responses of the host against the vectors and the rapid
clearance of vectors from circulation after intravascular
administration may be important factors preventing
efficient gene transfer””, In the last few years, great efforts
have been made to overcome these limitations. Especially
the development of OVV" and vectors with enhanced
tumor-specific targeting "' together with improved vector
application protocols have led to a significant enhancement
of vector-mediated gene delivery. Furthermore, the use of
new powerful molecular techniques like RNA interference
(RNAi)" and the detection of new target genes are
hopeful signs for improving human cancer by gene
therapy. In the present paper, we review new trends in
gene therapy and update their application in gastric cancer.

TUMOR SUPPRESSOR GENES

The most obvious way to target growth regulation in
cancer cells is to introduce tumor suppressors that may
be inactivated in tumors. The replacement of p53, which
is the most commonly inactivated tumor suppressor and
mutated in about 60% of human gastric cancers, has
emerged as an attractive treatment option, both alone
and combined with conventional chemotherapy™'",
Introduction of the p53 gene via a recombinant
adenovirus has been shown to inhibit the growth of
gastric cancer cells with mutated p53 i vitro and in vivd">',
The pro-apoptotic function of p53 depends on the
transactivation of genes such as Bax, Apaf-1, Fas, and
PTEN, whose own expression or activity may be abnormal
in tumor cells"”. Consequently, the Bax gene may serve as
a good alternative to p53 for cancer gene therapy, not only
because it has been shown to kill cancer cells irrespective
of their p53 status, but also because it may increase their
sensitivity to other anti-tumor treatments'”, Moreover, the
adenoviral expression of the initiator caspase-8 leads to the
selective induction of apoptosis in detached gastric tumor
cells in vitro and in vive, thus displaying anti-metastatic
potential in gastric cancer”. All these signaling molecules
work through a common pathway involving activation of
the effector caspase 3. Thus, recombinant expression of
caspase 3 leads to the induction of apoptosis in gastric
cancer cells™. Moreover, the introduction of wild-type
pl6INK4A, another tumor suppressor and cell cycle
regulator in gastric cancer cells harboring a p16 mutation,
may also be a feasible approach to efficient tumor growth
control and chemosensitization'!. Finally, the replacement
of Fhit, a tumor suppressor often inactivated in gastric
cancer, decteases sensitivity to carcinogens and induces
apoptosis in gastric tumor cells 7z vivo. Therefore, restoring
Fhit expression by viral transduction may be a promising
strategy for both the prevention and therapy of gastric

tumors &2

SUICIDE GENES

This strategy relies on the conversion of non-toxic
substances (prodrugs) into physiologically active agents
by means of non-mammalian enzymes. These suicide
enzymes are over-expressed in neoplastic cells as a

result of successful transfection with their genes™. The
most widely used suicide gene/prodrug system is the
herpes simplex virus (HSV) thymidine kinase (HSV-tk)/
ganciclovir (GCV) system that can convert the prodrug
GCV into phosphorylated GCV. The phosphorylated
GCV inhibits cellular DNA synthesis and leads to the
killing of cancer cells via apoptotic and non-apoptotic
mechanisms”*, One of the powerful features in these
systems is the “bystander effect”, the mechanism by which
the toxic metabolites are transferred from transduced
cells to neighboring cancer cells via gap junctions or
apoptotic vesicles. The bystander effect drastically
enhances the tumor-killing capacity of the HSV-tk/ GCV
system*?’, Several studies were undertaken to evaluate
the potential of suicide gene therapy in gastric cancer. In
alpha-fetoprotein (AFP)-producing gastric tumors, the
adenovirus-mediated expression of HSV-tk by an AFP
enhancer/promoter element selectively eliminated AFP-
positive, but not AFP-negative cell lines when treated with
ganciclovir™. This approach may be a promising tumor-
selective treatment option for AFP-positive gastric tumors
with a very poor prognosis. A similar approach involves the
expression of recombinant E. co/ cytosine deaminase (CD)
in gastric cancer cells together with the administration
of 5-fluorocytosine (5-FC). 5-FC is given orally and
converted to 5-fluorouracil in the tumor cells expressing
CD. In attempts to increase the specificity of suicide gene
therapy, CD expressed from gastric cancer cell-specific
promoters SEL1L and TP1 was shown to cause efficient
cytotoxic effects in combination with 5-FC*. An earlier
attempt with tumot-specific and more efficient CD/5-FC
gene therapy was carried out using the Cre/loxP regulation
system. Ueda ¢z /" constructed an adenovector-
expressing Cre recombinase from a carcinoembryonic
antigen (CEA) promoter and a second vector expressing
CD under the control of the CAG promoter. The double
infection with both vectors rendered CEA-producing
gastric cancer cells 13 times more sensitive to 5-FC than
the single infection with a vector expressing CD from the
CEA promotet. Consequently, anti-tumor efficacy  vivo
was also significantly enhanced by using the Cre/loxP
system compared to the single infection with the vector
directly expressing CD under the control of the CEA
promoter. Finally, recombinant expression of the bacterial
enzyme nitroimidazole reductase gene together with the
administration of the prodrug CB1954 was evaluated in a
phase I and pharmacokinetic study with the intention of

treating gastric cancer”

ANTI-ANGIOGENESIS GENE THERAPY

Tumor angiogenesis plays an important role in the
growth of solid tumors and the formation of metastases.
Angiogenesis is a multi-level process including endothelial
cell proliferation, migration, basement membrane
degradation, and lumen reorganization. It is stimulated
by several factors secreted from both host and tumor
cells. The principal growth factors driving angiogenesis
include, among others, the vascular endothelial growth
factor (VEGF), the basic fibroblast growth factor, and the
hepatocyte growth factor (HGF)"™. Thus, there are various
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potential targets for anti-angiogenic cancer gene therapy. In
contrast to other genetic treatments, anti-angiogenic gene
therapy does not necessarily require direct and selective
transduction of target genes into cancer cells, but rather
transduction around the tumor to create an anti-angiogenic
environment””, This advantage helps to overcome the
limitations of the currently available vector systems, which
often lack adequate transduction efficiency in cancer cells.
Several studies were undertaken to evaluate the potential
of anti-angiogenic gene therapy in gastric cancer. One
study demonstrated that, if expressed from adenovectos-
transduced peritoneal mesothelial cells, the soluble
VEGF receptor sFlt-1 is able to inhibit the peritoneal
dissemination of gastric cancer 7z vivo and consequently
prolong the survival of treated animals™. Another study
evaluated the therapeutic efficacy of the HGF antagonist
NK4, which is known for its inhibitory effects on
several angiogenetic pathways. Application of an NK4-
expressing adenovector inhibited the formation of both
peritoneal metastases and intra-tumor vessels in gastric
cancer in virs”". New potential targets for anti-angiogenic
gene therapy of gastric cancer were recently discovered.
Meng et al” and Xue et al* showed that silencing Raf-1
and Racl GTPase, which are critical factors in hypoxia-
induced gene activation of several angiogenesis factors,
results in downregulation of the angiogenesis-promoting
factors VEGF and Hif-1a and upregulation of the tumor
suppressors and angiogenesis inhibitors p53 and VHL.
Furthermore, downregulation of Raf-1 and Racl GTPase
leads to tumor cell apoptosis and significantly inhibits cell
proliferation. Similarly, Stoeltzing ez a/”” showed that direct
suppression of Hif-1a resulted in decreased secretion of
VEGE, thereby impairing tumor growth, angiogenesis and
vessel maturation 7 vivo.

GENETIC IMMUNOTHERAPY

Genetic immunotherapy aims at improving the host’s
immune response to a particular tumor and is currently
one of the most promising gene therapeutic options
for cancer. The function of the immune system is very
complex and its activation in gene therapeutic settings can
be achieved by employing different strategies™. One of
the most common strategies in immunotherapy of cancer
is the use of mediators of the immune system. Among
them, 1L-2, IL-12, INF-y, GM-CSF and TNF-q have
raised special attention and several trials have proved their
efficacy in cancer gene therapy” . New developments
indicate further improvement of the benefit, if cytokine
therapy is combined or used with other gene therapeutic
options. For example, synergistic anti-tumor effects were
achieved by simultaneous expression of 11.-2 and INF-y*"
or by combining an oncolytic adenovirus (0AdV) with
I1.-12 immunotherapy™”.

Based on this knowledge, studies were carried out
in order to prove the efficacy of immunotherapy in
combination with other gene therapeutic strategies in
gastric cancer. Zhang ez a/**" evaluated the anti-tumor
effects of the HSV-tk/GCV system together with the
expression of recombinant IL-2 or TNF-q in gastric

cancer. In contrast to their disappointing results iz vitrd™,
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they observed enhanced anti-tumor effects by HSV-tk/
GCV suicide gene therapy combined with recombinant
TNF-q expression iz vivo™", Using a similar protocol,
another group found strongly enhanced anti-tumor effects
after coexpression of IL-2, GM-CSF and HSV-tk/GCV
in a gastric cancer model iz vivo™". These results strongly
indicate the potential impact of combined cytotoxic
and immunomodulatory gene therapy in gastric cancer.
Other immunotherapeutics also demonstrated their
potential efficacy in gastric cancer. For example, it was
shown that the expression of recombinant intercellular
adhesion molecule (ICAM)-2 prolonged the survival of
mice with peritoneal metastases of gastric cancer'™. Meng
et al™ tested the recently discovered gastric carcinoma-
specific tumor-associated antigen MG7-Ag in a Salomonella
typhimurinm vaccine against gastric cancer. In detail, they
constructed a recombinant gene vaccine consisting of the
MG7-Ag mimotope fused with HBcAg, a protein from
HBV enhancing the immunogenicity of its antigens. Oral
application of the vaccine 7z vivo led to increased formation
of MG7-Ag antibodies, reduced average tumor weight
compared to the controls and prevented tumor growth
in one of five immunized mice, thereby indicating some
protective effects of the vaccine®™”

GENE SILENCING APPROACHES

Inappropriately expressed genes are a major cause
of uncontrolled cell growth. Thus, the specific
downregulation of (onco)gene expression leading to
tumor growth inhibition is a promising approach in cancer
gene therapy”'. Several years ago, double-strand RNA
molecules homologous to the sequence of the target gene
were shown to induce post-transcriptional gene silencing
(PTGS) in a sequence-specific manner. This mechanism
was designated as RNAi"”. The process of PTGS is
initiated by small interfering (si) RNA molecules, which
have a length of 21-23 nucleotides'”. In mammalian cells,
siRNAs are incorporated into a large protein complex,
the RNA-induced silencing complex, leading to precise
degradation of complementary mRNA targets”™. Due
to its extraordinary efficiency, target gene specificity
and simplicity of construction, siRNA technology has
gained considerable attention as a new tool for gene
knockdown and, hence, therapeutic use in cancer gene
therapy. Chemically synthesized or #» vitro-transcribed
siRNAs are widely used for iz vitro anti-cancer studies,
while their use 7z vivo revealed several problems. Major
limitations 7z vive are the generally low transduction
efficiency and short half-life. Furthermore, synthetic
siRNAs preferentially transduce the liver after systemic
application™] rendering them useless for systemic cancer
gene therapy. These obstacles may be overcome by
the expression of siRNA from viral vectors. Currently,
adenoviral, retroviral and adeno-associated virus vectors
have been shown to efficiently express siRNAs resulting
in strong downregulation of the target gene™ ", In this
setting, vector-based expression systems were further
developed, enabling tissue-specific and inducible siRNA
expression by the use of tissue specific promoters™ and
pharmacologically regulated gene expression systems””,
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Furthermore, siRNA expressed from viral vectors seems
to be more stable than synthetic siIRNAP”. Several studies
were undertaken to evaluate siRNA technology in gastric
cancer. Hong et a/*” constructed a eukaryotic vector
expressing siRNA against new zinc ribbon (ZNRD1)
gene, which promotes a multi-drug resistant phenotype in
gastric cancer through the upregulation of permeability-
glycoprotein. After transfection of a ZNRD1 siRNA, a
dramatic reduction of ZNRD1 was observed accompanied
by a significantly enhanced sensitivity to vincristine,
adriamycin and etoposide. Further studies proved the high
efficiency of siRNA-mediated gene silencing in gastric
cancer cells in vitrg™"*". Continuous development of
siRNA technology warrants further investigations of its
future therapeutic use in gastric cancer i vivo.

Further approaches for the downregulation of tumor
genes in gastric cancer, including anti-sense-RNA", anti-
65,601 ribozymesm, and dominant
negative forms of tumor proteins”"* have also been
investigated and may be of potential clinical value in
the gene therapy of gastric cancer. While anti-sense
strategies preferentially aim at blocking the translation of
a target mRNA by complementary binding to its specific
mRNA, dominant negative mutant alleles compete with
their endogenous homologs for binding in a protein
complex, leading to the inhibition of protein function.
For example, the insulin-like growth factor (IGF) 1
receptor is involved in carcinogenesis and proliferation.
Its blockade by adenovector-mediated expression of a
truncated dominant negative IGF was shown to sensitize
gastric tumor cells for chemotherapy and to suppress their
peritoneal dissemination 7z 2ivd™. In another study, Kim
et al®” showed that downregulation of anti-apoptotic
protein bcl-2 by administering bcl-2 anti-sense
oligonucleotides significantly increased the sensitivity of
gastric cancer to chemotherapeutics 2z vzvo.

sense oligonucleotides'

VIROTHERAPY

The limited efficiency of replication-deficient viral vectors
to transduce cancer cells and express effector genes i vivo
led to the development of a new vector generation called
OVV. In contrast to replication-deficient viral vectors, the
primary replication cycle of OVV causes viro-oncolyis
of initially infected tumor cells, resulting in the release
of progeny virions followed by the infection of adjacent
cells and the infection and destruction of further tumor
mass'”. Thus, OVV are intended to ultimately destroy a
tumor although only a small percentage of tumor cells was
initially infected. Furthermore, progeny virions can spread
systemically by circulation™ and infect tumor cells remote
from the primary replication site of OVYV, thus enhancing
the potential therapeutic efficacy in metastatic cancet.

The restriction of OVV replication to cancer cells is a
central concern of OVV development. This aim has been
achieved by genetic engineering of viral vector genomes
(e.g. in herpes- and adenoviruses) either by driving of
viral genes essential for virus replication by tumor-specific
promoters "™ or by inserting mutations into viral genes
that abolish their function for viral replication in normal
cells but not in tumor cells””. Other OVV with inherent

oncolytic potency acquire tumor-selective replication
competence through defects or dystegulation of cellular
genes in cancer cells (e.g. Newecastle virus and vesicular
stomatitis virus)™".

Several studies have demonstrated that replication
of OVV is 100- to 1 000-fold attenuated in normal cells
compared to cancer cells. As shown in 0AdVs, OVV safety
can be further increased by pharmacological regulation
of viral replication, using the rapamycin'® or the Tet-
On gene expression system!”" to regulate adenoviral
E1A. This now opens the door to permanent external
control of OVV during the treatment of patients. Various
genetically engineered OVV and viruses with inherent
oncolytic properties have recently been explored as anti-
cancer agents, among them adenovirus”™* HSVF
B4 vaccinia virus™™!) autonomous rodent
parvovirus[gs], vesicular stomatitis virus®™, Newcastle
virus®, and reoviruses™ ™. Of these, HSV and adenovirus
are the most widely studied ones. ONYX-015 was the
first tested 0AdV and is to date the most commonly used
0AdV in clinical trials. Deletion of the adenoviral E1B-
55kD enables the replication of ONYX-015 in cells with
a defective p53 pathway and minimizes its replication
in cells with a functionally active p53 pathway. Thus,
ONYX-015 is unable to replicate in normal cells, but
strongly replicates in cancer cells. Several clinical trials have
demonstrated the efficacy of ONYX-015 in patients with
cancer. Strongest anti-tumor responses were observed
in patients with squamous cell cancer of the head and
neck””" but responses to hepatocellular carcinoma,
hepatobiliary tumors””, and advanced pancreatic cancer™
were reported, whereas no response was observed in
patients with advanced ovarian cancer”. Two phase 1/11
clinical trials have provided evidence for the efficacy of
ONYX-015 in metastatic gastrointestinal cancer”*"”,
Reid et o/’ administered ONYX-015 by hepatic artery
infusion combined with 5-fluorouracil and leucoverin in
27 patients with both primary gastrointestinal carcinoma
and liver metastases. The treatment was well tolerated
showing only mild or moderate flu-like symptoms,
including fever, myalgia, astenia and/or chills. Virus
replication was demonstrated and three partial responses,
four minor responses and nine stable diseases were
documented as therapeutic outcome. In another study,
patients with advanced sarcomas, among them patients
with gastrointestinal stromal tumors, were given an
intratumoral injection of ONYX-015 combined with
MAP chemotherapy. The treatment was well tolerated and
there was no significant toxicity. One of the six patients
treated showed a partial response with an approximately
70% reduction of tumor size, and in four patients the
disease stabilized””. Other oncolytic viruses like HSV,
Newcastle virus and vaccinia virus also demonstrated

retroviruses

their viro-oncolytic efficacy in clinical trials with cancer
patients""”*” On the other hand, the studies revealed
therapeutic limitations of the currently available OVV.
Often, only a minority of patients shows a response,
which is only partial and transient in most of the cases™”".
Obviously, there are several major limitations to the
therapeutic potential of OVV. The key problems are low
infectivity, replication rate and cytolytic activity of OVV.
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To overcome these limitations, measures have therefore
been taken to further develop OVV. The low transduction
efficiency of 0AdV due to low coxsackie-adenovirus
receptor (CAR) expression can be enhanced by modifying
the fiber proteins. This can be achieved by adding foreign
peptides to the HI loop or the C-terminus of the fiber
knob™"™'"™ or by substituting fibers of adenoviral 2 and 5
with fibers detived from other adenoviruses, which bind to
receptor molecules other than CAR"*'"™ These strategies
seem to be promising for the treatment of gastric cancer
as well, since gastric cancer cells express low amounts
of CAR, making it resistant to adenoviral infection""’,
Recently published data demonstrate that oAdV with
RGD motif in the HI-loop of the fiber-knob region or
replacing its adenovirus type 5 knob by an adenovirus type
3 knob has a stronger anti-tumor effect than unmodified
0AdV in a gastric cancer model i vivd""". Another study
investigated re-targeting a doubly-ablated adenovector
to the epithelial cell adhesion molecule (EpCAM) by
introducing a bi-specific single-chain antibody to EpCAM.
EpCAM is highly expressed in gastric cancer but not in
gastric epithelium. Consequently, the vector was highly
selective for primaty gastric tumors, while transduction of
normal gastric epithelium and liver was low""",

Another way to improve the efficacy of OVV is
combining OVV treatment with conventional and other
gene therapeutic strategies. Preclinical and clinical data
demonstrate that OVV-induced tumor cell killing can
be strongly enhanced by the expression of therapeutic
transgenes from OVV like anti-angiogenetic factors,
suicide genes, or tumor suppressor genes and simultaneous

. . . 43,96,1
treatment with conventional chemo- and radiotherapy™”®
05-110]

PROSPECTS

Gene therapy has become a generally accepted new
therapeutic tool in the treatment of cancer. More and
more cancer patients profit from its use due to the
progress made in the development of vector systems and
gene therapeutic strategies. Thus, cancer gene therapy will
increase its importance as a therapeutic tool even though
many problems still need to be solved. One of the most
important issues affecting the possible clinical application
of gene therapy is the need to ensure the highest
possible safety levels. Many clinical investigations have
demonstrated that the currently available vector systems
are well tolerated and side effects are acceptable. However,
the use of retroviral vectors is discussed controversially,
since 3 of 11 children with X-linked severe combined
immunodeficiency, who were treated with a retrovirus,
developed uncontrolled T-lymphocyte proliferation in a
French gene therapy trial.

The major problem of cancer gene therapy that still
remains is the relatively poor therapeutic outcome. This
problem is not restricted to a specific tumor entity, but
is rather a general problem. There may be many reasons
for this, but it is widely agreed that this is mainly due to
the relative resistance of cancer cells to introduce foreign
matetial combined with low transgene exptession iz vivo.
Thus, improved vector systems and application protocols

www.wjgnet.com

will continue to be the biggest issues to be dealt with
in cancer gene therapy in the next few years. However,
important progress to overcome these limitations has
already been made by the development of OVVs and
vectors with increased tumor cell tropism.

Great progress has also been made in the development
of gene therapeutic strategies in gastric cancer. New vector
systems as well as the evaluation of new target genes and
gene therapeutic strategies have substantially improved
the chances for successful treatment of gastric cancer by
gene therapy. The next challenge will be to test the results
gained thus far in clinical studies.
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Abstract

AIM: To investigate the role of nuclear factor kappa B
(NF-xB) in the pathogenesis of lung injury induced by
intestinal ischemia/reperfusion (I/R), and its effect on
intercellular adhesion molecule-1 (ICAM-1) expression
and neutrophil infiltration.

METHODS: Twenty-four Wistar rats were
divided randomly into control, I/R and pyrrolidine
dithiocarbamate (PDTC) treatment groups, n=8 in
each. I/R group and PDTC treatment group received
superior mysenteric artery (SMA) occluding for 1 h and
reperfusion for 2 h. PDTC group was administrated with
intraperitoneal injection of 2% 100 mg/kg PDTC 1 h
before surgery. Lung histology and bronchia alveolus
lung fluid (BALF) protein were assayed. Serum IL-6, lung
malondialdehyde (MDA) and myeloperoxidase (MPO) as
well as the expression level of NF-xB and ICAM-1 were
measured.

RESULTS: Lung injury induced by intestinal I/R, was
characterized by edema, hemorrhage and neutrophil
infiltration as well as by the significant rising of BALF
protein. Compared to control group, the levels of serum
IL-6 and lung MDA and MPO increased significantly in I/R
group (P=0.001). Strong positive expression of NF-kB
p65 and ICAM-1 was observed. After the administration
of PDTC, the level of serum IL-6, lung MDA and MPO
as well as NF-xB and ICAM-1 decreased significantly
(P<0.05) when compared to I/R group.
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CONCLUSION: The activation of NF-kB plays an
important role in the pathogenesis of lung injury induced
by intestinal I/R through upregulating the neutrophil
infiltration and lung ICAM-1 expression. PDTC as an
inhibitor of NF-kB can prevent lung injury induced by
intestinal I/R through inhibiting the activity of NF-«B.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Intestinal I/R is not necessarily limited to the intestine
itself, but involves severe destuction of distant tissue. It
is known that intestinal I/R is an important event in the
pathogenesis of multi-system organ failure syndrome,
especially acute respiratory distress syndrome which is
the leading cause of death in critically ill patientsu'“. The
mechanism of lung injury induced by intestinal I/R is
complex. Proinflammatory cytokines and chemokines
exert their effects via a direct toxic action on target cells!
ICAM-1 and neutrophil infiltration play an important role
in lung injury induced by intestinal I/ R, However, recent
studies showed that these proinflammatory mediators play
a role in gene induction””. NF-»B upregulates most of
these mediators"""? but it is not known how NF-xB is
activated and ICAM-1 is expressed in lung injury induced
by intestinal ischemia.

This study was to evaluate the role of NF-»B in the
pathogenesis of lung injury induced by intestinal I/R and
the effect of pyrrolidine dithiocarbamate (PDTC) on lung
neutrophil infiltration and expression of ICAM-1.

MATERIALS AND METHODS

Animals
Male Wistar rats (From Animal Center of Dalian Medical
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University, Dalian, China) weighing 200-240 g were used
in this study. All rats had free access to standard laboratory
chow and water in accordance with institutional animal
care policies.

Experimental design

The rats were anesthetized with intraperitoneal
administration of 10% chloral hydrate, 350 mg/
kg, laparotomized and randomly divided into three
experimental groups (#=38 in each): sham operation
group (control group) undergoing full surgical preparation
including isolation of SMA without occlusion; I/R group:
ischemia was induced for 1 h and reperfusion for 2 h after
SMA was isolated and ischemia was occluded”; PDTC
treatment group undergoing full surgical preparation
including isolation of SMA with intraperitoneal
administration of 2% PDTC 100 mg/kg 1 h before the
operation. The rats in control and I/R groups were treated
with an equal volume of normal saline solution. All
animals were killed after 2 h of reperfusion. Blood samples
were obtained for analysis. Lung tissues were harvested
immediately for detection.

Lung histology and bronchia alveolus lung fluid (BALF)
assay

The harvested right middle lobe of the lung was fixed in
40 g/L formaldehyde. After being embedded in paraffin,
4-pm-thick sections were stained with hematoxylin and
eosin for light microscopy. Pathological injury score
was evaluated according to Chiu’s method"". BALF
was collected according to the process of Cox"" and
centrifuged at 1 000 r/min for 10 min. The protein in
the supernatant was measured using assay kit (Nanjing
Jincheng Corp., China) following the manufacturer’s
instructions and expressed as g/L.

Serum IL-6 assay

The serum level of IL-6 was determined using an RIA
kit (Radioimmunity Institute of PLA General Hospital,
Beijing, China) according to the manufacturer’s instructions
and expressed as ng/L.

Lung MDA and MPO assay

The right base lobe of lung was harvested and immediately
homogenized on ice in 5 volumes of normal saline.
The homogenates were centrifuged at 1 200 r/min for
10 min. The malondialdehyde (MDA) and myeloperoxidase
(MPO) content in the supernatants were measured using
MDA and MPO assay kit (Nanjing Jincheng Corp., China)
following the manufacturer’s instructions and expressed as
nmol/mg and U/g, respectively.

Lung NF-kB and ICAM-1 immunohistochemical analysis

Formalin-fixed and paraffin-embedded lung specimens
were stained with SP immunohistochemistry technique
for NF-uB and ICAM-1 detection. Experiments were
performed following the manufacturer’s instructions. Five-
micron sections were dewaxed in xylene, cultured in 3%
hydrogen peroxide to eliminate intrinsic peroxidase and
quenched in normal goat serum for 30 min, then incubated

overnight at 4°C with polyclonal rabbit anti-rat NF-»B
p65 and ICAM-1 antibody (NeoMarkers Corp. and Boster
Corp., Ltd., respectively) against purified recombinant
NF-»xB or ICAM-1. Then anti-rabbit immunoglobulin
and streptavidin conjugated to horseradish peroxides
were added. Finally, 3,3’-diaminobenzidine was used for
color development and hematoxylin was used for counter
staining. The results were evaluated semi-quantitatively
according to the petcentage of positive cells in five high
power fields at 400 multiple signal magnification.

Western blot analysis of NF-kB and ICAM-1

Cellular plasma and nuclear protein were extracted from
frozen lung tissue with protein extraction kit (Pierce,
Meridian Road, Rockford, IL, USA) according to the
manufacturer’s instructions. Protein concentrations
were determined by Coomassie blue dye-binding assay
(Nanjing Jincheng Corp, China). Samples were mixed with
loading buffer and boiled for 5 min. Thirty micrograms
of protein (nuclear protein for NF-»B p65, plasma
protein for ICAM-1) was loaded into each lane of 10%
SDS-PAGE gel electrophoresis at 100 V for 4 h. After
electrophoresis, the proteins were electroblotted onto NC
membranes (Millipore, Bedford, MA, USA) at 9 V for
30 min. Nonspecific binding was blocked by incubation in
phosphate-buffered saline (PBS) containing 0.1% Tween
20 (PBS-T) and 5% skim milk. The transferred membranes
were incubated overnight at 4°C with rabbit polyclonal
antibodies NF-»B p65 and ICAM-1 (NF-»B p65 at
1:1 000 dilution, ICAM-1 at 1:500 dilution) against rat in
PBS-T containing 5% skim milk. After washing thrice in
PBS-T, the membranes were incubated with anti-rabbit
IgG (Zhongshan Bio., China) conjugated to horseradish
peroxidase at a dilution 1:2 000 in PBS-T containing 5%
skim milk for 1 h at 37°C. After three additional washes
with PBS-T, the signals were visualized by DAB assay kit
(Maixin-bio, China) and analyzed with a gel imaging system
(Kodak system EDAS120).

Statistical analysis

All data were expressed as mean  SD. Statistical analysis
was performed using F- and Q-tests. P <0.05 was
considered statistically significant.

RESULTS
Lung pathological and BALF changes

The lung histological structure was normal in control
group, while the lung tissues were obviously damaged with
edema, hemorrhage, and inflammatory cell infiltration in
I/R group. There was a significant difference between
I/R and control group in pathological score (P<0.01)
and BALF content. After the administration of PDTC,
the pathological score of lung injury and BALF content
was improved significantly when compared to I/R group

(P<0.05, Table 1).
Serum IL-6 level

Compared to control group, serum IL-6 level was
significantly increased in I/R group (P<0.01,Table 2).
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Table 1 Protein content of lung lavage fluid in different
groups (mean=xSD)

Table 3 Lung MDA and MPO level in different groups
(meanxSD)

Groups n Lung lavage fluid (g/L) Groups n MDA (nmol/mg) MPO (U/g)
Control group 8 0.8769 + 0.1622 Control group 8 144+ 017 2.6075 + 0.4372
I/R group 8 1.2462 + 0.3303° I/R group 8 213 +0.39 3.8763 + 0.5682°
PDTC group 8 0.9299 + 0.2573" PDTC group 8 1.50+0.18" 3.3350 + 0.4712°

*P<0.05 vs I/R group, "P<0.01 vs control.

Table 2 Serum IL-6 level in different groups (mean£SD)

Groups n IL-6 (ng/L)
Control group 8 2251+ 6.10
I/R group 8 42.85+7.35°
PDTC group 8 28.08 +7.55"

*P<0.05 vs I/R group, "P<0.01 vs control.

Compared to I/R group, serum IL-6 level was significantly
decreased in PDTC treatment group (P<0.05).

Lung MDA and MPO assay

Compared to control group, lung MDA and MPO
significantly increased in I/R group (P<0.01). Compared
to I/R group, lung MDA and MPO significantly decreased
in PDTC treatment group (P<0.01, Table 3).

Immunohistochemical analysis of lung NF-kB and ICAM-1
The expression of NF-«B p65 and ICAM-1 in control
group showed light brown immunostaining in cytoplasm
and no staining in the nuclei. The significant positive
expressions of NF-«B p65 and ICAM-1 as strong brown
staining in cytoplasm and nuclei were observed in I/R
group (P<0.01). Compared to I/R group, the positive
rates of NF-»B p65 and ICAM-1 expression decreased
significantly in PDT'C group (P<0.01, Figures 1 and 2).

Western blot analysis of NF-kB and ICAM-1

Western blot showed weak NF-»B p65 and ICAM-1
positive signals in the lungs of control group. In contrast,
significant increase of NF-uB p65 and ICAM-1 protein
expression was found in I/R group (P<0.01). Compated
to I/R group, the signals weakened significantly in PDTC
group (P<0.05, Figure 3 and Table 4).

DISCUSSION

Previous studies have identified many mediators involved
in the pathogenesis of lung injury induced by intestinal
I/R"" which exert their effects via a direct toxic action
on lung tissue. Recent studies showed that these mediators
such as NO, ROS, TNF-¢, and ICAM-1 can be regulated
by NF-xB. NF-»B is a rapid response transcription factor,
which is maintained in the cytoplasm and consists of two
subunits of 50 and 65 ku bound to an inhibitor protein,
I-»B. This phosphorylated inhibitor unit is tagged by
ubiquitin for subsequent proteolysis, and then the free
NF-xB complex is able to translocate into the nuclei

www.wjgnet.com

P<0.05; °P<0.01 vs 1/R group, 4p<0.01 vs control.

Table 4 10D level of lung NF-xB pé5 and ICAM-1 in
different groups (mean+SD)

10D level
Groups n
NF-«B p65 ICAM-1
Control group 36.295 + 4.34 315 + 6.87
I/R group 124.14 +21.22° 63.55 + 18.45
PDTC group 8 41.82 £ 9.16 45.89 + 8.86"

*P<0.05 vs I/R group, "P<0.01 vs control.

where it transactivates target genes“s’w]. As a consequence,
activated polymorphonuclear neutrophils (PMNs) and pro-
inflammatory cytokines (ITNF-a, ILs) are released into the
systemic circulation, interact with the vascular endothelium
of distant organs, primarily the lungs, contributing to the
systemic inflammatory response[zo]. ICAM-1 is a member
of the immunoglobulin superfamily, which is inducible
by NF-xB and inflammatory cytokines such as 1L-13 and
TNF-a. ICAM-1 might be upregulated to involve the
adhesion and infiltration of leukocytes into the injured
site”, MPO resides in PMNs and its activity reflects the
level of accumulation of PMNss.

In our study, 1 h of intestinal ischemia followed by
2 h of reperfusion induced lung injury manifested as a
significant increase of BALF content and pathological
injury score as well as PMN infiltration. These changes
were parallel to the level of lung NF-»«B p65, suggesting
that the activation of NF-xB is involved in the
pathogenesis of lung injury induced by intestinal I/R. As
a consequence, activated PMNs and pro-inflammatory
cytokines (such as IL-0) are released into the systemic
circulation, and interact with the vascular endothelium
of organs. Endothelial adhesion molecules expressed
on the surface of endothelial cells (such as ICAM-1)
play a key role in neutrophil chemoattraction, adhesion
and emigration from the vasculature to the tissue,
contributing to the systemic inflaimmatory response and
organ injury[22’23]. The production of ROS, such as lung
MDA and MPO (an index of tissue neutrophil count) was
observed in I/R group. NF-»B upregulates neutrophil
infiltration and expression of ICAM-1. PDTC, as an
antioxidant, is involved in its ability to inhibit NF-»xB""*’
via the stabilization of I-«B-o"*" or via the inhibition
of the ubiquitin—proteasome pathway™. In our study,
PDTC reduced the neutrophil infiltration, lung expression
of ICAM-1 and MPO activity, which can prevent the
development of lung injury.

In conclusion, activation of NF-xB plays an important
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Figure 2 Expression of ICAM-1 in lung tissue of control group (A), I/R group (B), and PDTC group (C).
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Figure 3 Lung NF-xB P65 and ICAM-1 protein signals from left to right side in
control group (A), I/R group (B) and PDTC group (C). Compared to control group,
the signals in I/R group increased significantly and weakened significantly in PDTC
group.

role in the pathogenesis of lung injury induced by
intestinal I/R by upregulating the neutrophil infiltration
and lung ICAM-1 expression. PDTC can prevent lung
injury induced by intestinal I/R by inhibiting the activity
of NF-«B.
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Abstract

AIM: To establish a novel coculture system for ex vivo
expansion of umbilical cord blood(UCB) hematopoietic
progenitors using thrombopoietin (TPO)/FIt-3 ligand
(FL)-transduced human marrow-derived mesenchymal
stem cells (tfhMSCs) as feeder.

METHODS: UCB CD34" cells were isolated and cultured
using four culture systems in serum-containing or serum-
free medium. Suitable aliquots of cultured cells were
used to monitor cell production, clonogenic activity,
and long-term culture-initiating culture (LTC-IC) output.
Finally, the severe-combined immunodeficient (SCID)
mouse-repopulating cell (SRC) assay was performed to
confirm ability of the cultured cells to reconstitute long-
term hematopoiesis.

RESULTS: There were no significant differences in the
number of total nucleated cells among different culture
systems in serum-containing medium during 21-d
culture. However, on d 14, the outputs of CD34" cells,
CFU-C and CFU-GEMM in tfhMSCs coculture system were
significantly enhanced. LTC-IC assay demonstrated that
the tfhMSCs coculture system had the most powerful
activity. The severe-combined immunodeficient (SCID)
mouse repopulating cell (SRC) assay confirmed extensive
ability of the expanded cells to reconstitute long-term
hematopoiesis. Furthermore, PCR analysis demonstrated
the presence of human hematopoietic cells in the bone
marrow and peripheral blood cells of NOD/SCID mice.

CONCLUSION: The TPO/FL-transduced hMSCs, in
combination with additive cytokines, can effectively
expand hematopoietic progenitors from UCB in vitro and
the tthMSCs coculture system may be a suitable system
for ex vivo manipulation of primitive progenitor cells
under contact culture conditions.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Hematopoietic stem cells (HSCs) are generally defined as
cells having the self-renewing potential and the capacity
to give rise to differentiated cells of all hematopoietic
lineages'"!. Therefore, HSC transplantation is performed
for complete healing of hematologic disorders and as a
supportive therapy after high-dose chemotherapy against
malignant diseases. HSCs can be collected from peripheral
blood (PB), bone marrow (BM), and umbilical cord
blood (UCB). Human UCB is thought to contain a high
number of primitive hematopoietic cells, because the
number of severe combined immunodeficiency (SCID)-
repopulating cells (SRCs) in nonobese diabetic/SCID
(NOD/SCID) mice that had received transplants from
UCB was higher than that in NOD/SCID mice that had
received transplants from other sources” . Moreover, the
frequency of graft-versus-host disease, which is a severe
side effect of HSC transplantation in patients, is reduced
among patients receiving transplants from UCB"! and
UCB can be obtained from the cord-blood bank network.
However, the total number of UCB HSCs harvested
from one donor’s UCB is limited and is not sufficient for
HSC transplantation in an adult patient. To overcome
this problem, attention has been increasingly focused on
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ex vivo expansion of HSCs. Many approaches have been
reported during the last decade, and they can be divided
into 2 categories. The first category is treatment of HSCs
with various combinations of cytokines. Treatment with
the following combinations of cytokines increased the
progenitor/stem cell population by 2- to 30-fold in the
relatively short period of 10 to 14 d: Flt-3 ligand (FL),
stem cell factor (SCF), and thrombopoietin (TPO); SCE,
granulocyte-colony stimulating factor (G-CSF), and
megakaryocyte growth and development factor (MGDE);
FL, SCF, G-CSF, interleukin-3 (IL-3), and interleukin-6
(IL-6); and FL, SCF, and TL-6"". However, it is difficult
to maintain HSC activity in long-term cultures even if the
total number of hematopoietic cells could be expanded.
Hence, these methods could be improved for use in clinical
settings. The second category involves using stromal cells.
It has been reported that the SCID-repopulating activity
(SRA) of human HSCs could be maintained by coculture
with murine stromal cells for 7 wk'"”, and that the SRA
could be maintained by coculture with the AGM-S3
stromal cell line for 4 wk!''), MS-5 expanded SRCs for
2 wk!"; FBMD-1 expanded cobblestone area-forming
cells by 90-fold"”; HESS-5 expanded SRCs for only
5 d"*" Contact between HSCs and stromal cells is
important for maintaining the function of HSCs"*"",
However, when human HSCs are cocultured with
nonhuman stromal cells, the expanded human HSCs
might have a risk of being exposed to an unknown viral
contamination in animal stromal cells.

Several methods of ex vivo expansion using human
primary stromal cells were reported™”. When HSCs
were cocultured with human primary stromal cells,
the HSCs were expanded for 2 to 4 wk. However, in
general, when human primary somatic cells divide in an
in vitro culture, the telomeric DNA at the end of the
chromosome shortens at each cell division. Then, the
replication of human primary cells slows (aging occurs),
and the cells finally cease to divide (crisis phase)®**",
To obtain a sufficient number of primary stromal cells
for use on a clinical scale, we have to harvest BM many
times, and we cannot ignore the burden on the donor. To
solve this problem, trials to establish human stromal cell
lines using transduction of viral antigens such as human
papillomavirus (HPV) E6/E7 and simian virus 40 (SV40)
large T have been reported™*. These stromal cells could
maintain HSCs, but the possibility of transformation was
mentioned ™!,

Recently, it was shown that Mesenchymal stem/
progenitor cells in human UCB and placenta could
support ex vivo expansion of CD34" hematopoietic stem
cells®*". However, no report has investigated whether
transduced human marrow-derived mesenchymal stem
cells (hMSCs) could be useful in ex vivo expansion of
UCB hematopoietic progenitors. Previous research has
shown that TPO and FL, the two eatly-acting cytokines,
could lead to significant expansion of HSC populations,
including long-term cultutre-initiating cells (LTC-IC). Our
group have introduced TPO and FL genes into cultured
hMSCs by retroviral vector transfer and demonstrated
long-term expression in vitro and in vivo. In this study,
we attempted to establish a coculture system for ex vivo
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expansion of UCB hematopoietic progenitors using TPO/
FL-transduced hMSCs (tthMSCs) as feeder. As a result,
tthMSCs is capable of expanding UCB hematopoietic cells
in synergy with extra cytokines 7 vitro.

MATERIALS AND METHODS

Analysis of expression of the TPO and FL gene by
enzyme-linked immunosorbent assay

Untransduced and TPO/FL-transduced hMSCs (tthMSCs)
were cultured in minimal essential medium o (MEM-o;
HyClone, Logan, UT, USA) supplemented with 100 mL/L
fetal bovine serum (FBS; GibcoBRL, GrandlIsland, NY,
USA) at 37°C with 50 mL/L CO: in humidified air. For
assaying TPO and FL secretion, untransduced hMSCs
and/or tfthMSCs wete passaged when cells reached 90%
confluence by transferring 2.5 x10° to 5.0x10° cells into
a 75-cm” flask with 12 mL of hMSCs medium. Twenty-
four hours later, 1 mL of culture supernatant was
collected and stored at -80°C. The assay was performed
in triplicate using the TPO and FL ELISA kit (BioSource
International, Camarillo, CA, USA). The level of TPO
and FL was normalized to the level of endogenously
expressed IL-6 measured with an IL-6 ELISA kit
(BioSource International) using the procedures suggested
by manufacturer. Plates were read on a microplate reader
(Bio-Rad Laboratoties, Hercules, CA, USA) and the data
were analyzed using Microsoft Excel.

UCB sample collection and CD34' cell purification

UCB were collected from normal full-term pregnancies
according to the regulations of the Research Ethics
Committee of Women’s Hospital, School of Medicine
Zhejiang University. Mononuclear cells (MNC) were
isolated using Ficoll-Hypaque (1.077 £0.001 Kg/L,
Sigma, St. Louis, MO), washed, and resuspended in
Iscove’s modified Dulbecco’s medium (IMDM; HyClone,
Logan, UT) supplemented with 100 mL/L fetal bovine
serum (FBS; GibcoBRL, GrandIsland, NY). CD34"
cell purification utilized positive selection using the
miniMACS immunomagnetic separation system (Miltenyi
Biotec GmbH, Glodbach, Germany) according to the
manufacturer’s instructions. Briefly, MNCs were suspended
in buffer containing phosphate-buffered saline (PBS),
5 mL/L bovine serum albumin (BSA; Sigma), and
2 mmol/L. EDTA (BSA-EDTA-PBS), and incubated for
15 min with monoclonal hapten-conjugated anti-CD34
antibody (clone: QBEND/10) and human Ig to prevent
nonspecific binding. Washed cells were resuspended in
BSA-EDTA-PBS and incubated for 15 min with colloidal
super-paramagnetic microbeads conjugated to an anti-
hapten antibody. After labeling, the cell suspension was
passed through a column (VS™ separation column) held
within a magnetic field causing CD34" cells to be retained
in the column. CD34" cells were collected by removal
of the column from the magnet and washing with BSA-
EDTA-PBS. Ninety-six percent or more of the enriched
cells were CD34" by flow cytometric analysis.

Human cytokines
Recombinant human TPO, granulocyte-macrophage
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colony-stimulating factor (GM-CSF), and erythropoietin
(EPO) were purchased from Peprotech (london, UK).
IL-3 and IL-6 was purchased from RELIATech GmbH
(Braunschweig, Germany). Recombinant human SCF
was a gift from Amgen Biologicals (Thousand Oaks,
CA). Recombinant human FL was putrchased from R&D
Systems (Minneapolis, MN). The final concentrations of
cytokines were as follows: TPO, 50 pg/L; FL, 50 pg/L;
IL-3, 20 pg/L; IL-6, 20 pg/L; SCF, 50 pg/L; GM-CSF, 10
ng/L; and EPO, 3 000 U/L.

Culture systems

Stroma-free culture and coculture with tthMSCs or hMSCs
were performed in culture media in 24-well microplates
(Costar, Bethesda, MD). Serum-containing liquid culture
was catried out using a medium containing 125 mL/L
horse serum (HS; HyClone), 125 mL/L FBS, 10 mol/L
2-mercaptoethanol (Sigma), 2 mmol/L L-glutamine (Sigma)
and IMDM supplemented with 10°° mol/L hydrocortisone
(Sigma) with or without feeder layer. In the coculture,
tfhMSCs or hMSCs were seeded at 1x10° cells per well
with MEM-o supplemented with 100 mL/L FBS. After
obtaining a confluent feeder layer, cells were washed
five times and subjected to y-irradiation at a dose of 12
Gy. the medium was then changed for coculture. Totally
20 000 UCB CD34" cells were expanded for 21 d
under four conditions: 1) tthMSCs coculture system
(tthMSCs + SCF +1IL-3 +IL-6 + GM-CSF); 2) hMSCs
coculture system (hMSCs+TPO +FL+SCF +1L-
3+1L-6+ GM-CSF); 3) cytokines culture system
(TPO +FL+SCF +IL-3 +IL-6 + GM-CSF); 4) hMSCs
(TPO/FL-free) culture system (hMSCs+SCF+1L-3+1L-
6+ GM-CSF). On d 7 and 14 of culture, the medium in
each well was removed and replaced with fresh medium.
On d 7, 14 and 21 of culture, aliquots of cultured cells
were harvested and subjected to cell count, clonal cell
culture, and flow cytometric analysis when contamination
of stromal cells in the harvested cells was negligible (<2%)
by microscopic visualization. On d 14, cultured cells were
harvested and subjected to LTC-IC assay and SRC assay.
Short-term (7 d) serum-free liquid culture was carried
out using StemPro"-34SFM (GibcoBRL) supplemented
with StemPro™-34 Nutrient Supplement (GibcoBRL),
2 mmol/L L-glutamine, and penicillin/streptomycin

(GibcoBRL).

Immunophenotyping by flow cytometry

Aliquots of cells were suspended in EDTA-BSA-PBS
and incubated with mouse IgG (InterCell Technologies,
Hopewell, NJ) to block nonspecific binding. Cells were
then reacted for 15 min with FITC- and PE-conjugated
monoclonal antibodies at 4 ‘C. Unbound antibodies wete
removed by two washes, and cells were resuspended in
EDTA-BSA-PBS. Stained cells were then passed through
a nylon mesh filter and subjected to two-color flow
cytometric analysis. Cells labeled with FITC- and PE-
conjugated mouse isotype-matched antibodies were used
as negative controls. The analysis was performed using
an FACsort flow cytometer (Becton Dickinson, San Jose,
CA) with CELLQUESTTM software (Becton Dickinson).
At least 10 000 events were acquired for each analysis.

Antibodies used wete as follows: FITC-conjugated CD14,
CD15, CD19, CD33, CD34, and CD41; PE-conjugated
CD38 and CD45 antibodies. Glycophorin A antibodies
were from Immunotech (Marseille, France). CD14,
CD33, and CD45 antibodies were from Pharmingen (San
Diego, CA) and all others were from Becton Dickinson.
Furthermore, in some experiments, aliquots of cultured
cells were subjected to three-color flow cytometric analysis
to assess the lineage commitment of progenitors. Samples
were incubated for 15 min with biotin-conjugated anti-
CD34 (Immunotech, Marseille, France). Cells labelled
with a biotin-conjugated mouse isotype-matched antibody
were used as a negative control. After washing, cells were
labeled with streptavidin PerCP (Becton Dickinson), PE-
conjugated anti-CD38, and various FITC-conjugated
monoclonal antibodies. Three-color flow cytometry was
performed using an FACSCalibur (Becton Dickinson) with
CellQuest software (Becton Dickinson).

Colony-forming cell assay (CFC assay)

Aliquots from initial UCB samples or cultured cells were
incubated in methylcellulose media at concentrations of
1-2% 10 cells/L for purified CD34" cells and 5-10 % 10°
cells/L for cultured cells in 35-mm tissue culture dishes
(Costar). One milliliter of culture mixture contained
12 mL/L 1500 cp methylcellulose (Sigma), MEM-«,
10 g/L deionized fraction V BSA (Sigma), 10” mol/L
2-mercaptoethanol, 300 mL/L fetal calf serum (JRH
Biosciences, Lenexa, KS), EPO, IL-3, SCF, GM-CSF,
and cells. Dishes were incubated at 37°C in a humidified
atmosphere with 50 mL/L COz2 in air. All cultures were
done in triplicate. Total colony-forming units in culture
(CFU-C) and mixed colonies containing erythroid
and myeloid cells and megakaryocytes (CFU-GEMM)
consisting of 50 or more cells were scored under an
inverted microscope at 21 d of culture. To assess the
accuracy of in situ identification, individual colonies
were lifted with an Eppendorf micropipette under direct
microscopic visualization, spread on glass slides using a
cytocentrifuge and studied with May-Grunwald-Giemsa
staining.

Long-term culture-initiating cell assay (LTC-IC assay)

LTC-IC assay was performed as described by Sutherland
et al”” with slight modifications. Briefly, bone marrow
stromal cells derived from hematologically normal donors
were seeded at 10° cells per well in 96-well flat-bottomed
plates (Costar) with MEM-o supplemented with 100
mL/L FBS. After obtaining semiconfluent feeder layers,
stromal cells were irradiated with 15-Gy using a “Co
y-irradiator. CD34" cell subpopulations purified from UCB
or those isolated from cultured cells by sorting with an
FACSVantage (Becton Dickinson) were seeded at limiting
dilution on the feeder layer in serum-containing media. For
each evaluation, at least three cell concentrations were used
with 24 replicates per concentration. Culture plates were
incubated at 37°C with 50 mL/L CO: in air and weekly
changes of medium. After 5 wk of culture, cells were
assayed for CFU-C in methylcellulose medium. Colonies
were scored 2 wk later. The frequency of wells in which
there were no clonogenic progenitors was determined
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Figure 1 Maintenance of TPO and FL production in vitro. TPO (A) and FL (B)
levels secreted from tthMSCs and untransduced hMSCs and endogenous IL-6
levels were assayed in the medium after 2, 4, 6, and 8 passages in culture. The
level of TPO and FL in the supernatant was normalized to the level of endogenous
IL-6 and the ratio was plotted for passage number. In addition, the absolute
values (ng/100 000 cells/24 h) of TPO, FL and IL-6 are shown (arrow). Data
were obtained from triplicate ELISA measurements. a=untransduced hMSCs;
b=tfhMSCs.

according to the number of the initial input population.
Poisson statistics were applied to the single-hit model
and the frequency of LTC-IC was calculated with the
maximum likelihood estimator.

SCID-repopulating cells assay (SRC assay)

SRC assay was performed as previously described™, with
slight modifications. Briefly, 8-wk-old male NOD/Shi-
scid NOD/SCID) mice were obtained from the Central
Institute for Experimental Animals, Shanghai Institutes for
Biological Sciences, CAS. All animals were handled under
stetile conditions and maintained under microisolators in
the animal facility located at Zhejiang Academy of Medical
Sciences. Human hematopoietic cells at the indicated doses
were transplanted by tail-vein injection into sublethally
irradiated mice (350 cGy using a linear accelerator). Cells
were co-transplanted with irradiated (15 Gy using a “Co
y-irradiator) nonrepopulating CD34" cells as accessory
cells. Mice were killed 7 wk after transplantation, and the
bone marrow (from the femurs and tibiae) and peripheral
blood cells (from the retro-orbital venous plexus using
heparin-coated micropipettes) were harvested. The
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presence of human hematopoietic cells was determined by
detection of cells positively stained with FITC-conjugated
antihuman CD45 using flow cytometry. Polymerase
chain reaction (PCR) analysis using human Alu sequence
primers (5° - GTGGGCGACAGAACGAGATTCTAT;
5" - CTCACTACTTGGAGACAGGTTCA) was also

performed to confirm flow cytometric results.

Statistical analysis

Results are expressed as mean SD. Statistical
comparisons were performed using the two-sided
Student’s #-test. Iterative approximation of Newton’
method was performed using Microsoft Visual Basic 6.0
software.

RESULTS

Analysis of expression of TPO and FL gene from tfhMSCs
and untransduced hMSCs

We transduced hMSCs with the secreted cytokine TPO and
FL, which allows direct quantitation of the extracellular
product. Human MSCs were transduced with a retroviral
vector (pLXINTT) expressing TPO, FL and neomycin
followed by selection in the presence of G418 for 2 wk.
Cultures were maintained and expanded further for up to
8 passages. Twenty-four hours after each replating aliquots
of supernatant from tthMSCs and untransduced hMSCs
was removed for measurement of secreted TPO and FIL.
The TPO and FL sectetion value obtained was normalized
to the secretion value obtained for endogenous human
IL-6 measured in the same sample aliquot. The absolute
values for each cytokine are shown in Figure 1. We chose
IL-6 as the control cytokine because expression was in a
range similar to that of the transduced gene product and
previous data showed similar expression of IL-6 from
hMSCs over time in hMSC cultures™”.

We observed TPO transgene expression from tthMSCs
and untransduced hMSCs averaging 175+ 85 and 25+ 11
ng/ 10°cells/24 h respectively (Figure 1A) and FL transgene
expression averaging 190£99 and 3112 ng/lO5 cells/
24 h respectively (Figure 1B); Endogenous IL-6 protein
levels averaging 62 ng/ 10°cells/24 h. The cytokine ratio
(transduced/endogenous) of tthMSCs demonstrated a
14- to 36-fold and 22- to 41-fold increase respectively in
TPO and FL secretion over endogenous IL-6 expression.
The results demonstrate that in vitro transgene expression
from tthMSCs was maintained for at least three months in
culture.

Assessment of the supportive effects of tfhMSCs on
proliferation of UCB primitive progenitor cells (PPC) in
synergy with extra cytokines

To determine whether tthMSCs was capable of supporting
ex vivo expansion of UCB-derived hematopoietic
cells, four culture systems were established as shown in
materials and methods. In the stroma-containing culture,
tfthMSCs or untransduced hMSCs were irradiated and
cocultured with CD34" cells from UCB, and in the stroma-
free culture only cytokines were used.for expansion. The
total number of nucleated cells, CD34" cells, CFU-C
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Figure 2 Effects of several culture systems on ex vivo expansion of hematopoietic progenitors. UCB CD34" cells were cultured in serum-containing medium using four
culture systems. A: Total nucleated cells; B: CD34" cells; C: Total colony-forming units in culture (CFU-C); D: Mixed colonies containing erythroid and myeloid cells and
megakaryocytes (CFU-GEMM). The results represent the mean fold increase + SD of three different experiments on d 7, 14, and 21 of culture. "No significant differences
between different culture systems. *P<0.05, °P<0.01 as compared with other three groups. #=tfhhMSCs coculture system; m=hMSCs coculture system; A = cytokines
culture system; @ =hMSCs (TPO/FL-free) culture system. A=tfhMSCs coculture system; B=hMSCs coculture system; C=cytokines culture system; D=hMSCs (TPO/FL-

free) culture system.

and CFU-GEMM was evaluated on d 7, 14 and 21.
CD34 and CD38 expression among hematopoietic cells
in four culture conditions were also determined on
d 14.

We first assessed the effect of tfthMSCs on ex vivo
expansion of UCB-PPC in the serum-containing culture.
As a result, tthMSCs alone could not effectively support
proliferation of UCB hematopoietic progenitors (data not
shown). The effects of four culture systems on ex vivo
expansion of total nucleated cells and CD34" cells were
then studied in serum-containing medium. During culture,
there were no significant differences in the number of
total nucleated cells among different culture systems (Figure
2A).The expansion magnitude of CD34" cells by tthMSCs
coculture system (11.52%1.51 fold) and cytokines culture
system (12.32£2.69 fold) was lower than that by hMSCs
coculture system (15.40%1.89 fold) on d 7 (P<0.05), and
hMSCs (TPO/FL-free) culture system (6.59+1.26 fold)
manifested the lowest expansion capacity (P < 0.01) among
the four groups (Figure 2B). However, on d 14, CD34"
cells were generated more by the tthMSCs coculture
system (35.42%2.25 fold) than by hMSCs coculture
system (25.24 = 3.32 fold), cytokines culture system
(19.75+2.56 fold) and hMSCs (TPO/FL-free) culture

system (11.32%+2.48 fold) (P<0.01)(Figure 2B). Although
fold increase of CD34" cells was largely decreased among
all the four systems on d 21, the expansion magnitude of
CD34" cells by tfhMSCs coculture system (20.15%3.16
fold, P<0.01) was higher than that by the three systems
(Figure 2B).

Next, we determined the outputs of CFU-C and
CFU-GEMM. The expansion magnitude of CFU-C in
tthMSCs coculture system (126.54£15.42 fold), although
lower than cytokines culture system on d 7 (P<0.05),
was much higher than other three culture systems on d
14 (P<0.01). Interestingly, tfthMSCs coculture system
significantly stimulated production of CFU-C on d 21
(101.12£7.23 fold, P<0.01) (Figure 2C). The output of
CFU-GEMM in tthMSCs coculture system on d 7, 14
and 21 was also enhanced (12.65%1.36 fold, 25.16£2.53
fold and 10.93£4.12 fold, respectively) (P<0.01) (Figure
2D). Analysis for expression of CD34 and CD38 by flow
cytometry among the four culture systems on d 14 was
shown in Figure 3.

Ex vivo expansion of UCB CD34’ cells in a short-term (7 d)

serum-free tthMSCs coculture system
The synergistic effects of tthMSCs and additive cytokines

www.wjgnet.com
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Figure 3 Comparison of CD34 and CD38 expression among hematopoietic cells in different culture systems. CD34" cells derived from a single delivery were cultured
using different culture systems in serum-containing medium. On d 14 of culture, aliquots of harvested cells were subjected to flow cytometric analysis. A=Negative control;
B =tthMSCs coculture system; C=hMSCs coculture system; D = cytokines culture system; E=hMSCs (TPO/FL-free) culture system.

on ex vivo expansion of UCB hematopoietic progenitors
was also studied in serum-free culture for a short duration.
After 7 d of culture, the number of total nucleated cells
in tthMSCs coculture system was remarkably increased
(P<0.01)(Table 1). As a result, the mean number of total
nucleated cells was approximately 50 to 90 times the
initial input number. CD34" cells were generated more
by tthMSCs coculture system than by other three groups
(P<0.01); the number of CD34" cells was over 12 times
the initial input number. The outputs of CFU-C and CFU-
GEMM in tthMSCs coculture system were also increased
approximately 40-fold (P<0.05) and 15-fold (P<0.01),
respectively.

LTC-IC assay using the CD34" population isolated from
cells cultured in four culture systems

To determine whether cells generated in four culture
systems could preserve the ability to sustain long-term
hematopoiesis, the LTC-IC frequency in cells cultured
by these systems was quantified. Initially, isolated UCB
CD34" cells were cultured for 14 d using four culture
systems in the serum-containing culture. Cultured cells
were harvested and subjected to a second CD34" cell
purification by sorting. LTC-1C assay was performed
using sorted CD34" cell populations, as well as those
initially prepared from UCB (control samples). The LTC-
IC frequency was determined as previously described™.
As shown in Table 2, Although the yields of LTC-1C
expansion in hMSCs coculture system (5.321+1.73 fold)
was higher than cytokines culture system (3.58 £1.48 fold)
and hMSCs (TPO/FL-free) culture system (2.79£0.56

www.wjgnet.com

fold), the tthMSCs coculture system demonstrated the
most powerful activity (10.23+2.89 fold, P<0.01). The
findings suggest that the tthMSCs coculture system might
be a novel as well as efficient culture system for UCB-
derived hematopoietic progenitor cells.

Effects of coculture system using tthMSCs as feeder layer
on human reconstituting hematopoietic progenitors
Accordingly, we studied the SRC assay to determine
whether cells cultured in the tthMSCs coculture system
wete capable of long-term multilineage reconstitution
in vivo. Putrified 1x10° UCB CD34" cells were initially
cultured for 14 d using the tthMSCs coculture system;
hatrvested cells were then transplanted into NOD/SCID
mice. As controls, uncultured 100 000 UCB CD34" cells
obtained from the same sources were also transplanted
into other mice. Seven weeks after transplantation,
human CD45" cells were found in the bone marrow,
and peripheral blood cells of mice transplanted with the
cultured cells (Figure 4A, and data not shown). There
were marked differences in the percentage of chimerism
between bone marrow cells in mice transplanted with
cultured cells and those transplanted with control samples.
Human CD45" cells in the murine bone marrow were
further subjected to flow cytometric analysis to determine
multilineage reconstitution. As a result, human CD45" cells
were positive for CD34, CD33, CD14, CD41, glycophorin
A, or CD19 (Figure 4B). Furthermore, PCR analysis
demonstrated the presence of human hematopoietic cells
in the bone marrow and petipheral blood cells of NOD/
SCID mice (Figure 5).
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Culture systems Total nucleated cells CD34" cells CFU-C CFU-GEMM
tfhMSCs coculture system 87.56+9.51° 12.39+2.34° 40.59+6.23" 15.84+3.96"
hMSCs coculture system 53.23+6.79" 9.87+2.89° 38.78+4.28" 10.57+2.58"
Cytokines culture system 46.25+4.89 9.58+1.26" 27.68+3.32 7.19£1.96
hMSCs (TPO/FL-free) culture system 48.52+6.49 6.79+0.62 32.85+4.35 5.67+1.09

°P<0.05, "P<0.01 vs as compared with hMSCs (TPO/FL-free) culture system.

Culture systems

LTC-IC frequency

Fold LTC-IC amplification

Pre-expansion

Post-expansion

hMSCs (TPO/FL-free) culture system 1/619.57+120.89 1/102 258.56+9 568.49 2.79+0.56
Cytokines culture system 1/625.38+154.26 1/84112.78+10 867.64 3.58+1.48
hMSCs coculture system 1/621.76+138.59 1/93 773.42+20 346.23 5.32+1.73
tthMSCs coculture system 1/617.43£119.76 1/24140.96+7 586.62 10.23+2.89"

"P<0.01 vs calculated by the Student’s t-test, when data of the tthMSCs coculture system were compared with data in the other groups.

DISCUSSION

In this study we demonstrated that TPO/FL~transduced
human marrow-derived mesenchymal stem cells (tthMSCs)
could effectively support ex vivo expansion of UCB-
PPC in synergy with human cytokines. We assessed the
supportive effects of four culture systems on proliferation
of PPC in serum-containing liquid medium. Although
there were no significant differences in the number of total
nucleated cells among the different culture systems during
culture, tthMSCs coculture system could dramatically
enhance generation of CFU-C, CFU-GEMM and CD34"
cells, and more importantly was capable of expanding
LTC-IC.

In ex vivo expansion of human UCB-PPC, there
are several benefits to using the tthMSCs as the feeder:
(1) tthMSCs can be maintained easily; (2) consistent
hematopoietic-supportive effects are repeatedly obtained;
(3) additive TPO and FL are not needed in culture system.
The effects of tthMSCs coculture system were comparable
to those obtained by classical culture, including cytokines
culture and contact culture. Although contamination of
tthMSCs into cultured cells is a problem, and it is difficult
to harvest cultured hematopoietic cells completely, since
a number of cultured cells migrate under feeder layers,
the tthMSCs coculture system was considered to be a
suitable system for ex vivo manipulation of PPC under
stroma-contact culture conditions. Moreover, the tthMSCs,
unlike the primary stromal cells"™™ could be expanded
and cryopreserved without transformation. Thus, we
can prepare a large quantity of these human tfhMSCs
at any time. Taking advantage of this culture system,
clinical research on ex vivo expansion could be facilitated.
For example, progenitor cells such as CD34" cells and
CFU-C were extensively expanded more than 125-fold in
this system in 2 wk, and it may be possible to use these

expanded cells as a new source of blood transfusion after
differentiation of the expanded cells into megakaryocytes
ot erythroblast progenitor cells™",

Although the present study and others™*** have
demonstrated that addition of TPO and FL in culture
systems could lead to significant expansion of HSC
populations, including LTC-IC, the tfthMSCs coculture
system, which have no addition of TPO and FL,
manifested higher expansion of LTC-IC. The mechanism
of supportive effect of tfthMSCs remains unknown.
Previous investigations have shown that the very
hematopoietic cell types whose maximum proliferation in
vitro depends on stimulation by the highest concentrations
of cytokinesm]. The ability that tthMSCs expressing TPO
and FL can maintain a higher concentrations of TPO and
FL in medium may be a reason.

Serum-free culture could prevent UCB primitive-
cell differentiation”] and when a serum-free medium is
used, the risks of contamination of heterogenic antigen
and infectious danger were small™. We then assessed
the supportive effects of four culture systems on
proliferation of PPC in serum-free liquid medium. We
attempted ex vivo manipulation for a short duration. As
a result, adequate expansion of UCB-PPC was obtained
in tfthMSCs coculture system. Furthermore, compared
with serum-containing culture the number of CD34"
cells was not increased and the total nucleated cells were
not significantly decreased during culture; However,
the output of CFU-C and CFU-GEMM was enhanced,
suggesting that serum-free conditions prevent primitive-
cell differentiation.

Previous findings showed that UCB LTC-1C were
present among the CD34" cell fraction”*”. Furthermore,
Bhatia ez a/. identified the SRC that were capable of
multilineage reconstitution of human hematopoiesis in
the bone marrow of NOD/SCID mice™. Therefore, the
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Figure 4 Determination of human hematopoietic reconstitution in NOD/SCID mice 7 wk after transplantation. A: Expression of human CD45 on bone marrow cells
(BMC) collected from NOD/SCID mice 7 wk after transplantation; (A1): Cells in the gated area were analyzed by flow cytometry; (Az): Bone marrow cells (BMC) from an
untransplanted mouse (negative control); (As): BMC from a mouse transplanted with 1 x10° human CD34" cells before culture; (A«): BMC from a mouse transplanted with
cells obtained after 14-d cultivation of those 100 000 human CD34" cells in the tthMSCs coculture system; B+-Bs: Specific subsets of human CD45" cells in bone marrow
cells of the NOD/SCID mouse transplanted with UCB cells after the coculture. Harvested cells were stained with PE-conjugated CD45 and various FITC-conjugated

monoclonal antibodies.

expanded hematopoietic progenitors were expected to
sustain long-term hematopoiesis. As a result, 10.23-fold
LTC-IC amplification was observed in cells expanded by
the tfthMSCs coculture system, although LTC-IC frequency
was decreased during culture. The SRC assay indicated
the reconstituting ability of these cultured human PPC.
Although we could not perform a quantitative SRC
assay, the difference in the percentage of chimerism of
human CD45" cells between bone marrow cells of mice

www.wjgnet.com

transplanted with cultured cells and those transplanted
with control samples strongly suggested the extensive
ability of these ex vivo-generated PPC to sustain and
reconstitute long-term human hematopoiesis in vivo.
Furthermore, PCR analysis confirmed flow cytometric
results.

In conclusion, the main obstacle to UCB trans-
plantation in adult recipients is the insufficiency of
hematopoietic progenitors. A novel tthMSCs coculture
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1 2 3 45

Figure 5 PCR analysis of human Alu sequence in NOD/SCID mice 7 wk after
transplantation. DNA was extracted from the bone marrow and peripheral blood
cells of NOD/SCID mice 7 wk after transplantation. PCR analysis demonstrated
the presence of human hematopoietic cells in the bone marrow (lane 2) and
peripheral blood cells (lane 3) of NOD/SCID mice. DNA extracted from human
UCB cells was used as a positive control (lane 4). Negative control is shown in
lane 1 and DNA marker is shown in lane 5.

system that could efficiently expand UCB hematopoietic
progenitors is successfully established. The extent of
LTC-IC expansion shown herein has important practical
implications in terms of clinical hematopoietic stem cell
transplantation.

ACKNOWLEDGMENTS

The authors thank Drs. En-Ming Zhang, Ke Zheng, Guo-
Li Yin for technical assistance and Dr. Jun Liu for critical
reading of the manuscript.

REFERENCES

1 Osawa M, Hanada K, Hamada H, Nakauchi H. Long-term
lymphohematopoietic reconstitution by a single CD34-low/
negative hematopoietic stem cell. Science 1996; 273: 242-245

2 WangJC, Doedens M, Dick JE. Primitive human hematopoietic
cells are enriched in cord blood compared with adult bone
marrow or mobilized peripheral blood as measured by the
quantitative in vivo SCID-repopulating cell assay. Blood 1997;
89: 3919-3924

3 Broxmeyer HE, Douglas GW, Hangoc G, Cooper S, Bard
J, English D, Arny M, Thomas L, Boyse EA. Human
umbilical cord blood as a potential source of transplantable
hematopoietic stem/ progenitor cells. Proc Natl Acad Sci U S A
1989; 86: 3828-3832

4 Cairo MS, Wagner JE. Placental and/or umbilical cord
blood: an alternative source of hematopoietic stem cells for
transplantation. Blood 1997; 90: 4665-4678

5 Kurtzberg J, Laughlin M, Graham ML, Smith C, Olson JF,
Halperin EC, Ciocci G, Carrier C, Stevens CE, Rubinstein P.
Placental blood as a source of hematopoietic stem cells for
transplantation into unrelated recipients. N Engl | Med 1996;
335: 157-166

6 Petzer AL, Zandstra PW, Piret JM, Eaves CJ. Differential
cytokine effects on primitive (CD34+CD38-) human
hematopoietic cells: novel responses to Flt3-ligand and
thrombopoietin. | Exp Med 1996; 183: 2551-2558

7 McNiece I, Kubegov D, Kerzic P, Shpall E]J, Gross S. Increased
expansion and differentiation of cord blood products using a
two-step expansion culture. Exp Hematol 2000; 28: 1181-1186

8 Conneally E, Cashman J, Petzer A, Eaves C. Expansion
in vitro of transplantable human cord blood stem cells
demonstrated using a quantitative assay of their lympho-
myeloid repopulating activity in nonobese diabetic-scid/scid
mice. Proc Natl Acad Sci U S A 1997; 94: 9836-9841

9 Ueda T, Tsuji K, Yoshino H, Ebihara Y, Yagasaki H, Hisakawa
H, Mitsui T, Manabe A, Tanaka R, Kobayashi K, Ito M,
Yasukawa K, Nakahata T. Expansion of human NOD/SCID-

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

repopulating cells by stem cell factor, F1k2/FI1t3 ligand,
thrombopoietin, IL-6, and soluble IL-6 receptor. | Clin Invest
2000; 105: 1013-1021

Moore KA, Ema H, Lemischka IR. In vitro maintenance of
highly purified, transplantable hematopoietic stem cells. Blood
1997; 89: 4337-4347

Xu M]J, Tsuji K, Ueda T, Mukouyama YS, Hara T, Yang
FC, Ebihara Y, Matsuoka S, Manabe A, Kikuchi A, Ito M,
Miyajima A, Nakahata T. Stimulation of mouse and human
primitive hematopoiesis by murine embryonic aorta-gonad-
mesonephros-derived stromal cell lines. Blood 1998; 92:
2032-2040

Kanai M, Hirayama F, Yamaguchi M, Ohkawara ], Sato N,
Fukazawa K, Yamashita K, Kuwabara M, Ikeda H, Ikebuchi
K. Stromal cell-dependent ex vivo expansion of human cord
blood progenitors and augmentation of transplantable stem
cell activity. Bone Marrow Transplant 2000; 26: 837-844
Kusadasi N, Koevoet JL, van Soest PL, Ploemacher RE.
Stromal support augments extended long-term ex vivo
expansion of hemopoietic progenitor cells. Leukemia 2001; 15:
1347-1358

Kawada H, Ando K, Tsuji T, Shimakura Y, Nakamura Y,
Chargui ], Hagihara M, Itagaki H, Shimizu T, Inokuchi S, Kato
S, Hotta T. Rapid ex vivo expansion of human umbilical cord
hematopoietic progenitors using a novel culture system. Exp
Hematol 1999; 27: 904-915

Shimakura Y, Kawada H, Ando K, Sato T, Nakamura Y, Tsuji
T, Kato S, Hotta T. Murine stromal cell line HESS-5 maintains
reconstituting ability of Ex vivo-generated hematopoietic
stem cells from human bone marrow and cytokine-mobilized
peripheral blood. Stem Cells 2000; 18: 183-189

Breems DA, Blokland EA, Siebel KE, Mayen AE, Engels L],
Ploemacher RE. Stroma-contact prevents loss of hematopoietic
stem cell quality during ex vivo expansion of CD34+
mobilized peripheral blood stem cells. Blood 1998; 91: 111-117
Bennaceur-Griscelli A, Tourino C, Izac B, Vainchenker W,
Coulombel L. Murine stromal cells counteract the loss of long-
term culture-initiating cell potential induced by cytokines
in CD34(+)CD38(low/neg) human bone marrow cells. Blood
1999; 94: 529-538

Gan OI, Murdoch B, Larochelle A, Dick JE. Differential
maintenance of primitive human SCID-repopulating cells,
clonogenic progenitors, and long-term culture-initiating cells
after incubation on human bone marrow stromal cells. Blood
1997; 90: 641-650

Yamaguchi M, Hirayama F, Kanai M, Sato N, Fukazawa K,
Yamashita K, Sawada K, Koike T, Kuwabara M, Ikeda H,
Ikebuchi K. Serum-free coculture system for ex vivo expansion
of human cord blood primitive progenitors and SCID mouse-
reconstituting cells using human bone marrow primary
stromal cells. Exp Hematol 2001; 29: 174-182

Harley CB, Futcher AB, Greider CW. Telomeres shorten
during ageing of human fibroblasts. Nature 1990; 345: 458-460
Koli K, Keski-Oja J. Cellular senescence. Ann Med 1992; 24:
313-318

Roecklein BA, Torok-Storb B. Functionally distinct human
marrow stromal cell lines immortalized by transduction with the
human papilloma virus E6/E7 genes. Blood 1995; 85: 997-1005
Loeuillet C, Bernard G, Rémy-Martin J, Saas P, Hervé P, Douay
L, Chalmers D. Distinct hematopoietic support by two human
stromal cell lines. Exp Hematol 2001; 29: 736-745

Garrido SM, Appelbaum FR, Willman CL, Banker DE. Acute
myeloid leukemia cells are protected from spontaneous and
drug-induced apoptosis by direct contact with a human bone
marrow stromal cell line (HS-5). Exp Hematol 2001; 29: 448-457
Novotny JR, Duehrsen U, Welch K, Layton JE, Cebon ]S, Boyd
AW. Cloned stromal cell lines derived from human Whitlock/
Witte-type long-term bone marrow cultures. Exp Hematol 1990;
18:775-784

Zhang Y, Li C, Jiang X, Zhang S, Wu Y, Liu B, Tang P, Mao
N. Human placenta-derived mesenchymal progenitor cells
support culture expansion of long-term culture-initiating cells
from cord blood CD34+ cells. Exp Hematol 2004; 32: 657-664

www.wjgnet.com



402 ISSN 1007-9327

CN 14-1219/ R World J Gastroenterol

January 21, 2006 Volume 12 Number 3

27

28

29

30

31

Wang JF, Wang L], Wu YF, Xiang Y, Xie CG, Jia BB, Harrington
J, McNiece IK. Mesenchymal stem/progenitor cells in human
umbilical cord blood as support for ex vivo expansion of CD34(+)
hematopoietic stem cells and for chondrogenic differentiation.
Huaematologica 2004; 89: 837-844

Sutherland HJ, Lansdorp PM, Henkelman DH, Eaves AC,
Eaves CJ. Functional characterization of individual human
hematopoietic stem cells cultured at limiting dilution on
supportive marrow stromal layers. Proc Natl Acad Sci U S A 1990;
87: 3584-3588

Bhatia M, Wang JC, Kapp U, Bonnet D, Dick JE. Purification of
primitive human hematopoietic cells capable of repopulating
immune-deficient mice. Proc Natl Acad Sci U S A 1997; 94:
5320-5325

Haynesworth SE, Baber MA, Caplan Al Cytokine expression by
human marrow-derived mesenchymal progenitor cells in vitro:
effects of dexamethasone and IL-1 alpha. | Cell Physiol 1996; 166:
585-592

Majka M, Janowska-Wieczorek A, Ratajczak J, Ehrenman
K, Pietrzkowski Z, Kowalska MA, Gewirtz AM, Emerson
SG, Ratajczak MZ. Numerous growth factors, cytokines, and
chemokines are secreted by human CD34(+) cells, myeloblasts,

32

33

34

35

erythroblasts, and megakaryoblasts and regulate normal
hematopoiesis in an autocrine/ paracrine manner. Blood 2001; 97:
3075-3085

Piacibello W, Sanavio F, Garetto L, Severino A, Bergandi D,
Ferrario J, Fagioli F, Berger M, Aglietta M. Extensive amplification
and self-renewal of human primitive hematopoietic stem cells
from cord blood. Blood 1997; 89: 2644-2653

Kawano Y, Kobune M, Yamaguchi M, Nakamura K, Ito Y,
Sasaki K, Takahashi S, Nakamura T, Chiba H, Sato T, Matsunaga
T, Azuma H, Ikebuchi K, Ikeda H, Kato J, Niitsu Y, Hamada
H. Ex vivo expansion of human umbilical cord hematopoietic
progenitor cells using a coculture system with human telomerase
catalytic subunit (hTERT)-transfected human stromal cells. Blood
2003; 101: 532-540

Briddell RA, Broudy VC, Bruno E, Brandt JE, Srour EF, Hoffman
R. Further phenotypic characterization and isolation of human
hematopoietic progenitor cells using a monoclonal antibody to
the c-kit receptor. Blood 1992; 79: 3159-3167

Traycoff CM, Abboud MR, Laver ], Brandt JE, Hoffman R, Law
P, Ishizawa L, Srour EF. Evaluation of the in vitro behavior of
phenotypically defined populations of umbilical cord blood
hematopoietic progenitor cells. Exp Hematol 1994; 22: 215-222

S- Editor Wang XL and Guo SY L- Editor Elsevier HK E- Editor Kong LH

www.wjgnet.com



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

World ] Gastroenterol 2006 January 21; 12(3): 403-407
World Journal of Gastroenterology ISSN 1007-9327
© 2006 The WJG Press. All rights reserved.

BASIC RESEARCH

Role of Kupffer cells in acute hemorrhagic necrotizing
pancreatitis-associated lung injury of rats

Hong-Bin Liu, Nai-Qiang Cui, Dong-Hua Li, Chang Chen

Hong-Bin Liu, Dong-Hua Li, Department of Pharmacology,
Tianjin Institute of Acute Abdominal Diseases, Tianjin 300100,
China

Nai-Qiang Cui, Chang Chen, Second Department of Surgery,
Tianjin Institute of Acute Abdominal Diseases, Tianjin 300100,
China

Supported by the Natural Scientific Foundation of Tianjin, No.
013612511

Co-correspondents: Nai-Qiang Cui

Correspondence to: Dr Hong-Bin Liu, Department of
Pharmacology, Tianjin Institute of Acute Abdominal Diseases, No.
122, Sanwei Road, Nankai District, Tianjin 300100,

China. jtsstjl @yahoo.com

Telephone: +86-22-27022268-2241  Fax: +86-22-27370655
Received: 2005-06-30 Accepted: 2005-07-29

Abstract

AIM: To investigate the role of Kupffer cells (KCs) in
acute hemorrhagic necrotizing pancreatitis-associated
lung injury (AHNP-LI).

METHODS: Forty-two rats were allocated to four
groups [sham operation, AHNP model, gadolinium
chloride (GdCls) pretreatment, GdCls control]. In GdCls
pretreatment group, GdCls was administered by caudal
vein injection 24 h before the AHNP model induction.
Blood from the iliac artery, alveolar macrophages and
tissues from the pancreas and lung, were collected in
six animals per group 3 and 6 h after acute pancreatitis
induction. TNF-a, IL-1 of serum, myeloperoxidase (MPO)
of lung tissue, NF-kB activation of alveolar macrophages
were detected. Serum AST and ALT in sham operation
group and GdCls control group were tested. In addition,
histopathological changes of the pancreas and lung were
observed under light microscope.

RESULTS: MPO of lung tissue and TNF-a, IL-1 levels
of serum were all reduced significantly in GdCls
pretreatment group compared to those in AHNP group
(P<0.01). NF-kB activation of alveolar macrophages
was also attenuated significantly in GdCls pretreatment
group compared to that in AHNP group (P<0.01). The
pathological injury of the lung was ameliorated obviously
in GdCls pretreatment group compared to that in AHNP
group. Nevertheless, the serum amylase level did not
reduce and injury of the pancreas was not prevented in
GdCls pretreatment group.

CONCLUSION: Pulmonary injury induced by AHNP
is mediated by KC activation and AHNP-LI can be

significantly ameliorated by pretreatment with GdClz and
KCs play a vital role in AHNP-LI.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Acute lung injury is a severe complication of acute
hemorrhagic necrotizing pancreatitis (AHNP)!",
However, its pathogenic mechanism is not well understood
and its treatment remains supportive. Recent researches
suggest that inflammatory cytokines derived from the
liver, especially hepatic cytokine released from Kupffer
cells (KCs) may cause distant organ failure and death in
severe pancreatitis and that KCs are an important source
of inflammatory cytokines and may be the main factor
causing lung damage in AHNP™, Here we studied the KC
contribution to lung injury associated with AHNP. The
present study was to investigate the role of KCs in acute
hemorrhagic necrotizing pancreatitis-associated lung injury.

MATERIALS AND METHODS

Experimental animals, agents, and ELISA kits

Male Wistar rats were provided by Experimental Animal
Center of Capital Medical University (Beijing). Sodium
taurocholate and gadolinium chloride (GdCls) were
purchased from Sigma-Aldrich (St. Louis, MO, USA).
TNF-a, IL-1 ELISA kits were purchased from TPI
Ltd. (USA). TransAM™ NF-xB P” chemi ELISA kit
was provided by Active Motif (USA). Central LB 960

microplate luminometer was from Berthold Ltd.

Induction of AHNP model

Experimental AHNP was induced as previously
described'”. Briefly, a small median laparotomy was
performed, then the pancreas was exteriorized and the
hepatic duct was closed at the liver hilum with a soft
microvascular clamp to prevent reflux of the infused

www.wjgnet.com



404 ISSN 1007-9327

CN 14-1219/ R World J Gastroenterol

material into the liver. The biliopancreatic duct was
cannulated through the duodenum and 5% sodium
taurocholate (1 mL/kg body weight, 0.1 mL/min)
was retrogradely injected into the biliopancreatic duct.
The clamp was removed 5 min after the injection. The
abdominal wound was closed, and the animals were sent
back to their cages with free access to water and food after
surgery.

Animals

Forty-two male Wistar rats (weighing 250-280 g) were
randomly divided into four groups: sham operation,
AHNP model, GdCls pretreatment and GdCls control.
In the GdCls pretreatment group, GdCls solution (4%,
10 mg/kg) was administrated by caudal vein injection
24 h before the AHNP model was established. Blood from
the iliac artery, alveolar macrophages, and tissues from the
pancreas and lung, were collected in six animals per group
3 and 6 h after acute pancreatitis induction. Serum levels
of TNF-a and IL-1 were determined by enzyme-linked
immunosorbent assay. Myeloperoxidase (MPO) level in the
lung and NF-xB activation of the alveolar macrophages
were detected. Serum AST and ALT in sham operation
group and GdCl control group wete tested by biochemical
method. In addition, histopathological changes of the
pancreas and lung were observed under light microscope.

Alveolar macrophage isolation and nuclear protein
extraction

Bronchoalveolar lavage (BAL) was performed five times in
the left lung, using 5 mL of sterile normal saline per lavage
given through a tracheal cannula”. The whole BAL fluid
(BALF) was centrifuged at 280 t/min for 10 min at 4 C.
Cell pellets were resuspended (1x10° cells/mL) in RPMI
1640 medium. Cell suspension was then placed in plastic
petti dishes (Nunc, Denmark) and incubated at 37 C for
1 h in a COz2 incubator (50 mL/L CO2+95% air). Non-
adherent cells were removed from adherent macrophages
by washing with RPMI 1640 medium. Purified alveolar
macrophages were recovered by gently rubbing the
dishes with a rubber policeman. Nuclear protein was
extracted from purified alveolar macrophages as previously
described™. Protein content was determined by Bradford
method, stored at -70 ‘C for subsequent examination of
NF-»B activity.

Amylase estimation
Serum amylase activity was measured by iodoamylum
method and expressed as U/L.

Serum TNF-a, IL-1 estimation
Serum TNF-a and IL-1 were measured by ELISA method
according to the instructions of the Kkits.

Lung tissue MPO estimation
Lung tissue MPO activity was detected according to the
instructions of commercial kit.

Serum AST and ALT estimation

Serum levels of AST and ALT were determined using
Toshiba VF-A5/A5P Bio-Chemical analyzer.
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Serum amylase
Group 3h 6h
(n=6) (n=6)
Sham 499.4+86.3 503.8+91.2
AHNP 10 444.5+1 863.2° 13 316.4+1 374.1°
GdCls pretreatment 9107.1+569.9° 12420.4+1779.2°
"P<0.001 vs sham group.

Group n Serum AST Serum ALT
Sham 3 h 6 742+13.6 31.6+9.3
Sham 6 h 6 71.3+15.0 32.7+11.3
GdCls control 6 82.5+14.6 28.9+8.7

NF-kB of alveolar macrophage estimation

NF-»B activation of alveolar macrophages was determined
using TransAM™ NF-xB P” chemi ELISA kit by Central
LB 960 microplate luminometer and expressed as relative

light units (RLU).

Histology

Pancreas and lung tissues were collected and evaluated by
a pathologist blinded to the experimental assignment of
the animals. After embedded with paraffin, the tissue was
stained with hematoxylin-eosin (H&E). Pulmonary lesion

. . . T
was scored following Lei’s criteria.

Statistical analysis

All data were expressed as mean+SD. Comparisons among
multiple experimental groups and between each time
point were made using ANOVA. P<0.05 was considered
statistically significant.

RESULTS

Table 1 illustrates the levels of serum amylase in all the
three groups. Three and six hours after AHNP induction,
serum amylase increased significantly in AHNP group
compared to that in sham operation group. But there was
no significant difference between GdCls pretreatment
group and AHNP group 3 and 6 h after AHNP induction.

Table 2 shows the influence of GdClson hepatic
functions of experimental animals. No changes were
found in GdCls-treated animals and the values of ALT and
AST in GdCls control group were similar to those in sham
group measured at all time points.

Serum TNF-a and IL-1 in AHNP group were
significantly increased compared to those measured
in sham group at all time points (P<0.01). In GdClIs
pretreatment group, 3 and 6 h after AHNP induction,
serum TNF-a and IL-1 were significantly decreased
(P<0.01, Table 3).

Table 4 shows the MPO activity of lung injury in
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Table 3 Serum TNF-a and IL-1 in all experimental groups

Table 4 Lung tissue MPO Ilevel in all groups (mU/mg prot,
meanxSD)

(meanxSD)
Group TNF-o (pg/mL) IL-1 (ug/L)
3h
Sham 32.0+8.6 0.29+0.08
AHNP 113.9+18.5 0.81+0.11
GdCls pretreatment 7114143 0.49+0.12°
6h
Sham 31.9+8.2 0.28+0.07
AHNP 126.3+12.6 0.91+0.12
GdCls pretreatment 78.0+17.2° 0.53+0.13"
"P<0.01 vs AHNP group.

Table 5 Histopathologic scores of lung tissue in all groups

(meanxSD)

Lung histopathologic scores

Group 3h é6h
(n=6) (n=6)
Sham 0.17+0.04 0.17+0.04
AHNP 2.50+0.55° 2.67+0.52°
GdCls pretreatment 1.87+0.41° 2.000.38"

*P<0.05 vs AHNP group; "P<0.01 vs sham operation group.

MPO
Group 3h é6h
(n=6) (n=6)
Sham 0.51+0.13 0.50+0.17
AHNP 1.59+0.26 1.79+0.23
GdCls pretreatment 0.94+0.15 1.02+0.19"
°P<0.01 vs AHNP group.
700 000 - , E3h
600 000 - d 6h
500 000 -
)
& 400 000 -
p b
300 000 -
200 000 -
100 000 -
0
SHAM AHNP GdCI3 pretreat

Figure 1 NF-«B activity of alveolar macrophages in BALF of all groups. °P<0.01
vs AHNP group, °P<0.01 vs sham operation group.

Figure 2 Histopathological changes in different groups. A: Extensive necrosis, intense edema and inflammatory infiltrate in AHNP group (100x); B: extensive necrosis and
intense edema in GdCls pretreatment group (100x); C: diffuse alveolar blood stasis and heavy infiltration of inflammatory cells (100x) in AHNP group; D: mild edema of the
alveolar walls and mild alveolar blood stasis with slight infiltration of neutrophils in GdCls pretreatment group (100x%).

all the groups. The MPO levels in AHNP group were
significantly higher than those in sham operation group
(P<0.01). In GdCls pretreatment group, 3 and 6 h after

AHNP induction, the lung MPO levels were significantly
decreased (P<0.01).

Figure 1 shows that the NF-»B activity of alveolar
macrophages in AHNP group was significantly higher
than that in sham operation group (P<0.01) and was
significantly decreased in GdCls pretreatment group
(P<0.01).

Histopathological study of the pancreas, 3 and 6 h after
AHNP induction (Figure 2A) revealed extensive necrosis
of pancreatic tissue, intense edema, and inflammatory
infiltrate. The necrosis of pancreatic tissue and edema in
GdCIs pretreatment group were similar to those in AHNP
group (Figure 2B). The sham operation group was normal.

Diffuse alveolar blood stasis, intense alveolar septum

swelling and heavy infiltration of inflammatory cells
mostly neutrophils were found in the lung tissue of AHNP
group (Figure 2C). The mean histopathologic scores of
AHNP group were significantly higher than those in sham
operation group (P<0.01, Table 5). In GdCls pretreatment
group, the major histopathological findings were mild
edema of the alveolar walls and mild alveolar blood stasis
with slight infiltration of neutrophils (Figure 2D). The
mean histopathologic scores of GdCls pretreatment group

decreased significantly compared to those of AHNP group
(P<0.05).

DISCUSSION

Acute hemorrhagic necrotizing pancreatitis (AHNP) is
a potentially fatal disease with a morbidity and mortality
rate of approximately 30%. Acute lung injury (ALI)
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is a common complication of AHNP, but the events
that link AHNP and pulmonary damage are not fully
understood. Many factors, such as oxygen free radicals,
platelet activating factor, phospholipase A2 (PLA2),
cyclooxygenase-2 (COX-2), cytokines and arachidonic
acid metabolites are related to AHNP and ALI""",
Pancreatic proteolytic enzymes or activated PLA2 released
into the circulatory system determines the development
of lung injury!"”. Furthermore, other mediators in lung
tissue such as platelet activating factor, arachidonic acid
metabolites can stimulate inflammatory cell activation™'?,
Also, interaction of polymorphonuclear granulocytes,
endothelium, and endothelium-derived mediators seems to
be important to amplify lung damage'”. Recently, Cheng
et al"™" noted that activation of alveolar macrophages
may play an important role in lung injury associated with
AHNP, and that TNF-a and nitric oxide (NO) sectreted
by alveolar macrophages ate increased significantly in rats
with AHNP. Bhatia ¢ a/” reported that inhibition of the
production of hydrogen sulfide (Hz2S) can significantly
reduce the severity of cerulein-induced pancreatitis
and associated-lung injury, suggesting an important
proinflammatory role in regulating the severity of
pancreatitis and associated-lung injury.

In recent years, some researchers found that the liver,
especially KCs, might play a vital role in ALI caused by
other different factors. Okutan ez a/”" reported that KCs
blocked by GdCls can attenuate lung damage caused by
aortic ischemia reperfusion and malondialdehyde (MDA)
level, an indicator of free radical generation and MPO
activity, an indirect evidence of neutrophil infiltration in
lung injury are decreased significantly”’. Although there
is no evidence that GdCls can suppress the function of
neutrophils, it was reported that GdCls can suppress the
accumulation of neutrophils and alveolar macrophages'”.
Feng ¢t a/™ investigated the role of KCs in the
pathogenesis of ALI during acute obstructive cholangitis
(AOC) and found that the phagocytic function of KCs is
damaged in ALI induced by AOC.

KCs, the resident macrophages in the liver, are the
major component of mononuclear phagocytic system
(MPS). These macrophages make up 90% of the MPS
and have abundant cytoplasma where abundant ribosome
and phagosomes are located. These typical structures are
associated with their functions. It was reported that KCs
ate responsible for the increased levels of TNE, IL-1,
IL-6 in trauma, hemorrhagic shock and resuscitation.
Decreasing the number or functional ability of KCs can
lead to decreased levels of inflammatory cytokines as seen
in the models of liver resection and sepsis” .

Also, KCs are regarded as the predominant source
of inflammatory cytokines in AHNP at present”**",
Closa e al™ performed an end-to-side portacaval
shunt before AHNP induction in rats and found that
portacaval shunting appears to exert a profound effect on
ameliorating the inflammatory infiltrate. It is suggested
that almost all the pancreatic enzymes and mediators
released from the pancreas into the plasma during AHNP
pass through the liver before their dilution in the systemic
circulation, indicating that this step is a determinant in
the development of the lung injury response. These
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observations point to the key role of liver as a triggering
mechanism for inflammatory processes in the lung as a
consequence of AHNP. Moreover, activation of hepatic
inflammatory cells, especially KCs, plays a key role in the
development of lung injury™’.

To improve our understanding of the role of KCs in
AHNP-ALI, GdCls was given 24 h prior to AHNP model
induction to eliminate KCs in the present study. Moteover,
the dose of GdCls used in out study was 10 mg/Kg
because administration of GdCls at a dose 10 mg/kg can
block the phagocytic activity of KCs completely™. In
GdCls pretreatment group, the levels of MPO in lung
tissue and the levels of TNF-«, IL-1 in serum all decreased
significantly compared to those in AHNP group. NF-»xB
activation of alveolar macrophages was also attenuated
significantly in GdCls pretreatment group compared to
that in AHNP group. All these data suggest that GdCls can
ameliorate AHNP-ALI significantly and these results are
in accordance with those reported by Folch e a/*”. Tt was
reported that lung injury associated with acute necrotic
pancreatitis (ANP) is ameliorated by GdCls through
inducing apoptosis of alveolar macrophages of ANP™.

In our study, the serum amylase level did not decrease
and the injury of pancreas was not prevented in GdCls
pretreatment group, suggesting that GdCls cannot prevent
lung injury by ameliorating pancreatic injury.

Using GdCls as a tool to investigate the role of KCs is
more reasonable than portacaval shunting operation which
appears to exert a profound effect on animal’s systemic
circulation. Serum AST and ALT estimation suggests that
GdCI5 has no harmful effects on hepatic functions.

In conclusion, KCs play a vital role in AHNP and ALIL
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Abstract

AIM: To evaluate the effectiveness and safety of
different portal vein branch embolization agents in
inducing compensatory hypertrophy of the remnant
liver and to offer a theoretic basis for clinical portal vein
branch embolization.

METHODS: Forty-one adult dogs were included in the
experiment and divided into four groups. Five dogs
served as a control group, 12 as a gelfoam group, 12
as a coil-gelfoam group and 12 as an absolute ethanol
group. Left portal vein embolization was performed in
each group. The results from the embolization in each
group using different embolic agents were compared.
The safety of portal vein embolization (PVE) was
evaluated by liver function test, computed tomography
(CT) and digital subtraction angiography (DSA) of
liver and portal veins. Statistical test of variance was
performed to analyze the results.

RESULTS: Gelfoam used for PVE was inefficient in
recanalization of portal vein branch 4 wk after the
procedure. The liver volume in groups of coil-gelfoam
and absolute ethanol increased 25.1% and 33.18%,
respectively. There was no evidence of recanalization of
embolized portal vein, hepatic dysfunction, and portal
hypertension in coil-gelfoam group and absolute ethanol
group.

CONCOUSION: Portal vein branch embolization using
absolute ethanol and coil-gelfoam could induce atrophy
of the embolized lobes and compensatory hypertrophy of
the remnant liver. Gelfoam is an inefficient agent.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Primary carcinoma of the liver is one of the common
malignant tumors in our country. Hepatectomy remains
one of the most important therapies. However,
only 15-30% of diagnosed patients are suitable for
hepatectomy. Although extended hepatic resection is an
effective therapy, partial excision of normal and functional
liver is unavoidable in this surgery. If partial excision
resects a certain amount of liver, patients especially those
with liver cirrhosis, would suffer from postoperative liver
failure. Although limiting resection area can reduce the
possibility of complications, it increases the incidence of
postoperative recurrence and metastasis. These problems
can be effectively solved by artificially inducing hyperplasia
of normal liver tissue preoperatively. Therefore,
preoperative portal vein embolization (PPVE) is an
effective procedure to settle this contradiction .

In 1920, Roust Larimore discovered that ligation of
rabbits’ portal vein branch could contribute to the atrophy
of pathological lobe and hyperplasia of non-pathological
one. In 1975, Honjo et al tried portal vein ligation in
liver cancer patients not fit for hepatic resection, which
resulted in atrophy of the ligated lobe of portal vein and
its tumor and hyperplasia of non ligated lobe. In 1980s,
Makuuchi e a/”" found that if the portal vein of one lobe is
embolized by tumor thrombi, hyperplasia usually occurs in
the other lobe of the liver, and meanwhile, patients enjoy
better recovery after hepatectomy because unexpected
rising of portal vein pressure could be avoided. These
findings have led to the exploration of preoperative PVE
prior to extensive liver hepatic resection. PVE in clinical
pmctice“’z’g’oJ and experimental studies"”" has achieved
success. Since foreign emboli materials are expensive
and difficult to obtain, it is essential to screen for easily-
obtained, convenient, cheap, and safe embolic agents
to effectively induce compensatory hyperplasia. The
purpose of our study was to evaluate the effectiveness and
safety of three convenient and cheap agents in inducing
compensatory hypertrophy of liver.
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MATERIALS AND METHODS

Experimental animals

Forty-one healthy adult dogs weighing 16.2+4.2 kg
(range, 12.0-20.0 kg) without obvious growth (to
avoid sudden changes of weight during the process of
experiment, which would affect liver volume and influence
experimental results), were included in the study. All dogs
were provided by Experimental Animal Center of Union
Hospital attached to Fujian Medical University. Before and
after the experiment, they were fed with same standard
forage. Five served as the control group and the remaining
36 were divided into 3 groups at random, 12 in each
group. Gelfoam, coil-gelfoam and absolute ethanol were
applied to these 3 experimental groups for portal vein
embolization.

Methods

A dog with jejunitis on operative day was given an
intravenous injection of 10% pentobarbital sodium into
the hind legs to induce general anesthesia. Then, the dog
underwent helical CT scanning to conduct pre and post
contrast-enhanced CT study of its liver. The liver volume
was measured automatically by a computer with the help
of SOMATOM PLUS4 spiral CT scanner (Siemens Co.).
The dog was transferred into the interventional operating
room and cut open for catheter placement of portal vein
under general anesthesia. After a 5F Cobra catheter was
inserted into the trunk of portal vein, 76% angiografin was
injected at the speed of 8-10 mL/s through the catheter
to study the branch pattern of portal vein. Because the
right lobe was telatively fixed, left portal vein was chosen
as a target vessel for embolization. Then, the catheter was
inserted into the left portal vein and saline or an embolic
agent was injected into the appropriate position in different
experimental groups. Control group: 30-50 mL saline was
injected through the catheter. Gelfoam group: gelfoam was
cut into strips of 10 mmX1.0 mm, which were inserted
into the embolized portal vein through the catheter
with saline until complete embolization was achieved.
Embolization procedure was stopped when the embolized
portal vein was completely embolized and the distal portal
vein branch was not opacified. The number of gelfoams
used ranged between 40-60 strips. Coil-gelfoam group:
gelfoam was used to embolize smaller branches of the left
portal vein, then coils were used to embolize the trunk of
the left portal vein until satisfactory results were achieved.
The number of coils ranged between 3-5. Absolute
ethanol group: Five milliliters of absolute ethanol was
slowly injected through the catheter. After several minutes,
an additional amount of absolute ethanol was provided
based on the embolization situation of portal vein in
otder to achieve the result of complete embolization. The
amount of absolute ethanol was generally 0.5-1.0 mL/kg.
After embolization, 9-12 mL angiografin was injected
through the catheter at a speed of 6-8 mL/s to carry out
angiography of the portal vein, which would allow us to
understand its iconography expression after embolization.
At the same time, we measured the pressure of main
portal vein, and the radial lines of the nonembolized portal
veins including the right portal vein and main portal vein.

No Pre-embolization 4W 6W 8w
Dog Al 250 265 260 263
Dog A2 338 340 334 348
Dog A3 380 395 370 398
Dog A4 273 279 277 280
Dog A5 370 368 373 378
Dog A6 320 318 334 332
Dog A7 229 245 230 237
Dog A8 342 365 344 377
Dog A9 360 353 373 374
Dog A10 362 363 370 368
Mean+SD 318+18.2 347.6+21.4 321.7+17.7 331.9+194

After embolization, all dogs were regularly
fed. Angiography was performed 4 and 8 wk after
embolization, transcatheter portal vein angiography was
undertaken to understand the iconography expression
of portal vein branches, and then diameter of the
nonembolized portal vein was measured. Changes of
portal vein pressure were monitored 4 and 8 wk after
embolization, transcatheter portal vein angiography was
performed to measure the portal vein pressure. Changes of
liver function were detected before and after embolization,
alanine aminotransferase (ALT) was assayed every 2 d until
liver function became normal. Changes of liver volume
were determined 4, 6, and 8 wk after embolization, liver
CT scanning was performed to measure the volume
of the nonembolized lobe. Dogs were killed 8 wk after
embolization, pathology observation was implemented of
liver tissues of the embolized and nonembolized lobes.

Statistical analysis
SPSS11.0 software package was adopted to carry out
statistical analysis of experimental results.

RESULTS

Control group

During the period of embolization, all the five dogs
survived. Iconography expression was the same as before,
suggesting that no blood vessel was embolized. Meanwhile,
there were no changes of portal vein pressure, volume of
the right lobe, liver function, and pathology before and
after saline injection.

Gelfoam group

One dog died of respiratory failure, another dog died of
acute liver failure due to gelfoam back-flow which led to
extensive embolization of portal vein branches in liver,
and 10 dogs survived. Post embolization angiography
showed that the left branch of portal vein was completely
embolized, while the right branch was not obstructed,
the right portal vein and main portal vein were dilated
compared to pre-embolization. Four weeks after
embolization the embolized left portal vein had blood
flow (Figure 1). The portal vein pressure was 94.1+1.8
mm H:0, 123.2+2.8 mm H20 before embolization, and
94.7£2.0 mm Hz0, 95.846.6 mm H:0 after embolization,
respectively (P>0.05). ALT value obviously increased 2 d
after embolization (P<0.01), but decreased subsequently
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Figure 2 No obvious changes in volume of the right lobe before (A)
and after (B) embolization.

GE MEDICAL SYSTEMS gW213

Figure 3 Portal vein angiography before (A) and after (B) embolization as well as 8 wk (C) after embolization with coil-gelfoam.

and then became normal in the following 3 d. No obvious
changes were found in the volume of the right lobe before
and after embolization (Table 1). Contrast-enhanced
CT scanning revealed that the left branch of portal vein
was recanalized (Figure 2). Ten dogs were killed 8 wk after
embolization, no obvious differences were found between
the embolized and nonembolized lobes.

Coil-gelfoam group

One dog died of respiratory failure due to narcosis, the
rest had successful surgery (91.7%). After embolization,
the left branch was completely embolized while the
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right branch was patent. Compared to pre-embolization
situations, the main portal vein and right portal vein
were expanded to a certain extent (Figure 3). The portal
vein pressure was 96.525.1 mm H20, 133.9%£10.4 mm
H20 before embolization and 97.0+£6.3 mm H:0, 97.6
+4.7 mm H20 after embolization. ALT in experimental
dogs increased 2 d after embolization (P<0.01), and
returned to the pre-embolization level in the following 3
d (P>0.05). The right lobes of all the survived dogs after
embolization were expanded to varying extent. The liver
volume was 344.9+38.3, 374.8+43.0 before embolization
and 431.5+50.9, 434.0+50.4 after embolization (Table



Huang JY ef a/. PVE induces compensatory hypertrophy of remnant liver 411

Figure 4 Changes in volume of the right lobe before (A) and after (B)
embolization.

Figure 6 Obvious changes in volume of the right lobe before (A)
and after (B) embolization.

No Pre-embolization 4W 6W 8W No. Pre-embolization 4w 6W 8w
Dog B1 380 414 474 478 Dog C1 360 392 495 495
Dog B2 298 325 369 370 Dog C2 272 301 363 363
Dog B3 376 412 470 472 Dog C3 356 390 492 498
Dog B4 332 362 417 420 Dog C4 319 350 438 437
Dog B5 360 392 450 451 Dog C5 329 359 447 449
Dog B6 294 310 363 365 Dog C6 326 357 430 430
Dog B7 310 340 379 382 Dog C7 289 293 387 392
Dog B8 388 426 491 495 Dog C8 328 352 437 439
Dog B9 300 326 378 385 Dog C9 303 329 412 413
Dog B10 376 413 473 474 Dog C10 400 409 470 473
Dog B11 380 403 482 482 Mean+SD  328.2+39.3 353.3+40.3 437.1+45.0 438.9+45.6

Mean+SD 344.9+38.3 374.8+43.0 431.5+50.9 434.0+50.4

2). No further hyperplasia was found (Figure 4). The
embolized lobe was dark red with a sharp edge, while
the nonembolized lobe was slightly bright red and
comparatively plump. Coils were surrounded by fibrin and

combined forming the tight emboli. Under microscope,
the embolized lobe showed structural changes of hepatic
lobules, atrophy and degeneration of liver cells, and
congestion of blood vessel, while the nonembolized lobe
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revealed cell hypertrophy and obvious hyperplasia.

Absolute ethanol group

One dog died during surgery and 1 dog died in 24 h after
surgery due to respiratory failure and acute liver failure
caused by the back-flow of absolute ethanol. The rest 10
dogs had successful surgery. The left branch of portal
vein was completely embolized, while the right branch was
patent. Meanwhile, the main portal vein and right portal
vein compared to pre-embolization, were dilated to a
certain degree. The left branch of portal vein was occluded
without recanalization 8 wk after embolization, while
blood flow was seen in the right portal vein and further
dilatation was seen in the main portal vein and right portal
vein (Figutre 5). The portal vein pressure was 95.2+5.2 mm
H:20, 125.2+6.4 mm H20 before embolization and 96.2+
5.2 mm H20, 95.84£6.6 mm H20 after embolization. ALT
was 25.2+1.2, 62.2+3.2, 28.8+1.6, and 26.1%£1.3 TU/L
after 1, 3, 5, and 7 d of embolization, respectively. ALT
values increased by different degrees according to the
different injection amount of absolute ethanol, decteased
dramatically 3-5 d after embolization and then returned to
the pre-embolization level after 1 wk. The volume of right
lobe was 328.2%37.1, 353.2%£37.9 before embolization and
436.7142.5, 438.9145.6 after embolization. No further
liver hypertrophy was found (Figure 6). Experimental
dogs were killed 8 wk after embolization for pathological
observation. The embolized lobe was dark red with a
sharp edge, while the nonembolized lobe was slightly
bright red and comparatively plump. Under microscope,
the embolized lobe showed structural changes of hepatic
lobules, liver atrophy, degeneration of liver cells and
congestion of fiber tissue, while the nonembolized lobe
revealed cell hypertrophy and obvious hyperplasia (Table 3).

DISCUSSION

All our experimental groups with coil-gelfoam and
absolute ethanol as embolic agents for left portal vein had
right lobe hypertrophy, but the control group and gelfoam
group failed to embolize the left portal vein, suggesting
that there was no compensatory hypertrophy in the right
lobe. The increasing blood flow to the nonembolized
portal vein is one of the important factors for liver
regeneration. After PVE, dilatation of the nonembolized
portal vein branch with obviously increased blood flow
could lead to hyperplasia of the nonembolized lobe. These
changes were found in our study. Nutritious substances can
stimulate regeneration of liver cells. As we know, portal
vein blood contains nutritious substances which stimulate
regeneration of liver cells. In clinical practice, patients
with liver cirrhosis or portal hypertension after shunt
operation would suffer from liver atrophy due to decreased
blood flow of portal vein. Lindroos ez al? reported that
hepatocyte growth factor (HGF) could increase 17 times
after two-thirds of rat liver were resected and 13 times
after being treated with carbon tetrachloride. Kinoshita
et al'™ reported that the amount of HGF mRNA in rat
liver interstitial cells increased obviously after being treated
with carbon tetrachloride, indicating that the increase of
HGF can lead to the regeneration of liver cells.
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The increase of portal vein pressure and abnormal
liver function after PVE, were transienth 6ﬁmd returned to
normal after 4 wk and 1 wk, respectively , indicating that
transient ischemia of liver portal vein branch has a limited
impact on liver function. In our study, five dogs died of
accidental extensive embolization of liver portal vein or
respiratory failure related to narcosis overdose or absolute
ethanol. If PVE is applied in clinical practice, overdose
of narcosis can be avoided. The levels of ALT and total
bilirubin increased after PVE and returned to normal in
1-2 wk'""" demonstrating that the abnormal liver function
secondary to PVE is transient and reversible, and does
not result in permanent damage to liver function. The
portal vein pressure of the three experimental groups was
measured at different time points after embolization. We
found that the portal vein pressure after embolization was
usually higher after embolization, and then returned to
normal within 4 wk. Our result is consistent with the study
of Baere ¢t al”. Portal hypertension has not been found in
long-term follow-up!"”.

All kinds of materials such as absolute ethanol,
polydocanol, and gelfoam can be used for portal vein
embolization™ . Park ez a/” used percutaneous puncture
of portal vein to inject Embol into the left branches of
pigs’ portal vein, and then killed these pigs at different time
points to show the safety and effect of Embol. Ko ef a/*"
employed Embol-78 to embolize portal vein of patients
with hepatocellular carcinoma or with nonhepatocellular
carcinoma to evaluate its effect and safety. Wu ez a/””
carried out selective embolization experiment of portal
vein branches in SD rats with a-cyanoacrylate (DTH) and
found compensatory hyperplasia of the nonembolized
lobe, suggesting that DTH can effectively induce
compensatory hypertrophy of nonembolized lobes.
Brown ez al” adopted transcatheter portal vein operation
to embolize portal vein branches of liver-cancer patients
with polyvinyl alcohol particles (PVA). The above PVA
embolization materials have many disadvantages, such
as high price, deficient specifications and lack of supply.
Gelfoam, coils and absolute ethanol with different
characteristics have been used as embolic agents in our
clinical practice. Gelfoam can last for a moderate length
of time and is safe, non-poisonous and cheap. However,
during the process of portal vein embolization, a large
amount of gelfoam should be used to completely embolize
distal branches of the portal vein, because it easily results
in back-flow of gelfoam and accidental embolization of
non-target portal vein. We also found that recanalization
occurred in gelfoam-embolic portal vein, which failed
to effectively induce compensatory hypertrophy of the
nonembolized lobe. Therefore, it is not suitable and safe
to use gelfoam as an embolic agent for PVE. On the other
hand, after being inserted into the target blood vessel, coils
lead to mechanical embolization and neointimal hyperplasia,
forming permanent embolization. However, coils cannot
embolize small blood vessels and easily result in collateral
vessels, limiting its use as a PVE embolic agent for
inducing hypertrophy of liver. Therefore, combination of
gelfoam and coils is a kind of safe and effective mode to
achieve complete embolization and to avoid displacement
and accidental embolization. In addition, absolute ethanol
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can instantly produce permanent embolization in target
blood vessels without collateral vessel formation after
embolization, thus preventing recanalization of blood
vessels and achieving better embolized results. The above
results show that absolute ethanol is better than coil-
gelfoam for PVE. However, when absolute ethanol is
used as an embolic agent, back-flow easily occurs. Once
back-flow occurs, it results in serious consequences. It is
safe and effective to settle back-flow of absolute ethanol
using a balloon catheter™, In absolute ethanol group,
two dogs died of injection of large absolute ethanol doses,
while the rest of the dogs which received an injection of
small absolute ethanol doses survived. A larger amount
of absolute ethanol can achieve good embolic effect, but
death rate of experimental animals increases. A smaller
amount of absolute ethanol cannot achieve satisfactory
results. Thus, further research is needed to determine
the safe amount of absolute ethanol injected. Absolute
ethanol is a peripheral embolic agent. Compared to coil-
gelfoam, it can reach distal branches of portal vein. After
embolization, collateral vessels are difficult to form. At
the same time, absolute ethanol exerts stronger influence
on embolized portal vein branches and even smaller distal
branches. Absolute ethanol causes certain damage to
neointimal cells inside small branches of hepatic arteries
and hepatic cells. The event enhances embolic effect,
prevents recanalization of blood vessel, thus stimulating
and inducing compensatory hypertrophy of nonembolized
lobes more significantly.

In conclusion, gelfoam alone cannot effectively induce
compensatory hypertrophy. Coil-gelfoam and absolute
ethanol can be used as selective embolic agents to induce
compensatory hypertrophy of liver, but absolute ethanol
is better than coil-gelfoam for inducing compensatory
hypertrophy. However, the safety of absolute ethanol is
inferior to that of coil-gelfoam.

REFERENCES

1 Hemming AW, Reed Al, Howard R], Fujita S, Hochwald SN,
Caridi JG, Hawkins IF, Vauthey JN. Preoperative portal vein
embolization for extended hepatectomy. Ann Surg 2003; 237:
686-91; discussion 691-3

2 de Baere T, Roche A, Vavasseur D, Therasse E, Indushekar S,
Elias D, Bognel C. Portal vein embolization: utility for inducing
left hepatic lobe hypertrophy before surgery. Radiology 1993;
188: 73-77

3 Kawasaki S, Imamura H, Kobayashi A, Noike T, Miwa S,
Miyagawa S. Results of surgical resection for patients with hilar
bile duct cancer: application of extended hepatectomy after
biliary drainage and hemihepatic portal vein embolization. Ann
Surg 2003; 238: 84-92

4  Belghiti J. Arguments for a selective approach of preoperative
portal vein embolization before major hepatic resection. |
Hepatobiliary Pancreat Surg 2004; 11: 21-24

5 Liu H, Fu Y. Portal vein embolization before major
hepatectomy. World | Gastroenterol 2005; 11: 2051-2054

6 Honjo I, Suzuki T, Ozawa K, Takasan H, Kitamura O. Ligation
of a branch of the portal vein for carcinoma of the liver. Am |
Surg 1975; 130: 296-302

7 Makuuchi M, Thai BL, Takayasu K, Takayama T, Kosuge T,
Gunvén P, Yamazaki S, Hasegawa H, Ozaki H. Preoperative
portal embolization to increase safety of major hepatectomy for
hilar bile duct carcinoma: a preliminary report. Surgery 1990;
107: 521-527

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Madoff DC, Hicks ME, Abdalla EK, Morris JS, Vauthey JN.
Portal vein embolization with polyvinyl alcohol particles and
coils in preparation for major liver resection for hepatobiliary
malignancy: safety and effectiveness--study in 26 patients.
Radiology 2003; 227: 251-260

Di Stefano DR, de Baere T, Denys A, Hakime A, Gorin G, Gillet
M, Saric ], Trillaud H, Petit P, Bartoli JM, Elias D, Delpero JR.
Preoperative percutaneous portal vein embolization: evaluation
of adverse events in 188 patients. Radiology 2005; 234: 625-630
Elias D, Debaere T, Roche A, Bonvallot S, Lasser P. Preoperative
selective portal vein embolizations are an effective means of
extending the indications of major hepatectomy in the normal
and injured liver. Hepatogastroenterology 1998; 45: 170-177
Tominaga M, Ku Y, Iwasaki T, Fukumoto T, Muramatsu S,
Kusunoki N, Suzuki Y, Fujino Y, Kuroda Y. Effect of portal vein
embolization on function of the nonembolized lobes of the liver:
Evaluation by first-pass hepatic lidocaine extraction in dogs.
Surgery 2002; 132: 424-430

Duncan JR, Hicks ME, Cai SR, Brunt EM, Ponder KP.
Embolization of portal vein branches induces hepatocyte
replication in swine: a potential step in hepatic gene therapy.
Radiology 1999; 210: 467-477

Kaido T, Yoshikawa A, Seto S, Yamaoka S, Sato M, Ishii
T, Imamura M. Portal branch ligation with a continuous
hepatocyte growth factor supply makes extensive hepatectomy
possible in cirrhotic rats. Hepatology 1998; 28: 756-760

Lindroos PM, Zarnegar R, Michalopoulos GK. Hepatocyte
growth factor (hepatopoietin A) rapidly increases in plasma
before DNA synthesis and liver regeneration stimulated by
partial hepatectomy and carbon tetrachloride administration.
Hepatology 1991; 13: 743-750

Kinoshita T, Tashiro K, Nakamura T. Marked increase of
HGF mRNA in non-parenchymal liver cells of rats treated
with hepatotoxins. Biochem Biophys Res Commun 1989; 165:
1229-1234

Tanaka H, Kinoshita H, Hirohashi K, Kubo S, Lee KC. Increased
safety by two-stage hepatectomy with preoperative portal vein
embolization in rats. | Surg Res 1994; 57: 687-692

Lee KC, Kinoshita H, Hirohashi K, Kubo S, Iwasa R. Extension
of surgical indications for hepatocellular carcinoma by portal
vein embolization. World | Surg 1993;17: 109-115

Zhan SH, Han Hongjie, Wang Guoliang, Kan Zx. Experimental
study of interventional embolization of right portal vein branch
on rats. Jieru Fangshexue Zazhi 2001; 10: 167-170

Burgener FA, Gutierrez OH, Logsdon GA. Angiographic,
hemodynamic, and histologic evaluation of portal hypertension
and periportal fibrosis induced in the dog by intraportal
polyvinyl alcohol injections. Radiology 1982; 143: 379-385
Ogasawara K, Uchino J, Une Y, Fujioka Y. Selective portal
vein embolization with absolute ethanol induces hepatic
hypertrophy and makes more extensive hepatectomy possible.
Hepatology 1996; 23: 338-345

Yamakado K, Takeda K, Nishide Y, Jin J, Matsumura
K, Nakatsuka A, Hirano T, Kato N, Nakagawa T. Portal
vein embolization with steel coils and absolute ethanol: a
comparative experimental study with canine liver. Hepatology
1995; 22: 1812-1818

Kaneko T, Nakao A, Takagi H. Experimental studies of
new embolizing material for portal vein embolization.
Hepatogastroenterology 2000; 47: 790-794

Park S, Yoon HK, Lee N, Huh S], Kang GH, Lee I, Sung KB,
Song HY. Portal vein embolization with use of a new liquid
embolic material: an experimental study. | Vasc Interv Radiol
1999; 10: 339-345

Ko GY, Sung KB, Yoon HK, Kim JH, Weon YC, Song HY.
Preoperative portal vein embolization with a new liquid
embolic agent. Radiology 2003; 227: 407-413

Wu XF, Huan J, Ling ZY, Ji Y. Experimental study of selectivity
embolization of portal vein on rats. Zhongguo Weixunhuan 2000;
4:218-220

Brown KT, Brody LA, Decorato DR, Getrajdman GI. Portal
vein embolization with use of polyvinyl alcohol particles. | Vasc
Interv Radiol 2001; 12: 882-886

www.wjgnet.com



414 ISSN 1007-9327

CN 14-1219/ R World J Gastroenterol

January 21, 2006 Volume 12 Number 3

27

28

Satake M, Tateishi U, Kobayashi T, Murata S, Kumazaki
T. Percutaneous transhepatic portal vein embolization:
effectiveness of absolute ethanol infusion with balloon catheter
in a pig model. Acta Radiol 2005; 46: 344-352

Kim MJ, Choo SW, Do YS, Park KB, Han YH, Choo IW, Cho
JM, Cho JW, Kim SJ, Sohn TS. Use of double-occlusion balloon

29

catheter: preoperative portal vein embolization for induction of
future remnant liver hypertrophy. Cardiovasc Intervent Radiol ;
27:16-20

Lu MD, Liang L], Huang JF, Ye W], Yang QS, Peng BG, Xie XY.
Portal vein embolization with ethanol injection via a fine needle
in dogs. Surg Today 1995; 25: 416-420

S- Editor Wang XL and Guo SY L- Editor Elsevier HK E- Editor Liu WF

www.wjgnet.com



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

World | Gastroenterol 2006 January 21; 12(3): 415-419
World Journal of Gastroenterology ISSN 1007-9327
© 2006 The WJG Press. All rights reserved.

BASIC RESEARCH

Analysis of p53 and vascular endothelial growth factor
expression in human gallbladder carcinoma for the
determination of tumor vascularity

Yu Tian, Ren-Yu Ding, Ying-Hui Zhi, Ren-Xuan Guo, Shuo-Dong Wu

Yu Tian, Shuo-Dong Wu, Department of General Surgery,
Second Affiliated Hospital, China Medical University, Shenyang
110004, Liaoning Province, China

Ren-Yu Ding, Ren-Xuan Guo, Department of General Surgery,
First Affiliated Hospital, China Medical University, Shenyang
110001, Liaoning Province, China

Ying-Hui Zhi, Department of General Surgery, Affiliated Beijing
Tiantan Hospital, Capital University of Medical Sciences, Beijing
100050, China

Correspondence to: Yu Tian, Department of General Surgery,
Second Affiliated Hospital, China Medical University, Shenyang
110004, China. surgeon_ty@yahoo.com.cn

Telephone: +86-24-81188299

Received: 2005-05-31 Accepted: 2005-07-29

Abstract

AIM: To examine the expression of p53 and vascular
endothelial growth factor (VEGF) as well as microvessel
count (MVC) and to investigate the role of VEGF as
an angiogenic marker and the possible role of p53 in
the regulation of angiogenesis in human gallbladder
carcinoma.

METHODS: Surgically resected specimens
of 49 gallbladder carcinomas were studied by
immunohistochemical staining for p53 protein, VEGF, and
factor VIII-related antigen. VEGF expression and mutant
p53 expression were then correlated with Nevin stage,
differentiation grade, MVC, and lymph node metastasis.

RESULTS: Positive p53 protein and VEGF expressions
were found in 61.2% and 63.3% of tumors, respectively.
p53 and VEGF staining status was identical in 55.1%
of tumors. The Nevin staging of p53- or VEGF-positive
tumors was significantly later than that of negative
tumors. The MVC in p53- or VEGF-positive tumors
was significantly higher than that in negative tumors,
and MVC in both p53- and VEGF-negative tumors was
significantly lower than that in the other subgroups.

CONCLUSION: Our findings suggest that p53-VEGF
pathway can regulate tumor angiogenesis in human
gallbladder carcinoma. Combined analysis of p53 and
VEGF expression might be useful for predicting the
tumor vascularity of gallbladder cancer.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Angiogenesis refers to the formation of new blood
vessels from a pre-existing vascular network. Adequate
vascularization is critically required for the growth and
metastasis of human solid tumors' . Angiogenesis is
influenced by multiple factors such as growth factors,
extracellular matrix proteins, and cell adhesion molecules,
as well as by the imbalance between angiogenesis-
stimulating factors and inhibiting factors"'"". One of
the most important angiogenesis-stimulating factors is
VEGTE, a diffusible endothelial cell-specific mitogen that
induces endothelial-cell proliferation and increases vascular
permeability. There is evidence that it may promote a
degradative environment that facilitates migration of
endothelial cells by the conduction of plasminogen
activators and coﬂagenasel“]. VEGF plays a major role in
regulating angiogenesis. Most tumors produce high levels
of VEGF. Neutralization of VEGF leads to a marked
inhibition of angiogenesis and tumor growrh“z'lsl.

However, there is little information about the genetic
changes associated with angiogenesis. So far, most studies
have stressed the role of oncogene activation and tumor
suppressor gene (TSG) inactivation in promoting aberrant
tumot-cell proliferation. Although it remains unclear
whether any of these genetic alterations can trigger
the disruption of control of angiogenesis, some 7 vitro
studies have demonstrated the important role played
by the p53 tumor suppressor gene in controlling tumor
angiogenesislm’m. In the present study, we have examined
p53 and VEGF expressions as well as microvessel
count (MVC) in human gallbladder carcinoma tissues to
investigate the involvement of the p53 gene in regulation
of tumor angiogenesis and its clinical significance.
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Table 1 Nevin staging system for gallbladder cancer''®!

Stage Definitions

1  Tumor invades mucosa only

Tumor invades muscularis and mucosa

Tumor invades subserosa, muscularis, and mucosa

Tumor invades all layers of gallbladder wall plus cystic lymph node
Tumor extension into liver bed or distant spread

s W N

Figure 1 Microvessel distribution (A) and expression of VEGF (B) and p53 (C) in
gallbladder carcinoma tissue.

MATERIALS AND METHODS

Clinical materials

Forty-nine histologically proven gallbladder carcinomas
were selected. All patients were surgically treated at
the Department of General Surgery of the First and
Second Hospitals affiliated to China Medical University,
Shenyang, China, but did not receive chemotherapy
or anti-angiogenesis therapy before surgery. The cases
included 24 males and 25 females. The average age of the
males and females was 62 years and 55 years, respectively.

www.wjgnet.com

Six cases had papillary adenocarcinoma (12.2%), 43 cases
had tubular adenocarcinoma (87.8%), 22 cases had well-
differentiated tumor (44.9%), 17 cases had moderately
differentiated tumor (34.7%), 10 cases had poorly
differentiated tumor (20.4%). Nevin stage (Table 1) was
determined based on clinical materials: 19 cases of S1, S2,
and S3, and 30 cases of S4 and S5. Twenty-seven cases
(55.1%) had lymph node metastasis (+), 22 cases (44.9%)
had no lymph node metastasis (-). In each case, all available
sections stained with hematoxylin and eosin were reviewed.

Immunohistochemical study of p53 and VEGF
Four micrometer thick sections from the formalin-fixed
and paraffin-embedded tissues were placed on the poly-L-
lysine-coated slides for immunohistochemistry.
Immunohistochemical staining was performed by the
streptoavidin-biotin method. In brief, sections were de-
paraffinized and incubated with 3% hydrogen peroxide
for 20 min to block endogenous peroxidase activity. The
sections were treated twice with microwave at 500 W for
5 min each time in 10 mmol/L sodium citrate (pH 6.0).
After washing with PBS, the sections were incubated in
10% normal rabbit or goat serum for 20 min to reduce
non-specific antibody binding, The antibodies used were
mouse monoclonal antibody (MAb) against human p53
protein (Maxin-Bio Co., Fuzhou, China) in 1:100 dilution
at 4 °C overnight, and a rabbit polyclonal antibody against
human VEGF (A-20; Santa Cruz Biotechnology, Santa
Cruz, CA, USA) in 1:50 dilution at 4 C overnight. After
washing thrice with PBS, the sections were incubated with
biotinylated rabbit anti-mouse or goat anti-rabbit immu-
noglobulin G (Maxin-Bio Co., Fuzhou, China) for 30 min,
washed thrice again with PBS, treated with streptavidin-
peroxidase reagent for 30 min and then washed thrice with
PBS again. Finally, the specimens were incubated in PBS
containing diaminobenzidine and 1% hydrogen peroxide
for 5 min and counterstained with hematoxylin. PBS was
substituted for each primary antibody as negative control.
Slides were examined by two investigators without the
knowledge of the corresponding clinicopathologic data.
p53 immunoreactivity was assessed as being positive only
when tumors exhibited intense nuclear staining, and reac-
tivity was categorized into negative expression (less than
10% positive tumor cells) and positive expression (at least
10% positive tumor cells). Immunostaining for VEGF
was considered positive when unequivocal staining of cell
membrane or cytoplasm was observed in more than 10%
of tumor cells.

Microvessel staining and counting

Microvessel staining and counting were performed as
described previouslym]. Briefly, intratumoral microvessels
were highlighted by immunostaining with a mouse MAb
against factor VIII-related antigen (F-VIII RAg) (Maxin-
Bio Co., Fuzhou, China) in 1:100 dilution and incubated at
4 °C overnight, after pre-digestion with 0.1% (v/v) tryp-
sin at 37 C for 20 min. Any single brown-stained cell or
cluster of endothelial cells that was clearly separated from
adjacent vessels, tumor cells and other connective tissues
was considered as a microvessel. The stained sections were
screened at X40 fields to identify the regions of the high-
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Table 2 Clinicopathologic characteristics of MVC in

gallbladder carcinoma (mean x SD)

Table 3 Clinicopathologic characteristics of VEGF
expression in gallbladder carcinoma

Characteristics n MVC Characteristics n + %

Tumor differentiation Tumor differentiation

Good 22 30£11 Good 22 15 68.2

Moderate-poor 27 38+11° Moderate-poor 27 16 59.3
Nevin staging Nevin staging

STRS2ASS 19 26+11 S1,S2,S3 19 8 421

54, S5 30 408" S4, S5 30 23 76.7°
Lymph node metastasis Lymph node metastasis

Yes 27 40+10 Yes 27 21 77.8

No 22 28+11¢ No 22 12 54.5°

*P<0.05 vs good group; "P<0.01 vs “S1, S2, S3” group; “P<0.01 vs yes group.

*P<0.05 vs “S1, S2, S3” group; “P<0.05 vs yes group.

Table 5 Relationship between MVC and presence of
p53 and VEGF (mean+SD, (%))

Table 4 Clinicopathologic characteristics of mutant p53
expression in gallbladder carcinoma

Characteristics n + %

Tumor differentiation

Good 22 13 59.1

Moderate-poor 27 17 63.0
Nevin staging

SIASPASS 19 9 474

54, S5 30 21 70.0°
Lymph node metastasis

Yes 27 20 74.1

No 22 10 45.5°

°P<0.05 s “S1, S2, S3” group; “P<0.05 vs yes group.

est vascular density within the tumor. Vessels were counted
in the five regions of the highest vascular density at X200
fields (Olympus BH-2 microscope, 0.74 mm” per field).
MVC was the mean number of vessels in these areas.

Statistical analysis

The relationship between p53 or VEGF expression and
MVC was evaluated by ~test, and the relationship between
p53 and VEGF expression and various clinicopathologic
factors was examined by the 5’ test. P<0.05 was considered
statistically significant.

RESULTS
Expression of VEGF, p53, and MVC

The microvessels in malignant tissues were heterogeneously
distributed. These neovascular areas occurred anywhere
within the tumor but most frequently at the tumor margins
(Figure 1A). The immunoreactive regions of VEGF were
located in cytoplasms or membranes of the gallbladder
carcinoma cells (Figure 1B). The immunoreactive regions
of mutant p53 were located in the nuclei of the gallbladder
carcinoma cells (Figure 1C).

Clinicopathologic characteristics of MVC, VEGF, and p53
expressions

The average MVC in 49 cases of gallbladder carcinoma
was (35+12)/HP. MVC was markedly higher in cases
of Nevin stage S4-S5 than in those of §1-83 (P<0.01).
MVC in moderate-poor differentiation group was higher
than that in good differentiation group (P<0.05). MVC

Patients, MVC
VEGF(+) VEGF(-) Total
p53(+) 27 (55.1%) 3 (6.1%) 30 (61.2%)
41+9 35+10 36110
P53() 4 (8.2%) 15 (30.6%) 19 (38.8%)
36+12 28+13° 30+12°
Total 31 (63.3%) 18 (36.7%) 49 (100%)

37+11 30+12°

P<0.05 vs others, “P<0.05 vs “VEGF(+)” group, ‘P<0.05 vs “p53(+)” group.

in patients with lymph node metastasis was significantly
higher than that in those without lymph node metastasis
(P<0.01, Table 2).

The positive rate of VEGF expression was 63.3%
in these 49 cases and was higher in cases of Nevin stage
S4-S5 (76.7%) than in those of S1-S2 (42.1%) (P<0.05).
The positive rate of VEGF expression was not correlated
with tumor differentiation (P>0.05). With regard to the
association with lymph node metastases, the positive rate
of VEGF expression was significantly higher in patients
with metastasis than in those without metastasis (P<0.05,
Table 3).

The positive rate of mutant p53 expression was
61.2% in these 49 cases and was lower in cases of Nevin
stage S1-83 (47.4%) than in those of S4-S5 (70.0%),
the difference was statistically significant (P<0.05). The
positive rate of mutant p53 expression was not correlated
with tumor differentiation (P>0.05). With regard to the
association with lymph node metastases, the positive rate
of p53 expression was significantly higher in patients with
metastasis than in those without metastasis (P<0.05, Table
4).

Correlation between p53, VEGF, and MVC

Table 5 shows the relationships between MVC and the
presence of p53 and VEGE Staining status was identical
in 27 of 49 tumors (55.1%), and a significant (P<0.05)
association between p53 and VEGF expression was
demonstrated. The MVC in tumors that were p53 or
VEGTF positive was significantly (P<0.05) higher than
that in p53- or VEGF-negative tumors. Moreover, the
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mean MVC in tumors of all the subgroups that were both
p53 and VEGF positive was the highest, while the mean
MVC was significantly lower in patients with tumors that
were both p53 and VEGF negative than in all the other
subgroups.

DISCUSSION

In 1971, Folkman proposed that tumor growth depends on
angiogenesis. Now there is considerable indirect and direct
evidence that tumor growth is dependent on angiogenesis.
Numerous studies showed that neovascularization is
closely associated with growth, invasion, metastasis, staging
U221 " Our study also indicated
that angiogenesis was correlated with the Nevin staging
and tumor differentiation. The higher the staging is, the
poorer the differentiation and the higher the level of MVC
are in gallbladder carcinoma. Since MVC is of prognostic
value, we investigated whether this holds true for VEGF
expression as well. Our findings demonstrate that both
VEGTF expression and MVC are significantly elevated in
patients with disease progression and depend on each
other. Tumors with established poor outcome (staging,
MVC) are likely to produce higher levels of VEGF,
suggesting that VEGF significantly contributes to the poor
outcome in these patients.

The most common genetic alteration in various
cancers is loss of the p53 tumor suppressor gene function.
P53 protein has various important functions in cellular
integration, including cell growth control, response to
DNA damage, checkpoint mechanisms during the cell
cycle, regulation of transcription and control of genomic
stability. It is suggested that p53 protein may play a role in
suppressing angiogenesis™* ", In addition, it was reported
that a pathway from p53 regulating VEGF induces
angiogenesis in cellular transfection models"”. In the
present study, we explored the possibility of a relationship
between aberrant p53 and VEGF expression and tumor
angiogenesis in gallbladder carcinoma. We observed that
VEGF-positive tumors had significantly more microvessels
than VEGF-negative tumors. Our findings agree with
other studies | suggesting that VEGF-induced tumor
angiogenesis plays an important role not only in tumor
progression but also in metastasis. Although little is
known concerning the VEGF regulatory pathways, Kieser
et al"” reported that mutant-type p53 might stimulate
VEGF expression. In the present study, p53 and VEGF
expression status coincided in 27 of 49 (55.1%) tumors,
and a significant association was found between the two
factors. Moreover, MVC was the highest in p53 and VEGF
positive tumors and the lowest in p53 and VEGF negative
tumors. These results suggest not only the existence of a
p53-VEGF regulatory pathway in gallbladder carcinomas,
but also a possible role of such a pathway in regulating
tumor angiogenesis in this type of cancer. These further
suggest that tumors that have lost p53 suppressor function
not only permit uncontrolled cell growth, but also possibly
produce a suitable environment for hematogenous
metastasis by stimulating VEGF-induced angiogenesis in
the primary site of carcinoma. In contrast, tumors with
preserved p53 function and angiogenic inhibitory pathway

and prognosis of tumors
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are less possible to progress, and the p53 gene may
therefore contribute to better prognosis.

In conclusion, our results demonstrate that abnormal
p53 accumulation is closely associated with VEGF
expression and tumor vascularity in human gallbladder
carcinoma. P53 plays a critical role in suppressing
tumor growth by regulating tumor angiogenesis. Clinical
application of combined analysis of p53 and VEGF
expression may be useful for predicting the clinical staging,
occurrence of metastasis in patients with this disease.
More prospective studies should be made to prove our
findings.
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Abstract

AIM: To investigate the action of genistein (GST), a
broad spectrum tyrosine kinase inhibitor, on voltage-
gated potassium channels in guinea pig proximal colon
smooth muscle cells.

METHODS: Smooth muscle cells in guinea pig proximal
colon were enzymatically isolated. Nystatin-perforated
whole cell patch clamp technique was used to record
potassium currents including fast transient outward
current (/ko) and delayed rectifier current (Jkar), two of
which were isolated pharmacologically with 10 mmol/L
tetraethylammonium or 5 mmol/L 4-aminopyridine.
Contamination of calcium-dependent potassium currents
was minimized with no calcium and 0.2 mmol/L CdClz in
an external solution.

RESULTS: GST (10-100 pmol/L) reversibly and dose-
dependently reduced the peak amplitude of /ko with an
ICsovalue of 22.0+6.9 pmol/L. To a lesser extent, Jkar was
also inhibited in both peak current and sustained current.
GST could not totally block the outward potassium
current as a fraction of the outward potassium current,
which was insensitive to GST. GST had no effect on the
steady-state activation (7=6) and inactivation kinetics
(n=6) of Ixw. Sodium orthovanadate (1 mmol/L), a
potent inhibitor of tyrosine phosphatase, significantly
inhibited GST-induced inhibition (P <0.05).

CONCLUSION: GST can dose-dependently and
reversibly block voltage-gated potassium channels in
guinea pig proximal colon smooth muscle cells.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Ion channels are targets of many intracellular signaling
pathways, including protein phosphorylation and
dephosphorylation. These processes can modify channel
activity and dramatically alter the electrophysiological
properties of both excitable and nonexcitable cells'. In
addition to the extensive information available about the
regulation of ion channels by serine-threonine kinases,
an emerging body of evidence suggests that channels are
also regulated by phosphorylation on tyrosine residues,
such as ligand-gated channels AChR¥, NMDA receptor'’,
potassium channels™” as well as calcium channels!™”.
GST, a specific inhibitor of tyrosine kinases, inhibits
visceral smooth muscle contraction induced by tyrosine
phosphatase inhibitor vanadate'™, angiotensin 11" and
carbachol"” via tyrosine kinase-mediated process.
Potassium channels, which are substrates for protein
phosphorylation and dephosphorylation, control the
contraction of gastrointestinal smooth muscles by setting
resting potential and influencing slow waves and action
potential conﬁguration[“]. However, little is known of
the modulation of potassium channels in gastrointestinal
smooth muscle cells via tyrosine kinase pathway. This
study was to investigate the effects and mechanisms of
GST on voltage-gated potassium channels (Kv) in smooth
muscle cells of guinea pig proximal colon.

MATERIALS AND METHODS

Cell dissociation

Smooth muscle cells were enzymatically isolated using
modified procedures as previously described”. Briefly,
male guinea pigs (200-350 g) were killed by cervical
dislocation and proximal colon about 2 cm aboral to
cecum was rapidly excised. Under anatomical microscope,
smooth muscle strips were dissected out, cut into small
pieces and incubated for 30 min in low calcium solution
containing 10 mmol/L HEPES, 135 mmol/L NaCl,
6 mmol/L KCl, 0.05 mmol/L CaCl, 1.2 mmol/L MgCl,
10 mmol/L Glucose, pH 7.4. The pieces of muscles
were then transferred to low calcium solution containing
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A1

B:

B2

Bs

Figure 1 Two components of voltage-gated potassium currents in guinea pig
colon smooth muscle cells and effect of GST. As-As: Currents recorded every 10 s
between -80 and +50 mV then back to -40 mV with holding potential -80 mV in the
control (As), in the presence of 10 mmol/L TEA (Az) and TEA and 30 pmol/ GST (As).
B1: Currents recorded every 10 s between -80 and +50 mV with holding potential
-80 mV in the control; Bz: current in the presence of 5 mmol/L 4-AP developed
slowly and showed slower inactivation over 400 ms; Bs: effect of 50 umol/L GST in
the presence of 5 mmol/L 4-AP.

3 g/L papain, 2 g/L DTT, 2 g/L bovine serum albumin.
Tissues were incubated at 36 ‘C in enzyme solution for
15 min and then suspended in enzyme-free low calcium
solution. Tissue pieces were gently agitated to create a cell
suspension. Dispersed cells were stored at 4°C for later
use. Experiments wete performed at 20-22 °C within 10 h.

Perforated whole cell voltage clamp recording

Relaxed single colon smooth muscle cells with smooth
appearance and spindle shape observed under an inverted
microscope (IX70, Olympus) were used. Myocytes
were perfused with Ca”'-free cell bath solution in a self-
made small volume chamber in which solution could be
exchanged in 30 s. The composition of bath solution
was the same as that of low calcium solution except for
exclusion of calcium and inclusion of 0.2 mmol/L CdCl
to minimize the contamination of calcium-dependent
potassium currents.

Patch clamp micropipettes were pulled with a
programmable puller (P-97, Sutter Instruments) and their
tips were fire polished (CPM-2, ALA Co.). The pipette
resistance was 3-5 MQ. Currents were amplified with
Axopatch 200B (Axon Instruments). Data were filtered at
1 kHz and analyzed with pClamp software (version 8.2).

Nystatin-perforated whole cell patch clamp technique was
used to record voltage-gated potassium currents. Nystatin
was dissolved in DMSO at a concentration of 25 g/L, and
then added to the internal pipette solution to yield a final
nystatin concentration of 100 mg/L. The internal solution
contained 10 mmol/L HEPES, 110 mmol/L glucoante
(potassium salt), 30 mmol/L KCl, 10 mmol/L NaCl,
2 mmol/L MgCl, pH 7.2. After giga seals were obtained,
access resistance was monitored for 10 min to allow the
drop of access resistance (average 17.7+£5.7 MQ, »=28)
and then compensated at 70%. Macroscopic current values
were normalized for cell capacitance as whole cell current
densities (pA/pF). The average cell capacitance was 41.3%
7.5 pF (7=28 cells).

Drugs and chemicals

Papain, 4-aminopyridine (4-AP), nystatin,
tetracthylammonium (TEA), sodium orthovanadate (VAN),
genistein (GST) were purchased from Sigma. GST was
prepared as a 50 mmol/L stock solution in DMSO and
stored at -20°C. DTT (BBI), HEPES, DMSO, bovine
serum albumin were from Shanghai Sangon Biological
Engineering Technology and Services Company.

Statistical analysis

Data were expressed as mean®SD. Differences in the
data were evaluated by paired or independent test when
appropriate. P<0.05 was considered statistically significant.
Software Microcal Origin 5.0 was used for statistical
analysis and graph plotting.

RESULTS

Potassium currents in single smooth muscle cells
Outward potassium currents are mainly composed of
voltage-gated potassium current and calcium-dependent
potassium current. Under the conditions of our recordings
(no added Ca*" and 0.2 mmol/L CdClz in the bath
solution), contamination of currents through calcium-
dependent potassium currents was minimized.

Currents were evoked using standard stimulus protocol,
L.e., the membrane potential was stepped for 400 ms from
a holding potential of -80 mV to test potentials between
-80 and +50 mV in 10 mV increments. Depolarization to
potentials positive to -40 mV activated non-linear, time-
dependent outward currents which could be divided into
transient outward potassium current (Iko) and delayed
rectifier potassium current (Ikdar) as shown in Figure 1. Ko
was sensitive to millimolar concentration of 4-AP and
insensitive to TEA. Karwas on the contrary. When 10
mmol/L TEA was externally applied, eatly peak current
of transient outward current (peak current among the
first 50 ms of test pulse, Ipeax) was only slightly decreased,
but the quasi steady state current (average current from
350 to 400 ms after test pulse onset, Iss) was blocked
-60% (Figute 1A). When 5 mmol/L 4-AP was externally
applied, Ipea was much reduced (Figure 1B) and the time
to half-maximum current at test potential was significantly
increased (data not shown), Iss was little affected. Detailed
description of voltage-dependent potassium current of
guinea pig proximal colon smooth muscle cells could
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Figure 2 Concentration-dependent inhibition of transient outward potassium
currents by genistein in guinea pig colon smooth muscle cells. Currents were
elicited by depolarization to +50 mV for 400 ms then back to -40 mV from holding
potential of -80 mV. Washout was performed for about 2 min.

I/Imax

02 T T T 1T T L
1 10 100
Concentration of genistein/umol/L

Figure 3 Average concentration-dependent transient outward potassium currents
inhibited by genistein. Peak currents were measured and normalized by control
current amplitude. The smooth line represents the best fitting with Hill equation.
Data are expressed as mean+SE. The number of cells used in each concentration
is indicated besides the error bars.

be seen elsewhere!™, which agrees well with our study.
According to the different sensitivity to TEA and 4-AP, we
isolated these two kinds of current pharmacologically to
study the effect of GST independently.

Concentration-dependent inhibition of GST on Iko
Currents recorded were mainly Iko when 10 mmol/L TEA
was externally applied to bath solution. Repetitive single
current traces were elicited for 400 ms from a holding
potential of -80 mV to test potentials +50 mV in every 20s
until stable currents were recorded. Ipear of Kio decreased
progressively and reached a stable state in about 1-2 min
after the external perfusion of GST. GST (10-100 umol/L)
induced a reduction in Ipek, with little effect on the steady
state potassium current. The inhibitory effects of GST
were reversible (Figure 2). Perfusion of calcium-free saline
including TEA could restore the amplitude of currents to
about 80% of control in 2 min (data not shown).

GST could not totally block the outward potassium
currents even when 100 umol/L GST was applied. Since
no significant difference in the inhibitory effect was

www.wjgnet.com
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Figure 4 Effect of genistein (30 umol/L) on current-voltage relationship of transient
outward potassium current (lko) in guinea pig proximal colon smooth muscle cells
in the presence of TEA (10 mmol/L) and Cd® (0.2 mmollL). A: -V curves of peak
current density of voltage-gated potassium channels under control condition (solid
square), in the presence of 10 mmol/L TEA (solid circle) as well as 10 mmol/L
TEA and 30 pmol/L genistein (solid triangle); B: I-V curves of steady state current
density of voltage-gated potassium channels under control condition, in the
presence of 10 mmol/L TEA as well as 10 mmol/L TEA and genistein (30 pmol/L).
n=6 cells.

found between 50 (#=10) and 100 (#=5) pmol/L GST, a
fraction of the outward potassium current was insensitive
to GST.

Eatly peak transient outward potassium current of Ko
measured at +50 mV test pulse from a holding potential
of -80 mV was used as an index of inhibition, which was
plotted as a function of GST concentration (10-100 pmol/
L). The data were fitted with Iest/Iconwor =1/ {1+(ICs0/
[D])"}, where [D] is the concentration of GST used, ICsois
the concentration at half maximal inhibition, and # is the
Hill coefficient. Figure 3 shows that the effect of GST on
Ipear of Koo was concentration-dependent, with an 1Cso of
22.0£6.9 pmol/L.

Effect of GST on current-voltage relationship (I-V curves)
Of IKto

Currents were evoked using standard stimulus protocol.
The membrane potential was stepped for 400 ms from a
holding potential of -80 mV to test potentials between -80
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Figure 5 Effect of genistein on delayed rectifier potassium currents in the
presence of 4-AP in guinea pig colon smooth muscle cells. Currents were elicited
by depolarization to +50 mV for 400 ms then back to -40 mV from holding potential
of -80 mV. Washout was performed for about 2 min.
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Figure 6 Effect of genistein (50 ymol/L) on current-voltage relationship of delayed
rectifier potassium current (le) in guinea pig proximal colon smooth muscle cells
in the presence of 4-AP (5 mmol/L) and Cd”* (0.2 mmol/L). A: IV curves of peak
current density of voltage-gated potassium channels under control condition, in
the presence of 5 mmol/L 4-AP as well as 5 mmol/L 4-AP and 50 pmol/L genistein;
B: I-V curves of steady state current density of voltage-gated potassium channels
under control condition, in the presence of 5 mmol/L 4-AP as well as 5 mmol/L 4-AP
and 50 umol/L genistein. n=4 cells.

and +50 mV in 10 mV increments. The interval between
two pulses was set at 10 s to allow inactivated conductance
to recovet. Ipeak and Iss were measured at test pulses from
-80 to +50 mV and converted into current densities, which
were plotted as a function of test pulse.

Figure 1 shows that in the presence of 10 mmol/L
TEA, 30 pmol/L GST significantly blocked Ipeac (P<0.05,
n=0 cells) and only slightly reduced Iss. Figure 4 shows
the averaged I-1” curves of Ik« inhibited by GST. The
inhibition showed no voltage dependence.

Effect of GST on Ikar

Currents recorded in the presence of external 5 mmol/L
4-AP were mainly delayed rectifier potassium currents.
Repetitive single current traces were elicited for 400 ms
from a holding potential of -80 mV to test potentials +50
mV in every 20 s until stable currents were recorded. In
the presence of 5 mmol/L 4-AP, 50 pmol/L GST reduced
peak current and steady state current with a fractional
inhibition of curtrent f [f= (1-Icst/ Lirg) X100%)] of 52£8%
(P<0.05, n=4) and 33%2% (P<0.05, #=4), respectively.
The inhibitory effects of GST were reversible. Perfusion
of calcium-free saline could restore the amplitude of
currents in 2 min (data not shown). Details are shown in
Figure 5.

Effect of GST on I-V curves of Ikar

The same experimental protocol as that of the study
on the effect of GST on Ikw was used. Figure 1B shows
that in the presence of 5 mmol/L 4-AP, 50 umol/L GST
significantly blocked Ipeak as well as Iss (P<0.05, #=4 cells).
Figure 6 shows the averaged I-1” curves of Ixdr inhibited
by GST. The inhibition showed no voltage dependence,
and 50 umol/L GST had a greater effect on Ikw than on
Ixar (P<0.05).

Effect of GST on steady state activation kinetics of lkwo
The activation curves of [kw were derived from [-17
curves of Ikw. Gkwo was calculated by dividing the initial
peak current value by their driving force and plotted as a
function of membrane potential. The activation curves
were fitted with a Boltzmann function G/ Gmax=1/
{1+exp[(V-T)]/ £}, where 77 is membrane potential,
In is the half-maximal activation voltage, and £ is the
slope constant (mV). GST had no significant effect on
steady state activation kinetics of Ikw. The value of half-
maximal activation voltage I"nwas 3.3£1.3 and 3.5%£1.4
mV, respectively in the absence and presence of 30 umol/
LGST, the slope constant £ was 12.9%£1.0 and 13.3%1.1
mV, respectively (=6, Figure 7).

Effect of GST on steady state inactivation kinetics of Ikt

Classic double pulse protocol was used to determine
the voltage dependence of inactivation of Ikw. Currents
were elicited by a depolarizing pulse of +50 mV with 1 s
preconditioning pulses from -80 to 20 mV by increment
of 10 mV. The interval between two sweeps was set at 20s.
A plot of normalized peak current (I/Ima) as a function
of preconditioning potential was fitted with a Boltzmann

function: I/Imx=1/{1+exp[(I'n-1)]/4} , whete 177 is the
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Figure 7 Effect of GST on steady state activation and inactivation of transient
outward potassium currents. Inactivation is shown as a plot of normalized peak
current as a function of conditional potential from -80 to +20 mV. For voltage
dependence of activation, normalized currents were calculated by dividing peak
outward currents by their driving force and plotted against potential. Smooth
curves were fitted with Boltzmann equation which yields values of half-maximally
activated or inactivated voltage (Vh) and slope constant (K).

membrane potential, 4 is the half-maximal inactivation
voltage, and £ is the slope constant (mV). GST had no
significant effect on steady state inactivation kinetics of
Ixwo. The values of half-maximal inactivation voltage 'a
were -43.4£0.7 and -39.2+0.8 mV, respectively in the
absence and presence of 30 umol/L GST, the slope
constant & was 5.8%0.6 and 6.520.7 mV, respectively (7= 0,
Figure 7).

VAN blocked inhibition of GST on Ikt

Inhibition of phosphatase-mediated tyrosine
dephosphorylation would be expected to block current
inhibition by GST, since dephosphorylation in the presence
of GST would require ongoing phosphatase activity" . At
commonly used bath concentrations of 0.1-10 mmol/L,
inhibitor of tyrosine phosphatase orthovanadate could
antagonize various GST-induced cellular responses such as
blocking the inhibition of Icar by PTK inhibitors"”. Solely
applied VAN had minor stimulating but no significant
effect on ko (#=7). In the presence of 1 mmol/L VAN,
the fractional inhibition of current fof 30 umol/LGST
significantly decreased to 28+6% (Figure 1) compared with
49£6% of solely applied GST (#=10). The rapid onset
and offset responses to GST did not change (Figure 8).

DISCUSSION

At least four types of potassium channel have been
identified in excitable gastrointestinal smooth muscle cells,
such as voltage-dependent outward potassium channel,
calcium-dependent potassium channel, ATP-sensitive
potassium channel, and inward rectifier potassium channel.
A given smooth muscle cell can express several families
of potassium channels and several members of a single
family of channels. This complexity is necessary for the
control of smooth muscle function'". Kv channels are
of particular importance in the regulation of colonic
smooth muscle electrical activity because they provide
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Figure 8 Orthovanadate antagonizes the inhibition of transient outward potassium
currents by genistein.

outward currents over the voltage range in which these
tissues operatem. Kv shapes the action potential (AP)
by controlling its repolarization phase and determines
the membrane potential and duration of the interspike
interval. Delayed rectifier potassium channels keep single
AP short and permit high-frequency trains of APs.
Transient outward potassium channels help a cell fire at
low frequency and promote broadening of APs during
repetitive activity"”. In murine colon, application of 4-AP
to intact preparations can abolish the quiescent periods
between slow waves and induce a slight depolarizationm.
Ikwis fully inactivated during the upstroke depolarizationm.
In this study, GST could block transient outward
potassium currents to depolarize membrane potential as
well as delayed rectifier potassium currents to induce slight
depolarizationm, thus modulating the contraction of
smooth muscle.

Protein tyrosine kinase activity is a major signaling
mechanism in regulating long-term processes such as
cell growth, division, and metabolism"®. PTK signaling
is also important in regulating ion channel conductance.
GST, a natural isoflavone which is abundant in soybean,
is a specific inhibitor of tyrosine specific kinases by
competing with ATP to form the nonproductive enzyme-
substrate complexesm]. In this study, GST concentration
- dependently and reversibly blocked voltage-gated
potassium currents. Though it was reported that GST
has no specific effects such as direct interaction with
potassium channels" """ orthovanadate could antagonize
the blockage of GST on Ikew, suggesting that although
direct blockage of potassium channels by a mechanism
unrelated to PTK inhibition could not be entirely excluded
in this study, GST blocks the transient outward potassium
channels partly via PTK pathway.

There are some differences in GST action on ion
channel currents and contraction of different types of
smooth muscle. GST can inhibit visceral smooth muscle
contraction induced by vanadate®, angiotensin 11" and
carbachol™ as well as nifidipine-sensitive calcium currents
in rabbit colon myocytes””. GST also can inhibit apamin-
sensitive relaxation of the longitudinal muscle in rat distal
colon induced by pituitary adenylate cyclase activating
peptidem] as well as potassium channels™. Besides species
and tissue differences, it is possible that multiple receptor
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and nonreceptor PTKs are involved in the regulation of
smooth muscle contraction. Further studies ate required to
identify the physiological role of PTKs in gastrointestinal
motility.

To check whether GST could affect the biophysical
kinetics of voltage-dependent potassium channels, we
examined the steady state activation and inactivation
kinetics in the absence and presence of 30 pmol/L
GST. Peretz et al found that GST affects potassium
gating properties of Schwann cells such as a positive
shift in voltage dependence of activation (by+30 mV)
and a decrease in steepness of activation gating. In our
experiment, no significant effect of GST on gating
properties of potassium channels was observed. Whether
species or cell type difference contributes to the variation
needs further investigation.

In conclusion, GST concentration dependently and
reversibly inhibits transient outward potassium currents.
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Abstract

AIM: Endoscopic metal stenting (EMS) offers good
results in short to medium term follow-up for bile duct
stenosis associated with chronic pancreatitis (CP);
however, longer follow-up is needed to determine if EMS
has the potential to become the treatment of first choice.

METHODS: EMS was performed in eight patients with
severe common bile duct stenosis due to CP. After the
resolution of cholestasis by endoscopic naso-biliary
drainage three patients were subjected to EMS while,
the other five underwent EMS following plastic tube
stenting. The patients were followed up for more than
5 years through periodical laboratory tests and imaging
techniques.

RESULTS: EMS was successfully performed in all the
patients. Two patients died due to causes unrelated to
the procedure: one with an acute myocardial infarction
and the other with maxillary carcinoma at 2.8 and 5.5
years after EMS, respectively. One patient died with
cholangitis because of EMS clogging 3.6 years after EMS.
None of these three patients had showed symptoms of
cholestasis during the follow-up period. Two patients
developed choledocholithiasis and two suffered from
duodenal ulcers due to dislodgement of the stent
between 4.8 and 7.3 years after stenting; however, they
were successfully treated endoscopically. Thus, five of
eight patients are alive at present after a mean follow-up
period of 7.4 years.

CONCLUSION: EMS is evidently one of the very
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promising treatment options for bile duct stenosis
associated with CP, provided the patients are closely
followed up; thus setting a system for their prompt
management on emergency is desirable.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Chronic pancreatitis (CP) is reported to become
complicated with bile duct stenosis in about 5-40% of the
patients“’z].The severity of the stenosis varies; however,
radical treatment is needed for serious cases presenting
persistent cholestasis, jaundice or cholangitis. Moreover, it
has been shown that long-standing biliary stenosis, even
if mild or moderate, often causes liver damage[3’4]. Half
of these patients will present liver fibrosis by the time of
decompression"”.

Non-surgical treatment has been reported to be
comparable with surgery, with lower morbidity and
mortality. Especially, endoscopic biliary drainage (ERBD)
using a plastic tube stent has been adopted as the first-
line treatment, and there are many reports concerning
the usefulness of ERBD™, Although plastic stents offer
satisfactory short-term drainage, medium to long-term
results have been disappointing because of stent clogging
or migration[6’7], and surgical treatment is chosen for a
permanent palliation. However, surgical treatment is
associated with important morbidity,

ERBD using a metallic stent (EMS) is useful for
malignant biliary stricture since a relatively long-term non-
surgical palliation can be attained”. In contrast, EMS
for a benign biliary stricture is still controversial'*'",
Furthermore, there have been few reports on EMS for
biliary stenosis due to CP. Deviere e a/ reported favorable
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Figure 1 Plotting of the serum alkaline phosphatase concentration (e) and
conjugated bilirubin (o) of each patient during 3 yr after EMS. The broken line
indicates the upper limit of normal.

Patient Age(yr) Sex Cause of Underlying Jaundice Cholangitis

number CP  diseases
1 78  Male Alcohol Angina Pectoris ¥
2 53  Male Alcohol DM -
3 42 Male Alcohol DM, Colon cancer + -
4 43 Male Alcohol - -
5 77  Male Alcohol + +
6 53  Male Alcohol DM + +
7 70 Male Alcohol DM 1 +
8 67  Male Alcohol DM + +

CP: Chronic pancreatitis; DM: Diabetes mellitus.

results with the self-expandable metal mesh stent for
biliary obstruction due to CP, but the long-term results
have not been reported[m. In this study, we intended to
clarify the outcome of patients with biliary stenosis due to
CP who underwent EMS and have been followed up for
more than 5 years.

MATERIALS AND METHODS

Between July 1996 and August 1998, EMS was performed
in eight patients with severe common bile duct stenosis
associated with CP in our institution. We had experienced
64 patients with CP during that period in the endoscopic
retrograde cholangiopancreatography (ERCP) division.
The indication for EMS was intractable bile duct stenosis
uncontrollable by plastic tube biliary drainage. Ten
patients gave their informed consent and the procedure
was approved by the Ethical Committee of our institute;
however, one patient underwent surgical treatment and
another was lost to follow-up. They were all males with a
median age of 65.7 years (range: 42-78 years). The etiology
of CP was alcohol abuse in seven and idiopathic in one.
Underlying diseases were diabetes mellitus in five patients,
angina pectoris in one and early colon cancer in one.
Mean duration of the illness before manifesting the first
symptoms of bile duct stenosis was 3.7 years.

On their first admission, five patients presented with

Figure 2 No bile duct stone was observed immediately after EMS in patient
number 7 (A), however, stones were noted 6.1 years later (arrow), and they were
successfully removed using a basket wire (B). Peroral cholangioscopy revealed
the common bile duct distal to the stone (arrow) was patent and the hyperplastic
change was not conspicuous (C). Arrow head indicates the pancreatic duct stent.

abdominal pain, six had symptomatic jaundice, and six
had cholangitis (Table 1). Serum alkaline phosphatase
concentration (ALP) was three times or more the upper
limit of normal (mean 1 815 U/L; range 984-3 358) in all
the patients. Similarly, serum conjugated bilirubin (D-Bil)
was elevated above the upper limit of normal (mean
3.45 mg/dL; range 1.2-7.4) in seven patients. Abdominal
ultrasonography and CT scan demonstrated marked
dilatation of the common bile duct and slight to moderate
dilatation of the intra-hepatic bile duct.

Endoscopic naso-biliary drainage (ENBD) using a 7-Fr.
Plastic tube was performed in all the patients as the initial
treatment. At that time, cholangiography showed almost
complete obstruction or severe stenosis of the lower part
of common bile duct. After the resolution of symptoms
and laboratory findings of cholestasis by ENBD, three
patients were subjected to EMS, while the other five
underwent EMS after stenting using a 10 Fr. tube. The
mean duration of tube stenting was 1.4 mo (range,
2-7 mo). Three patients developed clogging of the tube
stent and subsequently the stent was changed by an EMS.
In the other two patients, the tube stents were withdrawn;
however, symptoms of re-obstruction were detected
within 3 mo and thus EMS was performed.

For EMS, a non-covered, non-self-expandable stent
(Strecker stent) was used in two patients and a self-
expandable stent (Wallstent, Boston Scientific Corporation,
Natick, MA, USA) was used in the other six patients, the
length and internal diameter of the stents were 4 and 5 cm,
7 and 10 cm after full expansion, respectively.

In four patients, plastic tube stents were inserted to
resolve the main pancreatic duct stenosis, and they were
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Table 2 Clinical course of the patients after EMS

Patient number Cholestasis  Cholangitis Stone formation Dislodgement Alcohol intake Outcome Duration of stent patency(yr)
1 +1 mo +1 mo - - Dead 2.8
2 +4.6yr - - - Alive 8.3
3 Sz - +73yr +59yr iz Alive 7.3
4 - - - - Alive 7.1
5 - - - +48yr - Alive 6.9
6 - - - - Dead 55
7 Sz - +6.1yr Alive 6.1
8 +3.6yr +3.6yr - Dead 3.6

occasionally inserted depending on the patient’s symptoms:
abdominal and/or back pain.

After EMS, periodical examination of hemogram,
blood biochemistry, urinalysis, and abdominal
ultrasonography were conducted every 3-4 mo.
Examination by cholangiography was occasionally
performed, when a patient presented symptoms of biliary
obstruction.

RESULTS

Short and medium-term (up to 3 years) follow-up after
EMS (Table 2)

EMS was successfully performed in all the patients;
however, in one patient (no. 1) clogging was observed
within 1 mo and another EMS was inserted inside the
first EMS. The patient showed no symptoms of bile duct
obstruction thereafter.

The serum concentration of ALP and D-bil markedly
decreased after the initial treatment including EMS (Figure
1), and 1 year after EMS, five of ecight patients showed
normal values, two patients showed slightly higher than the
upper limit of normal, and one patient had a high serum
concentration of ALP. Two years after EMS, none of the
patients showed symptoms of bile duct obstruction and
abdominal US demonstrated no dilatation of the intra-
hepatic bile duct with the stent located at the original
position.

One patient (no. 1) died of acute myocardial infarction
2.8 years after EMS without symptoms of cholestasis
during the follow-up period. The course of the other
seven patients was uneventful for 3 years.

Long-term follow-up after EMS (Table 2)

One patient (no. 8) died of cholangitis (acute obstructive
suppurative cholangitis, AOSC) caused by EMS clogging 3.6
years after EMS. The patient had presented no symptoms
up to 1 wk before the last admission, when he felt acute
pain in the right upper abdomen and experienced a
sudden rise of his body temperature. He was brought to
the hospital in a state of shock and was admitted to the
ICU, but intensive care including ENBD was not effective
and he died 17 d after the last admission. The patient’s
periodical check up with US and laboratory tests showed
no signs of marked cholestasis except slight elevation
of serum ALP concentration during the 3.5 years of
follow-up as well as 1 mo before. It was suggested from
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Figure 3 Endoscopic view showing a duodenal ulcer on the side opposite to the
duodenal papilla (A) 5.9 years after the EMS in patient number 3. The stent had
become dislodged and the steel wires protruded from the papilla (B). They were
efficiently cut using the end-cutter (arrow) (C).

the medical chart that the patient had suffered from
cholangitis caused by stent clogging 1 wk before his
admission, but he did not take it seriously; he thought that
the symptoms were those of common cold, and delayed
his visit to the hospital. Another patient (no. 2) presented
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Figure 4 Plotting of the serum alkaline phosphatase concentration (e) and
conjugated bilirubin (o) of each patient 3 yr after EMS. The broken line indicates
the upper limit of normal.

with signs of cholestasis caused by acute exacerbation of
pancreatitis 4.6 years after EMS; however, his condition
improved soon after the treatment for pancreatitis without
any endoscopic treatment, and he showed no symptoms
thereafter. Two other patients (nos. 3 and 7) presented with
cholestasis caused by choledocholithiasis in the upper part
of the CBD proximal to the stent 7.3 and 6.1 years after
EMS, respectively. In one patient (no. 7) the stones were
successfully removed with a basket wire and he presented
no symptoms thereafter (Figures 2A and 2B). In the other
patient (no. 3) the stone could not be removed with a
basket wire and two sessions of endoscopic hydraulic
lithotripsy were necessary to eliminate it. Cholangioscopic
examination of these patients showed that the metallic
mesh was embedded into the bile duct wall allowing
sufficient inner space without epithelial hyperplasia within
the stent (Figure 2C).

Two patients (nos. 3 and 5) suffered from duodenal
ulcers at 5.9 and 4.8 years after EMS, respectively, because
the EMS wire dislodged and protruded from the papillary
orifice, contacting the duodenal wall on the opposite side.
The wire of the protruding part was cut under endoscopy
with the end-cutter (Olympus, Tokyo, Japan), and the ulcer
healed later (Figure 3).

Patient (no. 6) died of maxillary carcinoma 5.5 years
after EMS although he presented no symptoms of
cholestasis during the follow-up period.

Thus, five of the eight patients are alive at present and
their mean follow-up period is already 7.4 (range: 6.5-8.3
years) years. The value of ALP is over the upper limit of
normal in three patients now (Figure 4), and mild dilatation
of the intra-hepatic bile duct is observed in three of them.

Patients (nos. 3, 6, 7, and 8) continued drinking alcohol
after EMS; two of them developed choledocholithiasis
and one suffered from AOSC. The other four patients did
not drink alcohol after EMS and only one showed mild,
transient signs of cholestasis.

DISCUSSION

EMS for benign bile duct stenosis as a complication of CP
has been attempted in some institutes and patency of the
stent is likely to be better”'*. Kahl ef a/ used metal stents
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as the permanent treatment option and their patients
remained free of obstructive jaundice or cholangitis for 1
year'. Deviere ¢ al conducted a prospective study with a
mean follow-up of 33 mo, and the stent lumen remained
patent and functional throughout the follow-up period"?.
The reported results agree with our study concerning
short to medium-term follow-up after EMS. In fact within
3 years after the treatment, all the patients except one who
died of a heart attack showed almost uneventful clinical
courses regarding biliary stenosis; judging from symptoms,
laboratory findings including ALP, D-Bil, and imaging
findings. One eldetly patient died of causes other than
CP with no signs of bile duct re-obstruction for 2.8 years.
Such a good outcome was not achieved with the plastic
tube stent™**'"!and long-term outcome of treatment
with multiple tube stents was also disappointing”.

Based on these results, EMS is obviously better
than tube stenting regarding patency and not requiring
scheduled changing of the stent. These advantages are
thought to come from the characteristics of EMS: large
caliber and expanding effect. However, the main problem
of EMS is the development of epithelial hyperplasia in the
stent resulting in obstruction”. Deviere ef a/ reported that
only two of 20 patients developed epithelial hyperplasia
leading to cholestasis and jaundice within six months
after stenting'”. One of our patients also developed eatly
obstruction of EMS, but an additional stent resolved this
difficult problem. The metallic mesh is thought to become
embedded in the bile duct wall early after stenting, so that
a continuous membrane covers the inner stent”. Based on
this hypothesis, ingrowth within the stent and subsequent
obstruction may be related to the tumor rather than to CP,
and in fact, the majority of our patients did not develop an
eatly obstruction.

Although good results have been reported after a
short- to medium-term follow-up, long-term results
are unknown. Hastier e# a/ reported the outcome of a
patient treated with a metallic stent, who presented with
no evidence of recurrence of cholestasis or episodes of
cholangitis for a relatively long period of 3 years'", Van
Berkel et al recently reported that they treated 13 patients
with biliary stricture due to CP by self-expanding metal
stent (SEMS) with the mean follow-up for 50 mo and that
SEMS was found to be safe and provides successful as well
as prolonged drainage in selected patients'”. Nevertheless,
the opinions in our institute were controversial regarding
uncertainty of safety and outcome of EMS in patients
with CP after a long-term follow-up, and we voluntarily
decided to stop the application of EMS treatment from
August 1998 until December 2003, when we could assess
the long-term outcome and re-started EMS. Since then,
two patients have been subjected to EMS up to now.

The outcome of EMS after more than 3 years
was fairly good. But we experienced a very serious
complication caused by re-obstruction of the bile duct.
Emergency treatment was delayed leading to disappointing
results in this case. If adequate intensive treatment had
been started much earlier, the patient would have been
saved. Another patient showed mild cholestatic symptom
due to acute exacerbation of pancreatitis, but recovered
soon after pancreatitis resolved without any intervention,

www.wjgnet.com



430 ISSN 1007-9327

CN 14-1219/ R World J Gastroenterol

January 21, 2006 Volume 12 Number 3

suggesting cholestasis was not caused by clogging of the
stent but by another factor such as papillary edema. In
two other patients with stone formation, cholangioscopic
findings showed the patency of the stent lumen, according
to the assumption of Deviere ez a/'” However, stones were
thought to develop as a consequence of stagnation of bile,
accordingly complete bile flow may be difficult to obtain
even with EMS. Another complication of dislodgement
was duodenal ulcers which were well controlled by
endoscopic treatment.

One of our patients died of maxillary cancer long
after EMS. Hastier ¢# a/ decided to insert a metallic stent in
their patient in view of his poor prognosis associated with
the pulmonary malignancy'". CP is shown to frequently
associate with various malignancies and a significantly
lower survival rate compared with non-CP*"*, Therefore,
in choosing EMS, this is one of the decision-making facts
as well as the patients' general conditions and the lack of
response to stenting using a plastic tube"”.

It is difficult to determine the optimal indications for
EMS from our results because of the limited number of
patients and the absence of a control group. However,
since five of the eight patients are alive and leaving
ordinary lives 7.4 years after EMS, this procedure is
evidently one of the very promising options of treatment
for bile duct stenosis in patients with CP, provided they
are closely followed up through periodical check-ups. Thus
setting a system for prompt management in case of an
emergency is desirable. In addition, our results indicate
that alcohol intake may be related to the poorer prognosis
of patients subjected to EMS; thus prohibition of alcohol
consumption is essential.

REFERENCES

1 Wilson C, Auld CD, Schlinkert R, Hasan AH, Imrie CW,
MacSween RN, Carter DC. Hepatobiliary complications in
chronic pancreatitis. Gut 1989; 30: 520-527

2 Schutz SM, Baillie J. Another treatment option for biliary
strictures from chronic pancreatitis. Am ] Gastroenterol 1995;
90: 1023-1024

3 Lesur G, Levy P, Flejou JF, Belghiti ], Fekete F, Bernades P.
Factors predictive of liver histopathological appearance in
chronic alcoholic pancreatitis with common bile duct stenosis
and increased serum alkaline phosphatase. Hepatology 1993;
18: 1078-1081

4 Hammel P, Couvelard A, O’Toole D, Ratouis A, Sauvanet
A, Fléjou JF, Degott C, Belghiti J, Bernades P, Valla D,
Ruszniewski P, Lévy P. Regression of liver fibrosis after biliary
drainage in patients with chronic pancreatitis and stenosis of
the common bile duct. N Engl ] Med 2001; 344: 418-423

5 Deviére J, Devaere S, Baize M, Cremer M. Endoscopic biliary
drainage in chronic pancreatitis. Gastrointest Endosc 1990; 36:
96-100

www.wjgnet.com

10

11

12

13

14

15

16

17

18

19

20

21

22

Barthet M, Bernard JP, Duval JL, Affriat C, Sahel J. Biliary
stenting in benign biliary stenosis complicating chronic
calcifying pancreatitis. Endoscopy 1994; 26: 569-572

Godil A, Chen YK. Endoscopic management of benign
pancreatic disease. Pancreas 2000; 20: 1-13

Smits ME, Rauws EA, van Gulik TM, Gouma D]J, Tytgat
GN, Huibregtse K. Long-term results of endoscopic stenting
and surgical drainage for biliary stricture due to chronic
pancreatitis. Br | Surg 1996; 83: 764-768

Menon K, Romagnuolo J, Barkun AN. Expandable metal
biliary stenting in patients with recurrent premature
polyethylene stent occlusion. Am | Gastroenterol 2001; 96:
1435-1440

Yoon HK, Sung KB, Song HY, Kang SG, Kim MH, Lee SG,
Lee SK, Auh YH. Benign biliary strictures associated with
recurrent pyogenic cholangitis: treatment with expandable
metallic stents. AJR Am | Roentgenol 1997; 169: 1523-1527
Lopez RR, Cosenza CA, Lois ], Hoffman AL, Sher LS, Noguchi
H, Pan SH, McMonigle M. Long-term results of metallic stents
for benign biliary strictures. Arch Surg 2001; 136: 664-669
Deviere J, Cremer M, Baize M, Love ], Sugai B, Vandermeeren
A. Management of common bile duct stricture caused by
chronic pancreatitis with metal mesh self expandable stents.
Gut 1994; 35: 122-126

Kahl S, Zimmermann S, Genz I, Glasbrenner B, Pross M,
Schulz HU, Mc Namara D, Schmidt U, Malfertheiner P. Risk
factors for failure of endoscopic stenting of biliary strictures
in chronic pancreatitis: a prospective follow-up study. Am |
Gastroenterol 2003; 98: 2448-2453

Hastier P, Buckley JM, Peten EP, Dumas R, Delmont J. Long
term treatment of biliary stricture due to chronic pancreatitis
with a metallic stent. Am | Gastroenterol 1999; 94: 1947-1948
Van Westerloo DJ, Bruno M], Bergman JJ, Cahen DL, van
Berkel AM. Self-expandable wallstents for distal common bile
duct strictures in chronic pancreatitis. Follow-up and clinical
outcome of 15 patients. Gastroenterology 2000; 118: A913

Kahl S, Zimmermann S, Glasbrenner B, Pross M, Schulz HU,
McNamara D, Malfertheiner P. Treatment of benign biliary
strictures in chronic pancreatitis by self-expandable metal
stents. Dig Dis 2002; 20: 199-203

Farnbacher MJ, Rabenstein T, Ell C, Hahn EG, Schneider
HT. Is endoscopic drainage of common bile duct stenoses in
chronic pancreatitis up-to-date? Am | Gastroenterol 2000; 95:
1466-1471

Mastrovi¢ Z. [Ankylosing spondylitis as a social and medical
problem]. Reumatizam 1975; 22: 169-176

Cahen DL, van Berkel AM, Oskam D, Rauws EA, Weverling
GJ, Huibregtse K, Bruno M]J. Long-term results of endoscopic
drainage of common bile duct strictures in chronic pancreatitis.
Eur | Gastroenterol Hepatol 2005; 17: 103-108

Lowenfels AB, Maisonneuve P, Cavallini G, Ammann RW,
Lankisch PG, Andersen JR, DiMagno EP, Andrén-Sandberg A,
Domellsf L, Di Francesco V. Prognosis of chronic pancreatitis:
an international multicenter study. International Pancreatitis
Study Group. Am | Gastroenterol 1994; 89: 1467-1471

Lankisch PG. Natural course of chronic pancreatitis.
Pancreatology 2001; 1: 3-14

Malka D, Hammel P, Maire F, Rufat P, Madeira I, Pessione F,
Lévy P, Ruszniewski P. Risk of pancreatic adenocarcinoma in
chronic pancreatitis. Gut 2002; 51: 849-852

S- Editor GuoSY L- Editor Elsevier HK E- Editor Liu WF



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

World | Gastroenterol 2006 January 21; 12(3): 431-436
World Journal of Gastroenterology ISSN 1007-9327
© 2006 The WJG Press. All rights reserved.

VIRAL HEPATITIS

Favorable outcomes of hilar duct oriented hepatic resection
for high grade Tsunoda type hepatolithiasis

Bong-Wan Kim, Hee-Jung Wang, Wook-Hwan Kim, Myung-Wook Kim

Bong-Wan Kim, Hee-Jung Wang, Wook-Hwan Kim, Myung-
Wook Kim, Department of Surgery, Ajou University School of
Medicine, Wonchon dong, Youngtong ku, Suwon, Kyounggi
Province, South Korea

Correspondence to: Professor Hee-Jung Wang, MD, PhD,
Department of Surgery, Ajou University School of Medicine,
San-5, Wonchon dong 442-749, Youngtong ku, Suwon,

South Korea. wanghj@ajou.ac.kr

Telephone: +82-31-219-5204 Fax: +82-31-219-5755

Received: 2005-06-29 Accepted: 2005-07-28

Abstract

AIM: To evaluate the efficacy of hilar duct oriented
hepatectomy for intractable hepatolithiasis, the ventral
hilum exposure (VHE) method that has been applied by
the authors.

METHODS: From June 1994 to June 2004 for a period
of 10 years, 153 patients who had Tsunoda type III or IV
hepatolithiasis, received hepatectomy at our institution.
Among these patients, 128 who underwent hepatectomy
by the VHE method were the subjects for the study. We
analyzed the risk of this procedure, residual rate of intra-
hepatic stones, and stone recurrent rates.

RESULTS: The average age was 54.2 years, and the
male to female ratio was 1:1.7. The average follow-up
period was 25.6 mo (6-114 mo). There was no post-
operative severe complication or mortality after the
operation. The rate of residual stones was 5.4% and the
rate of recurrent stones was 4.2%.

CONCLUSION: VHE is a safe surgical procedure and
provides favorable treatment results of intractable
hepatolithiasis. Especially, this procedure has advantage
in that intra-hepatic bile duct stricture may be confirmed
and corrected directly during surgery.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Although hepatolithiasis is a benign condition, the
clinical progression of this disease not only often limits a
patient’s social activities, sometimes to an extreme degree,
but also may lead to liver parenchymal destruction due
to recurrent cholangitis or even septic death if adequate
treatment is not provided. Moreover, cholangiocarcinoma
is found in approximately 5-10% of patients with
hepatolithiasis'*”. The incidence of hepatolithiasis in
the Korean population has been reported as 15% of all
biliary tract stones, which is relatively higher than the data
reported in Western populations®.

In clinical practice, however, the treatment results are
less favorable when compared to those of extrahepatic
bile duct stones. The reason for this is the stricture of the
intra-hepatic duct as a major cause of hepatolithiasis'™”,
which is commonly intractable because of the anatomical
characteristics. It has been known that the most important
aspects in the treatment of hepatolithiasis is the complete
removal of all intra-hepatic stones and resolution of
accompanied intra-hepatic duct stricture, in order to
reduce the incidence of post-operative cholangitis and
stone recurrence'”.

Recent developments in endoscopic techniques have
also been shown to result in favorable outcomes'’. Such
advances have led to the shifting of surgical practice
from uniform surgery to a combination of surgery and
endoscopy for the treatment of hepatolithiasis®”. But
the endoscopic approach for hepatolithiasis is not always
successful due to various intra-hepatic duct anatomies
and cannot solve concomitant liver atrophy or latent
cholangiocarcinoma.

The authors of this study implemented a surgical
approach for hepatolithiasis according to the Tsunoda
classification of hepatolithiasis, which desctibes the intra-
hepatic duct in terms of dilatation and strictures, and is as
follows: type I, no marked dilatation or strictures of intra-
hepatic bile ducts; type 11, diffuse dilatation of the intra-
hepatic biliary tree without intra-hepatic duct strictures
and frequently a stricture of the distal common bile
duct; type 111, unilateral solitary or multiple cystic intra-
hepatic dilatation, frequently accompanied by stenosis of
the left or right intra-hepatic bile ducts; and type 1V, the
same attributes as type III but with bilateral involvement
of hepatic lobes". The authors’ policy of treatments in
hepatolithiasis is according to Tsunoda type, that is, the
type I or II is treated with endoscopic approach and the
type I1I or IV is with surgical approach.
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MATERIALS AND METHODS

From June 1994 to June 2004, a retrospective review
was undertaken of 153 patients who received partial
hepatectomy for hepatolithiasis at out institution, among
whom, 128 patients underwent hilar duct oriented
hepatectomy (ventral hilum exposure method, VHE). We
analyzed the surgical risk of VHE method, residual rate
of intra-hepatic stones, stone recurrent rates, and those
patients with concomitant cholangiocarcinoma were also
investigated.

The definition of hepatolithiasis was according to
the description by Couinaud in which a gallstone is
present in the proximal portion of the confluence of
the common hepatic duct. The presence of residual
or recurrent hepatolithiasis after surgery were assessed
by ultrasonography (US), computerized tomography
(CT) scans, cholangiograms by endoscopic retrograde
cholangiopancreaticography (ERCP) and/or percutaneous
transhepatic cholangiography (PTC). The postoperative
follow-up comprised of US every 3 mo and CT scan
every 6 mo for the first three years, and then once a
year thereafter, or when abnormal symptoms suspicious
of cholangitis or residual or recurrent hepatolithiasis
were present. If the residual or recurrent stones were
suspected by US or CT scan, the PTC and/or ERCP were
introduced.

Recurrent hepatolithiasis was defined as stones
recurring after 2 years of initial therapy. Operative
mortality and hospital mortality was defined as death of a
patient within 30 d of surgery, and death before discharge
from the hospital after surgery, respectively.

Operative techniques

The goal of VHE is total exposure of the hilar bile duct. In
case of left lobectomy, first the course of middle hepatic vein

www.wjgnet.com

Figure 1 Schematic drawing of VHE
procedure during left lobectomy. A:
Hepatotomy commences vertically from
the Cantlie’s line to the direction of the
hilar bile duct (thick arrow); B: after
reaching the hilum, the hepatotomy is
continued along the pre-caudate plane
(angled thick arrow); C: the ventral
portion of the hilar hepatic duct is opened
along its direction; D: after completion of
the necessary ductal procedure.

and the distribution of intra-hepatic stones are confirmed by
intra-operative US, then the gallbladder is removed. A sagittal
liver parenchyma dissection (hepatotomy) along the Cantlie’s
line or midline of the GB bed is done until reaching the right
hilar Glisson’s sheath. Then the sagittal dissection plane is
rotated 90° to the left along the coronal plane or pre-caudate
planel“l. The preservation of the middle hepatic vein during
sagittal hepatotomy is optional. Managed thus, long segment
of the ventral portion of hilar Glisson’s sheath can be sepa-
rated from dorsal part of the segment IVD liver parenchyma
(Figures 1A and 1B). Without exception in our experience,
the hepatic hilar bile duct is situated at the extreme antero-
superior aspect in the hilar Glisson’s pedicle that can be con-
firmed by needle puncture aspiration of bile, and then the
anterior wall of the hilar bile duct can be opened safely along
its direction without the need of dissection of hilar Glisson’s
sheath (Figures 1C and 1D).

In this way, direct visualization of the openings of the
second order branches of the intra-hepatic bile duct allows
pronounced accuracy of intra-operative cholangioscopy
in each of the intra-hepatic duct branches, and precise
evaluation of the distribution of intra-hepatic stones and
hilar stricture, and plastic reconstruction of the strictured
hilar hepatic duct. Plastic reconstruction of intra-hepatic
duct results in avoidance of a hepatico-jejunostomy in
almost every patient, and also primary closure of the bile
duct incision site maintains the physiologic anatomy of the
intra-hepatic bile duct. The VHE procedure also resulted
in easier confirmation of the common bile duct status, and
none of the patients who received this therapy required a
T-tube choledochostomy (Figures 2 and 3).

We did not perform VHE in cases where the
hepatolithiasis was situated in the third branch or the more
periphery of the intra-hepatic bile duct, when parenchymal
destruction of the liver was observed in the periphery,
and when no stricture was present up to the second
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Figure 2 A: Dissecting along the pre-caudate plane allows the ventral portion of the hilar duct to be exposed during left lobectomy; B: the hilar duct was opened along its

direction; RHD: right hepatic duct opening.

Figure 3 During central lobectomy, the hilar duct was exposed and opened. A: Extraction of the IHD stones; B and C: application of intra-operative choledochoscope to the

left and right IHD; D: after the removal of all intra-hepatic stones.

order branches of the hilar bile duct. These patients were
managed with conventional liver parenchyma resection

(Table 1).

RESULTS

The average age of patients who received VHE surgery
was 54.2 years, and the male to female ratio was 1:1.7. All
128 patients who underwent VHE surgery were Tsunoda
type 111 or IV (98 patients were Tsunoda type 111, and 30
were type IV). The type of stone in all the 153 patients
who received surgery was pigment stone, and hilar duct
stricture was confirmed in 90 of 128 patients who had
VHE surgery (70%). In the remaining 38 patients without
hilar ductal stricture, strictures were observed in the

second order branches.

The average follow-up period of 128 patients
after VHE for hepatolithiasis was 25.6 months (range;
6-114 mo). The number of patients with residual stones
after VHE hepatectomy was 7/128 (5.4%), and residual
stones were found in 4/98 patients with Tsunoda type
11T (4.1%) and in 3/30 with type IV (10%). Among them,
there were six patients in whom residual stone removal
by PTCS was performed who had symptoms such as
cholangitis. And the remaining four asymptomatic patients
were being followed up only with observation to date.

We could follow-up 48 patients with CT scan and US
for more than two years after complete stone removal
by the VHE method. The range of the follow-up period
of these 48 patients was 26-116 mo, with an average of
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Type of operation n
Explo-laparotomy only’ 6 Long-term results Number of cases (%)
LLS? z 14 Non-VHE (25) Free of symptoms a.nd no recu1"r‘ent stones 43 (89.6)
LLS+RPS’ 2 Recurrent stones with cholangitis 2(4.2)
RPS 3 Cholangitis without recurrent stones 2(4.2)
cL! 4 Cholangiocarcinoma 1(21)
LL’+subsegmentectomy 114 ] VHE (128)
RL+IVb® 10
Total 153

1 . . . . 2-
Explo-laparotomy only due to carcinomatosis of cholangiocarcinoma. “Left
lateral segmentectomy. Right posterior segmentectomy. ‘Central lobectomy.
*Left lobectomy. ‘Right lobectomy+subsegmentectomy IVb.

Number of recurrent
stone (%)

Number of residual

Tsunoda type stone (%)

I 4/98 (4.1) 2/39 (5.1)
v 3/30 (10) 0/9 (0)
Total 7/128 (5.4) 2/48 (4.2)

60.4 mo. Among them, only two patients had recurrent
stones, showing a recurrence rate of 4.2% (2/48). Both of
these patients were Tsunoda type 111 at the time of surgery
(Table 2). And these two recurrent patients developed
cholangitis, and one died of sepsis as a result of the
cholangitis. Among the 46 patients who were followed
up for more than 2 years without recurrent stones, 2
developed acalculous cholangitis as the complication and
were managed by conservative treatment. One patient was
diagnosed with cholangiocarcinoma 3 years after surgery
without evidence of stone recurrence (Table 3).

Among the total of 153 patients who received
hepatectomy for hepatolithiasis, there were 17 cases of
cholangiocarcinoma (11%), and six of these patients
were of advanced state of unresectable disease during
laparotomy. There were also three patients with 77 situ
cholangiocarcinoma after confirmation of pathology. And
only three patients wete pre-operatively determined to be
with cholangio-carcinoma among the total of 17 cases of
concomitant cholangiocarcinoma.

There was no case of operative mortality or hospital
mortality in all patients who were studied. Post-VHE
complications occurred in 33/128 patients (25.7%), and
consisted of wound infections (20 patients, the most
common complication), pulmonary complications such as
pleural effusion or pneumonia (nine patients), bile leakage
(four patients), and one case each of post-operative minor
intra-abdominal hemorrhage, intraperitoneal abscess, and
gastrointestinal bleeding. All of the complicated cases were
successfully managed conservatively.

DISCUSSION

Recent therapy by the combination of endoscopy and
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surgery for the treatment of hepatolithiasis has allowed
overcoming the limitations of each modality and therefore
has led to marked enhancement of treatment results.
Another reason for the increased treatment success may
be due to the more accurate pre-operative evaluation of
intra-hepatic bile duct strictures and distribution of intra-
hepatic stones.

Many favorable results have been reported in the
literature with regard to endoscopy in the management of
hepatolithiasisp’lzw. In our institutional experience, analysis
of endoscopic treatment results of 106 patients with
hepatolithiasis has shown that the overall residual stone
rate was 16%, but this rate was higher in patients with
Tsunoda types III and IV (24% and 30%, respectively).
We thought that this result was from the intra-hepatic
stricture and the sharp angled branches of the intra-
hepatic bile duct anatomy ™', And it is well known that
there are major limitations of endoscopic hepatolithiasis,
such as parenchymal destruction of the liver, liver abscess
formation, and a 5-10% incidence of cholangiocarcinoma
that occurs in patients with hepatolithiasis“’z’li’m. Our study
revealed a slightly higher rate (11%) of patients found with
cholangiocarcinoma, compared to previous reports from
other institutions, and the reason for this is thought to be
due to the fact that patients who received surgery in our
institution were those with parenchymal destruction and
intra-hepatic bile duct stricture, and also because a larger
number of patients were with long-standing, advanced
hepatolithiasis. Another serious problem in patients
with hepatolithiasis accompanied by the presence of
cholangiocarcinoma is that the latter disease is not easily
detected in the pre-operative evaluation, and thus may be
missed during endoscopic treatment of hepatolithiasis[z’m.
This was also our finding in this study.

Endoscopic treatment of hepatolithiasis is considered
to be relatively safe!™. However, to endoscopically remove
all stones completely and to resolve stricture of the intra-
hepatic bile duct, the procedure is conducted on an average
of 3 to 4 times at 1-2 wk intervals, restricting the patients’
activities over a long period of time, even though the
procedure entails less physical and psychological burden
for the patient than surgical operation.

In Korea as well as in most Asian populations,
pigment stones are the most common, while cholesterol
stones are predominant in Western populations. This
was also the case in our study in which all patients who
received surgery were with pigment stones. In contrast to
cholesterol stones, pigment stones demonstrate different
clinicopathologic features of the intra-hepatic bile duct.
Most cholesterol hepatolithiasis are usually located in the



Kim BW et a/. Ventral hilum exposure method

435

Stricture-site

# Strictured entmdf __r’_ij
Q yi%a

Figure 4 A and B: Pre-operative imaging of hepatolithiasis with hilar duct stricture; C: opened hilar IHD shows narrow entry of right IHD (arrow); D: after stricture-plasty both

entries of the right anterior and posterior ducts are seen.

peripheral intra-hepatic ducts, accompanied by a lesser
incidence of cholangitis, there is less wall thickening of
the stone-containing duct, and the presenting symptoms
are usually mild. However, pigment stones are frequently
accompanied by hilar duct stricture and hilar duct stones,
show severe wall thickening of the stone-bearing duct, and
the symptoms are more severe due to a higher incidence of
cholangitism]. According to our knowledge of previously
reported literature, we have not been able to find any
reports with regard to the rate of hilar duct stricture in
hepatolithiasis patients due to pigment stone. We, however,
were able to observe in our study that hilar stricture was
present in 90 of 153 (59%) patients. Therefore, it is the
opinion of the authors that during surgery for pigment
stone hepatolithiasis, resection of the stone bearing liver
parenchyma and removal of stones only is inadequate
because the possibly accompanied hilar strictures will
make recurrent diseases, and which must be appropriately
corrected during surgery.

The VHE procedure adopted and analyzed by the
authors of this study has been established as a safe method
in a previous report of the pre-caudate plane of the para-
caval portion of the caudate lobe!". Anatomically, the
pre-caudate plane may be described as a plane bounded
inferiorly by the hilar Glisson’s pedicle, superiorly by the
dorsal portion of origin of the middle hepatic vein, the
left side by the ligamentum venosum, and the right side by
the imaginary line of the second order branching point of
the right Glisson’s pedicle and the dorsal portion of origin
of the right hepatic vein""?",

According to the experience of the authors of this
study, we did not observe any postoperative incidence

of severe hemorrhage of the resection plane or hypoxic
damage of the caudate lobe during hepatotomy along the
pre-caudate plane for left lobectomy or extended right
lobectomy of the liver.

This VHE method also permitted facilitated
understanding of individual hilar bile duct anatomy, the
openings of second order branches from the hilar bile duct
by completely exposing the ventral hilar Glisson’s pedicle
and then incising along the hilar bile duct. It also allowed
increased accuracy of the intra-operative choledochoscopy,
complete removal of intra-hepatic stones without difficulty
under direct visualization, and easier stricture-plasty of the
constricted hilar bile duct.

Our experience showed that the opening of hilar bile
duct along its direction will allow visualization of 3 or
4 openings of the second order branches of the intra-
hepatic bile duct, which emerge beginning from the right
side in the following order; the anterior segmental branch,
the posterior segmental branch (or common duct opening
of right anterior and posterior hepatic duct), and 2 caudate
branches. In many instances, the order and the number
of caudate branches varied from patient to patient, and
the order frequently presented as anterior segmental
branch, caudate branch, posterior branch, and then the
caudate branch. When hilar bile duct stricture is present,
the stricture site may exist anywhere in the openings of
the second order branches, thus necessitating adequate
exposure of the hilar bile duct for direct visualization of
the inside of the hilar bile duct for preservation of each
second order branches during stricture-plasty (Figure 4).

Whenever possible, the authors did not perform a
bilioenterostomy after hepatectomy but attempted to
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conserve the anatomy of the bile duct physiologically.
This was because according to two studies by Kusano
et al” and Jan er a/*, incidence of cholangitis was high
after bilioenterostomy.

In this study, the 5.4% rate of residual stones and 4.2%
of recurrent stones after VHE surgery for hepatolithiasis
were much better results than historical control datas of
conventional hepatectomy that showed residual stone rate
about 10% and recurrent stone rate about 12-29.6%
and this may be attributed to the high efficacy of the
VHE procedure in correcting the bile duct stricture.
Motreover, as the patients who underwent VHE for
hepatolithiasis in this study were all high grade Tsunoda
type which is difficult to remove by endoscopic methods,
the effectiveness of the proposed VHE method is further
stressed. We also emphasize the complication rate of
VHE which was comparable with that of conventional
hepatectomy.

In conclusion, we present in this study the VHE
method that allows accurate assessment of the pathologic
anatomy of the intra-hepatic bile duct during hepatectomy
for hepatolithiasis. We also suggest from our observed data
that this procedure will decrease the residual stone rate
and long term recurrent stone rate after surgery without
serious complications. We recommend this procedure for
surgical treatment of intractable hepatolithiasis.
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Abstract

AIM: We examined quantitative mRNA expression of
growth factor receptors (c-erbB-1, c-erbB-2) and the
anti-apoptosis gene survivin known to be regulated
in pancreatic adenocarcinomas and compared the
expression pattern with that in carcinomas of the papilla
of Vater.

METHODS: Quantitative real-time reverse transcriptase-
PCR (QRT-PCR, Tagman™) was performed to analyze
mRNA expression levels of c-erbB-1, c-erbB-2 and
survivin in normal and corresponding tumor samples of
31 pancreatic adenocarcinomas and 8 cancers of the
papilla of Vater.

RESULTS: The overall median mRNA expression
of survivin was significantly increased in both
adenocarcinoma of the pancreas (P<0.01) and papilla
of Vater (P<0.008) compared with uninvolved normal
control tissue. In pancreatic cancer, expression of
c-erbB-1 was significantly decreased compared with
the normal pancreatic tissue (P<0.03), whereas in the
cancer of the papilla of Vater expression of c-erbB-2 was
significantly downregulated (P<0.05) compared with
the paired normal samples. Gene expression was not
associated with tumor stage, differentiation or prognosis.

CONCLUSION: The common anti-apoptosis gene
survivin is overexpressed both in the cancer of the papilla
of Vater and pancreas. In contrast, the growth factor
receptor genes c-erbB-1 and c-erbB-2 are differentially
regulated in both tumor entities adding further evidence
that pancreatic cancer is biologically different from the
cancer of papilla of Vater.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Adenocarcinoma of the pancreas has the worst prognosis
of all cancers, with a 5-year survival rate less than 3%,
accounting for the fifth highest number of cancer related
deaths in North America and Europe with a rising
incidence"”. The only curative treatment for pancreatic
cancer (PC) is complete resection which is possible in
only 10-20% of patientsm
constant 5-year survival rates of approximately 20% for
the last 30 y'ears[5’6’7]. The dismal prognosis and the lack of
effective therapeutic regimens for this disease are attributed

and associated with relatively

to several causes: (a) PC shows an aggressive biological
phenotype, which is characterized by the eatly invasion
of surrounding structures and rapid metastatic spread™”;
(b) radiation therapy and chemotherapy are reported
to be effective only in selected patients after tumor
resection” s (c) although various genetic alterations were
identified, which have improved our understanding of the
carcinogenesis of this disease, the responsible molecular
mechanisms are largely unknown. New treatment regimens
based on molecular classifications of the individual tumor
may improve the outcome for patients with PC.

In contrast, cancer of the papilla of Vater (CPV) has
a better prognosis with a 5-year survival rate of over
40% after curative resection' . CPV is a rare disease
representing 6-12% of all periampullary malignanciesm
with an estimated incidence of 2.9 per million"”. Because
of its anatomical location, CPV becomes symptomatic
at an earlier stage than PC. Therefore, the majority of
the patients with CPV are candidates for surgical therapy.
Evidence is increasing that differences in the tumor
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biology of these two entities contribute to the different
prognosis .

Survivin is a member of the inhibitor of apoptosis
gene family, which is unique for its expression in a wide
range of embryonic and fetal tissues, whereas almost no
transcripts are detected in terminally differentiated normal
adult tissues. In human pancreatic islets survivin expression
is also developmentally regulated”! . Survivin expression
in human fetal islets was identified immunohistochemically
in alpha and beta islet cells whereas adult pancreases
showed a staining only in the alpha cells. However, it is re-
expressed in several human cancers'” and has an additional
function in the regulation of cellular proliferation"” and
angiogenesis”™ of cancers. Survivin expression has been
reported to be associated with poor survival in patients
with colorectal cancer”?” and several other human
cancers™. In a recent immunohistochemical study on 52
PC patients, increased survivin expression was strongly
correlated to a higher proliferative index, nevertheless no
correlation between survivin expression and survival of
the patients was shown®™,

The epidermal growth factor receptor (EGF-R) family
contains four structurally homologous transmembrane
proteins with intracellular tyrosine kinase activity. The
best-described growth factor receptors of this family are
EGF-R also known as c-etbB-1"" and the c-etbBs-2, 3,
and 4%, They share a significant sequence homology and
are frequently overexpressed in PC. Activation of the
receptors leads to increased DNA synthesis, and changes
in cell motility and cell metabolism"”. EGF-R is activated
by a family of peptide ligands that includes EGF, TGF-q,
heparin binding EGF-like growth factor, betacellulin, and
amphiregulin®. The EGF-R is encoded by the c-erbB-1
proto-oncogene and is a transmembrane growth factor
with tyrosin kinase activity. In normal pancreas, c-erbB-1
is expressed only in the islets of Langerhans. Nevertheless
the c-erbB-1 gene is overexpressed in human pancreatic
cell lines and in 95% of ductal adenocatcinomas, due to
an increase in gene transcription™, Overexpression of
c-etbB-1 detected by immunohistochemistry is correlated
with reduced survival rates in several studies™" .

The c-etbB-2 (also called HER2/neu) gene encodes a
185-ku transmembrane glycoprotein with tyrosine kinase
activity, and acts as a receptor for a class of ligands that
includes the heregulins, gp30, and NEU-differentiation
factor. C-etbB-2 is overexpressed in the bladder, breast,
esophageal, and gastric cancer, where it appears to
have a role in lymphatic tumor spread”**. In ductal
adenocarcinomas of the pancreas and in ampullary tumors,
c-etbB-2 is overexpressed in 20%, which is usually caused
by gene amplification””. Reports about the prognostic
significance of c-erbB-2 are not uniform throughout the
literature. One study showed a survival advantage for
patients without the overexpression of c-etbB-2 in their
tumors” | while another study showed a correlation of
c-etbB-2 serum levels and survival of the patients ™. In
the majority of studies no prognostic significance for the
expression of c-erbB-2 in PC was revealed” ™.

In the present study we have determined gene
expression levels of survivin, c-etbB-1 and c-etbB-2 in PC
and CPV applying quantitative real-time RT-PCR (TagMan
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™) in order to look for gene profiles that might account
for the different biological behavior.

MATERIALS AND METHODS

Patients and specimens

Between July 1997 and December 2003 fresh frozen
tumor and corresponding normal tissue from 63 patients,
who underwent curative resection of suspected or proven
pancreatic or ampullary tumors were collected. Informed
consent was obtained from all the patients. Data and tissue
collection were in accordance with the regulation of the
local ethic committee. Tissues were frozen immediately in
liquid nitrogen and stored at -80 °C until further analysis.

The definitive histology of the tissue used for RNA
isolation was confirmed in serial sections by a staff
pathologist. Only tumor specimens with at least 75%
malignant cells were used for RNA isolation.

Finally, 31 specimens from ductal adenocarcinomas of
the pancreas and 8 from adenocarcinomas of the papilla
of Vater with paired normal control tissues were available
for gene expression analysis. This study population
consisted of 24 (62%) men and 15 (38%) women with
a median age of 59.4 years (range, 33-81 years). Tumor
staging was performed according to the International
Union Against Cancer (UICC) tumor-node-metastasis
classification. In patients with PC, 1 (3.2%) patient had a
stage I tumor, 3 (9.6%) patients had a stage II tumor, 24
(77.4%) patients had a stage 111, and 3 (9.6%) had a stage
IVa tumor. In patients with CVP, 5 patients presented with
a stage I tumor, 2 patients had stage III, and 1 patient a
stage IV tumor.

Twenty four patients underwent a Kausch-Whipple
procedure, and in 10 patients the pylorus was preserved.
In four patients a left-sided pancreatic resection and in one
patient a pancreatectomy was performed. In patients with
cancer of the papilla (#=8) of Vater, five received a pylorus
preserving partial pancreaticoduodenectomy, whereas
three patients underwent a Kausch-Whipple procedure.
The median follow-up for surviving patients was 9.5 mo
and no patient was lost to follow-up.

RNA isolation

Total cellular RNA was isolated using RNeasy Mini Kit
(Qiagen, Hilden) adding proteinase K (0.2 mg/mL) and
quantified at 4260/280 mm (SmartSpec; Bio-Rad, Hercules,
CA, USA).

Quantitative RT-PCR

Total cellular RNA (0.5 pg) was reverse-transcribed as
described previouslym. An amount of 25 ng of cDNA was
taken for real-time PCR using the TagMan ABI PRISM
7900HT Sequence Detection System (Applied Biosystems,
Darmstadt, Germany). To normalize the amount of total
RNA present in each reaction, the housekeeping gene
[B-actin was amplified.

Primers and probes were designed to encompass
intron between exon sequences using the Primer Express
Software (Applied Biosystems, Darmstadt, Germany).
The B-actin probe was labeled with 5'-VIC and 3'-Minor
Groove Binder/Non-Fluorescent Quencher (Applied
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Figure 1 Expression of survivin in PC (n=31) and CPV (n=8).

Biosystems, Darmstadt, Germany). The sutvivin, c-erb-B-1
and c-erbB-2 probes were labeled at the 5" end with FAM
and at the 3’ end with the quencher TAMRA (Eurogentec,
Seraing, Belgium). The sequences for the primers and
probes were as follows: survivin described by Warnecke-
Eberz et al 2005. C-ertbB-2 sense 5 CCA GGA CCT GCT
GAA CTG GT 3, anti-sense 5" TGT ACG AGC CGC
ACA TCC 3', probe 5" CAG TTG CCA AGG GGA TGA
GCT ACC TG 3'. C-erbB-1 sense 5" CGC AAG TGT
AAG AGT GCG AA 3, anti-sense 5 CGT AGC ATT
TAT GGA GAG TGA GTC T 3, probe 5" CCT TGC
CGC AAA GTG TGT AAC GGA AT 3'. The reliability
of PCR amplification and detection was verified on serial
dilutions of standard cDNAs prior to analyses of patient
samples. To ensure that no genomic DNA was amplified
the assays were checked with RNA samples minus reverse
transcription control as well as with genomic DNA as
template.

The PCR reaction was performed as described
previously[”]. All analyses were done in triplicates. Gene
expression levels were calculated using standard curves
generated by serial dilutions of placenta cDNA (Clontech
Laboratoties, Palo Alto, CA, USA).

Statistical analysis
The gene expression analyses yielded values, which were
expressed as ratios between two absolute measurements:
the gene of interest and the internal reference gene
B-actin. Gene expression levels were described using the
median as point estimator and the range of values. Cut-off
values for discrimination of dichotomized mRNA expres-
sion levels and clinicopathologic parameters were derived
from receiver operating curve data (area under the curve
and the 95% confidence interval) according to Metz ef al™.
Associations between gene expression levels and clinico-
pathological parameters were evaluated using the ¥ test
for dichotomized variables, Wilcoxon’s rank test for paired
variables and the Mann-Whitney test for independent vari-
ables applying Fisher’s exact testing for significance.
Partitioning of gene expression levels to construct
prognostic groups was performed according to LeBlanc
et al™!'. Briefly, the best cut-off value for a supposed

Tumor c-erbB-1 P c-erbB-2 P

Pancreatic cancer T<N 21 0.03 14 0.99
T>N 9 17

Cancer of the papilla T<N 5 0.38 6 <0.05

of Vater T>N 3 2

prognostic variable is determined by simulating the log-
rank test for all observed covariate values within the entire
data set. The minimal log-rank P-value determines the
best cut-off value for dichotomization of the covariate.
Kaplan—Meierm] plots were used to describe the survival
distribution and the log-rank test was used to evaluate
survival differences™’

The level of significance was set at P<0.05 in all
statistical testing. Unless otherwise specified, P-values were
given for two-sided testing;

RESULTS

Survivin mRNA expression

Survivin mRNA expression was detected in 30 of 31 (97%)
PC in all tumor specimens of the papilla of Vater and in
all paired non-malignant control specimens. In 26/31 (83%)
PC expression of survivin mRNA was higher in tumor
compared to normal control tissue and this difference was
statistically significant (Wilcoxon’s test: P<0.001). In CVP,
all tumor specimens (#=8) had a higher expression than
the normal tissue (Wilcoxon’s test: P<0.01). Expression of
survivin mRNA was not significantly different between PC
and CPV (Mann-Whitney test: P=0.195). Representative
box-plots are shown in Figure 1.

C-erbB-1 mRNA expression

C-erbB-1 mRNA expression could be detected in 30 of 31
(97%) pancreatic tumors, all tumors of the papilla and all
normal tissues. Expression of c-erbB-1 was lower in the
malignant than in the normal pancreatic tissue in 21 out of
31 (68%) individual cases. This difference was statistically
significant (Wilcoxon’s test: P=0.028), whereas in CPV
no statistically significant difference (P=0.38) in c-erbB-1
expression between tumor and corresponding normal
tissue was revealed (Table 1).

C-erbB-2 mRNA expression
The expression of c-erbB-2 was detectable in all tumor and
non-malignant specimens. In PC paired non-parametric
testing revealed no statistically significant difference in
c-ertbB-2 expression between tumor and normal tissue. In
contrast, c-erbB-2 expression was significantly (Wilcoxon’s
test: P<0.05) downregulated in 6/8 cases of CPV (Table 1).
No significant association between gene expression
levels and clinical parameters such as sex (;{2 test), tumor
stage, lymph node stage, and grade of differentiation
(Mann-Whitney test) was observed.
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Figure 2 Kaplan-Meier analysis of survival of patients with pancreatic cancer
(n=31) and CPV (n=8) after resection.

mRNA expression and survival of patients with pancreatic
cancer and cancer of the ampulla of Vater

At a median follow-up of 56 months (range 7-89 mo)
for surviving patients, median survival was 14 mo (range
2-60 mo) for patients with pancreatic carcinoma and 39.5
months (range 4-66 mo) for patients with carcinoma of
the papilla of Vater (log-rank: P<0.016). Kaplan-Meier
survival curves are shown in Figure 2.

Partitioning of gene expression levels to construct
prognostic groups according to LeBlanc e a/*"! did not
reveal any correlation between gene expression (c-erbB-1,
c-erbB-2, and survivin) and survival of patients with
pancreatic or papillary cancer.

DISCUSSION

The surgical therapy of carcinoma of the papilla of
Vater and adenocarcinoma of the pancreas consists of a
pylorus preserving or a classical pancreaticoduodenectomy
(Whipple procedure). Despite this identical surgical
approach, the long-term prognosis is different. Five-yeatr
survival rates from 0% to 25% for PC and from 15% to
56% for CPV have been reported™?. Tt was shown that
different tumor biology, represented by higher expression
of members of the EGF-R family (c-etbB-1, c-etbB-2,
and c-erbB-3) contributes to the different behavior!**,
C-erbB-1 and c-erbB-2 were also differentially expressed in
our study. In contrast to Friess ez al'?, our results showed
a significant downregulation of c-erbB-1 expression in PC
tissue and of c-erbB-2 expression in the malignant tissue
of the papilla of Vater compared with the adjacent normal
tissues. These results were based on a smaller number
of patients, but were obtained by quantitative real time
RT-PCR. Whereas the above mentioned study"” applied
immunohistochemical staining and Northern blot analysis,
quantitative real time RT-PCR provides more accurate and
reproducible quantitation of gene expression and has a
large range of results™".

The downregulation of c-erbB-1 in malignant
pancreatic tissues compared with the adjacent normal
tissue is in contrast to the existing literature that shows
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an overexpression of c-erbB-1 in pancreatic ductal
adenocarcinoma and a wotrse prognosis for patients with
high expression of c-erbB-1 in their tumors® """,
As mentioned above, these studies, which were
mainly published about 10 years ago, were based on
immunohistochemical techniques showing c-erbB-1
expression in only 30-70% of the investigated PC cases.
Importantly, the results were not compared with the
matching normal pancreatic tissue from the same patients.
In our investigation using real time RT-PCR, c-erbB-1
expression was detected in 97% of PCs and in all matching
normal pancreatic samples.

The reported expression of c-erbB-2 in PC has varied
widely (7-82%) in different studies due to the differences
in methodology and/or patient selection™. Our study,
which is the first in using quantitative real-time RT-PCR to
assess the expression of c-etbB-2 in pancreatic and CPV,
did not show a different expression of c-erbB-2 between
tumor and normal pancreatic tissue. This is in agreement
with two recent studies™™" using immunohistochemical
methods, which found no correlation between c-erbB-2
expression and stage or survival of patients with PC.
However, a series of other publications™***! reported
overexpression of c-erbB-2 in a subset of patients with PC
and its prognostic relevance. For other malignancies such
as gastric cancet™, breast cancet”™, and ovarian cancer™™
an increased expression of the c-erbB-2 oncogene has
been reported, applying PCR based methods. According to
our results and the recent literature one must consider, that
the role of c-erbB-2 in the tumorigenesis and its value as a
prognostic marker in PC has not been finally elucidated.

In concordance with other authors®*”" we found
an increased expression of survivin in the samples of
PC and CPV compared with the adjacent non-malignant
pancreas. One study” also found an overexpression of
survivin in a seties of 12 ampullary carcinomas; expression
was not different from PC, which is comparable with
our result. Kami ez a/™ reported a significant correlation
between poor survival and increased expression of
survivin in a study with 47 patients with PC using
immunohistochemistry. Whereas Sarela ez a/*Y, as well
as our study revealed no association between survival
and expression of survivin. The comparable results of
survivin expression in our patients and other studies in the
literature strengthen our data regarding the expression of
c-etbB-1 and c-erbB-2 in PC and CPV. For a variety of
other malignancies it was shown that survivin expression
is a reliable marker for an unfavorable disease with poor
overall survival™”, The high number of locally advanced
tumors, on which our and other studies are based, could
explain the difference to PC. The significantly increased
expression of survivin in PC, obtained by different
methodologies, opens possibilities for new diagnostic and
therapeutic strategies, such as new targets for gene therapy,
differentiation between malignant and benign pancreatic
lesions before surgical resection and to monitor response
to neoadjuvant treatment regimens.
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Abstract

AIM: To examine the contribution of interleukin-10
(IL-10) gene polymorphisms to Crohn’s disease (CD)
phenotype, and the possible genetic epistasis between
IL-10 gene polymorphisms and CARD15/NOD2 gene
mutations.

METHODS: A cohort of 205 Spanish unrelated patients
with Crohn's disease recruited from a single center
was studied. All patients were rigorously phenotyped
and followed-up for at least 3 years (mean time, 12.5
years). The clinical phenotype was established prior to

genotyping.

RESULTS: The correlation of genotype-Vienna
classification groups showed that the ileocolonic location
was significantly associated with the -1082G allele in the
NODZ/CARD15 mutation-positive patients (RR=1.52,
95%(C7,1.21 to 1.91,P=0.008). The multivariate analysis
demonstrated that the IL-10 G14 microsatellite allele
in the NODZ2/CARD15 mutation positive patients was
associated with two risk factors, history of appendectomy
(RR=2.15, 95%CI=1.1-4.30, P=0.001) and smoking
habit at diagnosis (RR=1.29, 95%C7/=1.04-4.3,
P=0.04).

CONCLUSION: In Spanish population from Madrid, in
CD patients carrying at least one NODZ/CARD15 mutation,
the -1082G allele is associated with ileocolonic disease

and the IL-10G14 microsatellite allele is associated with
previous history of appendectomy and smoking habit at
diagnosis. These data provide further molecular evidence
for a genetic basis of the clinical heterogeneity of CD.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Crohn’s disease (CD) is a chronic inflammatory disorder
of the gastrointestinal tract. The inflammation may
involve any segment of the digestive tract, from the
mouth to the anus, and may affect mucosa and deeper
layers of the digestive wall, with or without granulomas.
The etiopathogenesis of the disease remains poorly
understood. Experimental and observational data suggest
that intestinal inflammation arise from abnormal immune
reactivity to bacterial flora in the intestine of individuals
who are genetically susceptiblem.

Epidemiologic and linkage studies suggest that
genetic factors play a significant role in determining CD
susceptibility. CD has no simple Mendelian pattern of
inheritance. As other immune diseases, CD is thought to
be a heterogeneous, complex polygenic disease, where
both genetic and environmental factors play an important
role in the disease and, in which multiple interactions
between susceptibility and resistance alleles are involved in
disease pathogenesislzﬁj.

Human genetic studies, notably the landmark
identification in 2001 of NOD2/CARD15 within the
linkage region IBD1, have confirmed a genetic influence
on CD" and it is now clear that a genotype-phenotype
relationship exists. In our population of Spanish CD
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patients from Madrid, mutations in the NOD2/CARD715
gene wetre a marker of susceptibility to disease and were
associated with ileal disease!”.

In CD, the mucosal inflammation is associated with an
exaggerated and prolonged immune response because of a
dysregulated production and interaction of pro-inflamma-
tory and anti-inflammatory cytokines and their receptors'”.
A variety of genes encoding various proteins involved in
the immune regulation have been postulated as possible
candidates for disease susceptibility, including, among oth-
ers, cytokines as interleukin-10 (IL-10). IL.-10 is a regula-
tory cytokine that has several functions, but one important
role is to act as an inhibitor of development of Thl cells,
activated macrophages and their products interleukin-12
(IL-12), tumor necrosis factor (TNF) and interferon-gam-
ma (IFN-y). Even though it is usually considered an inhibi-
tory cytokine, it also has stimulatory effects (e.g. stimulating
B cell proliferation)”. Recently, we have also shown that
IL-10 polymorphisms contribute to susceptibility to CD in
our Spanish population. IL-10G14 microsatellite allele as
well as -1082G allele (guanine at position -1082) were sig-
nificantly increased in Crohn’s disease patients. The com-
bined presence of both alleles in one individual notably
increased the risk to develop CD"".

Although the pathogenetic mechanisms mediated by
NOD2/CART5 remain elusive, it has recently been shown
that one of the mutations in the NOD2/CARD15 gene
results in defective release of 1L-10 from blood mono-
nuclear cells after stimulation with Toll-like receptor (TLR)
2 ligands and this could contribute to the overwhelming
inflammation seen in CD"""

As IL-10 polymorphisms appear to confer a risk to
develop CD in the Spanish population, the present study
examined genotype-phenotype correlations in the disease
process. Moreover, after stratifying the patients on the
basis of the presence or absence of the well-established
NOD2/CARD15 mutations, we looked for susceptibility
factors being present in one specific phenotypic subpopu-
lations.

MATERIALS AND METHODS
Study population

We studied a cohort of 205 Caucasian unrelated
consecutive patients with CD who were recruited in a
Unit of Inflammatory Bowel Disease (IBD) from a single
tertiary referral center in Madrid, Spain. Diagnosis of
Crohn’s disease was based on standard clinical, radiologic,
endoscopic, and histologic criteria”. Phenotypic details
were obtained by review of clinical charts and personal
interview with the patients. The same clinical questionnaire
was completed for each patient. This questionnaire
included: date of birth, sex, familial IBD, age at diagnosis,
follow-up interval, smoking habits, history of surgery
(tonsillectomy, appendectomy), definitions of the Vienna
classification for age at diagnosis (A1, < 40 years; A2,
= 40 years), disease location (L1, terminal ileum; 1.2,
colon; L3, ileocolon; 1.4, upper gastrointestinal), behavior
(B1, nonstricturing nonpenetrating; B2, stricturing; B3,
penetrating), petianal disease (defined as the presence of
perianal abscess, fistulas and/or ulceration), extraintestinal
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clinical manifestations (articular and cutaneous), and
previous treatment as an indication of severity of disease
(surgical intervention, corticosteroids, immunosuppressant
agents, infliximab). All patient data were recorded by a
gastroenterologist from the Unit of IBD (J. L. M.) who
was blind to the genotype status of each patient. The
protocol was approved by the Ethics Committee of the
Hospital Clinico San Carlos, Madrid, and all patients were
included in the study after giving informed consent.

Genotyping
IL-10 polymorphisms: IL-10G and IL-10R microsatellites
were amplified using primers and conditions as previously
described™. Blood samples were subsequently denatured
and run on an ABI Prism 3100 automatic sequencer
(Applied Biosystems, Foster City, CA, USA). Each sample
included an internal size standard (HD400 ROX, Applied
Biosystems) in order to achieve a highly consistent
measure. The results were analyzed using GeneMapper
v3.0 (Applied Biosystems).

As previously described™. a combined amplification
of the IL-10G microsatellite and the -1082 and -819
SNPs was performed. Our typing method allowed us to
construct haplotypes directly. SNPs at positions -1082,
-819 and -592 only form three different haplotypes in our
populationm’l(’], namely, ACC, ATA and GCC. Based on
this previous finding, we only typed the samples for the
two first SNPs, as the information provided by the third
one is redundant.

NOD2/CARD15 polymorphisms: SNP13
(Leul007fsinsC) was genotyped using a TagMan assay
(Applied Biosystems, Foster City, CA, USA). Primers
and probes used were as previously described™ ' and
PCR products were analysed on an ABI 7700 Sequence
Detector (Applied Biosystems). SNP8 (Arg702Trp)
(sense, 5-CAT CTG AGA AGG CCC TGC TC(C/T)-3
", antisense, 5-CAG ACA CCA GCG GGC ACA-3")
and SNP12 (Gly908Arg) (sense, 5-TTG GCC TTT TCA
GAT TCT GG (G/C)-3"; antisense, 5-CCC CTC GTC
ACC CAC TCT G-3") were typed by allele-specific PCR.
Detection of wild-type/mutant vatiants was assessed in
an ABI 7700 Sequence Detector by an SYBRGreen assay.
Previously sequenced samples were used as controls. In
cases of doubt, samples were sequenced to confirm the
result.

Statistical analysis

The frequencies for the IL-10 polymorphisms and NOD2/
CARD15 mutations were estimated by counting gene
and calculating sample proportions. Subsequently, Hardy
Weinberg equilibrium for each of the polymorphisms was
tested to check for Mendelian inheritance using ¥ test with
one degree of freedom. Carrier status was considered if
any subject inherited at least one copy of the mutant allele
2. The association between IL-10 polymorphisms and phe-
notypic characteristics of CD was estimatied by the relative
risk (RR) with the 95% confidence interval (CI). Logistic
regression analysis was perfomed to assess whether I1.-10
polymorphisms were correlated with a particular clinical
phenotype. The multiple logistic regression analysis was
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Allele frequencies

At least one CARD15/NOD2 mutation positive

CARD15/NOD2 mutation negative

n=176 (%) n=129 (%) P
1L-10G14 (n=47) 22 (28.9) 25 (19.4) 0.115
-1082G (n=146) 54 (71.1) 92 (71.3) 0.96
1L-10G14+-1082G (1n=29) 13 (17.1) 16 (12.4) 0.35
Phenotype frequency of CARD15/NOD2 (+) CARD15/NOD2 (-)

Phenotypic characteristics -1082 IL-10G(+) -1082 IL-10 G(+) -1082 IL-10 G(+)
(1=146) (%) P (n =54) (%) P (n=92) (%) P
Sex
Men 67 (45.9) 24 (44.4) 0.77 43 (46.7) 0.45
Women 79 (54.1) 0.67 30 (55.5) 49 (53.3)
Age at diagnosis (yr)
Al,<40 117 (80.1) 46 (85.2) 0.5 71 (77.2) 0.41
A2, =40 29 (19.9) 0.72 8 (14.8) 21 (22.8)
Family history 27 (18.5) 0.43 10 (18.5) 0.43 17 (18.5) 0.76
Smokers 64 (43.8) 0.55 24 (44.4) 0.86 40 (43.5) 0.65
Appendectomy 20 (13.7) 0.55 7 (12.9) 0.93 13 (14.1) 0.49
Tonsillectomy 22 (15.1) 0.11 5(9.3) 0.66 17 (18.5) 0.19
Disease behavior
Nonstricturing, nonpenetrating (B1) 63 (43.2) 0.87 24 (44.4) 0.58 39 (42.4) 0.86
Stricturing (B2) 22 (15.1) 9 (16.7) 13 (14.1)
Penetrating (B3) 61 (41.8) 21 (38.9) 40 (43.5)
Location of disease
Terminal ileum (L1) 70 (47.9) 0.63 29 (53.7) 0.021 41 (44.6) 0.43
Colon (L2) 24 (16.4) 5(9.3) 19 (20.7)
Ileocolon (L3) 47 (32.2) 19 (35.2) 28 (30.4)
Upper gastrointestinal (L4) 5(3.4) 1(1.9) 443)
Perianal 39 (26.7) 0.30 11 (20.4) 1 28 (30.4) 0.3
Extraintestinal clinical manifestations
Cutaneous 27 (18.5) 0.56 9 (16.7) 0.29 18 (19.6) 0.93
Articular 49 (33.6) 0.69 16 (29.6) 0.83 33 (35.9) 0.83
Treatment
Surgical intervention 61 (41.8) 0.76 22 (40.7) 0.71 39 (42.4) 0.92
Infliximab 19 (13.0) 0.06 5(9.3) 0.032 14 (15.2) 0.61
Immunosuppressants 63 (43.2) 0.81 25 (46.3) 0.72 38 (41.3) 0.63

' -1082G allele in NOD2/CARD15 mutation positive patients: ileocolonic location (P=0.008, RR=1.52, 95% CI=1.21-1.91). % -1082G allele in NOD2/CARD15

mutation positive patients: infliximab (P=0.03, RR=0.54, 95%CI=0.27-1)

adjusted for age (years). A two-tailed P value equal to or
less than 0.05 was considered statistically significant. Sta-
tistical analysis was performed using the Statistical Package
for the Social Sciences (SPSS) version 10.07 for Windows
(SPSS Inc., Chicago, Ill. USA).

RESULTS

The cohort of 205 patients with Crohn’s disease consisted
of 109 men and 96 women. The median age at diagnosis
was 27 years (mean 31.6, range 8-80) with an interquartile
range of 22-26 years. The median duration of follow-up
was 11 years (mean 12.57, range 3-47) with an interquartile
range of 7-16 years.

No statistically significant difference in I1L-10G14 and
-1082G or both allele frequencies was found between
NOD2/CARDT15 mutation positive and negative patients
(Table 1).

The genotype-phenotype correlations are shown in
Tables 2 and 3. No Vienna classifications of the disease,
neither risk factors, clinical manifestations, or treatment
modalites were associated with either I1.-10G14 or -1082G
alleles. A gene-dosage effect (IL-10G14 and -1082G

alleles) on phenotypic characteristics was not observed (data

not shown).

When we examined the associated I1.-10G14 and
-1082G alleles in the NOD2/CARD175 mutation
positive and negative patients separately, three new
positive associations were found. With regard to Vienna
classifications of the disease, ileocolonic disease was
significantly associated with -1082G allele in the NOD2/
CARDT5 mutation positive patients (P=0.008, Table
2). On the other hand, relative to risk factors for Crohn
disease, two significant associations of the I1L-10G14
allele carriership and history of appendectomy (P=0.002)
and smoking habit at diagnosis (P=0.02) in the NOD2/
CARDT15 mutation positive patients as compared with the
negative patients were observed (Table 3). The multivariate
analysis demonstrated that 1L.-10G14 allele was associated
with history of appendectomy (P=0.001, RR=2.15,
95%CI=1.1-4.30) and with smoking habit at diagnosis
(P=0.04, RR=1.29, 95%CI=1.04-4.3).

Eom omE mom o ommmm

In this study, we performed a genotype-phenotype
correlation study in a cohort of 205 Caucasian patients
with Crohn’s disease from the community of Madrid
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Phenotype frequency CARD15/NOD2 (+) CARD15/NOD2 (-)
Phenotypic characteristics of IL-10.G14 (+) IL-10.G14, IL-10.G14,
(n=47) (%) P (n=22) (%), P (n=25) (%), P

Sex

Men 23 (48.9) 0.74 13 (59.1) 0.08 10 (40) 032

Women 24 (51.1) 9 (40.9) 15 (60)
Age at diagnosis (yr)

Al,<40 39 (83.0) 0.5 21 (95.5) 0.27 18 (72) 0.68

A2, 240 8 (17.0) 1(45) 7 (28)
Family history 9(19.1) 0.54 4(18.2) 0.52 5 (20) 0.88
Smokers 24 (51.1) 051 16 (72.7) 0.02" 8 (32) 041
Appendectomy 9(19.1) 0.32 6(27.3) 0.002* 3(12) 0.59
Tonsillectomy 5 (10.6) 0.63 3 (13.6) 0.48 2(8) 0.36
Disease behavior

Nonstricturing, nonpenetrating (B1) 19 (40.4) 0.61 6(27.3) 0.19 13 (52) 0.62

Stricturing (B2) 9(19.1) 6(27.3) 3(12)

Penetrating (B3) 19 (40.4) 10 (45.5) 9 (36)
Location of disease

Terminal ileum (L1) 23 (48.9) 0.26 15 (68.2) 0.54 8 (32) 0.24

Colon (L2) 4(8.5) 1(4.5) 3(12)

Ileocolon (L3) 17 (36.2) 5(22.7) 12 (48)

Upper gastrointestinal (L4) 3 (6.4) 1(4.5) 2(8)

Perianal 14 (29.8) 0.86 4(18.2) 047 10 (40) 0.28
Extraintestinal clinical manifestations

Cutaneous 8 (17.0) 0.62 3 (13.6) 0.30 5 (20) 056

Articular 13 (27.7) 0.32 6(27.3) 0.53 7 (28) 0.36
Treatment

Surgical intervention 20 (42.6) 0.98 10 (45.5) 0.8 10 (40) 0.82

Infliximab 7 (14.9) 0.79 5(22.7) 031 2(8) 0.21

Immunosuppressants 18 (38.3) 0.61 10 (45.5) 0.81 8 (32) 0.23

'IL-10G14 in NOD2/CARD2 mutation positive patients: smokers vs non-smokers (P=0.02, RR=2.47, 95%CI=1.28-4.8). *IL-10 G14 in NOD2/CARD2 mutation
positive patients: appendectomy vs non-appendectomy (P=0.002, RR=3.29, 95%CI=1.45-7)

(central Spain) who had been followed-up for a mean
of 12.57 years. The clinical diagnosis of Crohn’s disease
was confirmed by the criteria of Gasche ez a/'”. Our
results showed that a relation existed between disease
location (ileocolon), risk factors for CD (appendicectomy
and smoking habit) and genetic heterogeneity in our
population. This could suggest an epistatic interaction of
both genes.

CD is an extensively heterogeneous disease.
Epidemiologic and genetic data suggest that heterogeneity
of CD may be genetically determined. Recently, Ahmad
et al'” have shown the importance of the NOD2/
CARD15 gene and the HLA region in determining clinical
subgroups of CD. Similarly, in our CD population, we
confirmed the association between NOD2/CARD15
mutations and ileal disease and the strong association
between DRB1*#0103 allele and colonic disease!'”. These
studies may provide an initial basis for the construction of
a molecular classification of CD™.

Location of disease is the variable that remains more
stable during the course of the disease” and it showed
a stronger association with mutations of the NOD2/
CARDT5 gene in genotype-phenotype studies using the
Vienna classification. In our populationm, like others*>*)
possession of an NOD2/CARD15 variant was significantly
associated with ileal disease. On the contrary, mutations
of the NOD2/CARD15 gene were exceptional in patients
with solely colonic involvement. In contrast to findings in
the Norwegian and German populationsm and similar to
findings in the British population“g’zsj, we could not find an
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association between ileocolonic location and mutations of
the NOD2/CARD15 genem. In contrast, this association
has been found between the NOD2/CARD15 variants
and 1L-10 -1082G carriers. This suggests the importance
of classifying the patients according to the different genes
implicated in the etiopathogenesis of CD and, therefore,
of performing the molecular characterization of CD
patients. Tagore ef al” have shown that IL-10 production
is associted with three biallelic polymorphisms within
the promotor region of the IL-10. The allele -1082G is
associated with higher IL-10 production in peripheral
blood leukocytes. This different levels of 1L-10 expression
could explain the diverse phenotypic clinical behaviour
of CD in specific genetic susceptibility background, like
NOD2/CARD15.

No other factor is likely to contribute in isolation to
the pathogenesis of CD. The modulation of the immune
system either locally or systemically has an important role
to play in the etiology and pathogenesis of this disease.
The IL-10 gene has special interest for a candidate gene
approach in CD. The biology of IL-10 is highly complex:
a potent down-regulator of CD peripheral monocyte and
intestinal lamina propria mononuclear cells activator i vitro
and #n vivd””. Both human IL-10 and murine IL-10 exert
immunostimulatory effects by up-regulating MHC class 11
expression in B lymphocytes and inducing cytotoxic T-cell
differentiation”™. Due to the dual regulatory function of
IL-10 itself, its gene is indeed an interesting susceptibility
candidate and it would be worthwhile to know whether
environment factors could modulate the I1.-10 function.
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The IL-10 gene knockout mouse spontaneously develops
a chronic enterocolitis” and gene therapy using an
adenovirus I1L-10 contruct is successful in preventing
experimental colitis in rats””. Moreover, there have been
preliminary reports of amelioration of clinical symptoms
of CD following administration of human recombinant
IL-10P71,

Regarding the risk factors for CD, we found two
significant associations between carriership of the IL-
10G14 microsatellite allele in CARD15-positive patients
and previous history of appendectomy and smoking habit
at diagnosis. The interaction between genetics and smoking
has been demonstrated in siblings from mixed-disease
families, where some individuals develop CD and others in
the same family develop ulcerative colitis. There is a strong
positive relationship between smoking and CD and an
equally strong negative relationship between smoking and
ulcerative colitis™”. Appendectomy provides a spectrum
of protection against ulcerative colitis development and
progression, whereas its role in CD remains unclear.
Russel ¢# a/™ have also noted a positive association of
CD and previous appendectomy, suggesting that, in some
cases, appendectomy is a result of still undiagnosed CD.
Recently, other retrospective study concluded the risk of
CD after appendectomy was associated with an increased
risk of CD dependent on the patient’s sex, age, and the
diagnosis at operationpﬂ. Future work should pursue
to investigate the epidemiological relationships in CD,
addressing a greater number of potentially important
confounders, such as smoking, hygiene, and pathology of
the appendix. And parallel with these clinical observations,
new target could be defined by genetic and immunologic
analysis to evaluate if appendicitis could be correlated with
any particular genetic modification involved for patients
with CDP.

In conclusion, our study has shown that in the Spanish
population from Madrid, in CD patients carrying at least
an NOD2/CARD15 mutant, the -1082G allele might be
associated with ileocolonic disease, and the I11.-10G14
microsatellite allele might be associated with previous
history of appendectomy and smoking habit at diagnosis.
Identification of plausible factors that may interact with
genes is a promising step toward understanding how
sequence variation influences disease susceptibility.
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Abstract

AIM: To retrospectively evaluate the clinical relevance,
perioperative risk factors, outcome of different
pharmacological prophylaxis, and short-term prognostic
value of atrial fibrillation (AF) after surgery for
esophageal carcinoma.

METHODS: We retrospectively studied 63 patients with
AF after surgery for esophageal carcinoma in comparison
with 126 patients without AF after esophagectomy
during the same time. Postoperative AF incidence was
related to different clinical factors possibly involved in its
occurrence and short-term survival.

RESULTS: A strong relationship was observed between
AF and postoperative hypoxia, history of chronic
obstructive pulmonary disease (COPD), postoperative
thoracic—gastric dilatation, age older than 65 years, male
sex and history of cardiac disease. No difference was
observed between the two groups with regard to short-
term mortality and length of hospital stay.

CONCLUSIONS: AF occurs more frequently after
esophagectomy in aged and male patients. Other factors
contributing to postoperative AF are history of COPD and
cardiac disease, postoperative hypoxia and thoracic—
gastric dilatation.

© 2006 The WIG Press. All rights reserved.

Key words: Esophageal carcinoma; Atrial fibrillation;
Surgery

Ma JY, Wang Y, Zhao YF, Wu Z, Liu LX, Kou YL, Yang 1J.
Atrial fibrillation after surgery for esophageal carcinoma:
Clinical and prognostic significance. World J Gastroentero/
2006; 12(3): 449-452

http://www.wjgnet.com/1007-9327/12/449.asp

INTRODUCTION

Atrial fibrillation (AF) is a frequently occurring arrhythmia
after esophageal procedures. It has been suggested that AF
may be generally related to a worse prognosis and a longer
postoperative hospital stay. Reports on the effectiveness
of alternative strategies to control AF are contradictory™.
Therefore identification of all high-risk populations will
allow targeted use and hence more cost-effective and
successful application of these methods can be achieved.

The purpose of the present study was to retrospectively
evaluate the clinical relevance, perioperative risk factors,
outcome of different pharmacological interventions,
and short-term prognostic value of AF after surgery for
esophageal carcinoma.

MATERIALS AND METHODS

Patients

From 1998 to the end of 2003, a total of 63 consecutive
patients had AF after surgery for esophageal carcinoma in
our institution. AF was defined as a sustained or repetitive
electrocardiographically documented arrhythmia requiting
antiarrhythmic therapy". During the same time of surgery,
126 patients without postoperative AF after esophageal
carcinoma resection wete randomly chosen as the control
group. A retrospective chatt review was performed on all
the patients with and without AF. Patients were identi-
fied by search of registry database and hospital medical
records. Records were reviewed by two independent re-
searchers to confirm the diagnosis of AF.,

There were 63 AF patients, 55 males and 8 females
with an average age of 64.7 (range, 51-83) years. The on-
set of AF occurred on the first postoperative day in 22
patients (34.9%), on the second postoperative day in 30
patients (47.6%), on the third postoperative day in 7 pa-
tients (11.1%), and on the fourth postoperative day, and
later in 4 patients (6.4%). The control group consisted of
126 patients, 94 males, and 32 females with an average age
of 57.2 (range, 32-79) years. Patients with a known history
of atrial dysrhythmias or those receiving digoxin were ex-
cluded from analysis.

Methods

Postoperative AF incidence was related to different pre-

www.wjgnet.com
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Group Age older than 65 years Male sex Cardiac diseases COPD Hypertension Diabetes mellitus
AF 39.68 (25/63)" 87.30 (55/63)" 19.05 (12/63)" 46.03 (29/63)" 9.52 (6/63) 14.29 (9/63)
Control  21.43 (27/126)" 74.60 (94/126) 7.14 (9/126) 11.11 (14/126) 5.56 (7/126) 12.70 (16/126)
*P<0.05, °P<0.01 vs control group.
Grou Right thorax Anastomosis at Anastomosis below Anastomosis above Hypotension in  Postoperative  Postoperative  Thoracic—gastric
P approach the neck the aortic arch the aortic arch operation fever hypoxia dilatation
AF 11.11 (7/63) 2222 (14/63)  14.29 (9/63) 63.49 (40/63) 7.94 (5/63) 14.29 (9/63)  25.40 (16/63)°  31.75 (20/63)"
Control  7.94 (10/126)  11.90 (15/126)  10.32 (13/126) 77.78 (98/126) 7.14 (9/126) 8.73 (11/126)  4.76 (6/126)°  18.25 (23/126)"

°P<0.01 vs control group.

operative, intraoperative, and postoperative clinical factors
possibly involved in its occurrence and short-term sur-
vival. The demographic data that were analyzed included
patients’ age, sex, history of cardiac disease, chronic
obstructive pulmonary disease (COPD, defined as FEV1
<70% predicted and FEVi/FVC ratio <70% in pulmo-
nary function tests), diabetes mellitus, and hypertension.
Intraoperative and postoperative factors examined were
surgical approach (via the left or the right thorax), site of
anastomosis (at the neck, above or below the aortic arch),
hypotension in operation (defined as systolic blood pres-
sure lower than 6 kPa, persisting for more than 5 min),
postoperative fever (defined as body temperature higher
than 38.5°C, petsisting for more than 3 d), hypoxia (defined
as aortic blood oxygen saturation lower than 93%, persist-
ing for more than 1 h before the onset of AF), thoracic-
gastric dilatation before the onset of AF confirmed by
chest X-ray, 30-d mortality rate and length of hospital stay.

Statistical analysis

Statistical analysis was performed with the SPSS software
version 10.0. Intergroup difference was determined using
Student’s 7 test and Fisher’s exact test. y test was used to
analyze categorical data. To identify which factors could
predict AF, univariate, and stepwise multiple logistic re-
gression analysis was used. P<0.05 was considered statisti-
cally significant.

RESULTS

A higher incidence of AF was found in male patients
older than 65 years, with a history of cardiac diseases and
COPD than that in the control group patients (Table 1).
There was no significant difference in patients with a his-
tory of hypertension and diabetes mellitus between the
two groups. AF patients had a higher incidence of post-
operative hypoxia and thoracic-gastric dilatation than the
control group (Table 2). There was no significant differ-
ence in surgical approach, anastomosis site, intraoperative
hypotension and postoperative fever between the two

groups.

www.wjgnet.com

Results from the univatiate analysis for the association
of each factor with AF are summarized in Table 3.
The factors associated with increased risk for AF on
multivariate analysis included postoperative hypoxia,
history of COPD, thoracic-gastric dilatation, age older
than 65 years, male sex and history of cardiac disease.
The incidence of AF was not dependent on the history
of hypertension and diabetes mellitus, intraoperative
hypotension, surgical approach, anastomosis site, and
postoperative fever.

In the AF group, 15 patients who did not receive
any antiarrhythmic drug therapy in the eatly stage of AF
were given oxygen and sedation therapy. Only one of
the 15 patients (6.67%) had sinus rhythm spontaneously
within 24 h. All the other 62 patients were treated
with antiarrhythmic drugs such as cedilanid, isoptin,
propafenone and amiodarone. It was considered successful
if the heart thythm changed to sinus rhythm in 24 h after
the treatment. Otherwise, other antiarthythmic drugs were
used. The outcome of antiarrhythmic therapy is presented
in Table 4.

Death within 30 d after the surgery occurred in 2 AF
patients with a mortality of 3.2% (2/63), and in 2 patients
of the control group with a mortality of 1.6% (2/126)
(P>0.05). The overall mortality in our patients was 2.1%
(4/189). None of these deaths were directly attributed to
AF. The average length of hospital stay was 10.65+0.87 d
for the AF group and 9.98+0.96 d for the control group
(P>0.05).

DISCUSSION

AF after esophagectomy remains one of the most frequent
complications. The cause for postoperative AF is unclear.
However, previous studies have shown different results,
sometimes contradictory with regard to the clinical signifi-
cance of wvarious factors for AF after esophagectomy“’sj.
We found that postoperative hypoxia, history of COPD,
thoracic-gastric dilatation, age older than 65 years, male
sex, and history of cardiac disease were predictors of post-
operative AE We considered that only clinically significant
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Risk factors P
Postoperative hypoxia <0.001
COPD 0.001
Thoracic-gastric dilatation 0.009
Age more than 65 y 0.009
Male sex 0.017
History of heart disease 0.038
Postoperative fever 0.051
History of hypertension 0.062
Surgical approach 0.143
Anastomosis site 0.189
History of diabetes mellitus 0.412
Intraoperative hypotension 0.475

AF defined by electrocardiography had an association with
hemodynamic changes. A possible limitation of our study
is that continuous electrocardiographic monitoring was
not employed to detect asymptomatic AF, as our study was
designed to evaluate clinically significant AF, which was
the focus of patients’ complaints and needed therapeutic
interventions. Our conclusions, therefore, do not apply to
the occurrence of asymptomatic AF after the surgery for
esophageal carcinoma.

We did not find differences in survival rate and length
of hospital stay between patients who developed AF and
those who did not in the eatly postoperative period. We
found that some pharmacological interventions were ef-
fective for AF after esophagectomy, but symptomatic
management without drug treatment was not effective,
suggesting that AFE, if treated promptly, is fairly tolerated in
all the patients. The peak incidence of AF on the second
day after surgery, with more than 80% of events occut-
ring during the first three postoperative days, is consistent
with the findings of a previous studym. We speculate that
AF after esophagectomy is precipitated by the resolution
of inflaimmatory response following blunt or sharp surgi-
cal trauma to sympathovagal nerve fibers supplying the
heart for 1-4 d postoperatively, which alter the autonomic
modulation of atrial myocardial cells to endogenous cat-
echolamines.

The identification of reliable predictors of AF after
esophagectomy may help us to develop corresponding
preventive strategies. The presence of postoperative hy-
poxia and history of COPD were associated with the de-
velopment of AF in our study. It has been well established
that due to diminished cardiopulmonary reserve, patients
with COPD and hypoxia are more prone to perioperative
complications following noncardiac thoracic surgical pro-
cedures in generalmﬂ. The definition of COPD might vary
between different authors and our definition was based on
the pulmonary function testing, and some authors’ defini-
tion is based on the presence or absence of bronchodilator
treatment'’.

The association between postoperative thoracic-gastric
dilatation and AF found in our analysis has not been pre-
viously demonstrated. We speculate that it may correlate
with hypoxia, physical influence on the heart from the

Prophylaxis Cases Successful antiarrhythmic cases (%)
Cedilanid 51 18 (35.29)

Isoptin 17 2 (11.76)

Propafenone 21 11 (52.38)

Amiodarone 20 20 (100.00)

dilated stomach, and the uncomfortable fecling of patients
for the thoracic-gastric dilation. It is not surprising that ad-
vanced age is a strong predictor of postoperative AF, be-
cause at the age of 75, only approximately 10% of normal
sinus node pacemaker cells remain®”. Tt is well known that
age-related cardiac structural changes, such as increased
fibrous and adipose tissue in the sinoatrial node, and focal
interstitial deposits of amyloid in the atria, and atrial dila-
tions may play a significant role in the genesis of arrhyth-
mia"”. The age is closely related with AF!',

The association between male sex and AF might be
explained by the effect of sex on immune response. One
hypothesis for the cause of postoperative AF is atrial
or pulmonary vein inflammation'”. After trauma, male
patients have an increased proinflammatory immune te-
sponse compared to female patients'”, and this might lead
to increased AF after surgical trauma. The association of
cardiac disease with AF has been demonstrated inconsis-
tently by other investigators'”. The common occurrence
of AF after cardiac surgery supports the association of
cardiac disease with AF after thoracic surgery. The lack of
association between hypertension and AF in our analysis
1s also noteworthy. Other investigators have shown this as-
sociation, but their analysis is limited to patients with lung
cancer'”,

In conclusion, AF is associated with postoperative
hypoxia, history of COPD, thoracic-gastric dilatation, age
older than 65 years, male sex, and history of cardiac dis-
ease. The identification of patients with a high risk for AF
will allow more direct application of pharmacological and
alternative methods of prophylaxis.
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Abstract

AIM: To generate dendritic cells (DCs) from human pe-
ripheral blood and to detect the expression of dendritic
cell-specific intercellular adhesion molecule 3 grabbing
nonintegrin (DC-SIGN; CD209) for the further study of
DC-SIGN in hepatitis C virus (HCV) transmission.

METHODS: Peripheral blood monocytes were isolated
from blood of healthy individuals by Ficoll—Hypaque
sedimentation and cultured in complete medium contain-
ing rhGM-CSF and rhIL-4. Cells were cultured for seven
days, with cytokine addition every two days to obtain
immature DCs. Characteristics of the cultured cells were
observed under light and scanning microscope, and the
expression of DC-SIGN was detected by immunofluores-
cence staining.

RESULTS: After seven-day culture, a large number of
cells with typical characteristics of DCs appeared. Their
characteristics were observed under light and scanning
electron microscope. These cells had a variety of cell
shapes such as those of bipolar elongate cells, elaborate
stellate cells and DCs. DC-SIGN was detected by immu-
nofluorescence staining and its expression level on culti-
vated dendritic cells was high.

CONCLUSION: DCs with a high expression of DC-SIGN
can be generated from human peripheral blood mono-
cytes in complete medium containing rhGM-CSF and
rhil-4.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Dendritic cells (DCs) are professional antigen presenting
cells (APCs) critically involved in the initiation of T
cell-dependent immune responses as a consequence
of their high expression of MHC and co-stimulatory
molecules. However, it is becoming increasingly clear
that some pathogens subvert DC functions to escape
immune surveillance!. Many cell-surface molecules of
DCs can bind to viral envelope glycoproteins without
mediating entry. Instead, they serve as capture receptors
that disseminate viral particles to target organs or
susceptible cells. The C type lectin of DC-SIGN, one
of the cell-surface molecules of DCs, functions as a
capture receptor for several viruses, such as HIV type 1
(HIV-1), hepatitis C virus (HCV)"™ and dengue virus',
Therefore, further investigations of the function of DCs
and the interactions between DC-SIGN and pathogens
are helpful in determining their importance zz vivo. In this
study, we generated dendritic cells from peripheral blood
mononuclear cells (PBMC) from normal donors and high
DC-SIGN expression was detected on the surface of
dendritic cells by immunofluorescence staining;

MATERIALS AND METHODS

Medium and reagents

RPMI1640 and fetal calf serum (FCS) were purchased
from Gibco Laboratories (Grand Island, NY). FCS was
heat-inactivated at 56°C for 30 min. Human recombinant
IL-4(rhIL-4) and rhGM-CSF were from R&D Systems
(Abingdon, UK) and used at 1000U/mL, respectively.
Monoclonal anti-human DC-SIGN phycoerythrin
(FAB161P) was also from R&D Systems. Bovine serum
albumin (BSA) was from Huamei Co. Human peripheral
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Figure 1 Dendritic cells in liquid cultures of complete RPMI 1640 supplemented
with FCS, rhGM-CSF and rhiL-4. A: Low-power view of adherent PBMC after 3 d
of culture (original magnificationx200). Red arrows indicate the cellular aggregates
and black arrows indicate veil- or sheet-like processes of dendritic cells; B: Veil-
or sheet-like processes of most cells after 7 d of culture (original magnificationx
400).

blood was obtained from healthy adult donors.

Culture of DCs

Human peripheral blood mononuclear cells (PBMC) were
isolated from buffer coat from normal donors by Ficoll-
Hypaque density gradient centrifugation according to
standard procedures. Monocytes were re-suspended in
RPMI-10% FCS at 1x10° cells/ mlL, and allowed to adhere
to 6-well plates (Costar Corp., Cambridge, MA). After a 2h
adherence step at 37 °C in complete medium, nonadherent
cells were washed with PBS and the remaining adherent
cells were immediately subjected to the DC differentiation
protocol. Briefly, monocytes were re-suspended and
cultured in RPMI 1640 supplemented with 10% FCS,
25 mmol/L HEPES, and 2 mmol/L glutamine (complete
medium) containing 1000 U/mL thGM-CSF and 1000
U/mL rhIL-4. Cells were cultured for seven days, with
cytokine addition every two days to obtain DCs (before
incubation, a piece of 12mm X 12mm sterile coverslip was
put into one of the plates and used for scanning electronic
microscopy)

Morphological observation of cultured cells

Cells were observed under light microscope during
incubation. After seven-day culture, the coverslip was
covered with DCs and prefixed with a 2% glutaraldehyde
solution for 1 h at 4 °C. Post-fixation was done with a 2%
osmium tetroxide solution for 30 min at 4 °C. After each
fixation, the samples were washed twice in PBS containing

www.wjgnet.com

Figure 2 Cells cultivated with 10% FCS-RPMI 1640 supplemented with rhGM-CSF
and rhiL-4 for 7 d (original magnificationx1500).

BSA, dehydrated in graded ethanol and dried at “critical
point” in liquid CO2 under 95-bar pressure. Then, the
coverslip was covered with gold by cathodic spraying.
Finally, the samples were examined under scanning
electron microscope (S-520, HITACHI).

Immunofiuorescence staining of DC-SIGN

Cells to be used for staining with antibody were Fc-
blocked cells by treatment with 1ug of BSA/10 cells for
15 min at room temperature, without washing the excess
blocking BSA from this reaction. Then 25 pL of the Fc-
blocked cells (1xX10° cells) was transferred to a 5 mL tube,
and 10 pL of PE-conjugated anti-DC-SIGN reagent
was added. After incubated for 30-45 min at 4 °C in the
dark, un-reacted anti-DC-SIGN reagent was removed by
washing the cells twice in 4 mL of isotonic phosphate
buffer supplemented with 0.5% BSA by centrifugation at
500 t/min for 5 min. The cell pellet was re-suspended in
100 L of PBS buffer and allowed to adhere to poly-L-
lysine-coated coverslips for 30 min at 4 °C in darkness for
final immunofluorescence. The representative fields of
cells were photographed through an oil immersion lens
on a Leica DM 6000B microscope (Leica Microsystems,
Wetzlar, Germany).

RESULTS
Morphology of cultivated DCs

Phase-contrast observation: Three cellular aggregates
were attached to a layer of adherent cells (Figure 1A).
Some of the profiles in the aggregates had veil- or sheet-
like processes of DCs. On d 7 of culture, these adherent
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Figure 3 Cells stained with monoclonal anti-human DC-SIGN phycoerythrin
(original magnificationx400).

cells emigrated from the clusters, came off the surface and
many typical DCs were seen floating in the culture medium
(Figure 1B).

Scanning electron microscopy: Further morphological
observations were catried out under scanning electron
microscope (SEM). These cells had a variety of cell
shapes such as bipolar elongated cells, elaborate stellate
cells and DCs. Most pseudopods were long and uniform
in width with blunt terminations, but smaller spinous
processes wete also evident (Figure 2). This phenomenon
indicated that DCs had a variety of branching forms, and
constantly extended and retracted many fine cell processes.
The adjective “dendritic” might be appropriate for this
particular cell type(Figure 3).

Determination of DC-SIGN expression

The DC-SIGN expression was detected by
immunofluorescence staining with monoclonal anti-
human DC-SIGN phycoerythrin. Most of the cultured
cell surfaces were stained red, exhibiting a high level of
expression of DC-SIGN on the surface of DCs.

DISCUSSION

In this study, we generated DCs from human PBMC with
10% FCS-RPMI 1640 supplemented with thGM-CSF and
rhllL-4. DC-SIGN expression was found on the surface of
DCs.

DCs are specialized and co-stimulatory cells which
play an important role in the induction of cellular immune
response to antigens. DCs interact with pathogens using
conserved pattern-recognition receptors, which recognize
characteristic molecular arrangements within microbial
carbohydrates, lipids and nucleic acids®. Receptors
of this type include Toll-like receptors (TLRs)'*" and
C-type lectins'®. TLRs can transfer information about
the interacting pathogens into DCs through intracellular
signaling cascades, thereby eliciting appropriate cellular
processes, such as DC maturation and induction of anti-
inflammatory cytokines™*”. By contrast, C-type lectins
recognize pathogens through their carbohydrate structure
and internalize the pathogens for antigen processing and
presentation“o’“]. Pathogens survive and evade the anti-
microbial defense system of the host by subverting the

function of these pattern-recognition receptors. Hence,
an understanding of the interaction of pathogens with
these receptors is essential for the design of approaches to
combat infections.

DC-SIGN is a type II membrane protein with a
C-type lectin extracellular domain”, DC-SIGN plays an
important role in establishing the initial contact between
DCs and resting T lymphocytes through its recognition of
ICAM-3, and mediates DC trafficking through interactions
with endothelial ICAM-2""". Therefore, DC-SIGN appears
to be a critical mediator of the migratory cell and T cell-
interacting capabilities. It has been identified that DC-
SIGN helps HIV-1 to subvert DC functions and infect the
host.

Recently, it was found that DC-SIGN is also an
HCV envelope binding receptor and the HCV envelope
glycoprotein E2 can bind to DC-SIGN through high-
mannose N-glycans"", Tt is becoming increasingly clear
that other pathogens including cytomegalovirus (CMV),
Ebola, SARS coronavirus, Helicobacter pylori, mycobacterium
tuberculosis, Leishmania, schistosoma mansoni, ets, can subvert
DC functions to escape immune surveillance!””. Therefore,
investigation of the mechanisms of DC-mediated T
lymphocyte priming, tolerance, effector cell migration and
function may be helpful in restricting HCV dissemination

and infection.
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Absiract

AIM: To investigate the expression of co-stimulatory
molecule B7-H3 in gastric carcinoma and adenoma
tissue as well as normal gastric tissue and to explore the
relationship between B7-H3 expression and pathological
features and prognosis of gastric carcinoma.

METHODS: B7-H3 expression was detected in 102
samples of human gastric carcinoma and 10 samples of
gastric adenoma and 10 samples of normal gastric tissue
by immunohistochemical assay. Correlation between
the expression of B7-H3 and the patients’age, sex,
gastric carcinoma locus, tumor size, tissue type, tumor
infiltration depth, differentiation degree, lymph node
metastasis, and survival time was analyzed.

RESULTS: B7-H3 was expressed in all gastric adenoma
samples and in 58.8% samples of gastric carcinoma.
B7-H3 expression in gastric carcinoma samples was
not related with the patients’ age, sex, lymph node
metastasis, and tumor size (P> 0.05), but with the
survival time, infiltration depth of tumor and tissue type.

CONCLUSION: Detection of B7-H3 expression in gastric
carcinoma tissue is beneficial to the judgment of the
prognosis of gastric carcinoma patients and the choice of
treatment.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Tumor immune response is a very complicated
physiological process involving many immune cells
and molecules including membranous molecules and
dissolubility factors. Studies indicate that a group of cell
membrane molecules (co-stimulatory molecules) play a
very important role in tumor immune response in the
place of adjusted expression, interaction, and signal
transmission. Co-stimulatory molecules are divided
into two groups: TNF-TNF receptor superfamily and
immunoglobulin superfamily. B7 family can transmit
signals to co-stimulatory molecules of T cells". B7RP-1
(B7H, B7-H2), B7-H1 (PD-L1), B7-DC (PD-L2) and
B7-H3 have been found and make it more complex to
adjust the effects of this family™”. B7-H3 is a new co-
stimulatory member of the B7 family and shares 20-27%
identical amino acids with other members of the B7
familym. It was reported that B7-H3 could stimulate
CD4+ and CD8+T cells to increase the activity of CTL".
B7-H3 is regarded as a positive regulation molecule. To
our knowledge, expression of B7-H3 in gastric carcinoma
has not been previously demonstrated.

MATERIALS AND METHODS

Materials
From 1998 to 1999, 102 samples were collected from
gastric cancer patients who had undergone surgery in our
hospital. The tumor was located in the mucosa in 10 cases,
in shallow muscularis in 20 cases and in deep muscularis in
72 cases. The tumors were classified into well-, moderately-
and pootly-differentiated adenocarcinomas. None of the
patients received chemotherapy or radiotherapy before the
surgery. We also investigated 10 specimens from gastric
adenoma patients who had undergone surgery between
1998 and 1999.

The study was approved by the ethics committee of
our hospital and all patients gave their written informed
consent prior to enrolment.

www.wjgnet.com
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Figure 1 Staining of B7-H3 in normal gastric
': tissue (A), gastric adenoma tissue (B), and
- gastric carcinoma tissue (C).

using SPSS version 10.0 for Windows and the relationship
between the prognosis and vatious factors was evaluated
by multivariable logistic regression. All P values were based
on two-sided testing. P<0.05 was considered statistically

B7-H3 expression in gastric cancer and adenoma

B7-H3 was positively expressed in cell membrane and
cytoplasm of gastric cancer and adenoma cells (Figure 1).
B7-H3 was expressed in all the 10 specimens of gastric
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Figure 2 Correlation between B7-H3 expression and death of gastric carcinoma
patients.

Immunohistochemical staining and assessment

Labeling was carried out with Elivision™ plus kit. The
samples were fixed in formalin, embedded with paraffin
wax and cut into 3-um-thick sections. The sections were
dewaxed and rinsed and washed thrice with PBS (pH 7.4)
for 3 min. The antigen of tissue was repaired and one drop
or 50 pL of 3% hydrogen peroxidase solution was added
to each section and incubated at room temperature for
10 min to eliminate endogenous peroxidase activity. The
sections were washed thrice with PBS for 3 min again. PBS
was discarded; one drop or 50 pL of primary antibody was
added to each section and incubated at room temperature
for 10 min or placed overnight at 40 C. The sections were
washed thrice with PBS for 5 min. PBS was discarded, one
drop or 50 puL. of polymer accentuator (reagent A) was
added to each section and incubated at room temperature
for 20 min. After being washed thrice with PBS for 3 min
each time, PBS was discarded and one drop or 50 pL of
enzyme-labeled anti-mouse/rabbit polymer (reagent B) was
added to each section and incubated at room temperature
for 30 min. The sections were washed thrice with PBS
for 3 min each time. PBS was discarded; two drops or
100 uL of freshly prepared DBA coloration fluid was
added to each section and examined under microscope
for 3-10 min. All the samples were fixed in formalin,
embedded with paraffin wax and cut into 3-um-thick
sections. The samples were assessed blindly by calculating
the average ratio of positive cells in 10 vision fields
(the plasma was stained brown-yellow) under a 400x
microscope. If the average positive cell ratio was more
than 20%, the sample was considetred positive.

Statistical analysis
Difference between the groups was evaluated by j” test
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adenoma tissue and in 58.8% samples of gastric cancer
tissue.

Relationship between B7-H3 expression and age, sex, and
prognosis of patients

B7-H3 expression in gastric carcinoma tissue was not
related with the patients’age and sex (P>0.05, Table 1).
The association of B7-H3 expression with the survival
time after surgery indicated that B7-H3 expression was
related to the prognosis of patients (Figure 2). The positive
rate (74.5%) of B7-H3 expression was higher in gastric
cancer patients who survived more than 5 years than in
those who survived less than 2 years (43.1%, P<0.01).

Relationship between B7-H3 expression and pathological
features of gastric cancer

B7-H3 expression was not related with lymph node
metastasis, tumor location and size (P>0.05), but with

survival time, infiltration depth of tumor and histology
type (Table 1).

Related factors of gastric cancer patients’ survival time

Univariate analysis suggested that the infiltration depth
of tumor, survival time of patients and histology type of
gastric cancer were related to B7-H3 expression. After
adjustment for these factors, gastric cancer patients with
high intratumor B7-H3 expression could survive 2-fold
longer than those with low intratumor B7-H3 expression
(risk ratio=2.803; 95%CI=1.051-7.477; P=0.040),
suggesting that B7-H3 expression might be an independent
factor affecting the survival time of gastric cancer patients.

DISCUSSION

Human B7-H3 is also known as B7 relative protein
2 (B7RP-2) and its gene map on chromosome 15 is
composed of seven exons and six introns. Mature B7-H3
protein has 316 amino acids and its molecular weight
is 45-66 ku. It belongs to immunoglobulin superfamily
and is a type | transmembrane protein composed of
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Features Total cases Positive  Positive rate
(n) cases () (%)

Tumor location

Top 1/3 layer of stomach 31 19 61.2

Middle 1/3 layer of stomach 30 17 56.7

Bottom 1/3 layer of stomach 41 24 58.5

Degree of differentiation

Well-differentiated 72 48 66.7

Poorly-differentiated 30 12 40.0

Infiltration depth without

{:}fiﬁration at deep muscular 30 23 767

Lymph node metastasis

Negative 54 33 61.1

Positive 48 27 56.3

Survival time

<2 years 51 22 43.1

>5 years 51 38 74.5

Primary tumor size

<5cm 55 85 63.6

>5cm 47 25 53.2

extracellular, transmembrane and intracellular regions.
B7-H3 has been recently identified as a new co-stimulatory
member of the B7 family and shares 20-27% identical
amino acids with other members of the B7 family™¥, Tt is
extensively expressed in non-lymphoid tissues including
the heart, liver, prostate, placenta, testis, pancreas, small,
and large intestine and also in some tumor cell lines such
as G361, Hel.a S3, K562, A546, and SW480. B7-H3 was
expressed in all the 10 specimens of gastric adenoma
tissue and in 58.8% samples of gastric cancer tissue. We
also found that B7-H3 was highly expressed in some
epithelial tumor cell lines such as M435, A549, and
HO01299. A recent study found that B7-H3 can stimulate
CD4+ and CD8+T cells to increase the activity of CTLs'.
In addition, B7-H3 increases the secretion of IFN-y and
can upregulate IL-8 and TNF-a. When B7-H3Ig is blocked
by anti-B7-H3 multi-clone antibody, secretion of IFN-y
by DCs can be downregulated, indicating that B7-H3 is a
positive regulatory molecule.

Our study suggested that B7-H3 expression in gastric
carcinoma tissue was not related with the age and sex of
patients, lymph node metastasis and size of tumor but
with the survival time of patients, infiltration depth and
histology type of tumor. The positive rate (74.5%) of
B7-H3 expression was higher in gastric cancer patients
who survived more than 5 years than in those who
survived less than 2 years (43.1%), suggesting that B7-H3
expression is an independent factor affecting the survival
time of gastric cancer patients and that B7-H3 might act
as a positive regulatory factor in tumor immunology.

Sun ¢z al'”’ showed that intratumor injection of a
mouse B7-H3 pcDNA3 expression plasmid leads to

complete regression of 50% tumors and can significantly
inhibit tumor growth. Mice with their tumors completely
regressed can resist a challenge with parental tumor cells.
B7-H3-mediated anti-tumor immunity is mediated by
CD8(+) T and NK cells, rather than CD4(+) T cells.
These results indicate that B7-H3 interactions play a role in
regulating cell-mediated immune responses against cancer.

However, Suh ¢ o/ found that B7-H3 inhibits
immune response by inhibiting type 1 [T(H)1] responses
and production of IFN-y. A recent study showed that
B7-H3 induces T cell proliferation and IFN-y production
through non co-stimulatory pathways, indicating that
B7-H3 may have more than one receptor on activated T
cells.

Because the known receptor of B7-H3 has not
been found, its function in the immune response is
not clear. B7-H3 is extensively expressed in peripheral
tissues, suggesting that it may play an important role
in inflammation and transplantation immune response.
B7-H3 is highly expressed in epithelial tumor cell lines
and positively related to the prognosis of gastric cancer
patients, indicating that B7-H3-deficient expression
in tumor tissues may be closely associated with tumor
immune escape.

In conclusion, B7-H3 is related to the development
of gastric cancer and acts as an independent index for the
diagnosis and prognosis of gastric cancer. Further study is
needed to explore the exact relationship between B7-H3
and gastric cancer.
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Abstract

AIM: To analyze 67 cases of splenic abscess in a medical
center of Taiwan during a period of 19 years.

METHODS: From January 1986 to December 2004, a
total of 67 patients with splenic abscess were enrolled
for the retrospective study. The clinical characteristics,
underlying diseases, organism spectra, therapeutic
methods, APACHE II scores, and mortality rates were
analyzed.

RESULTS: There were 41 males and 26 females with
the mean age of 54.1+14.1 years. Multiple splenic ab-
scesses (MSA) account for 28.4% and solitary splenic
abscess in 71.6% of the patients. Twenty-six of sixty-
seven patients (35.8%) had extrasplenic abscesses, with
leading site of liver (34.6%). Microbiological cultures
were positive in 58 patients (86.6%), with 71.8% in
blood culture and 93.5% in abscess culture. Gram
negative bacillus (GNB) infection predominated (55.2%),
with leading pathogen of Klebsiella pneumoniae (22.4%),
followed by gram positive coccus (GPC) infection (31%).
Splenectomy was performed in 26 patients (38.8%),
percutaneous drainage or aspiration in 21 (31.3%),
and antibiotic therapy alone in 20 patients (29.9%).
Eventually, 12 of 67 patients expired (17.9 %). By
statistics, spleen infected with GNB was likely to develop
multiple abscesses compared with infection with GPC
(P=0.036). Patients with GNB infection (#=0.009) and
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multiple abscesses (P=0.011) experienced a higher
mortality rate than patients with GPC infection and
solitary abscess. The mean APACHE II score of 12 ex-
pired patients (16.3+3.2) was significantly higher than
that of the 55 survivals (7.2 +3.8) (P<0.001).

CONCLUSION: MSA, GNB infection, and high APACHE
II scores are poor prognostic factors. Early surgical
intervention should be encouraged when these risk
factors are present.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Splenic abscess is a rare entity, with a reported frequency
in autopsy series between 0.14% and 0.7%"*". Tt remains
a subject of case reports and of small institutional
series. Large case numbers reviewed in a single institute
was rare and difficult. However, reviews from different
series of geographic localizations and populations
might be obscure on pathologic features in local area.
Further, splenic abscess often occurs in the patients with
51 Patients with multiple splenic
abscesses (MSA) or immunodeficiency are considered

underlying diseases

to have a poor prognosis and high mortality>”. Many
surgeons had reported that splenectomy is a better way
[3-5,8-10] .

. Recently, medical
treatment and abscess drainage are proved to be efficient
methods in the treatment of splenic abscess'. However,
various conditions interfere with the prognosis of splenic

for treatment of splenic abscess

abscess, such as underlying discases, abscess number and
size, organism spectra, therapeutic methods and general
conditions. There is no single risk factor that can predict
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Variable Chun er 2'"1900-1977  Nelken et 2/ 1977-1986  Ooi et 2™ 1987-1995 Present study 1986-2004
Number of cases 173 189 287 67
Male:female ratio(%) 104:61 (63) 125: 64 (66) 163:80 (67) 41:26 (61)

Mean age (yr) 36.8 Not available 411 54.1

Age range (yr) 6 mo-83 6 mo-82 6 mo-92 19-79

Clinical presentations

Fever (%) 95.4 90.8 85

Left upper quadrant pain(%) 421 49.8 433
Splenomegaly(%) 53.9 30.7 67.2

Left pleural effusion(%) 19.7 Not available 223 415

the prognosis exactly till now. APACHE 1II score is a
method to evaluate the general condition and to easily get
the score from the patient’s general data™. Tt has not been
adopted in the evaluation of splenic abscess. To further
elucidate the prognostic factors in splenic abscess, we have
analyzed the various risk factors (including APACHE II
score) of splenic abscess in a large series of 67 cases from
a single medical center during a period of 19 years.

MATERIALS AND METHODS

From January 1985 to December 2004, a total of 67
patients with splenic abscess were enrolled. The diagnosis
of splenic abscess was made if one of the following
criteria was met: (1) microbiologically documented abscess
(blood or splenic aspirate) with compatible splenic imaging
studies of computed tomography (CT) or ultrasonography
(US); (2) Pathologic microscopic examination of the
spleen on autopsy, resection or aspirate that revealed
abscess formation; (3) Operative findings of splenic
abscess on exploratory laparotomy; (4) In the presence of
typical clinical manifestations and finding of CT or US,
the patients’ conditions regressed after antibiotic therapy
in cases without interventional therapies (only three
cases in this study). Patients with diseases progressing to
death and sterile culture were excluded from this study.
The demographic, clinical, and laboratory characteristics,
underlying diseases, organism spectra, abscess number and
size, therapeutic methods, patients” APACHE 11 scores,
and mortality rates were collected and analyzed. The size
of abscess is recorded as the largest diameter in either
solitary or multiple abscesses. The APACHE II score was
evaluated following the criteria of Knaus’ report“s]. Age,
chronic health problem score, Glasgow coma score, and 12
physiologic variables (vital signs, oxygenation, laboratory
values; the most severely abnormal of each in the first
24 h of admission) were used to make a sum of scores' .
All the survival cases had been followed clinically for more
than 6 mo. Comparison between groups of independent
samples was assessed by the Student’s 7-test, one-way
ANOVA (post hoc multiple comparisons by Scheffe’s
procedure). The associations between categorical variables
were assessed using the ZZ or Fisher’s exact test. A two-
tailed P<0.05 was considered statistically significant.

RESULTS

There were 41 males and 26 females with the mean age
of 54.1%£14.1 years (range 19-79 years). The mean age of
males was 51.9£13.6 years, and that of the females was
57.4%14.5 years (P=0.123). Sizes of abscess ranged from
1.5 to 16 cm, with a mean of 4.02 % 2.56 cm.

The symptoms were fever in 57 patients (85.1%),
left upper quadrant pain in 29 patients (43.3%), diffuse
abdominal pain in 10 patients (14.9%), left chest wall
pain in 3 patients (9%), and dyspnea in 5 patients (7.5%).
Twenty five patients (37.3%) suffered from more than
two symptoms at the time of diagnosis. The physical
examination revealed splenomegaly in 34 patients (50.7%),
left upper quadrant tenderness in 30 patients (44.7%),
generalized abdominal tenderness in 9 patients (13.4%),
left chest basilar rales in 6 patients (8.9%), and left chest
basilar dullness in 5 patients (7.5%), leukocytosis over
10 000/mm’ in 47 patients (70.1%), and leucopenia in 3
patients (4.5%) (Table 1).

Among the 67 patients, 54 of them (80.6%) had
predisposing underlying diseases. Diabetes mellitus (DM)
was the leading disease (25 patients, 46.3%). Seven of 54
patients (12.9%) had more than two undetlying diseases
simultaneously (Table 2). Statistical analysis revealed
that the presence of underlying disease did not correlate
with any clinicopathologic parameter, including size of
abscess, numbers of abscess, age, gender, species of
microorganism, and mortality rates of patients.

Of the images of splenic abscess, 65 patients
underwent chest roentgenogram study. Forty of sixty-
five patients (61.5%) had abnormalities as left lower
lung infiltration (13 cases, 20%) or left pleural effusion
(27 cases, 41.5%). Further, 66 of 67 patients underwent
abdominal US and/or abdominal CT studies, in which 46
patients received both US and CT, 9 patients received US
alone, and 11 patients received CT alone. One who had a
solitary splenic abscess (SSA) had no image study because
of emergent operation for peritonitis. The sensitivity
of US and CT was 98.18% and 98.24%, respectively.
Splenomegaly was found by images in 45 patients (67.2%).
There were MSA in 19 cases (28.4%) and SSA in 48 cases
(71.6%) (Table 3). Gas formation in the abscess was found
in only 8 patients (11.9%), mainly in patients with gram
negative bacillus (GNB) infections (7 cases). In addition
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o g M S i e S M ek
(n=67) (n=48) (n=19) (n=26) pym——
DM (20) 17 3 10' Gram positive-18
Endocarditis (7) 7 0 4 Streptococcus viridans (SV) (8) 7 1 2!
Pancreatitis (5) 2 3 2° Staphylococcus aureus (5) B 0 3
Pancreatitis+DM (2) 1 1 0 Enterococcus species (5) 5 0 17°
Pancreatic cancer (1) 1 0 0 Gram negative-32
Liver cirrhosis (2) 1 1 1 Escherichia coli (11) 8 3 4
Trauma (2) 1 1 0 Klebsiella pneumoniae (KP)(10) 4 6 7
MDS (2) 0 2 2’ Pseudomonas species (PS) (5) 4 1 1°
SLE (2) 2 0 0 Salmonella species (5) 4 1 !
CHE (1) 1 0 0 Proteus (1) 1 0
Perforated peptic 1 0 0 Gram positive+gram negative-4
ulcer (1) SV+KP (2) 2 0 1
Colon perforation+ 1 0 1° SV+PS (1) 0 1 1°
DM (@) SV+PS+KP (1) 0 1 0
Endocarditis+DM (1) 1 0 0 AR
Biliary tract stone 1 0 0 Gram positive
AIDS (1) 0 1 v Propionibacterium acnes (1) 1 0 0
ALL (1) 0 1 0 Gram negative
Aplastic anemia (1) 1 0 U Bacteroides fragilis (1) 1 0 1"
ESRD+ovarian 0 1 0 Mycobacterium-1
?(IDIIC’?;SC)HF ) X . . Tuberculosis (1) 0 1 1"
Lung cancer+DM (1) 1 0 0 Fungus1 12
o Cryptococcus neoformans (1) 0 1 1
Unknown (13) 8 > > Sterile culture-9 6 3 1"

DM, diabetes mellitus; MDS, myelodysplastic syndrome; SLE, systemic
lupus erythematosus; CHF, congestive heart failure; AIDS, acquired
immunodeficiency syndrome; ALL, acute lymphocytic leukemia; ESRD, end
stage renal disease; COPD, chronic obstructive pulmonary disease. 'Liver:
3; subphrenic area: 2; pancreas: 1; anus: 1; gluteal muscle: 1; retroperitoneal
cavity: 1; brain+lung: 1. *brain: 2; aortic valve: 1; lun%: 1. *pancreas: 2. ‘gluteal
muscle: 1. °liver: 2. °subphrenic area: 1. "liver: 1. *liver: 2; brain+lung: 1;
retroperitoneal cavity: 1; subphrenic area: 1.

to spleen, 26 of 67 patients (35.8%) had extrasplenic
abscesses, with leading site of liver (Table 4). Among them
two patients showed two sites of extrasplenic abscesses
in the lung and brain. By statistics, we found that MSA
tended to develop in non-diabetic patients (P=0.053),
and in abscess with GNB infection (P=0.036, Tables 2
and 3). Furthermore, MSA patients experienced a higher
mortality rate than SSA patients (P=0.011, Table 5).
Seven of nineteen (36.8%) MSA patients, in contrast to
5 of 48 (10.4%) SSA patients expired eventually. Kiebsiella
pneumoniae (K. pnenmoniae) (70%) and staphylococcus
aureus (60%) were most common pathogens to develop
extrasplenic abscess (Table 3). However, statistical analysis
revealed no significant correlation between the presence
of extrasplenic abscess and any clinicopathologic factor.
Bacteriologic studies revealed that positive
microbiological cultures were found in 58 patients (86.6%),
and sterile in the other 9 patients (Table 3). Blood culture
was positive in 46 of 64 patients (71.8%), and abscess
culture in 43 of 46 patients (93.5%). Twenty-eight of thirty
patients who had both positive blood and abscess cultures
revealed identical pathogens. The microorganisms of 58
cases of positive culture were predominantly GNB (32
cases, 55.2%), with K. pueumoniae as the leading pathogen
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"Brain: 1; liver: 1. Zlung: 1; retroperitoneum: 1; brain: 1. 31'etroperitor1e1.1m:
1. ‘liver: 1; subphrenic area: 1; gluteal muscle: 1; pancreas: 1. Sliver: 4;
brain+lung; 2; subphrenic area: 1. “anus: 1. aortic valve: 1; subphrenic area:
1. *subphrenic area: 1. “gluteal muscle (1). '"pancreas: 1. "liver: 1. "liver: 1.
Ppancreas: 1.

(22.4%, Table 3). Statistical analysis revealed that abscesses
with GNB were likely to develop multiple focus compared
with abscesses with gram positive coccus (GPC) (P=0.030).
There wete 11 MSA in 32 patients (34.4%) with GNB. In
contrast, only one of the 18 patients (5.6%) with GPC
had MSA. Furthermore, patients with GNB infection also
experienced a higher mortality rate than patients with GPC
(P=0.009). Ten of 32 GNB (31.2%) patients, in contrast
to none of 18 (0%) GPC patients expired eventually (Table
5).

In the treatment of splenic abscess, all patients
received antibiotic therapy. Splenectomy was performed in
26 patients (38.8%), percutaneous drainage or aspiration
in 21 (31.3%), and antibiotic therapy alone in 20 patients
(29.9%). Eventually, 12 patients expired (17.9%) at the end
of follow-up. Three patients with percutaneous drainage
or aspitation initially were finally referred for splenectomy,
and all of them survived. Two mortality patients who
underwent splenectomy died of predisposing factors as
extensive pancreatitis and severe abdominal trauma rather
than splenic abscess itself. The mortality rate was 7.7% in
patients treated with splenectomy, 28.6% in patients with
percutaneous drainage or aspiration, and 20% in patients
with antibiotic therapy alone. There was no difference of
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Location Case number (%) Variables Category (1) Outcome P
Liver 9 (34.6) Cure Mortality
Subphrenic area 4 (15.4) (n =355, %) (n=12, %)
AR 3 (11.5) Gender Female (26) 21 (81) 5(19) NS'
Brain 3(115)" Male (41) 34 (83) 7 (17)

Lung 3 (11.5)! Abscess number* Solitary (48) 43 (89) 5 (11) 0.011"
Retroperitoneal cavity 2(7.7) VO T o
“
Gluteal muscle 2(7.7) E - Wl'lhlp € (43) - (84) ; (1? N
Aortic valve 1(3.85) xtrasplenic ithout (43) ®4) (16)
abscesses
ATl s With (24) 19 (79) 5(21)
Underlying Without (15) 12 (80) 3 (20) NS'
'Twenty-six patients had single, and two patients had two sites of cFeeraes
extrasplenic abscesses (lung+brain). With (52) 43 (83) 9(17)
Diabetes Without (41) 33 (80) 8 (20) NS'
With (26) 22 (85) 4(15)
mortality rate between the groups (Table 5). But marginally Microorganism®
better outcome was found in patients with splenectomy GNB (32) 22 (69) 10 (31)  0.0091*
than patients with percutaneous drainage or aspiration GPC (18) 18 (100) 0(0)
(P: 006) GNB+GPC (4) 4 (100) 0 (0)
For analysis of patients’ outcome, we first applied Others (4) 2(50) 2 (50)
the APACHE 1I score for further correlation study. The SR () o :
twelve expired patients had high APACHE 1II scores over Treatment Splenectomy (26) 2407 2@ NS
. . PD or ENA+AT (21) 15 (71) 6 (29)
15 except one. The mean score of 12 expired patients AT alone (20 16 (50 400
. . . alone
(16.1£3.2) was significantly higher than that of the 55 @) ¢0) @) s
ivals (7.3%3.8) (P<0.001). It was also found that -2 D34 S7ITL NS
;gr;lnva s (7.3%3. di 'f 1‘ w f h Size of abscess’ 5.1+3.0 4.0+2.6 NS
igher scores presegte in atal cases of eac categ(?ry, Leukocytes/mm’ 131445 96459 NS
regardless of underlying disease, abscess number and size,
organism spectrum, and different therapeutic methods APACHEII 73438  161+32  <0.001*
score*

(data not shown). To summarize our results, we found that
patients with multiple splenic abscesses, GNB infection had
a higher mortality rate than patients with solitary splenic
abscess and GPC infection. Mortality patients also had a
higher mean APACHE II score than survival patients (Table
5).

DISCUSSION

Reports on splenic abscess between 1900 and 19771
between 1977 and 1986 and between 1987 and 1995""
showed a great variety of causative pathogens with a
wide range of demographic and clinical conditions.
Reviews of large series of patients with splenic abscess are
capable of shedding light on the pathogenesis and clinical
characteristics of splenic abscess™'"!. Reviews from
different geographic localizations and populations might
obscure some specific pathologic features in the local area.
Therefore, our large series review in single medical center
might provide a further insight of the pathogenesis of
splenic abscess in Taiwan.

Our patients experienced an older age, and higher
percentage of splenomegaly and more left lung change
(infiltration or pleural effusion) than that reported by
other studies™'*'" (Table 1). These might be attributed
to extensive studies by images. US and CT may help to
detect small amount of pleural effusion which is subtle
in CXR. Further, US and CT are also more sensitive to
demonstrate splenomegaly than physical examination did.
With a reported sensitivity of 96%, CT was considered to
be superior to US (sensitivity 75-90%) for detecting splenic

GNB, gram negative bacillus; GPC, gram positive cocci; PD, percutaneous
drainage; FNA, fine needle aspiration; AT, antimicrobial therapy. Categorical
data were compared by: 1: /* test or F-test, 2: t-test. “P<0.05 GNB vs GPC. NS:
not significant.

abscess!”". However, we found that the sensitivity of

both CT and US in this study was equal and extremely high
(98%). Therefore, US is an easy diagnostic and therapeutic
tool for splenic abscess!"”

The cause of splenic infection has been most often a
metastatic infection or contiguous distant infection'™'*"".
Recently, changing lifestyles resulted in an increasing
prevalence of DM, malignancies, and immunosuppression
becomes advanced therapeutic methods. These conditions
constitute the increasing predisposing risk for the
development of splenic abscess. Underlying diseases
such as DM, endocarditis, and other diseases were
reported not to be a good predictor for prognosis before.
However, immunodeficiency is considered to be a poor
prognostic factor and caused a high mortality[w]. In our
series, the most common predisposing factors were still
metastatic or contiguous infections. But 10 patients had
immunodeficiency disorders (acquired immunodeficiency
disease, myelodysplastic syndrome, systemic lupus
erythematosus, acute lymphocytic leukemia, malignancies
after chemotherapy, and aplastic anemia), and six of ten
patients suffered from MSA and expired. Based on the
limited case numbers, we cannot arrive at any conclusion
about the prognostic role of immunodeficiency disorder.
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But actually, we have found many mortality patients
with severe illness (due to immunodeficiency) during the
initial patients search for this study. They were excluded
from this study mostly because of progression of disease
to death with uncertain microbiological information.
In these patients, multiple microabscesses were hard
to be differentiated from micrometastatic or infarction
lesions. Therefore, the real incidence of splenic abscess
and the percentages of immunodeficient risk might be
underestimated.

In contrast to previous reports (Streptococens and
Staphylococens species predominant)®* """ our series
revealed GNB were the leading pathogens causing splenic
abscess (55.2%). Among GNB, K. pnenmoniae was the
most frequently encountered pathogen (22.4%). It has
been reported to be the most common pathogen of liver
abscess in Taiwan'”. Further, metastatic splenic infections
from liver abscesses caused by K. puenmoniae were rare!™”
Primary splenic abscess due to K. preumoniae has also
been rarely addressed before. In the present study, we
have found that extrasplenic abscesses existed in 26 of 67
patients (38.8%), with leading site of liver in 9 (34.6%).
Among the 9 liver abscesses, K. pnenmoniae accounted for
44% of pathogens. We wonder whether it was a sequela
of metastatic infection from liver to spleen or a co-
infection of both. Nevertheless, these results indicated the
significant role of GNB infection in splenic abscess. By
statistics, we found that patients with GNB infection were
prone to develop multiple splenic abscess (P=0.036) and
had a higher mortality rate (P=0.009) than patients with
GPC did. It is a novel finding which was never reported.

In this series, the treatment was carried out by
antibiotic therapy alone, percutaneous splenic aspiration
and/or drainage, or surgical methods. The mortality
rate in patients receiving antibiotic therapy alone ot
percutaneous splenic drainage was marginally higher than
that undergoing splenectomy. This result came from (1)
the patient number in each different treatment group was
still small, and (2) surgical treatment was not performed
in some patients, if patient’s condition was too ill to
tolerate an operation. Based on these, the prognosis of
our patients cannot be predicted by treatment methods
exactly. In fact, even the previous inferences were mostly
derived from comparison of patients in different series
because of the rarity of disease™ " There is a lack of a
prospective cohort study to demonstrate which therapy
is superior to others. To overcome this, we first adopted
APACHE 1I scote to predict the patients’ outcome. The
fatal patients had higher APACHE II score (16.1%3.2)
than the survivals (7.3 £ 3.8) (P<0.001). It was also found
that higher scores presented in fatal cases of each category,
regardless of undetlying disease, abscess number and size,
organism spectrum, and different therapeutic methods.
Among the nine expired patients, eight had a score of over
15. Thetefore, we thought that a score over 15 was a risk
point for splenic abscess, the sensitivity, specificity, positive
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predict value, and negative predict value would be 89%,
94%, 80%, and 97%, respectively.

In conclusion, we have obtained a novel finding of
GNB serving as a leading pathogen in splenic abscess and
provided evidence that multiple splenic abscesses, GNB
infection, and high APACHE II scores ate poor prognostic
factors. Aggressive and early surgical intervention of
splenic abscess should be encouraged when these risk
factors ate present.
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Abstract

AIM: To study the activity of telomerase and the
expression of human telomerase reverse transcriptase
(hTERT) in colorectal carcinoma and its adjacent tissues,
normal mucosa and adenomatoid polyp, and to evaluate
their relation with carcinogenesis and progression of
colorectal carcinoma.

METHODS: Telomerase activity and hTERT expression
were determined in 30 samples of colorectal carcinoma
and its adjacent tissues, normal mucosa and 20
samples of adenomatoid polyp by modified telomeric
repeat amplification protocol (TRAP), enzyme-linked
immunosorbent assay (ELISA) and immunohistochemical
method.

RESULTS: Telomerase activity and hTERT expression
were 83.33% (25/30) and 76.67% (23/30) respectively
in colorectal carcinoma, which were obviously higher
than those in paracancerous tissues (13.33%, 16.67%),
normal mucosa (3.33%, 3.33%) and adenomatoid polyp
(10%, 10%). There was a significant difference between
colorectal carcinoma and other tissues (P=0.027). The
telomerase activity and hTERT expression were higher in
colorectal carcinoma with lymphatic metastasis than in
that without lymphatic metastasis (P=0.034). When the
histological classification and clinical stage were greater,
the telomerase activity and hTERT expression increased,
but there was no significant difference between them.
In colorectal carcinoma, the telomerase activity was
correlated with hTERT expression (positive vs negative

expression of telomerase activity and hTERT, £P=0.021).

CONCLUSION: Telomerase activity is closely correlated
with the occurrence, development and metastasis of
colorectal carcinoma. Overexpression of hTERT may play
a critical role in the regulation of telomerase activity.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Colorectal carcinoma is one of the most common
malignant tumors in digestive system, threatening human
life and health. Recent investigations demonstrated that
the telomerase activity is significantly increased in human
malignant tumors, but is not expressed in normal somatic
cells?, suggesting there is a close relation between
telomerase activity and malignant tumors. In order to
study the role of telomerase activity in the carcinogenesis
and progression of colorectal carcinoma as well as the
correlation between telomerase activity and hTERT
expression, the telomerase activity and h'TERT expression
were determined in colorectal carcinoma and its adjacent
tissues, normal mucosa and adenomatoid polyp in this
study.

MATERIALS AND METHODS

Patients and specimens

Thirty specimens of colorectal carcinoma and
corresponding paracancerous tissues and normal mucosa
were obtained by surgical resection, 20 specimens of
adenomatoid polyp were taken during endoscopic
examination. All patients were diagnosed pathologically
and no patient received radiotherapy or chemotherapy
before the sampling. Clinical staging showed Dukes’ A
in none, Dukes’ B in 2 cases, Dukes’ C in 24 cases, and
Dukes’ D in 4 cases. Well-differentiated adenocarcinoma
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Group n  Telomerase n (%) hTERT n (%) hTERT
Colorectal carcinoma 30 25(83.33)° 23 (76.67)" Telomerase n + = P
Adjacent peritumoral tissues 30 4 (13.33) 5 (16.67) + 25 20 5 <0.05
Adenomatoid polyp 20  2(10.00) 2 (10.00) 5 3
Normal mucosa 30 1(3.33) 1(3.33)

*P<0.05 (*=59.58, y*=49.23) vs adjacent peritumoral tissues, adenomatoid
polyp and normal mucosa.

Group n Telomerase (%) hTRET (%)
Dukes” A 0 0 0

Dukes’ B 2 1/2° 1/2°

Dukes’ C 24 83.33(20/24) 83.33 (20/24)
Dukes’ D 4 4/4° 2/4°

High differentiation 5 2/5" 3/5"
Moderate differentiation 8 6/8" 5/8°

Poor differentiation 17 100.00 (17/17) 88.24 (15/17)
With lymphatic metastasis 10 80.00 (8/10)" 70.00 (7/10)"
Without lymphatic metastasis 20 0.00 (0/20) 5.00 (1/20)

*indicates cases less than 10 not included in the percentage; "P<0.01 vs the
group without lymphatic metastasis

was found in 5 cases, moderately-differentiated
adenocarcinoma in 8 cases and poorly-differentiated
adenocarcinoma in 17 cases. Ten patients had lymph node
involvement and 20 had no lymph node involvement.
Of the patients with adenomatoid polyp, two had
accompanying moderate-severe atypical hyperplasia.
Specimens were collected within 30 minutes iz vitro. Each
specimen was divided into two parts, one for pathological
diagnosis and immunohistochemical staining and the other
for telomerase activity assay.

TRAP PCR ELISA protocol for telomerase activity assay
Telomerase activity was detected with a kit (Roche,
Germany). Primers TS (5> AATCCGTCGAGCAGAGTT)
and CX (5> CCCTTACCCTTACCCTTACCCTAA) were
designed. Thirty cycles of PCR were performed at 25°C
for 30 min, at 94 °C for 5 min, at 94°C for 30s, at 50 C
for 30s, at 72°C for 90s, and a final extension at 72°C for
10 min. The PCR products were analyzed and defined
positive when A > 0.2 on the reading of the microplate
reader.

hTERT expression detection by immunohistochemical
staining

Expression of hTERT was detected by
immunohistochemical assay with the kit provided by
Beijing Zhongshan Golden Biotechnology Co. Ltd
according to the manufacturer’s instructions. S-P method
was adopted and positive calls were calculated and
compared according to the accessory tester of the product.
A negative control was prepared for each sample using
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PBS as the primary antibody. Microscopically, no staining
was negative, karyon and perikaryon cytoplasms with
brown granules were defined as positive cells.

Statistical analysis

Statistical analyses were carried out with PEMS
statistical-software. Chi-square test or Fisher’s exact test
was used for data processing. P<0.05 was considered
statistically significant.

RESULTS

Telomerase activity and hTERT expression in colorectal
carcinoma and its adjacent tissues, normal mucosa and
adenomatoid polyp

The high telomerase activity and hTERT expression were
found in 25 (83.33%) and 23 (76.67%) out of the 30
specimens of colorectal carcinoma, but in only 4 (13.33%)
and 5 (16.67%) specimens of adjacent peritumor tissues,
in 1 (3.33%) and 1 (3.33%) specimens of normal mucosa,
in 2 (10.00%) and 2 (10.00%) out of the 20 specimens of
adenomatoid polyp (Table 1).

Relation between telomerase activities and hTERT
expression and clinical pathologic factors of colorectal
carcinoma

The telomerase activity and hTERT expression had a
close relation with lymphatic metastasis, and the positive
expression rate in the patients with lymphatic metastasis
was significantly higher than that in the patients without
lymphatic metastasis (P<0.05). The telomerase activity
and hTERT expression increased when the histological
grade and clinical staging wete greater, but the difference
was of no statistical significance (P>0.05, Table 2).

Relation between telomerase activity and hTERT
expression

The expression coincidence rate of telomerase activity and
hTERT expression in colorectal carcinoma and its adjacent
tissues, normal mucosa and adenomatoid polyp was 92%
(23/25), 80% (4/5), 100%(1/1), 100%(2/2) respectively.
The total coincidence rate of telomerase activity and
hTERT expression was 90.91% (30/33). Of the 30 cases
of colorectal carcinoma, 20 cases had positive expression
in telomerase activity and hTERT expression, 2 showed no
telomerase activity and hTERT expression. The conformity

rate was 73.33% (22/30) (P<0.05, Table 3).

DISCUSSION

Telomerase is a ribonucleoprotein complex (a cellular
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reverse transcriptase) consisting of three components:
human telomerase RNA (hTR), telomerase-associated
protein 1 (TP1/TLP) and human telomerase reverse
transcriptase (WTERT). The first two components are
expressed constitutively in both normal and tumor tissues
and their expression levels are not correlated with the
telomerase activity, whereas hTERT expression is closely
correlated with telomerase activity in cells and tissues.
Telomerase uses its internal RNA component as a template
to synthesize telomeric DNA (TTAGGG)n, participating
in the maintenance of telomere length and immortalization
of cells”. Shay ez a/" reported that the total positive rate
of telomerase activity was 85% in more than 20 malignant
tumors and merely 9% in adjacent peritumor tissues
and normal tissues, suggesting that telomerase activity is
closely associated with malignancies. Our study showed
that the telomerase activity and hTERT expression in
colorectal carcinoma (83.33% and 76.67% respectively)
were much higher than those in adjacent peritumoral
tissues, normal mucosa and adenomatoid polyp. The
telomerase activity and hTERT expression wete positive
in 2 cases of adenomatoid polyp with a diameter >2 cm,
suggesting that telomerase activity may be an important
index of canceration. This result is consistent with the
findings of Tang ¢z a/”. The telomerase activity was higher
in colorectal carcinoma with lymphatic metastasis than
in that without lymphatic metastasis (P<0.01), indicating
that the level of telomerase activity is closely related with
lymphatic metastasis. The increased telomerase activity was
in accord with the histological grade and staging of tumor,
suggesting that telomerase activity plays a key role in the
occurrence and development of colorectal carcinoma,
and can be used as a marker for the early diagnosis and
prognostic estimation of colorectal carcinoma.

hTERT is a telomerase reverse transctiptase isoform
which is highly expressed in cell lines of positive
telomerase”. WTERT transcription translated with hTR
is indicative of telomerase activity i vitro. The activity of
telomerase decreases or even disappears if the amino acid
in h'TERT is changed, whereas introduction of hTERT
into normal cells activates the telomerase and prolongs
cell life span while the karyotype and phenotype of
cells remain normal®”. In our study, the expression of
hTERT was closely associated with telomerase activity,
the coincidence rate of telomerase activity and hTERT

expression was as high as 90.91% (30/33), suggesting that
telomerase activity is related with hTERT expression. The
results support the opinion that hTERT is an importent
rate-limiting determinant of telomerase activity and the
expression level of hTERT is directly associated with the
telomerase activity. Since hTERT test can be conducted in
paraffin- embedded tissues, more samples are available for
telomerase activity test and h"TERT may be used as a new
tumor matker.

In conclusion, telomerase activity and h'TERT
expression in colorectal carcinoma are closely related.
hTERT may play an important role both in the activation
of telomerase and in the formation and development of
colorectal carcinoma. hTERT can be used as a new marker
for the early diagnosis of colorectal carcinoma.
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Abstract

AIM: To detect whether there is Helicobacter pylori
(H pylori) colonization in the pharynx mucous membrane
of healthy people and whether chronic pharyngitis is re-
lated to H pylori infection.

METHODS: Fifty cases of chronic pharyngitis refrac-
tory over three months were prospectively studied from
March 2004 to August 2004 in the otolaryngology outpa-
tient department of the Second Hospital of Xi‘an Jiaotong
University. Template-directed dye-terminator incorporat-
ed with fluorescence polarization detection (TDI-FP) and
modified Giemsa stain were used to examine pharynx
mucous membrane tissue for A pylori colonization in the
patients with chronic pharyngitis and the healthy people
as a control group.

RESULTS: In the control group, no people were de-
tected to have H pylori in the pharynx. In contrast, in 50
cases with chronic pharyngitis, 19 (38.0%) cases were
H pylori positive with a TDI-FP assay and 4 (8%) cases
were TDI-FP positive with Giemsa staining in the phar-
ynx. Sixteen of the 50 pharyngitis cases had stomach
ailment history, 11 cases (68.8%) of these 16 patients
were determined to be A pylori positive in the pharynx
with the TDI-FP assay. y° test showed that this infection
rate was remarkably higher (£=0.0007) than that in the
cases without stomach ailment history. Giemsa staining
showed that 3 cases (18.8%) of the patients with stom-
ach ailment history were infected with # py/ori in the
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pharynx, which was remarkably higher (£ =0.042) than
that in the patients without stomach ailment history (1
case, which was 2.9%).

CONCLUSION: H pylori may not be detected in the
pharynx of healthy people. Chronic pharyngitis may
be related to A pylori infection. The infection rate with
H pylori in the pharynx is higher in patients with stomach
ailment histories than in patients without stomach ail-
ment histories, suggesting that chronic pharyngitis may
be related to stomach ailment history.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Chronic pharyngitis is a common disease in the
otolaryngology clinic. Pharyngitis, bronchitis, and
pneumonia represent the most common respiratory tract
infections. Upper respiratory tract infections are common
and important. These include sinusitis, otitis media, and
pharyngitis/tonsillitis. Many patients visiting an office-
based physician report “sore throat, foreign-body sensation
in the throat” as their primary reason for the visit'!, Acute
pharyngitis may be caused by a wide variety of microbial
agents, but some of the most common and potentially
dangerous microorganisms are group A beta-hemolytic
streptococci (GABHS). For example, streptococcal
pharyngitis is responsible for about 5% to 17% of sore
throats in adults. However, the causative microorganisms
in many cases remain unclear”. An important risk factor
for chronic pharyngitis is gastroesophageal reflux disease
(GERD). GERD is a common disorder in the Western
population and is also common in Xi’an’s adult population.
The etiology and pathogenesis of GERD are probably
associated with other conditions that are also risk factors
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for chronic pharyngitis, including functional dyspepsia
(FD), irritable bowel syndrome (IBS), and some respiratory
and laryngopharyngeal diseases”.

The Gram-negative bacterium Helicobacter pylori
(H pylori) is associated with severe gastric pathologies,
including peptic ulcers, chronic active gastritis and
gastric cancer. This microorganism is able to invade and
colonize in the human stomach, gastric juice, saliva, and
facces of patients™™. Moreover, as relates to the current
study, investigations using the CLO (Campylobacter-
like organism) test and PCR showed that there was a
high rate of H pylori colonization in tonsil and adenoid
tissues!”” however, another investigation indicated the
opposite result . Therefore, we sought to detect whether
there was H pylori colonization in the pharynx in healthy
people, as compared to patients suffering from chronic
pharyngitis. We used two methods to detect H pylori
infection in the pharynx: template-directed dye-terminator
incorporated with fluorescence polarization detection
(TDI-FP) and modified Giemsa stain. From this study,
it can be determined mote definitively whether thete is a
relationship between H pylori infection of the pharynx and
chronic pharyngitis; moreover, it can be determined if a
history of certain gastric diseases may contribute to this
infection.

MATERIALS AND METHODS

Patients

Two groups were studied, a group with chronic pharyngitis
and a control group without chronic pharyngitis. The group
with chronic pharyngitis consisted of 50 cases of chronic
pharyngitis refractory over three months that were studied
from March, 2004 to August, 2004 in the otolaryngology
outpatient department. Among them, 32 cases were
females and 18 cases were males, with ages ranging from
23 to 52 years old. The shortest disease history was
3 mo and the longest was 8 years. Major symptoms
included foreign body sensation, dry sensation, angina
in the pharynx, nausea, cough and belching. Clinical
examination showed congestion in the pharynx mucosa,
lymph follicle hyperplasia, and slightly swollen tonsils.
Of these 50 cases, there were 34 cases with no specific
stomach ailment history and 16 cases with gastric ulcers or
chronic active gastritis. There were 20 cases in the control
group. Of these, 12 cases were females and 8 cases were
males. Ages ranged from 20-51 years old. The people in
the control group had no specific pharyngitis or stomach
ailment history, such as gastric ulcer or chronic active
gastritis. In addition, all the people in the above two groups
(1) had no other system diseases; (2) had no antibiotics
treatment 10 d before examination; and (3) had no clear
history of metronidazole, amoxicillin or tetracycline
treatment. To collect tissue from the pharynx of each
patient, the surface of the pharynx mucous membrane
was sprayed with 20 g/L amethocaine for anaesthesia.
Epithelial tissue in the pharynx was then collected with
a sterilized curette. The protocol was approved by the
Institutional Human Subject Committee at Xi’an Jiaotong
University.

Methods

The biopsied epithelial tissue from the pharynx of each
patient was routinely fixed in 4 g/L formaldehyde and em-
bedded in paraffin wax. Histological sections were stained
with routine modified Giemsa.

Fluotescence Polatization-Capable Instrument-Victot,
AmpliTaq DNA Polymerase, shrimp alkaline phosphatase,
E. coli exonuclease I, mixtures of TAMRA-ddTTP and
RP110-ddGTP were purchased from PerkinElmer. The
pGEM-T-Easy Vector System TA Cloning Kit was pur-
chased from Promega. The ABI 377 and BigDye Termina-
tor Cycle Sequencing Kit were purchased from Applied
Biosystem(s). All reactions wete run and read in 96-well
black-skirted plates putchased from M]J Research. The spe-
cific probes and terminators of H pylori were designed by
DNA Stat based on a specific target sequence. All probes
were synthesized by Sbsbio (Beijing, China).

Scrapes or biopsies wete collected and washed into
5 mL PBS (pH 7.2). In each case, the cell suspension
was centrifuged for 5 min at 10 000 t/min. The cell pel-
let was re-suspended and mixed in 1.5 mL TE buffer
(200 mg/L proteinase K, 10 mmol/L Tris, 0.1 mmol/L
EDTA, 1 g/L SDS, 3 g/L Ttiton X-100) at 37°C for 12 h.
The suspension was incubated at 95°C for 10 min to inac-
tivate proteinase K, and then it was centrifuged for 5 min at
10 000 t/min. The supernatant DNA was used as a template
for PCR.

Amplification of H pylori DNA by using a conservative
primer pair

For extensive detection of H pylori DNA, each sample
DNA was first amplified in a 25 pL reaction mixture
containing 1 uL. of DNA extract, 2 uL. of 6.25 pmol/L
common conservative primer pair (P1, 5’ tgccegette-
cactaaccccacta 3’; P2, 57 gtcagccactttgeccacttctacag 37,
H pylori urease B (ureB) gene (gene bank accession number
AY295085), 10XPCR reaction buffer (10 mmol/L Tris-
HCI, 50 mmol/L KCl), 2.5 uL of 2.5 mmol/L dNTP,
1.5 uL of 25 mmol/L MgClz, and 2.5 pL of 0.25 U Am-
pliTaq DNA Polymerase. The mixture was denatured
initially for 5 min at 94°C, followed by 30 cycles of ampli-
fication in a PCR processor. Each cycle included a dena-
tuting step of 94°C for 1 min, an annealing step of 45°C
for 1 min and a chain elongation step of 72°C for 1.5 min.
The final elongation step was then prolonged for another
5 min. The size of all H pylori genotyping PCR products
was predicted to be 413bp according to gene bank acces-
sion number AY295085. Sample containing other plasmid
DNA was the negative control.

All PCR products were analyzed using a template
directed dye-terminator incorporation assay (ITDI) with
fluorescence polarization (FP). In order to degrade excess
dNTP and common conservative primers in the PCR
product, 1pLL of PCR product, 16.67 nkat of shrimp al-
kaline phosphatase, 1U of E. ¢/i exonuclease I in 1 uL. of
shtimp alkaline phosphatase buffer (0.5 mol/L Tris-HCl,
pH8.5, 50 mmol/L MgClz), and 8 pL of distilled water
were mixed and incubated at 37°C for 60 min before en-
zymes were heat-inactivated at 80°C for 15 min. Thirteen
microliters of TDI-FP mixture containing 10X reaction
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Group Case TDI-FP(%) Giemsa(%)
Chronic pharyngitis 50 19 (38.0) 4 (8.0)
With stomach ailment b b
Histor: 16 11 (68.8) 3 (18.8)
Without stomach ailment
history 34 8(23.5) 1(2.9)
Normal (Control) 20 0 0

*P < 0.05 vs Control; °P < 0.01 vs group without stomach ailment history.

buffer, TAMRA-ddTTP, RP110-ddGTP, H pylori probes
and 7 plL of the enzymatically treated PCR product were
mixed and denatured at 95°C for 2 min, followed by 25 cy-
cles of 95°C for 15 s and 50°C for 30 s. At the end of the
cycles, the mixture was held at room temperature. H pylori
genes were acquired by reading FP (mp) at wavelengths of
535 nm and 595 nm, and analyzed by Fluotrescence Polat-
ization-Capable Instrument-Victor.

Statistical analysis
All the data were analyzed by the ){2 test.

RESULTS

H pylori infections in the pharynx of the people in the
control group and the patients suffering from chronic
pharyngitis were examined with TDI-FP and modified
Giemsa stain. In the control group, analysis with TDI-
FP showed that none of the 20 cases was infected with
H pylori in the pharynx. The examination using modified
Giemsa stain revealed that no cases wete infected with
H pylori in the pharynx.

Regarding the 50 cases of the patients who were suf-
fering from chronic pharyngitis, 19 cases (38%) were de-
termined using TDI-FP to be infected with H pylori in the
pharynx. When the modified Giemsa stain procedure was
used, 4 cases (8.0%) of patients were determined to be
infected with H pylori in the pharynx. In the 16 pharyngitis
cases with stomach ailment history, 11 cases (68.8%) were
determined using TDI-FP to be infected with H pylori in
the pharynx, which was remarkably higher (P<< 0.01) than
that in the cases without stomach ailment history (8 cases,
23.5%) as determined by the Statistical ){2 test. From us-
ing the modified Giemsa stain method, 3 cases (18.8%) of
patients with a stomach ailment history were determined
to be infected with H pylori in the pharynx, which was re-
markably higher ( P10 << 0.01) than that in patients without
a stomach ailment history (1 case, 2.9%), as determined by
the statistical ){2 test (Table 1). This showed the following:
(1) that H pylori is not detected in the pharynx of healthy
people; (2) that chronic pharyngitis is often related to
H pylori infection; and (3) that a stomach ailment history
is associated with a higher rate of H pylori infection of the
pharynx.

DISCUSSION

We used two methods to detect H pylori infection,
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template-directed dye-terminator incorporation with
fluorescence polarization (TDI-FP), and modified Giemsa
stain. TDI-FP is a single base extension technique in which
an oligonucleotide probe anneals to a polymerase chain
reaction (PCR)-amplified product adjacent to a single
nucleotide polymorphism (SNP) of interest™’. In the
presence of DNA polymerase and fluorescently labeled
dideoxyribonucleoside triphosphates (ddNTPs), the probe
is extended by a single base dictated by the polymorphic
site in the target sequence. Fluorescence polarization,
the property that fluorescent molecules emit polarized
fluorescent light when excited by plane polarized light,
is used to identify incorporated ddNTP, and to assign a
genotype!. With this design, the PCR primers will not
interfere with the primer extension step of the assay. This
method is simple, rapid, sensitive, specific and could also
be used for detecting pathogen DNA in the clinic"*'?, The
modified Giemsa stain is very straightforward, inexpensive,
and takes about five minutes to perform, excluding the
time in solution, and rarely requires repeat stains' .

In the current study, we examined for H pylori
infection in the pharynx with TDI-FP and the modified
Giemsa stain methods. These two methods are rapid,
sensitive, specific, easily reproducible and easy to petrform
technically. The secretion in the pharynx in our study
was washed out by water from the epithelial tissue in the
checked pharynx before examination so that the results
were not affected by gastric juice and saliva.

Sore throat is one of the most common reasons for
visits to family physicians. While most patients with sore
throat have an infectious cause (such as pharyngitis),
fewer than 20 percent have a clear indication for antibiotic
therapy (i.e., group A beta-hemolytic streptococcal
infection). Useful, well-validated clinical decision rules
are available to help family physicians care for patients
who present with pharyngitis''?, Because of recent
improvements in rapid streptococcal antigen tests, throat
culture can be reserved for patients whose symptoms
do not improve over time or who do not respond to
antibiotics. Pharyngitis and the common cold are among
the most frequent diseases. Two thirds of the patients
consulting for respiratory infection received antibiotic
treatment, and antibiotics confer relative benefits in the
treatment of sore throat”, Pharyngitis may be caused by
a wide variety of microbial agents. Burkholderia cepacia is a
Gram-negative bacillus that is widely distributed in nature;
pharyngitis due to Burkbolderia cepacia was reported for
person-to-person transmission . The main aetiological
agents reportedly causing acute pharyngitis were
adenovirus, respiratory syncytial virus (RSV), Mycoplasma
pnenmoniae, Streptococcus pyogenes and Chlamydia pnenmoniae.
M. pneumoniae was the agent found most frequently as a
single pathogen. A history of recurrent pharyngitis, having
older siblings and a negative outcome were significantly
more common among patients with acute M. preumoniae
infection than among those with infections due to other
pathogens, or healthy controls. That study demonstrates
that: (1) adenovirus and RSV have a prominent role in
acute pharyngitis; (2) 5. pyogenes is found frequently, but it
is not possible to distinguish simple carriers from patients
with a true infection; and (3) M. pnenmoniae appears to be
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able to cause acute pharyngitis'®. In our daily work, we
use antibiotics to treat pharyngitis and sore throat and find
antibiotics are effective, although we are not clear about
the mechanism of the treatment.

H pylori is one of the world’s most widespread
microorganisms. The abrupt increase of H pylori during
high school may result from a marked increase of
interpersonal social activities'”. Tts acquisition in humans
remains poorly understood, however, epidemiological
studies have identified drinking water as a reservoir
for the bacterium™. H pylori has been associated with
the development of gastritis, peptic ulcers and gastric
cancer. Although H pylori infects up to more than half
of the world’s population, to date the precise modes of
transmission have not been fully understood"”. H pylori
has been investigated in several other organ systems and
localizations besides the gastrointestinal cavity, such as the
oral cavity. For example, in one study, it was found that
the majority of patients with oral diseases have possible
H pylori colonization in dental plaque; while about two-
thirds have H pylori associated chronic active gastritis.
The oral cavity may be the first place for colonization by
H pylori, and then the infection involves the gastric
mucosa”!. Oral hygiene (the frequency of dental visits and
teeth cleaning) did not have a significant influence on the
presence of H pylori in dental plaque. Other investigators
supported the hypothesis that H pylori infection begins
in the oral cavity by concluding that dental plaque is
the reservoir of H pylori with no relationship to gastric
infection™. In our study, the pharynx may be a place for
H pylori colonization, but the number of H pylori was so
few that the modified Giemsa stain was not very useful.
Therefore, we made an amplification of H pylri DNA by
using a conservative primer pair, then detected the H pylori
colonization using TDI-FP and acquired a good result.

Other investigators have studied the localization of
H pylori as well. Akbayir e a/*” demonstrated that H pylors
was not present in laryngeal squamous cell carcinoma
tissue or in benign lesions. They could not find any
evidence indicating that H pylori played a role at the tissue
level in the pathogenesis of laryngeal carcinoma. Their
results may indicate that H pylori does not colonize in either
adenoid or tonsils and that these tissues do not constitute
a reservoir for H pylori infection. On the contrary, Cirak
et al” detected H pylori and its CagA gene in tonsil and
adenoid tissues by PCR. These authors found: 7 of 23
(30%) patients to be positive for H pylori DNA, 5 (71%)
of whom also possessed the CagA gene. In another study,
specimens from 208 dyspeptic patients were collected
from saliva, supra- and subgingival dental plaque, tongue
scrapings, and oropharyngeal swabs. H pylori was detected
from multiple sites (dental plaque, gastric juice, gastric
biopsy, duodenal aspirate, and the oropharynx””). As
in our study, the authors used more than one method
for detecting H pylori. When PCR was used, 15 of 208
patients (7%) tested positively for H pylori by PCR in
dental plaque. In contrast, only 2 samples were positive
by culture. This demonstrates the importance of using
morte than one method for detecting H pylori infection.
We also found this to be true in our own study, where we
used two methods, TDI-FP and modified Giemsa stain,

to detect H pylori infection. As shown in Table 1, TDI-FP
consistently detected H pylori infections that were missed
by the modified Giemsa stain method. These authors also
found that four of the dental plaque strains had restriction
patterns similar to those of the stomach and duodenal
sites, providing evidence that these sites were infected with
the same strain of H pylori. The detection in dental plaque
could indicate that the oral cavity may act as a reservoir
or sanctuary for the organism. Likewise, this finding also
relates to our data. We found that H pylori infection in
the pharynx was significantly more likely in patients with
a history of stomach ailments than in patients without
a history of stomach ailments. That is, just as there is a
relationship between the occurrence of H pylori in dental
plaque and its occurrence in the stomach and duodenum,
there may be a relationship between infection of the
pharynx with H pylori and a history of stomach ailments.
However, whether H pylori is a resident or transient oral
microorganism is still unclear, although it is more likely to
be transient in nature'””.

In our study, the goal was to determine if there was a
relationship between H pylori infection in the pharynx and
chronic pharyngitis, and, in addition, to determine if such
infections correlated with a history of stomach ailments.
We determined both of these relationships to be true. In
addition, we utilized two methods for detecting H pylori,
TDI-FP and modified Giemsa stain, and found the TDI-
FP method to be the most sensitive. These findings can be
applied to the clinical setting: doctors will be able to use
the appropriate method to test if a patient with chronic
pharyngitis is infected in the pharynx with H pylori, aiding
in prescribing the appropriate antibiotic. These findings
also should cause doctors to examine a patient with
chronic pharyngitis for ailments in the digestive system.
But on the other hand, the TDI-FP test can yield false
positive results.

To determine whether H pylori infection is related to
other upper respiratory tract infections, such as sinusitis,
or with otitis media, further investigations will need to be
performed.
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Abstract

AIM: To study whether heat-shocked tumor cells could
enhance the effect of tumor cell lysate-pulsed dendritic
cells (DCs) in evoking anti-tumor immune response /in
Vivo.

METHODS: Mouse undifferentiated colon cancer cells
(CT-26) were heated at 42°C for 1 h and then frozen-
thawed. The bone marrow-derived DCs pulsed with heat-
shocked CT-26 cell lysate (HSCT-26 DCs) were recruited
to immunize syngeneic naive BALB/c mice. The cytotoxic
activity of tumor specific cytotoxic T lymphocytes (CTLs)
in mouse spleen was evaluated by IFN-enzyme-linked
immunospot (ELISpot) and LDH release assay. The
immunoprophylactic effects induced by HSCT-26 DCs
in mouse colon cancer model were compared to those
induced by single CT-26 cell lysate-pulsed DCs (CT-26
DCs) on tumor volume, peritoneal metastasis and
survival time of the mice.

RESULTS: Heat-treated CT-26 cells showed a higher
hsp70 protein expression. Heat-shocked CT-26 cell lysate
pulsing elevated the co-stimulatory and MHC-II molecule
expression of bone marrow-derived DCs as well as
interleukin-12 p70 secretion. The IFN-y secreting CTLs
induced by HSCT-26 DCs were significantly more than
those induced by CT-26 DCs (P=0.002). The former
CTLs' specific cytotoxic activity was higher than the latter
CTLs' at a serial E/T ratio of 10:1, 20:1, and 40:1. Mouse
colon cancer model showed that the tumor volume
of HSCT-26 DC vaccination group was smaller than
that of CT-26 DC vaccination group on tumor volume
though there was no statistical difference between them

(24 mm’ vs 8 mm’, P=0.480). The median survival time
of mice immunized with HSCT-26 DCs was longer than
that of those immunized with CT-26 DCs (57 d vs 43 d,
P=0.0384).

CONCLUSION: Heat-shocked tumor cell lysate-pulsed
DCs can evoke anti-tumor immune response /n vivo
effectively and serve as a novel DC-based tumor vaccine.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Dendritic cells (DCs) are the most potent antigen-
presenting cells (APCs) mediating effective immune
effects in vitro and in vive™”. DCs-based tumor vaccines
have been recruited to prevent postoperative recurrence
and metastasis of malignant tumors™. During the
development of this approach, distinct methods have been
attempted to enhance the effect of DC tumor vaccine in
evoking tumor rejection response.

Heat shock protein (HSP), the molecule chaperon in
cells, binds to the antigenic peptides and guides them to
accurate folding, transporting, and conjugating to major
histocompatibility complex (MHC) molecules'”. Referring
to the current knowledge of HSPs, it acts as chaperone
peptides including antigenic peptides, interacts with anti-
gen presenting cells through a receptor, stimulates antigen
presenting cells to secrete inflammatory cytokines and
mediates maturation of DCs. It was reported that heating
could enhance the immunogenicity of tumor cells, which
is ascribed to HSPs". Furthermore, vaccination with the
lysate of heated tumor cells can result in effective tumor
rejection iz vivg”. In the present study, we used heat-
shocked tumor cells to elicit HSP expression. We assumed
that pulsing with these HSP-rich tumor cell lysate might
enhance the effect of DCs to stimulate stronger anti-tu-
mor response than pulsing with tumor cell lysates. Because
hyperthermal treatment is a standardized manipulation in
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clinical practice of oncologic surgery, such a DC tumor
vaccine is convenient to be prepared. We examined the
specific CTL response induced by heat-shocked tumor cell
lysate-pulsed DCs in nafve mice and further evaluated its
immunoprophylactic effects in mouse colon cancer model.

MATERIALS AND METHODS

Mice and cell line

Six to eight-week-old female BALB/c mice were
purchased from Laboratory Animal Research Center
(LARC) of the Fourth Military Medical University (FMMU,
Xi’an) and housed under pathogen-free conditions. All
experiments involving the use of mice were performed
in accordance with the protocols approved by LARC.
CT26 is a carcinogen-induced undifferentiated colon
adenocarcinoma cell line of BALB/c mice. Cells were
maintained in Dulbecco’s modified Eagle’s medium
(DMEM, Gibco) containing 10% heat-inactivated
fetal bovine serum (FBS; Sijigin Biotech, Hangzhou),
100 TU/mL penicillin and 100 pg/mL streptomycin at
37°C in an atmosphere containing 50 mL/L CO: and
passaged every 2 d.

Heating and lysing CT-26 cells

CT-26 cells at 90% confluence wete heated in 42°C water
bath for 1 h followed by recovering for 2 h at 37°C in an
atmosphere containing 50 mL/L COz2. Cells were then
digested by 0.02% trypsin and washed twice with PBS.
After being enumerated and re-suspended in PBS at 1x10°
cells/mL, CT-26 cells were frozen in liquid nitrogen for
10 min and then thawed thrice at 4 °C. The frozen-thawed
resultants were centrifuged at 12 000 g for 15 min and the
supernatant was preserved as tumor cell lysate at -80 °C.

Western blot assay

Equivalent protein samples were subjected to 10% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE). Then, the separated proteins were transferred
onto nitrocellulose (NC) membranes. Membranes were
blocked with 5% non-fat milk in TBST (20 mmol/L Tris-
HCl, pH 7.4, 150 mmol/L NaCl, and 0.05% Tween 20) for
2 h and incubated for 1 h at room temperature with hsp70
mAb (H5147, Sigma) diluted in TBST. After washing,
membranes were incubated with horseradish peroxidase
conjugated goat-anti-rabbit IgG (Boxter) diluted 1:400
in TBST at room temperature for 1 h. Detection was
performed using the DAB detection system.

Generation and pulse of bone marrow-derived DCs

Bone marrow-derived DCs were generated as described
by Lutz ¢/ a/* with minor modifications. Briefly, 1x10°
cells/mL erythrocyte-depleted mouse bone marrow cells
from flushed marrow cavities were cultured in complete
medium (CM) with 20 ng/mL recombinant mouse GM-
CSF (PeproTech, Rocky Hill, NJ, USA) in 10-cm tissue
culture dishes at 37°C in an atmosphere containing
50 mL/L COz. On d 3, 5, and 7, respectively, half media
were removed and centrifuged for 5 min at 1 500 t/min,
the collected cells were resuspended in the same volume of
fresh CM and replenished to original plates. The frozen-
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thawed tumor lysate was added to the DC culture systems
on d 7 at a ratio of five DC equivalents to one tumotr
cell (i.e., 5:1) and incubated at 37°C in an atmosphere
containing 50 mL/L COz. After 48 h of incubation, non-
adherent cells including DCs were harvested by gentle
pipetting. DCs were enumerated by FACS (FACScan,
Becton Dickinson) analysis through staining with PE anti-
mouse CD11c Ab (N418, hamster IgG, Biolegend). The
co-stimulatory and MHC-II molecules were analyzed by
staining with FITC anti-mouse I-A/I-E (m5/114.15.2,
ratlgG2b, Biolegend) and FITC anti-mouse CD86 (B7-2,
PO3, ratlgG2b, Biolegend). The corresponding labeled
isotypes served as the controls. For further vaccination,
DCs were washed twice, enumerated and resuspended in
PBS at 5x10°/mL.

ELISA

Following the protocol of mIL-12 p70 ELISA Ready-SET-
Go kit (Ebioscience, San Diego, CA, USA), plates INUNC
Maxisorp) were pre-coated with capture antibody (clone
C18.2) overnight at 4°C and blocked at room temperature
for 1 h. After being washed, 100 pL/well of mIL-12 p70
standard (8 pg-1 024 pg/mL at twofold serial dilutions)
or 100 pL/well of samples was added to the appropriate
wells and incubated at room temperature for 2 h. Wells
were aspirated and washed, then 100 pL/well detection
antibody (clone C17.8) was added and incubated at room
temperature for 1 h. After being washed, 100 uL avidin-
HRP was added and incubated at room temperature for
30 min. Plates were washed thoroughly and 100 uL/well
of substrate solution was added. After being incubated at
room temperature for 15 min, 50 L. of stop solution was
added to each well. The plates were read. Data represented
the value of 450 nm subtracted the value of 570 nm. All
assays wete performed in triplicate.

Immunization assay and colonic cancer inoculation
BALB/c¢ mice were immunized with DC vaccine through
tail-vein on d 0 and 7 respectively at the same dose of
5x10°DCs (100 pL). Each treatment group contained
not less than 15 mice. Seven days after the second
immunization, three mice of each group were killed
and the spleens were taken to perform the ELISpot and
cytotoxic assays. The remaining mice were anesthetized
with 0.75 mg of sodium pentobarbital. Colonic cancer
inoculation was performed as follows. In brief, a vertical
midline incision was made and the cecum was exposed.
Upon visualization, 1x10° CT-26 cells (50 uL) were
injected into subserosa using a 30-gauge needle (Becton
Dickinson) and 1 mL syringe. The midline incision was
closed with a running suture. Fourteen days later, not less
than five mice of each group were killed, the weight of the
colon tumors was measured and the peritoneal metastases
were checked. The remaining mice were fed to observe the
tumor-bearing survival time. The end point of observation
was selected when all the mice of any of the two teams
were dead.

ELISpot analysis
The murine interferon-gamma ELISpot kit (Diaclone,
France) was used to determine tumor-specific IFN-y
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Figure 1 Western blot detection of HSP70 expression of CT-26 cells heating at
42 °C. 1: No heating. 2: heat-shocked for 30 min. 3: heat-shocked for 1 h. 4: heat-
shocked for 2 h.
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Figure 2 The surface molecule expressions of mouse bone marrow derived DCs
were measured by staining with PE anti-mouse CD11c (N418, hamster 1gG),
FITC anti-mouse I-A/I-E (m5/114.15.2, ratlgG2b), FITC anti-mouse CD86 (B7.1,
PO3, ratlgG2b) and analyzed by FACS. 1: DC culture system at d 7. 2: DC culture
system at d 9. 3: DC culture system stimulating with LPS(1 pg/mL). 4: DC culture
system pulsed with CT-26 lysates. 5: DC culture system pulsed with HSCT-26
lysates. The data are representative for 3 independent experiments.

secreting T cells”. The 96-well filtration plates (Nunc) were
coated with 100 uL capture antibody (clone DB1). After
an overnight incubation at 4 °C, the wells were washed and
blocked with 2% dry skimmed milk in PBS. Splenocytes
(1x10°/well) isolated from the mice were added to the
wells and incubated at 37°C in an atmosphere containing
50 mL/L COz2 for 20 h with target cells (5><104/ well). Plates
were washed and then incubated with 100 puL biotinylated
detection antibody (polyclonal) at 37 °C for 90 min. After
the removal of unbound antibodies, 100 pL avidin-alkaline
phosphatase was added and plates were incubated for 1 h
at 37°C. After washing, spots were developed by adding
100 pL of ready-to-use BCIP/NBT buffer and incubated
at room temperature for spot formation. The spots were
scanned and counted.

Lactate dehydrogenase release assay

Specific cytolytic activities of murine spleen cells were
determined by LDH assay. The CT-26 cells were used
as target cells. Effector and target cells were mixed at
the E/T ratio of 20:1 at 0.2 mL/well in 96-well round-
bottomed plates (Nunc). After incubation for 4 h, cells
were centrifuged at 250 r/min for 5 min and the cell-free
supernatant was collected for LDH assay using CytoTox96
(Promega, Madison, WI, USA). The percentage of specific
LDH release was calculated by the following formula: %
cytotoxicity = [(experimental LDH release)-(spontaneous
LDH release by effector and target cells)/(maximum
LDH release)x(spontaneous LDH release)|x100. For the
controls, the target cells were incubated either in culture
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Figure 3 The concentration of mIL-12 p70 in supernatant of different DC culture
system were measured by ELISA assay. 1: DC culture system atd 7. 2: DC culture
system at d 9. 3: DC culture system pulsed with CT-26 lysates.4: DC culture
system pulsed with HSCT-26 lysates. 5: DC culture system stimulating with LPS
(1ug/mL). The data were representative for three independent experiments.

medium alone to determine spontaneous release or in a
mixture of 2% Triton X-100 to define the maximum LDH
release. The spontaneous release was always <10% of the
maximum release. All assays were performed in triplicate.

Statistical analysis

Each group included at least five mice. All experiments
were carried out thrice. Data were expressed as mean & SD.
Tumor volume and immune cell yield data were analyzed
by two-way analysis of variance (ANOVA). All analyses
were conducted with SPSS8.0 software. P<0.05 was
considered statistically significant.

RESULTS

Phenotype and cytokine production in heat-shocked CT-26
cell lysate-pulsed DCs

To evaluate the hsp70 protein expression in CT-26 cells, we
performed Western blot analysis using an anti-hsp70 mAb.
hsp70 protein in CT-26 cells increased after being heated
for 30 min and peaked at 1 h (Figure 1). Therefore, heating
at 42°C for 1 h was selected as a standard treatment for
heat shocking in the following experiment. To determine
the quantity of DCs in culture system, we analyzed the
surface molecules of harvested cells by flow cytometry.
About 65% of the harvest cells in culture system on
d 7 were CD11c positive and increased to 75% or more
on d 9. DCs pulsed with HSCT-26 lysate manifested
higher CD86 and I-A/I-E expression than pulsed with
CT-26 lysate (Figure 2). We also measured the mIL-12 p70
concentration in the supernatant of different DC culture
systems by ELISA. HSCT-26 lysate-pulsed DCs showed a
higher level of mIL-12 p70 than either CT-206 lysate-pulsed
or unpulsed DCs on d 9 (Figure 3).

Immunization with HSCT-26 lysate-pulsed DCs elicited
tumor specific CTLs in naive BALB/c mice

To investigate the ability of HSCT-26 lysate-pulsed DCs
to induce CT-26 specific CTLs in naive syngeneic BALB/c
mice, we examined the CT-26 specific IFN-y-producing T

www.wjgnet.com



476 ISSN 1007-9327

CN 14-1219/ R World J Gastroenterol

January 21, 2006 Volume 12 Number 3

300.004 |
.
n
.
g T
Q
o
§ 200.00
=3 il
B T
X
o)
8
g 100.00-
i
=
£
0.00 ‘ ” ‘ ‘ ‘
1 2 3 4 5

Figure 4 Tumor-specific IFN-y secreting Splenic T cells induced by different
cell lysates pulsed DC. 1: positive control (no target, 1mg/L PHA stimulated). 2:
negative control (no target). 3: single DC immunized. 4:CT-26 lysates pulsed DC
immunized. 5: HSCT-26 lysates pulsed DC immunized. Results are representative
of three experiments.
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Figure 5 Bone marrow-derived DC pulsed with HSCT-26 lysate can generate
tumor-specific CTLs in vivo. Splenic T cells obtained from immunized mice were
evaluated for cytolytic activity against Mitomycin C treated CT-26 cells at the
effector: target (E:T) ratios indicated. Values are the mean + SE of triplicate wells.

cells in splenocytes derived from immunized and control
mice by ELISpot assay. As shown in Figure 4, after being
restimulated with mitomycin C-treated CT-26 cells at an E:
T ratio of 20:1, the CT-26 specific IFN-y secreting T' cells
in HSCT-26 DCs-immunized mice were significantly more
than those in CT-26 DCs-immunized mice (P=10.002).
Then we evaluated the CT-26 specific cytolytic activity of
splenocytes stimulated with different DC tumor vaccines.
As shown in Figure 5, splenocytes from mice that received
HSCT-26 DC vaccination displayed significantly stronger
cytolytic activity against CT-26 cells at ratios 10:1, 20:1,
and 40:1 of effector cells to target cells.

Immunization of HSCT-26 lysate-pulsed DCs protected
mice with colonic cancer inoculation

We examined whether heat-shocked CT-26 cells lysate-
pulsed DCs could display enhanced immunoprophylactic
potential in mouse colon cancer model. After being
vaccinated twice at an interval of 7 d, BALB/c mice wete
inoculated with CT-26 cells into cecum through open
surgery. Fourteen days after the inoculation, autopsies were
performed to check the growth and metastasis of colon
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Figure 6 Survival curves of mice immunized with different dendritic cells tumor
vaccine.

tumot. The mice that received CT-26 DC vaccination
or single DC vaccination had colon tumor formation,
whereas one of the six mice that received HSCT-26 DC
vaccination was tumor free. The tumor volumes in single
DC vaccination group, CT-26 DC vaccination group
and HSCT-26 DC vaccination group were 107 £ 69,
24+8, and 8+7 mm’, respectively. ANOVA analysis
showed significant differences in tumor volume among
the three groups (P=0.000), but there was no difference
between HSCT-26 DC vaccination group and CT-26
DC vaccination group (P=0.480). Neither HSCT-26 DC
vaccination group nor CT-26 DC vaccination group had
peritoneal metastasis. In contrast, 50% mice in single DC
vaccination group (3/6) had tumor planting to adjacent
peritoneum and intestine surface accompanied with a
small quantity of bloody ascites. No hepatic metastasis
was found in the mice of the three groups macroscopically
during autopsy.

To investigate the tumor-bearing survival time, we
observed immunized mice for at least 60 d. The median
survival time of mice in the single DC vaccination
group, CT-26 DC vaccination group and HSCT-26 DC
vaccination group was 27.0, 43.0, and 57.0 d, respectively.
Log-rank test showed that the median survival time
was significantly different in the three groups of mice
(P=0.0001). Most importantly, the mice vaccinated with
HSCT-26 DCs had a much longer survival time than those
vaccinated with CT-26 DCs (P=0.0384). The survival
curves are shown in Figure 6.

DISCUSSION

Radical surgery is the standard treatment for most patients
with advanced cancer. After resection of primary tumor
and local drainage lymph nodes, the tumor burden of
patients is released and the immune system may have
a good chance for recovery. It is the critical time to
commence adjuvant immunotherapy for preventing
postoperative recurrence and metastasis. The prophylactic
effects of this therapy last for a long time and can be
augmented by revaccination.

The anti-tumor effect of tumor cell lysate-pulsed DCs
was first reported in 1998"” and has been utilized to treat
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malignant diseases including renal cancer, lymphoma, and
11-13] ce ..

. However, a misgiving of rising
[14]

colorectal cancet, et
autoimmunity still exists as shown in animal models
Current pilot clinical studies have not found clinical
signs of autoimmune disease except for vitiligo and
occurrence of auto antibodies. Reinhard ez /' reported
that vaccination with tumor lysate-pulsed DCs does not
show a higher incidence of autoimmunity than vaccination
with peptide-pulsed DCs. Tumor lysate is supetior to other
ways of DC pulsing and can elicit immunity for the entire
array of TAAs of source tumors, circumventing the need
of prior identification of TAAs from individual cancers.
Enhancing the anti-tumor effect of whole tumor cell
lysate-pulsed DCs promotes the use of this kind of tumor
vaccine.

In our present study, tumor cells heated at 42°C
increased the expression of HSPs such as HSP70. Pulsed
with such lysates of heat-shocked tumor cells, DCs
showed higher expression of MHC- Il and co-stimulatory
molecules on their surface and secreted more mIL-12 P70.
As we know, DC priming T lymphocytes require signals I
and II. Signal I presents the antigenic epitopes introduced
by MHC molecules. Signal 11 as the co-stimulatory
molecules on DC surface, can improve epitopes of
DCs by interacting with their respective ligands on T
lymphocytes. Upregulated expression of MHC-1I and co-
stimulatory molecules on DC surface facilitates activation
of T lymphocytes effectively. IL.-12 is a cytokine leading
to cell-mediated immune response (Thl response) and is
preferable for successful tumor immunotherapy"”. Heat-
induced HSPs may also serve as endogenous danger
signals to drive DC maturation. Mature DCs obtain high
viability and present antigenic epitopes to T lymphocytes
through migrating to local drainage lymph nodes. Our
result is in agreement with related reports' . DC activating
process may be involved in NF-xB pathway'*.,

It is believed that HSP-chaperoned TAAs represent
the specific fingerprint of tumor cells. A gp96 receptor,
CD91 on APC surface has been recently identified"””.
HSP-chaperoned antigen might target to APCs with the
assistance of HSP receptors on these cells. HSP-peptide
complexes can be internalized by APCs through receptoz-
mediated endocytosis”. HSP-mediated epitopes could go
through endogenous antigen-processing pathways in the
context of MHC- I molecules™. DCs have an impressive
ability to “cross-present” MHC class I-restricted peptide
epitopes derived from exogenous proteins to CD8 T
lymphocytes. In our study, compared to tumor cell lysate-
pulsed DCs, immunization with heat-shocked tumor cell
lysate-pulsed DCs might induce a large amount of specific
CTLs in naive mice 7z vivo. Furthermore, the induced
CTLs exhibited a higher tumor specific cytotoxic activity.
Immunized and challenged mouse model proved that
vaccination of HSCT-26 DCs could prolong the survival
time of tumor-bearing animals. All the results suggest
that heating tumor cells can enhance the effect of whole
tumor cell lysate-pulsed DCs to elicit specific anti-tumor
response. We suppose that after taking up the HSP-
chaperoned antigens, epitopes coming from HSCT-26
might be complexed with MHC class I molecules in
endoplasmic reticulum and transported to the cell surface

to priming CD8 T lymphocytes. Increased HSPs in tumor
cells may serve as epitope chaperons and natural adjuvants
in the process of DC antigen presentation, enhancing anti-
tumor effects of DC vaccine.

In conclusion, heat-shocked tumor cell lysate-pulsed
DCs can elicit effective anti-tumor effects 7 vivo, suppress
the growth of colon cancer and eliminate occurrence
of peritoneal metastasis. Using this tumor vaccine
postoperatively may decrease the local recurrence and
peritoneal metastasis of colon cancer and prolong the
tumot-free survival time of the patients. The prophylactic
effects of this DC vaccine on preventing liver metastasis
of colon cancer should be further evaluated.
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Abstract

AIM: To investigate the intestinal barrier changes in rats
with CCl+-induced portal hypertension.

METHODS: The permeability of intestinal barrier detected
by Lanthanum as a tracer was evaluated in rats. Bacterial
translocation and plasma endotoxin were also determined.

RESULTS: The incidence of bacterial translocation was
85% in rats with CCls-induced portal hypertension, which
was significantly higher than that in control rats (20%,
P<0.01). Plasma endotoxin level was significantly higher
in experimental group than in control group. Permeability
of the epithelial mucosa and pathological alteration were
increased in the ileum and the microvilli became shorter
and thinner in rats with portal hypertension.

CONCLUSION: Bacterial translocation occurs in rats
with CCls-induced portal hypertension and increased
permeability between epithelial cells contributes to the
translocation.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

The incidence of bacterial infection in patients with portal

hypertension is higher than that in the general populationm.

Most of these infections are caused by bacteria normally
present in the intestine. Portal hypertension may play
an important role in the pathogenesis of infections in
cirrhotic patientsm. On the other hand, endotoxemia
present in patients with portal hypertension is correlated
with the severity of the disease. Recently, bacterial
translocation from the gut to extraintestinal organs and
systemic circulation has been proved in patients with other
diseases” and is considered as the cause of endotoxemia in
patients due to the disruption of the gut barrier function.
However, the exact route of bacterial translocation and
endotoxemia in patients with portal hypertension is
not clear. In the present study, bacterial translocation,
permeability of the enterocyte membrane and intestinal
morphological alterations in rats with CCls-induced portal
hypertension were evaluated by transmission electroscopy.

MATERIALS AND METHODS

Adult male Sprague-Dawley rats (#=40) weighing
250-300 g were used. The animals were allowed to
acclimate to laboratory condition for 4-6 d with free access
to water and rat chow before the experiment.

Twenty rats entered the experimental group and
received intragastric CCls via a Hamilton syringe with
an attached stainless steel animal feeding tube after light
ether anesthesia. The first dose of CCls was 20 pL and
subsequent doses were adjusted based on the body weight
48 h after the last dose. After the appearance of ascites,
the dose was reduced to 40 pL. and increased according
to the schedule if ascites resolved. The other 20 rats were
gavaged with water and served as control group.

Studies on intestinal permeability and bacterial
translocation from the gut were carried out on d 14.
The abdominal cavity was opened by a midline incision
and blood samples were immediately inoculated into
3 mL blood culture medium and 0.5 mL plasma
was used to detect endotoxin. Limulus-amoebocyte-
lysate (LAL) test was used to determine plasma
endotoxin levels as previously described. Escherichia
coli 055 was used as endotoxin standard. The results
were expressed as endotoxin units per milliliter (EU/
mL). The mesenteric lymph nodes (MLNs) near the
distal ileum, liver, and spleen were harvested and
weighed, tissues were then homogenized in a test
tube containing 3 mL brain heart infusion broth,
0.2 mL supernatant was taken for bacterial culture. All
media for aerobic culture were incubated at 37 °C for
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Figure 1 Normal microvilli of enterocytes in control rats (A) and shortened and
thinned microvilli of enterocytes in rats with portal hypertension (B).

Figure 2 Lanthanum tracer in the ileum of control rats (A) and rats with CCls-
induced portal hypertension (B and C).

3-5 d and isolated bacteria were identified by standard
procedures. At the end of the experiment, a segment
of the distal ileum was removed and placed into 2.5%
glutaraldehyde fixative with 4% lanthanum hydroxide for
1 h, then washed thrice to assay the permeability of the
intestinal barrier. Sections were made from each sample
and the presence of the tracer was observed under
transmission electron microscope.

Positive MLN culture was considered indicative of
bacterial translocation from the gut. Positive blood, spleen
or liver cultures were considered indicative of passage
bacteria to the systemic circulation.

Statistical analysis

Translocation incidence was analyzed by the Fisher’s exact
test. Weights and other data were expressed as mean = SD

www.wjgnet.com

and compated with Student’s / test.

RESULTS

The mean spleen weight in rats with CCls-induced portal
hypertension (5.32£0.38 mg/g body wt) was significantly
greater than that in control rats (2.3110.28 mg/g body
wt). The weight of MLN was also greater in rats with
CCls-induced portal hypertension (1.8510.42 mg/g body
wt) than that in control rats (0.86£0.25 mg/g body wt).
Ascites occurred in all rats.

Bacterial translocation to MLN occurred in 17 of 20
(85%) CCls-PH rats and in 4 of 20 (20%) control rats.
Bacteria were found in ascites in the experimental group
(7/20, 35%) while no bacteria wetre found in the control
group. All bacteria isolated from MLNs and ascites were
Gram-negative. No bacteria were isolated from blood,
spleen or liver.

Plasma levels of endotoxin (0.083+0.012 EU/mL)
and ascites (0.0621+0.012 EU/mL) were significantly
higher in the experimental group than in the control group
(0.046+0.009 EU/mL, P<0.01).

The distal ileum of rats with CCls-induced portal
hypertension did not differ grossly from that of the
control rats. Clear and intact microvilli were seen in ileal
enterocytes in the control rats. Shortened and thinned
microvilli appeared in rats with CCls-induced portal
hypertension (Figure 1).

The tracer did not penetrate into the cells or
intercellular juncture in the control rats. The tracer
appeared between enterocytes and cellular junctions in rats
with CCls-induced portal hypertension. The penetrated
tracer aggregated along the cellular junctions (tight or gap)
or within the mucosal propria lamina without entering
enterocytes or winding lines (Figure 2).

DISCUSSION

The mechanism underlying bacterial penetration into the
intestinal barrier and entry into the systemic circulation
in cirrhotic patients remains unclear””. Recent studies
in animal model demonstrated that bacteria from
the gastrointestinal tract can cross over the intestinal
barrier to infect extraintestinal sites and/or the systemic
circulation, a process known as bacterial translocation™"".
Various pathological changes such as damage of the
intestinal barrier can increase the incidence of bacterial
translocation'"". Cirrhotic patients usually develop portal
hypertension that causes intestinal congestion, thus
inducing intestinal mucosal abnormalities'”, suggesting
that portal hypertension may play a prominent role in the
pathogenesis of spontaneous bacteremia and peritonitis
in cirrhotic patients. Our results indicated that bacterial
translocation occurred in 85% portal hypertensive rats,
which was significantly higher (20%) than that in the
control rats. Surgical manipulation and stress may be
responsible for the translocation of bacteria™>"”,

The reason why permeability of the intestinal mucosa
is increased remains unclear. In the present study, the
tracer (Lanthanum) with a mean diameter of 4 nm is
normally located outside the cell membrane, but may
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enter the cells through cellular pores, while their diameter
exceeds 2 nm. Our results showed that the permeability of
intestinal barrier was greatly increased in rats with portal
hypertension. The tracer appeared between enterocytes
and lamina propria cells, indicating that translocation
occurs between enterocytes and lamina propria cells. This
finding is consistent with the observation of Cole ez al'".
The damaged microvilli in rats with CCls-induced portal
hypertension demonstrated that permeability changes
might occur before the development of pathological
abnormality™"",

In conclusion, bacterial translocation occurs in rats
with CCls-induced portal hypertension and the increased
permeability between epithelial cells contributes to the
translocation.
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Abstract

AIM: To investigate the relationship between serum
soluble interleukin-2 receptor (sIL-2R) level and anti-HBc
in patients with chronic hepatitis B virus (HBV) infection.

METHODS: Sera from 100 patients with chronic HBV
infection and 30 healthy controls were included in this
study. The patients were divided into group A [HBsAg (+),
HBeAg (+) and anti-HBc (+), 7=50] and group B [HBsAg
(+), HBeAg (+) and anti-HBc (=), 7=50]. sIL-2R levels
were determined using ELISA. HBV DNA and alanine
aminotransferase (ALT) were also detected.

RESULTS: Serum sIL-2R levels were significantly higher
in patients with chronic HBV infection than in healthy
controls. Moreover, serum sIL-2R levels were significantly
higher in patients with HBsAg (+), HBeAg (+) and anti-
HBc (+) (976.56+213.51x10° U/L) than in patients with
HBsAg (+), HBeAg (+) and anti-HBc (-) (393.41 £ 189.54
x10° U/L, P<0.01). A significant relationship was found
between serum sIL-2R and ALT levels (P<0.01) in
patients with chronic HBV infection, but there was no
correlation between sIL-2R and HBV DNA levels. The
anti-HBc status was significantly related to the age of
patients (P <0.01).

CONCLUSION: The high sIL-2R level is related to
positive anti-HBc in chronic hepatitis B patients. Positive
anti-HBc may be related to T-lymphocyte activation and
negative anti-HBc may imply immune tolerance in these
patients.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

About 350 million persons are chronically infected with
hepatitis B virus (HBV) in the world". Carriers of HBV
are at an increased risk of developing cirrhosis, hepatic
decompensation and hepatocellular carcinoma (HCC)Y,
China has the greatest burden of hepatitis B and liver
cancer in the wotld. A third of all chronic HBV carriers
live in China. Each year, about half a million Chinese die
of liver cancer or liver failure due to hepatitis B. However,
HBYV has no cytopathic effect on hepatocytes. Some
liver damages caused by HBV are attributed to immune
clearance of virus-infected cells and associated immune
reactions. While antibody response in patients with HBV
infection plays a critical role in viral clearance through
the formation of complexes with viral particles and their
removal from the circulation” specific cellular immune
response plays a main role in hepatic necrosis due to HBV
infection and in the persistence of viral infection'”.

IL-2R system plays an important role in the activation
and proliferation of lymphocytes”. IL-2R is expressed on
the cell membrane of lymphocytes and contains at least
three different chains. Serum sIL-2R is predominantly
released from activated T lymphocytes and can serve as
an index of activation of T lymphocytes'”. Serum sIL.-
2R levels are significantly higher in patients with chronic
HBYV infection than in healthy controls””. The serum sIL-
2R level one year after interferon administration may be a
useful marker of interferon's therapeutic effectiveness'™.

In the present study, we determined the serum levels
of sIL-2R in chronic hepatitis B patients with positive ot
negative anti-HBc to analyze the elevated patterns of sIL-
2R in patients with different anti-HBc status.

MATERIALS AND METHODS

Patients
Serum samples were obtained from 100 Chinese patients
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Group Number sIL-2R ALT HBV DNA Group Number Median (yr) Rank sum
(x10° U/L) (u/L) (copies/mL, IgC) A 50 37° 66.88
A 50 96756421351  79+21.2° 7.954:+1.754 B 50 225 40.12
B 50 393.41+189.54° 244123 7.875+1.011 .
Control 30 243.59+121.34 13165 0 P<0.0001 vs group B.
"P<0.01 vs group B and control group; "P<0.05 vs control group; ‘P<0.01 vs
group B and control. Statistical analysis

positive for HBsAg and HBeAg. All the patients were
followed up from 2001 to 2004. The patients were divided
into two groups. Group A consisted of 50 patients positive
for HBsAg, HBeAg, and anti-HBc (age range, 3-71 years;
mean age, 37 years). Group B consisted of 50 patients
positive for HBsAg and HBeAg but negative for anti-HBc
(age range, 12-33 years; mean age, 22.5 years). Another 30
healthy persons negative for all HBV markers served as the
control group.

Blood sampling

Venous blood samples wete taken to detect sIL-2R, alanine
aminotransferase (ALT), HBV DNA and HBV markers
(HBsAg, HBeAg, and anti-HBc). All serum samples were
separated and stored at -20 °C until testing;

Determination of sIL-2R

Serum sIL-2R levels were determined by sandwich ELISA
using commercially available sIL-2R assay kits (Department
of Immunology, Dr Bethune Medical University,
Changchun, China). An anti-sIL2R monoclonal antibody
was adsorbed onto the substrate of polystyrene microtiter
wells. The sIL-2R present in the samples or in the standard
solutions was bound to the antibody-coated wells. The
unbound sample components were removed by washing
thrice. A peroxidase-linked anti-sIL-2R monoclonal
antibody against another epitope on the sIL-2R molecule
was then added to complete the sandwich. After being
washed, the unbound materials were removed and a
substrate solution was added into the wells. A stopping
solution was added to stop the reaction and then light
absorbance at 492 nm was measured. A standard curve
was prepared from four IL-2R standards. The values were
expressed as unit (U) per L.

Assay of HBV markers and HBV DNA

HBsAg, HBeAg, and anti-HBc were detected using
commercially available EIA or ELISA kits (Reagents
Development Center, Shanghai Hospital for Infectious
Diseases, Shanghai, China). HBV DNA levels were tested
using real-time PCR on ABI 7000 real-time detection
system (Applied Biosystems, Foster City, CA, USA).

Measurement of ALT
ALT was tested on a CX4 chemistry analyzer (Beckman

Coulter, Fullerton, CA, USA) using commercially available
kits.

The significance of difference between the two groups was
determined with Student’s # test and Wilcoxon’s rank-sum
test. P<0.05 was considered significant.

RESULTS

Serum sIL-2R levels were significantly higher in patients
with chronic HBV infection than in healthy controls.
Moreover, serum sIL-2R levels were significantly higher
in patients with HBsAg (+), HBeAg (+) and anti-HBc
(+) (group A, 976.56%213.51 10’ U/L) than in patients
with HBsAg (+), HBeAg (+) and anti-HBc (-) (group
B, 393.41+189.54x 10’ U/L, P< 0.01). ALT levels were
significantly higher in group A (79+21.2x10° U/L) than
in group B (24£12.3% 10’ U/L, P<0.01). Serum sIL-2R
levels were significantly related to ALT levels. There was
no significant difference in HBV DNA levels between the
two groups (Table 1). Anti-HBc status was related to the
age of the patients. Positive anti-HBc was detected in older
patients (P<0.01, Table 2).

DISCUSSION

HBYV infection is a major health problem. About 350
million persons are chronically infected with HBV in
the world. HBV itself is non-cytopathic and it is widely
accepted that the mechanism of hepatocellular injury is
the host anti-viral immune responsem. A human leukocyte
antigen (HLA) class I-restricted cytotoxic T-lymphocyte
(CTL) response to one or more HBV-encoded antigens
on the hepatocyte membrane is a major mechanism of
hepatocellular injury and clearance of infected cells"”,
Serum sIL-2R is predominantly released from activated T
lymphocytesm. It was reported that serum sIL-2R levels
reflect cellular IL-2 receptor expressionl(’]. Hence, levels
of serum sIL-2R are useful in monitoring T-lymphocyte
activity and serial measurement aids in assessing the
progression of the disease!"”.

High levels of serum sIL-2R have been observed in
patients with chronic HBV infection”*"*"" and hepatitis
C virus (HCV) infection. Serum sIL-2R levels indicate
the degree of liver damage in patients with chronic HBV
infection™. Our results showed that serum sIL-2R levels
were significantly higher in patients with chronic HBV
infection than in healthy controls. The serum sIL-2R levels
were significantly related to the serum ALT levels, but did
not correlate with serum HBV DNA levels in patients with
chronic HBV infection. These results are consistent with
previous findings of Sawayama ef a/”.

Anti-HBc is detected in virtually all patients exposed
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to HBV"? and typically persists for life'”. However, many
patients with chronic HBV infection are negative for anti-
HBc in China probably due to the fact that Chinese people
acquire the infection at birth or duting the eatly postnatal
period"®"”. These patients may have an immune tolerance
to the virus for several decades of life™?. We found that
serum sIL-2R levels were significantly higher in patients
with HBsAg (+), HBeAg (+) and anti-HBc (+) than in
patients with HBsAg (+), HBeAg (+) and anti-HBc (-).
Furthermore, patients with anti-HBc (+) were older than
those with anti-HBc (—). Transfer of hepatitis L core
antigen-reactive T cells is associated with the resolution of
chronic HBV infection™. Based on these results, it seems
that patients with chronic HBV infection who are negative
for anti-HBc may be in a status of immune tolerance to
the virus. Serum sIL-2R levels and anti-HBc may be useful
indicators of immune status in patients with chronic HBV
infection. Serum sIL-2R levels reflect the activation of T
lymphocytes”. Hence, positive anti-HBc may be related to
the activation of T lymphocytes.

Though interferon alpha to some extent hastens
the loss of HBeAg in Chinese patients, the treatment
is generally less effective than in white patients. This is
probably due to the fact that the majority of Chinese
people have a long period of immune tolerance to the
virus”). Several studies have revealed that serum sIL-
2R levels can serve as an index of the activation of T
lymphocytes™. The serum sIL-2R level one year after
interferon administration may be a useful marker of
its therapeutic effectiveness”. Our results showed that
elevated serum sIL-2R and positive anti-HBc were related
to the high levels of serum ALT in patients with chronic
HBYV infection. Low serum ALT levels are associated with
the poor response to interferon alpha treatment in patients
with chronic HBV infection™. Hence, we can deduce that
clevated serum sIL-2R levels, positive anti-HBc and high
ALT concentrations may serve as indicators for interferon
alpha treatment in Chinese patients with chronic HBV
infection. However, further exploration is needed.

In conclusion, serum sIL.-2R levels are related to anti-
HBc and serum ALT concentrations, but not related to
HBYV DNA levels in patients with chronic HBV infection.
Positive anti-HBc may be related to T-lymphocyte
activation and negative anti-HBc may imply immune
tolerance in these patients.
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Abstract

AIM: To investigate the role of nitric oxide (NO) in Toll-
like receptor 2 (TLR2)/4mRNA expression in livers of
acute hemorrhagic necrotizing pancreatitis (AHNP) rats.

METHODS: One hundred and ten SD male rats were
randomly divided into sham-operated group (7=10),
AHNP group (n7=30), chloroquine (CQ)-treated group
(7=30) and L-Arg-treated group (7=40). TLR2/4mRNA
expression in the liver of AHNP rats was measured by
RT-PCR.

RESULTS: Expression of TLR2/4mRNA could be
detected in the liver of AHNP rats in sham-operated
group (0.155E-5+0.230E-6 and 0.115E-2 +£0.545E-4),
but was markedly increased at 3 h in AHNP group
(0.197E-2+0.114E-3 and 0.175+0.349E-2) peaking
at 12 h (0.294E-2+0.998E-4 and 2.673+2.795E-2,
P <0.01). Hepatic injuries were aggravated, TNF-a
concentration in the liver was increased and NO
concentration was decreased (P<0.05 or £<0.01).
When TLR2/4mRNA expression was inhibited by CQ
(3 h: 1.037E-4+£3.299E-6 and 0.026 £3.462E-3;
6 h: 1.884E-4+4.679E-6 and 0.108+6.115E-3; 12 h:
2.443E-4+7.714E-6 and 0.348+6.807E-3; £ < 0.01),
hepatic injuries were relieved, NO concentration in
the liver was increased and TNF-o concentration was
decreased (P<0.05 or P<0.01). When rats with AHNP

were treated with L-Arg, TLR2/4mRNA expression
in the liver could be effectively inhibited (50 mg-T:
0.232E-2+£0.532E-4 and 0.230+6.883E-3; 100 mg-T:
0.210E-2+1.691E-4 and 0.187+0.849E-2; 200 mg-T:
0.163E-2+0.404E-4 and 0.107+0.195E-2; 400 mg-T:
0.100E-2+0.317E-4 and 0.084+0.552E-2; £<0.01)
and hepatic injuries were relieved. At the same time,
NO concentration in the liver was markedly increased
and TNF-a concentration was decreased (P <0.05 or
P<0.01).

CONCLUSION: The expression of TLR2/4mRNA is
increased and hepatic injuries are aggravated in the liver
of AHNP rats. TLR2/4mRNA gene expression in the liver
of AHNP rats can be markedly inhibited by NO, leading
to the relief of hepatic injuries.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Acute hemorrhagic necrotizing pancreatitis (AHNP) is a
serious disease of human beings with a high mortality and
morbidity. AHNP could cause multiple organ dysfunction
syndrome (MODS). Unfortunately, the pathogenesis and
mechanism of AHNP are still unclear. Many researches
indicate that diverse inflammatory factors such as tumor
necrosis factor (TNF-a), interleukin-1 (IL-1), IL-6 and
reactive oxygen species result in systemic inflammatory
response syndrome (SIRS) which might play an important
role in the pathogenesis and development of AHNP!". It
was reported that Toll-like receptor 2 (TLR2)/4 activated
by stimulations can result in excessive production and
release of cytokines'”. In the present study, we have
investigated the changes of TLR2/4 gene expression and
the effect of NO on TLR2/4 gene exptession in livers of
AHNP rats.
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n Serum amylase (U/L)  ALT (U/L) AST (U/L)

A unit 10 985+159.68 74.0+4.47 176.6+4.52

B unit 10  6367+1122.17° 101.8+4.11° 447 9454 49°
C unit 10  9370+2282.79" 232.9+24.01° 1055.9+41.57"
D unit 10 1318943 365.14° 546.5+37.36° 1276.2+44.22°
E unit 10  3450+711.25™ 95.5+4.19° 370.3+19.67°
F unit 10  4165+1005.31° 119.7+4.74™ 784.6+68.93"
G unit 10  5540+1274.81°% 197.549.09°¢ 982.7+46.22°¢
H unit 10  6793+1414.78" 212.845.50° 854.3+53.26™"
I unit 10  6518+246.13" 142.247.73™ 405.9462.62°°
] unit 10 5462482244 115.446.30™ 385.4+6.72°
K unit 10  4789+826.59" 92.3+3.69 309.7+15.90°¢

2P<0.05, "P<0.01 vs A unit; “P>0.05 vs ahead unit; °P<0.05, ‘P<0.01 vs unit at
the same time point of AHNP group.

MATERIALS AND METHODS

Chloroquine (CQ) and sodium taurocholate (TAC) were
purchased from Sigma (St. Louis, MO, USA). L-Arg was
purchased from Cayman Chemical Company, USA. Trizol
was purchased from Promega Co., Hong Kong, China.
Reverse transcriptase RNase and DNA polymerase were
purchased from TOYOBO CO., LTD, Japan. Serum-
amylase and NO detection kits were provided by Jiancheng
Biological Engineering Research Institute, Nanjing, China.

Groups and models
One hundred and ten SD male rats (weighing 180-200
@) were purchased from Experimental Animal Center of
Tongji Medical College, Huazhong University of Science
and Technology, Wuhan, China. Rats were randomized
into sham-operated group (z=10), AHNP group (3, 6, and
12 h, units B-D, #»=10), CQ-treated group (3, 6, and 12 h,
units E-G, #=10), L-Arg-treated group (50, 100, 200, and
400 mg; units H-K; »=10).

AHNP was induced by infusion of 5% TAC
(1 mL/kg) into biliopancreatic duct. After models of
AHNP were made, L-Arg (100 mg/kg) was immediately
injected via inferior vena to make L-Arg-treated models.
Sham-operated models were made by flipping ceca.
Samples of liver and blood were taken for analysis.

Alanine aminotransferase, aspartate aminotransferase,
AST, serum amylase, and NO concentrations in the liver
Alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) were detected to assess the
degrees of hepatic injuries. ALT and AST concentrations
were measured using an automatic biochemistry analyzer.
Concentrations of serum amylase and NO in the liver
were measured spectrophotometrically.

TLR2/4 mRNA and TNF-a mRNA gene expression in the
liver

The expression of TLR2/4mRNA and TNF-amRNA
in the liver was assayed by RT-PCR. The sequence of
TLR2 primer was 5-CGCTTCCTGA ACTTGTCC-3
(sense), 5>-GGTTGTCACCTGCTTCCA-3’ (anti-
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sense) and 5’-ACTAAGAGGCGGAGCGGA-3’
(fluorescent probe). The sequence of TLR4 primer
was 5-ATCATGGCATTGTTCCTTTCCT-3’ (sense),
5-CTGAGATTCTG ATCCATGCATTG-3’ (anti-
sense) and 5’-TCGGTAACG ACGGTTGTAG-3’
(fluorescent probe). The sequence of TNF-a primer
was 5’-CCCGTCG GAACAGGGAACTT-3’
(sense), 5>-GGGTGTCCTTAGGGCAAG-3’ (anti-
sense) and 5>-CGAGGAGGCGAACCACCAA-3’
(fluorescent probe). The sequence of B-actin primer
5’-GAACGGTGAAGGTGACAG-3’ (sense), 5’
-TAGA GAGAGTGGGGTGG-3’ (anti-sense) and
5’-ACCACAGCACCTGCGG GAT-3’ (fluorescent
probe). Results were obtained using FTC-2000 real-time
instrument (Fengling Biotechnology Limited Company,
Shanghai, China).

Statistical analysis

The data were expressed as meant SD. The differences
between the two groups were assessed by Student’s #test.
P<0.05 was considered statistically significant.

RESULTS

Serum amylase, ALT and AST concentrations

Serum amylase concentration was lower in CQ-treated and
L-Arg-treated groups than in AHNP group (# 2.087-2.195,
P<0.05). ALT and AST concentrations were low in sham-
operated group but significantly increased in AHNP group
(£ 4.58-9.740, P<0.01). Administration of CQ or L-Arg
significantly reduced ALT and AST concentrations in the
liver (# 1.074-8.765, P<0.05, Table 1).

NO, TNF-a concentrations and TLR2/4mRNA expression
TNF-o was low in sham-operated group but significantly
increased in AHNP group (# 6.848-9.959, P<0.01).
Administration of CQ or L-Arg significantly reduced
TNF-a concentration in liver (# 3.946-8.997, P<0.01). NO
concentration was markedly lower in AHNP group than in
sham-operated group (% 2.403-8.521, P<0.05, CQ-treated
group and L-Arg-treated group (# 2.138-9.597, P<0.05).
TLR2/4mRNA expression was low in sham-operated
group but markedly increased at 3 h in AHNP group and
peaked at 12 h (# 2.193-9.623, P<0.01). TLR2/4mRNA
expression was inhibited by CQ (# 2.294-8.382, P<0.01),
and L-Arg (# 3.880-8.995, P<0.05; Table 2).

DISCUSSION

Ten members have been identified from the mammalian
TLR family™, TLRs belong to a wider superfamily, called
IL-1 receptors/TLR superfamily, including receptors
for the pro-inflaimmatory cytokines IL-1 and IL-18. All
members possess cytoplasmic Toll/IL-1 receptor (TIR)
domains. The TIR domain consisting of 160 amino acids
1s essential for signaling. TLRs are the key front-line
sensors of invading microbes, responding to a wide range
of microbial products through recognizing a different
pathogen-associated molecular pattern (PAMP). At the
same time, when TLRs are combined with PAMP, antigen
presenting cells (APCs) are activated and produce co-
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n NO (umol/gprot) TNF-a TLR2 TLR4

A unit 10 16.19+0.862 0.003+0.129E-3 0.115E-5+0.229E-6 0.1145E-2+0.545E-4

B unit 10 12.91+1.058" 2.331+0.101° 0.197E-2+0.114E-3" 0.175+0.349E-2°
C unit 10 9.53+0.344" 1.618+0.173" 0.275E-2+0.352E-4° 0.285+0.516E-2"
D unit 10 4.52+0.356° 0.296+0.04° 0.294E-2+0.998E-4"° 2.673+2.795E-2"
E unit 10 27.78+0.542°¢ 1.440+5.147E-2"¢ 1.037E-443.299E-6>* 0.026+3.462E-3"¢
F unit 10 20.73+0.462°¢ 0.862+3.197E-2>¢ 1.884E-4+4.679E-6"" 0.108+6.115E-3"¢
G unit 10 13.70+0.734™ 0.117+1.492E-2>¢ 2.443E-4+7.714E-6"" 0.348+6.807E-3""
H unit 10 9.87+0.095 0.676+2.092E-2>¢ 2.324E-2+0.532E-4 0.229+6.883E-3""
I unit 10 11.69+0.954° 0.369+1.300E-2"¢ 0.210E-2+1.691E-4"*¢ 0.187+0.085E-3"¢
J unit 10 25.43+0.919°¢ 0.115+0.587E-2"¢ 0.163E-2+0.404E-4"° 0.107+1.946E-3""
K unit 10 32.9940.382"" 0.058+0.652E-2>" 0.100E-2+0.316E-4"° 0.084+5.522E-3""

*P<0.05, "P<0.01 vs A unit; “P>0.05 vs ahead unit; 'P<0.01, P <0.05 vs unit at the same time point of AHNP group.

stimulatory molecules and cytokines, activating specific
immune responses. TLR2/4 plays the most important role
in responding to bacterial infections. TLR2 is the major
receptor for PAMPs of Gram-positive bacteria, such as
peptidoglycan and lipoteichoic acids. TLR4, the major
receptor for LPS, are highly susceptible to infections with
Gram-negative bacteria and fungal pathogens, such as
lipopolysaccharide (LPS) and heat shock protein (HSP)",
Mechanisms responsible for TLR-mediated protection,
potentiation of cytokine release, mediation of neutrophil
recruitment to the site of infection and release of oxygen
and nitrogen radicals, and contribute to TLR activation'.
Researches showed that TLR2” or TLR4”™ mice have an
increased susceptibility to infections” . NO produced
from L-Arg by catalysis of nitric oxide synthase (INOS) is
the only resource of NO in bodme. In our experiment,
rats were injected with L-Arg so that NO concentration in
the bodies of rats was elevated. At the same time, it was
reported that TLR2/4mRNA expression can be inhibited
by CQ". In the present study, we investigated the changes
of TLR2/4 gene expression and NO concentration in the
liver when TLR2/4mRNA expression was inhibited by CQ
and the effect of NO on TLR2/4 gene expression in the
liver of AHNP rats.

Enteric bacteria and endotoxin can result in
aggravation of AHNP. In the course, enteric bacteria
and endotoxin enter the liver through portal vein and are
deactivated. But when the function of the liver is damaged
or the quantity of enteric bacteria and endotoxin exceeds
the endurance of liver, bacteria and endotoxin enter the
blood and result in sepsis. At the same time, AHNP can
lead to the dysfunction of the liver and even the failure of
liver, suggesting that liver may play an important role in
the pathogenesis and development of AHNP.

Our study showed that TLR2/4mRNA
expression could be detected in sham-operated group
(0.155E-510.230E-6 and 0.115E-2+0.545E-4),
but markedly increased at 3 h in AHNP group
(0.197E-2%0.114E-3 and 0.175% 0.349E-2) and peaked
at 12 h (0.294E-2%0.998E-4 and 2.673+2.795E-2,
P<0.01). Hepatic injuries were aggravated, while TNF-a
concentration increased and NO concentration dectreased

(P<0.05). When TLR2/4mRNA expression was inhibited

by CQ (3 h: 1.037E-4%3.299E-6 and 0.026 + 3.462E-3;
6 h: 1.884E-414.679E-6 and 0.108 £ 6.115E-3; 12 h:
2.443E-4%7.714E-6 and 0.348 + 6.807E-3; P<0.01),
hepatic injuries were relieved while NO concentration
increased and TNF-a concentration decreased (P<0.05).
When AHNP rats were treated with L-Arg, TLR2/4
mRNA expression was effectively inhibited (50 mg-T:
0.232E-2%0.532E-4 and 0.230 %+ 6.883E-3; 100 mg-T:
0.210E-2£1.691E-4 and 0.187 £ 0.849E-2; 200 mg-T:
0.163E-2%0.404E-4 and 0.107 £ 0.195E-2; 400 mg-T:
0.100E-2£0.317E-4 and 0.084 £ 0.552E-2; P<0.01)
and hepatic injuries were relieved. At the same time,
NO concentration markedly increased and TNF-«
concentration decreased (P<0.05).

When TLR2/4mRNA expression inhibited, synthesis
and release of inflammatory factors decreased and hepatic
injuries were relieved, suggesting that lower concentration
of NO has the anti-inflammatory effect’ ™', In our study,
NO concentration in AHNP rats was decreased. When
TLR2/4mRNA expression was inhibited by CQ, NO
concentration increased, suggesting that TLR2/4mRNA
expressions can be inhibited by NO. Our results suggest
that synthesis and release of anti-inflammatory factors
might be inhibited by TLR2/4mRNA expression and
TLR2/4mRNA gene expression might play an important
role in the pathogenesis and development of hepatic injury
in AHNP.

Lower concentration of NO may exert its anti-
inflammatory effect by reducing neutrophilic leukocytes,
platelet and adhesion molecules, concentration of
inflammatory factors in bronchoalveolar lavage, improving
the pancreatic blood flow and pancreatic microcirculation,
inhibiting the production of oxyradicals and cytokines,
interaction of leukocytes and endotheliocytes.

NO may decrease TLR2/4mRNA expression by
directly inhibiting production of cytokines, reducing
differentiation of phagocytes and interaction between
leukocytes and endotheliocytes. The results of our
experiment provide evidence for the role of NO in TLR2/
4mRNA expression in the liver of AHNP rats.
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Abstract

A 67-year old man was presented with a 6-mo history
of recurrent right lower quadrant abdominal pain. On
physical examination, a vague mass was palpable in
the right lumbar region. His routine laboratory tests
were normal. Ultrasonography showed a hypoechoic
lesion in the right lumbar region anterior to the right
kidney with internal echoes and fluid components.
Abdominal contrast-enhanced computed tomography
(CECT) showed a well-defined hypodense cystic mass
lesion lateral to the ascending colon/caecum, not
communicating with the lumen of colon/caecum. After
complete open excision of the cystic mass lesion, gross
pathologic examination revealed a turgid cystic dilatation
of appendiceal remnant filled with the mucinous
material. On histopathological examination, mucinous
cyst adenoma of appendix was confirmed. We report this
rare unusual late complication of mucocele formation in
the distal viable appendiceal remnant, which was leftover
following incomplete retrograde appendectomy. This
unusual complication is not described in the literature
and we report it in order to highlight the fact that a high
index of clinical and radiological suspicion is essential
for the diagnosis of mucocele arising from a distal viable
appendiceal remnant in a patient who has already
undergone appendectomy presenting with recurrent
abdominal pain.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Appendiceal mucocele was first described by Rokitanski
in 1842" and an unusual variant of appendiceal mucocele
-myxoglobulosis was first described by Latham in 1897"7.
The term “mucocele of appendix”™” is an inherently
imprecise descriptive term that refers to any macroscopic
(localised or diffuse) globular cystic dilatation of appendix
(unilocular or multilocular) filled with thick tenacious
mucoid/mucinous material regardless of undetlying cause
and is not a pathologic entity.

The majority of mucoceles of appendix arise secondary
to proximal obstruction of appendiceal lumen in which
the appendiceal lumen is usually in communication with
caecum". The potential causes of proximal appendiceal
obstruction include faecolith, epithelial/mucosal
hyperplasia, post inflammatory-fibrosis, cystadenoma,
cystadenocarcinoma, carcinoid tumor, endometriosis and
developmental anomalies such as occlusive membrane
or obstructive diaphragm at the level of appendiceal
orifice”. But the origin of mucocele of appendix from
a distal viable leftover remnant tip of appendix not
communicating with the caecum following incomplete
retrograde open appendectomy has not been described.

We report such an extremely rare case of retention
mucocele arising from a distal vascularized remnant of
appendix tip, which is a leftover following incomplete open
appendectomy.

CASE REPORT

We report a 67-year old man who was presented with a
6-mo history of recurrent right lower quadrant abdominal
pain not associated with vomiting. He had normal appetite
and bowel habits. He was not a hypertensive and diabetic,
neither an alcoholic nor a smoker. He underwent open
appendectomy 15 years ago. At presentation his vital
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Figure 1 Ultrasonography shows a hypoechoeic space occupying lesion measuring 6.5 cmx 3 cmx 6 cm in the right lumbar region anterior to right kidney (arrows). Internal

echoes and fluid components are seen within the cystic mass (arrowheads) (A-C).

Figure 2 CECT shows a well defined hypodenseblind ending tubular lesion (arrows) measuring 6.8cm x 3.1cmx 3.0cm (CT value +32HU) in the right lumbar region lateral
to ascending colon along the antimesenteric border not communicating with the lumen of colon(A-C). C=Caecum, AC=Ascending colon, M=Mucocele, A=Distal appendiceal
remnant not communicating with caecal lumen.

Figure 3 Macroscopic/gross pathology. A: Perioperative photograph shows a turgid cystic mass measuring 6¢m x 5¢cm x 3cm in the distal appendicular remnant with a
separate mesentery located adjacent to the pulled up caecum and not communicating with lumen of caecum (arrows); B: Resected specimen shows cystic dilatation of
turgid distal appendicular remnant with surrounding fibrofatty, mesenteric, and omental tissues (arrow); C: Cut open resected specimen shows protruding mucinous material

from the lumen of cystically dilated turgid distal appendicular remnant (arrow).

parameters and systemic examination were normal. On
examination of abdomen, a vague mass was palpable in
the right lumbar region suspicious of a retroperitoneal
tumor. Rectal examination was normal.

Hemoglobin value was 13.8 gm/dL(reference range:
13.5-17.0gm/dL) and other biochemical investigations,
chest X-ray and electro-cardiogram were normal. Upper
gastrointestinal (GI) endoscopy and colonoscopy study was
normal. Ultrasonography revealed a 6.5cmX3cmX3.5cm
hypoechoic space-occupying lesion in the right lumbar

www.wjgnet.com

region anterior to the right kidney with internal echoes
and fluid components which suggested retroperitoneal
cyst (Figure 1). Abdominal CECT showed a well defined
blind ending tubular hypodense lesion with CT value +32
Hounsfield unit (HU) in the right lumbar region lateral to
the ascending colon along the antimesenteric border (Figure
2). The lesion was not communicating with lumen of the
colon, which suggested colonic duplication cyst.

At laparotomy, a 6cm*3cm mucus-filled turgid mass
was found in the distal appendiceal remnant having a
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Figure 4 Histopathological microphotographs of mucinous cystadenoma of appendix. A: Low power microscopic view. Appendicular lumen shows mucinous secretions
(1) with no epithelial elements. Mucosa lined by a single layer of mucinous columnar epithelium with basally situated nuclei (2) does not show any atypia with underlying
lymphoid aggregataes (3). B,C: High power microscopic view. Appendiceal lumen shows lakes of mucin (1) with no epithelial elements. Mucosa lined by a single layer of
mucinous columnar epithelium with basally situated nuclei (2) does not show any atypia with underlying lymphoid aggregates(3).

separate mesentery with no communication with the
ceacum (Figure 3A). Complete surgical excision was
performed with an uneventful recovery. Gross pathological
examination showed a distended turgid appendiceal
remnant filled with characteristic mucinous material
(Figures 3B, 3C). Histopathological examination showed
that the appendix was lined by a single layer of mucinous
epithelium with basally situated nuclei which did not show
any atypia with underlying lymphoid aggregates. The
appendiceal lumen showed mucinous secretions (lakes of
mucin) with no epithelial elements suggestive of mucinous
cyst adenoma-appendix with no evidence of malignancy or
dysplasia. (Figures 4A,4B,4C). The patient was symptom-
free during a 6-mo follow-up period.

DISCUSSION

Primary appendiceal mucocele, a relatively uncommon
clinical entity, is most frequently an incidental finding at
the time of surgery and is occasionally discovered only
at pathological examination'™. The majority of these
patients are not diagnosed preoperatively and in fact
60%"™ of them are diagnosed incidentally during surgery
for some other disease. The incidence of appendiceal
mucocele is estimated to be 0.2-0.3% of appendicectomy
specimens with myxoglobulosis constituting 0.35-0.8% of
mucoceles'.

Mucoceles are histologically subdivided into four types
on the basis of World Health Organization classification' .

Simple/non neoplastic mucocele ot retention mucocele
ot obstructive form of mucocele” is defined as cystic
dilatation of the distal appendix with accumulation of
abnormal mucoid material in the appendiceal lumen
secondary to appendiceal outflow obstruction.

Benign neoplastic mucocele-mucinous cystadenoma
is defined as dilated mucus /mucin filled appendix
containing adenomatous mucosa lined by atypical
mucinous epithelium containing basal nuclei and showing
only minimal dysplastic features. Secondary changes'”
in mucinous cyst adenoma include thinning of the
wall, extensive ulceration, calcification and ossification
(“porcelain appendix”)”. There is also a high association

5]

between appendiceal mucinous cystadenoma with ovarian
mucinous cyst adenoma and synchronous or metachronous
neoplasms elsewhere in the colon'

Malignant mucocele”-mucinous cystadenocarcinoma
is defined as adenocarcinoma associated with mucus-filled
cystic dilatation of the appendix presenting as mucocele.
A malignancy is suspected at surgery in about 30%*°.
In the others the diagnosis is made during pathologic
examination.

Cystadenocarcinoma® is grossly indistinguishable
from a cystadenoma. But histologically® the former is
distinguished from mucinous cystadenoma by three
criteria: presence of invasive neoplasm below the level of
muscularis mucosa, when the muscularis mucosa cannot
be distinguished because of distortion or fibrosis, the
diagnosis is made by the finding of infiltrative tongues
of tumor or single tumor cells in the wall (infiltrative
appearance of border of epithelial elements) as opposed
to the broad pushing edge appearance of the borders of
epithelial elements that characterize mucinous tumor of
uncertain/undetermined malignant potential (UMP)™'"]
presence of malignant epithelial cells in the lakes of
mucin either in the wall of the appendix or outside the
appendix.

Myxoglobulosis or Caviar appendix™” is an extremely
rare variant of appendiceal mucocele caused by proximal
obstruction of appendiceal lumen in which pieces of
mucinous/mucoid material can become broken off the
appendiceal wall into the appendiceal lumen resulting
in the formation of characteristic pearl-like translucent
“mucinous globules” or pearly luminal spheroids" or a
“cluster of frog eggs”™'” 1-10mm in diameter with surface
calcification.

Mucocele of appendix is most common in the sixth or
seventh decade of life with a female preponderance”’. The
common presenting symptoms of appendiceal mucocele
are episodic right lower quadrant abdominal pain (27%)",
abdominal mass (16%)", weight loss (10%)" and change
in bowel habits (5%)". Complications"*"” of mucocele
include intussusception, bleeding, perforation, peritonitis,
rupture and pseudomyxoma peritonei.

Colonoscopy may show a smooth glassy submucosal

i
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or extra-mucosal caecal mass moving in and out with
respiratory movement. This endoscopic sign has been
described as the “trapped balloon sign”m. The classical CT
scan ﬁndings[7’ "l of a mucocele in a patient who has not
undergone appendectomy are a cystic low attenuation well
encapsulated round or ovoid mass with smooth regular
walls in the right lower quadrant adherent to caecum, mural
calcification in the wall of the mucocele, and absence of
peri-appendiceal inflammation or abscess which is the key
differentiating point in excluding acute appendicitis. The
presence of thickened wall and enhanced nodules favors
the diagnosis of mucinous cystadenocarcinoma.

The clinical and radiological differential diagnosis
of mucocele of appendix includes mesenteric cyst,
colonic duplication cyst, colonic lymphoma and lipoma,
intussusception , right ovarian cyst and hydrosalphinx.

The treatment of mucocele of appendix is essentially
by simple appendectomy but in cases of rupture or
suspected malignancy a standard right hemicolectomy
is indicated™. At the time of surgery, a spontaneous
appendiceal perforation or any extravasation from
appendicular lumen is strongly suggestive of malignancy
in such situations, a right hemicolectomy™® should
always be performed with a curative intent. Laparoscopic
appendectomy for mucocele removal has been described,
but caution has also been suggested because of the risk of
port site recurrences' .

In a patient who has undergone open appendectomy,
with the CT finding of a cystic well encapsulated mass in
the right lumbar region adherent to the pulled up caecum/
ascending colon not communicating with the lumen of
colon/caecum, one should consider the possibility of
mucocele of distal appendiceal remnant. Therefore, a high
index of clinical and radiological suspicion is essential
for the preoperative diagnosis of mucocele of distal
appendiceal remnant in a patient who has undergone
appendectomy.Incomplete surgical removal of appendix
must be avoided in order to prevent the late complication
of mucocele formation in the distal leftover vasculatized
remnant tip of appendix. All appendiceal mucoceles
measuring at least 2 cm must be completely excised to
eliminate the chance of progression to malignancy. The
association between appendiceal mucocele and colonic
neoplasm is more clear and logical to recommend

[7,13]

surveillance colonoscopy in patients with diagnosis of
appendiceal mucocele, at least in those with appendiceal
mucinous cystadenoma.
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Abstract

The introduction of transjugular intrahepatic portal-
systemic stent-shunt (TIPSS) has been a major
breakthrough in the treatment of portal hypertension,
which has evolved to a large extent, into a routine
procedure. A 21-year-old male patient with progressive
graft fibrosis/cirrhosis requiring TIPSS for variceal
hemorrhage in the esophagus due to portal hypertension
was unresponsive to conventional measures two
years after living related liver transplantation (LDLT).
Subsequently, variceal hemorrhage was controlled,
however, liver function decreased dramatically with
consecutive multi organ failure. CT scan revealed
substantial necrosis in the liver. The patient underwent
successful “high urgent” cadaveric liver transplantation
and was discharged on postoperative d 20 in a stable
condition.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Transjugular intrahepatic portal-systemic stent-shunt

(TIPSS) is defined as artificial shunts between branches
of the portal vein and the systemic circulation within the
liver parenchyma, and is comparable to a surgical H-shunt
with partial decompression of portal hypertension. The
first TIPSS has been performed by Rosch ez /" in 1969
in dogs. After the stage had been set for the implantation
of stent-shunts into human beings, the first TIPSS
was performed on a 49-year-old male patient with liver
cirrhosis and bleeding from esophageal varices due to
portal hypertension'. Since then this procedure has rapidly
progressed to a well defined and established standard
procedure for a wide variety of liver disorders, i.e., TIPSS
is preferred for acute or recurrent variceal hemorrhage
refractory to medical treatment, endoscopic sclerotherapy
or banding"”. Since TIPSS enables pre-transplant patients
to recover from bleeding episodes and improves their
general status before a graft becomes available, this
procedure forms a bridge to liver transplantation'. The
first 30-d mortality after TIPSS (up to 11%) is usually
due to liver failure, acute respiratory distress syndrome,
sepsis, recurrent hemorrhage, or right heart or multi
organ failure”. Here we report a case of liver necrosis
with subsequent organ failure making it necessary
for high urgency (HU) cadaveric liver transplantation
following TIPSS for conventionally uncontrolled variceal
hemorrhage after living related liver transplantation

(LDLT).

CASE REPORT

A 21-year-old male patient underwent LDLT with
biliodigestive anastomosis because of liver cirrhosis
due to hereditary tyrosinemia type 1 and hepatocellular
carcinoma (T3NoMo). After an uneventful transplantation,
the postoperative course was further complicated by a
bilioma followed by both a biliocutaneous fistula and
chronic cholangitis. Two years after LDLT, the patient
was referred to our institution and presented with
progressive cholestasis, all signs of portal hypertension
(i.e., varicose veins of the esophagus and hypersplenism)
while graft function was still adequate, classified
as Child-Pugh A. Post-contrast sequences of MRI
originally performed to identify the total extent of the
biliocutaneous fistula, showed perfusion of the liver was
inhomogeneous with regular appearance of the intra-
and extrahepatic portal venous branches, inferior vena
cava (IVC) and hepatic artery (Figure 1A). For a complete
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Figure 2 TIPSS-placement. Picture illustrating correctly placed TIPSS.

examination of the patient’s preoperative status, a celiac-
mesenteric angiography was performed which identified
a stenosis of the arterial anastomosis, considered as
hemodynamically irrelevant (Figure 1B). Revision of the
biliodigestive anastomosis was performed and a y-Roux
hepatojejunostomy after adhesiolysis was established
to close the biliocutaneous fistula, which maintained
cholangitis. Histology of the intraoperative biopsy revealed
severe fibrosis associated with secondary biliary cirrhosis
of the transplant. After surgery the patient recovered
quickly; however, on postoperative d 10 recurrent
variceal hemorrhage unresponsive to conventional
measures, including endoscopic therapy, required TIPSS
since surgery was not feasible at that time. TIPSS was
petformed in a standard procedure with an uncoated 8/39
Corinthian-Stent, which decreased the portacaval pressure
gradient from 23 mmHg (measured after a 8 mm tract was
established) to 8 mmHg at the end of the procedure (Figure
2). Subsequently, variceal hemorrhage in the esophagus
stopped, however, serum transaminases, bilirubin and
ammonia increased, while liver function decreased
dramatically with fulminant consecutive multi organ failure
within 3 postoperative days. At that time, a spiral-CT scan
revealed both substantial disturbances of intrahepatic
perfusion and necrosis, while TIPSS, extrahepatic portal
vein, hepatic artery and IVC displayed normal (Figures
2 and 3). One day later, the patient underwent successful
(HU) orthotopic cadaveric re-transplantation of the liver
and was discharged in a stable condition thereafter on
postoperative d 20.

www.wjgnet.com

Figure 1 Pre-TIPSS MRI/
angiography and post-TIPSS
macroscopy of the liver.
Pictures illustrating pre-TIPSS
inhomogeneous intrahepatic
parenchyma texture (A);
clinically irrelevant stenosis
of the hepatic artery (B) and
macroscopic aspect of the
liver after TIPSS and organ
failure due to substantial
necrosis in areas where
circulation was compromised
before TIPSS (C).

Figure 3 Spiral-CT scan after TIPSS was established. Spiral-CT after TIPSS
revealed substantial necrosis at the time of liver failure.

DISCUSSION

Biliary complications after LDLT are observed in 15-40%
of patients, which can increase the risk of developing
secondary biliary cirrhosis and all signs of portal
hypertension (i.e. variceal bleeding)”. The significant
decrease of portal flow to the liver after TIPSS, due
to portal decompression, may result in decreased liver
function. An increase in hepatic arterial flow, however,
maintains sufficient liver function in most parientsm. The
latter is inadequate in a small number of patients and
TIPSS results in liver failure™. Further, cirrhotic patients
have a cirrhotic cardiomyopathy. This is important since
TIPSS shunts a large blood volume back to the right heart
and may impair cardiac function.

Till date most information of both arterial and portal
venous hemodynamic in the liver are based on indirect
scintigraphic or invasive electromagnetic measurement of
blood flow during portosystemic shunt surgery. Burchell
et al” demonstrated in their early work an increased blood
flow in the hepatic artery after porto-caval shunting, Since
no flow measurements were performed intravascularly,
precise information on complex flow changes over time
(i.e., detection of mechanisms of arterio-portal compensa-
tion) were impossiblem. In the late sixties Hanson"' and
Lutz" hypothesized that both dilatation and contraction
of the intrahepatic arterioles, which occur immediately
after liver- or shunt-operations, can be defined as regula-
tory reflex-mediated responses to changes of pressure in
the hepatic sinusoids. Richter e a/” later demonstrated
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online the dynamic changes of arterial and portal blood
flow during partial porto-systemic decompression with
TIPSS. Real-time monitoring of the arterial flow with
endoluminal catheters revealed that arterial blood flow in-
creased significantly and momentarily while portal venous
flow decreased; however, total liver perfusion after TIPSS
maintained steady in their studies. Since the fraction of
arterial perfusion was increased after TIPSS, both pressure
of portal venous perfusion and portal flow in hepatic sinu-
soids decreased. Reduced portal venous inflow in hepatic
capillaries was compensated by an increased arterial perfu-
sion. Since these changes in hepatic flow were immediately
present in all the patients after TIPSS, underlying regula-
tory mechanisms that maintain a constant sinusoidal liver
perfusion are most likely based on reflexes.

How can it be explained that major disturbances in
hepatic circulation with subsequent liver necrosis and dete-
rioration of liver function occurred after TIPSS in the case
described above? Several factors most likely contributed to
pathology: One major factor was the initially compensated
stenosis of the hepatic artery, diagnosed with a celiac-
mesenteric angiography (Figure 1B), which most likely
prevented an increase in the arterial flow reserve to com-
pensate for a decreased portal flow after TIPSS. Moreover,
chronic inflammation (cholangitis) and liver cirrhosis may
have also factored into the reduction of possible regulato-
ry mechanisms stated above that compensated for reduced
portal flow!"™"". Therefore, severe dysfunction of the liver
due to distutbances in hepatic perfusion, with subsequent
necrosis of liver tissue, complicated treatment after TIPSS
(Figures 1C and 3). In such cases, TIPSS should be indicat-
ed with great caution in centers where the salvage therapy,
high urgent liver transplantation, can be performed.
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Abstract

As a disease commonly encountered in daily practice,
acute appendicitis is usually diagnosed and managed
easily with a low mortality and morbidity rate.
However, acute appendicitis may occasionally become
extraordinarily complicated and life threatening. A
56-year-old man, healthy prior to this admission, was
brought to the hospital due to spiking high fever, poor
appetite, dysuria, progressive right flank and painful
swelling of the thigh for 3 d. Significant inflammatory
change of soft tissue was noted, involving the entire
right trunk from the subcostal margin to the knee
joint. Painful disability of the right lower extremity and
apparent signs of peritonitis at the right lower abdomen
were disclosed. Laboratory results revealed leukocytosis
and an elevated C-reactive protein level. Abdominal
CT revealed several communicated gas-containing
abscesses at the right retroperitoneal region with mass
effect, pushing the duodenum and the pancreatic head
upward, compressing and encasing inferior vena cava,
destroying psoas muscle and dissecting downward into
the right thigh. Laparotomy and right thigh exploration
were performed immediately and about 500 mL of frank
pus was drained. A ruptured retrocecal appendix was the
cause of the abscess. The patient fully recovered at the
end of the third post-operation week. This case reminds
us that acute appendicitis should be treated carefully
on an emergency basis to avoid serious complications.
CT scan is the diagnostic tool of choice, with rapid
evaluation followed by adequate drainage as the key to
the survival of the patient.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Acute appendicitis is a disease commonly encountered in
daily practice, and a very low morbidity and mortality rate
can be achieved with proper diagnosis and management
at present“’zl. Generally, a non-perforated acute
appendicitis can be managed by urgent appendectomy,
while perforated appendicitis which may be associated
with the formation of localized abscess in the right iliac
fossa or in the pelvic cavity, can be managed depending
on their symptoms either by early appendectomy or by
interval appendectomy following percutaneous drainage[3].
Even with a more severe form of ruptured appendicitises
such as those complicated with diffuse peritonitis as
commonly encountered in patients of pre-school age, the
post-operative recovery is usually smooth. However,
acute appendicitises such as those forming appendiceal
masses and extensive abscesses or resulting in intestinal
obstruction may sometimes become more complicated
and require a prolonged treatment period[3’4]. These
complications should not be overlooked in order to
avoid further sequelae. Hence, we present here a rare and
critical case of ruptured retrocecal acute appendicitis with
extensive formation of retroperitoneal and thigh abscess,
re-emphasizing the importance of early diagnosis and
prompt management for this common disease.

CASE REPORT

A 56-year-old man was generally in good health when he
first experienced right flank and right thigh pain with daily
spiking fever of up to 39°C for 3 d. He also experienced
progressive loss of appetite, epigastric fullness and painful
disability of the right thigh. There was minimal abdominal
pain initially, but this became more prominent over the
right lower quadrant a few days later. He was brought to
our hospital 3 d after the onset of the symptoms.

Physical examination on admission revealed an acute ill-
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looking man with a body temperature of 39.6°C. He was
slightly anemic in appearance and breathed both shallowly
and rapidly at a rate of 28/min. He was lying in supine
position with his right knee joint mildly flexed and hip joint
externally rotated, being reluctant to move his right leg
because of severe tenderness. A positive psoas stretch test
was petformed and the results indicated that there were
significant inflammatory signs such as local heat, swelling,
edema, and tenderness disclosed at areas involving the
entire right trunk from right subcostal region to right knee
joint, but no subcutaneous emphysema or crepitation was
noted. Palpation of the abdomen revealed tenderness
at right lower quadrant without muscle rigidity and no
mass-like lesion was palpable. Laboratory data indicated
leukocytosis with a WBC count of 16.4x10°/mlL., of which
80% were mature neutrophils and 3% were immature
neutrophils. The hemoglobin level was slightly decreased
to the level of 12.8 g/dL and his platelet count was also
decreased to 617x10°/ml.. The C-reactive protein level
was 26.1 mg/dL. All the other blood chemistry data wete
within the normal range. X-ray of the abdomen revealed
an indistinct shadow of right psoas muscle. CT scan of the
abdomen revealed formation of multiple gas-containing
abscesses involving the entire right retroperitoneum with
mass effect. At the upper abdominal region, the duodenum
and pancreatic head were pushed upwatrd by the abscess,
the right perinephric space was filled with the abscess and
the inferior vena cava at the same level was encased and
compressed. There was also a suspicious septic thrombus
inside the inferior vena cava. In addition to destroying the
right psoas muscle, the abscess also dissected downward
to the right thigh through the femoral canal, forming an
abscess between muscle groups (Figure 1).

The patient underwent a laparotomy immediately for
retroperitoneal exploration, which revealed more than
500 mL of feculent fluid collection in the above-
mentioned locations. However, the intra-abdominal cavity

Figure 1 Retroperitoneal and right thigh abscess
in a patient with ruptured retrocecal appendicitis.
A: Retroperitoneal abscess with mass effect,
demonstrating the upward-pushed duodenum
and pancreatic head as well as compressed and
encased inferior vena cava (white arrowheads);
B: suspicious septic thrombus inside inferior vena
cava (white arrow); C: reconstructed coronal image
demonstrating extensive involvement of the abscess
(short black arrows); D: dissection of the abscess in
the right thigh via the femoral canal just beneath the
femoral vessels (long black arrow).

was clear without any contamination. A gangrenous
ruptured appendix was identified with its entire length
embedded in the retroperitoneum, draining fecal content
into it and forming an abscess. Appendectomy was done
cautiously making sure that no necrotic residual appendix
remained in the retroperitoneal cavity. The abscess was
communicated with those at the thigh as expected, through
the femoral canal just behind the inguinal ligament, even
though a separate incision was made at the right thigh
to ensure complete drainage of the abscess. Fortunately,
the muscle groups of the right thigh were still viable and
therefore no debridement of the muscle was performed.
Multiple sump drainages were inserted at the end of the
operation. The bacterial culture revealed an Escherichia coli
infection.

The patient recovered smoothly with his fever
subsiding 2 d after surgery and oral intake resumed in 4 d.
Painful disability of his right thigh improved immediately
after surgery and he was able to walk 12 d later. The
patient was discharged uneventfully 3 wk after the surgery.

DISCUSSION

Acute appendicitis is the most common abdominal
emergency worldwide and can usually be managed
smoothly even if it is perforated. However, formation of
retroperitoneal abscesses remains one of the most serious
but rare complications of acute appendicitis and is always
associated with perforation of a retrocecal appendix due
to delayed diagnosis and treatment””. Knowing that the
anatomical position of the appendix is variable and 65%
of the appendix has been reported to be at the retrocecal,
the importance of eatly management for acute appendicitis
cannot be over-emphasized.

Thete ate quite a few case reports discussing related
problems similar to the present case, such as psoas

and thigh abscesses™", lower extremity subcutaneous
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emphysema of abdominal origin!""""" and rare

complications of acute appendicitis'®”. Among these
reports, descriptions are similar regarding patients’
presentation and their management. In short, the onset of
symptoms is usually insidious and atypical, initial medical
treatment is usually unsuccessful. The causes of abscess
formation are usually unclear before surgery and patients
are usually critical on presentation. Surgical management is
mandatory but may or may not be effective and mortality
is not an uncommon result. In addition to the above-
mentioned experiences, there are still some important
issues that can be addressed based on our present case and
a literature review.

First of all, it is still difficult to distinguish primary
from secondaty psoas abscesses. While the primary psoas
abscess is defined as an abscess of unknown origin, its
diagnostic symptoms and signs are almost identical to
those of the secondary psoas abscess™'". For example,
the insidious onset of abscess formation is not responsive
to medical treatment, the classical triads of psoas abscess
such as fever, flank pain, and limitation of hip movement,
can all present in both primary and secondary psoas
abscesses™'". After reviewing the information from
the literature, we found that only the results of bacterial
culture, if could be obtained before surgery, could indicate
the nature of the abscess being primary or secondary.
The most common causative pathogen of primary psoas
abscess is Staphylococcus aurens, while that of secondary
psoas abscess is usually mixed intestinal floras”™'"'*',

Second, as CT scan is used as a modality in addition
to the physical signs for definite diagnosis in most of
the reported cases, there is no doubt that CT scan of the
abdomen with contrast is the most widely-used imaging
study with the highest accuracy and efficiency®™ """, CT
scan of the abdomen not only helps in the establishment
of the diagnosis, but also in the evaluation of the
extension of involvement and in its treatment. For
example, application of advanced high speed helical CT
(which was the case in this report and has never been
demonstrated before) can demonstrate a reconstructed
coronal image that is of great help for surgical planning
because it simulates the operation field. In addition, the
drainage of abscess can be achieved by percutaneous and
retroperitoneal approach or by laparotomy based on CT
findings.

Third, whether the abscess is managed surgically or
non-surgically should be carefully evaluated. With the
improving technique and the accumulating experiences
of interventional radiology, there are several reports
demonstrating substantial results by percutaneous drainage
of the abscess and then by surgery only if percutaneous
drainage fails or is contraindicated. For example, Benoist
et al”” demonstrated that percutaneous drainage can
drain 81% postoperative abdominal abscesses in patients
without sepsis at presentation. Cantasdemir e a/”" showed
that primary and secondary iliopsoas abscesses can be
successfully treated with percutaneous drainage in patients
without secondary abdominal pathology. Percutaneous
drainage of the abscesses is less invasive. Gerzof e al””
have recommended that percutaneous drainage should
be done for most complex abscesses, but we are still
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uncertain if the percutaneous approach is adequate for
our patient, because our patient was in a critical condition
requiring prompt drainage of the abscess which cannot be
achieved by percutaneous method and the infection could
not be controlled if there was a persistent existing focus
as previously reported by Ushiyama e a/'”. In addition,
according to the results reported by Benoist e/ a/*” and
Cantasdemir ¢z a/*"', a combined therapy (that is drainage
in combination with surgery) might be contraindicated
in our patient because he was septic and had a persistent
existing intra-abdominal focus. Hence, it is our experience
that surgery is advantageous over percutaneous drainage
in patients under critical conditions such as perforated
appendicitis, diverticulitis or malignancy"”.

Fourth, though abscesses inside the thigh is due to
direct extension from retroperitoneum, it might be wise to
create a separate incision at the thigh to drain the abscess
rather than from the trunk. Draining thigh abscess by an
incision at the thigh has two advantages. First, the abscess
can be more easily and directly approached. Second,
the viability of muscle and fascia of the thigh as well
as the need for further debridement can be adequately
evaluated. This is supported by the fact that some of
thigh abscesses can be cured by drainage alone'®”, while
others with extensive myonecrosis require debridement or
amputation™"”,

In conclusion, formation of huge retroperitoneal
abscesses with thigh involvement is a serious complication
of perforated acute appendicitis. To improve the treatment
outcome, patients with retroperitoneal infection should
undergo CT scan in order to find the origin of the
infection and to choose the best way to drain the abscess.
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Abstract

To our knowledge, stercoral perforation of the colon
is rarely seen with fewer than 90 cases reported in
the literature till date. We explored the principles of
management to prevent impending mortality in five
patients with this condition. Five patients, two males
and three females, whose median age was 64 years,
had sustained stercoral perforation of the sigmoid colon.
Chronic constipation was the common symptom among
these patients. Three patients underwent a Hartmann’s
procedure and another two were treated with segmental
colectomy with anastomosis and diverting colostomy.
There was one surgical mortality and the other patients
had an uneventful hospital stay. Timely intervention to
prevent and/or treat any associated sepsis along with
extensive peritoneal lavage and surgical intervention to
remove diseased colonic tissue at the primary stercoral
ulceration site coupled with aggressive therapy for peri-
tonitis are key treatment modalities in salvaging patients
presenting with stercoral perforation of the colon.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Berry!! presented the first case of stercoral perforation of
the colon to the Pathological Society of London in 1894,
and it is a rare event with fewer than 90 cases reported
in the literature through 2002, Stercoral perforation
of the colon is an aggravating condition following
successive bowel wall ischemic necrosis by fecal mass',
and dictates a rather poor clinical outcome in patients
with a compromised general condition™”. We reviewed
the history of five patients of stercoral perforation of
colon at our hospital, in order to elucidate the appropriate
intraoperative procedures and obtain clinical results which
will enhance the percentage of accurate preoperative
diagnosis and clarify the most feasible perioperative
management.

CASE REPORTS

During the years 2001-2005, 22 patients with free perfora-
tion of the colon were hospitalized at Chang Gung Me-
morial Hospital in Chiayi. The etiology of perforation was
cancer in nine patients, ruptured diverticulitis in five, iatro-
genic colon perforation related to colonoscopy procedure
in two, one patient with traumatic colon perforation, and
the other five patients were diagnosed as stercoral perfora-
tion which fit the diagnostic critetion proposed by Maurer
et al’.

These five patients formed the basis for this brief
report (Tables 1 and 2). Thete were two men and three
women aged between 4-84 years. All gave a long history
of serious and chronic constipation except for a little gitl.
Four patients also had concomitant diseases that might
have enhanced the development of chronic constipation
such as diabetic enteropathy, hypothyroidism, and hemipa-
resis sequelae of stroke.

These five patients presented with sudden and
severe abdominal pain. On physical examination, diffuse
peritonitis was present in all the patients along with
high fever and leukocytosis. Four patients were found
to have sub-diaphragmatic free air on a standing chest
roentgenogram, but only one showed localized extra-
luminal air on abdominal CT scanning. All patients
underwent emergency laparotomy by a general surgeon
with a preoperative diagnosis of hollow organ perforation.
The colorectal surgeon was summoned during surgery to
verify an intraoperative finding of colonic perforation.
All perforation sites were found to be located at the
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Table 1 Perioperative data on patients with stercoral perforation of the colon

Patient 1 q A ety s Perforation size
Number Gender Age Interval (day)' Case history X-ray finding Peritonitis Localization T T e Fecaloma
. . S . . Within
A F 4 1 Chronic constipation Subdl'aphragmanc Generalized Mid-sigmoid 1x08 Aml_ abdominal
free air Colon mesocolic R
cavity
B M 70 3 Chror.uc ,constlpatlon, Subd{aphragmatlc Generalized Rectos:1g1n91d 5x3 Ant}— Within the
Cushing’s syndrome free air colon junction ~ mesocolic colon
. L . . . Protruding
C F 84 5 Chronic constipation, Subdl.aphragmahc Generalized S pmnapel Gallan 3x2, Anp- TER
D.M. free air mesocolic .
perforation
D F 79 1 Chronic constipation, Subdl.aphragmahc Lower abdomen Mid-sigmoid 2.5x1.5, .Anh- Within the
stroke free air Colon mesocolic colon
Chronic constipation, . o
E M 64 2 D.M., hypothyroidism, Extraluminal free air Generalized Sigmoid Colon 4x2, An.t - Within the
mesocolic colon

gouty arthritis

! between symptom to operation.

Table 2 Perioperative data of patients with stercoral perforation of the colon

Patient Pathology Ascites culture' Colonoscopy” Stercoral ulcer at  Operation Peritoneal lavage® Complication
number proximal colon procedures
A Fecal peritonitis E. coli, Enterococcus No Undetectable Segmental Plenty Nil
faecalis, B. Fragilis colectomy+diverting
enterostomy
B Purulent ascites Enterococcus faecalis, Yes (65, A-colon)  Four shallow Hartmann’s Moderate Mortality
B. fragilis stercoral ulceration operation+rectal (overwhelming
diffusely mucus fistula sepsis at post-op
21st d)
C Fecal peritonitis E. coli Yes (50, proximal ~ No ulceration Hartmann's Massive Superficial wound
T-colon) operation+rectal infection
mucus fistula
D Purulent ascites E. coli, Kleb. Yes (75, A-colon)  No ulceration Segmental Massive Superficial wound
pneumonia, B. colectomy+diverting infection
thetaiotaomicron enterostomy
E Purulent ascites E. coli, Enterococcus  Yes (80, A-colon)  No ulceration Hartmann’s Massive Fascial dehiscence
faecium, Bacteroides operation+rectal

sp.

mucus fistula

"Heavy flora cultured as. *(cm) distance at the most proximal to perforation and location. *Massive: >10 000 mL; moderate: <6 000 mL; plenty: 1 500 mL.

antimesenteric part of the sigmoid colon with perforations
ranging in size from 2 to 5 cm. The perforation margins
were well circumscribed with no local inflammation or
any other chronic process. Three patients underwent
a Hartmann’s operative procedure with colostomy and
rectal mucous fistula, another two patients were treated
with segmental resection of the diseased colon with
anastomosis and diverting enterostomy.

During the operation four patients, with the exception
of the little girl, underwent colonoscopy to clarify the
extent of the lesion of severe stercoral ulceration with
impending colon perforation. Colon lavage was also
performed as permitted by the proximity of the lesion.

Hemodynamic improvement and reversal of
hypotensive status was noted immediately after colectomy
was performed.

Intraperitoneal irrigation with massive amounts of
warm normal saline solution and adequate placement
of drainage tubes preceded the closure of the celiotomy
incision.

All patients received broad-spectrum intravenous
antibiotics and nutritional support for the duration of their
hospital stay. Diverting enterostomy was closed in two
patients 3 mo later. Hartmann’s procedure was reversed in
two patients after a minimum time of one and a half years.
There were one surgical mortality due to overwhelming
sepsis, morbidities due to superficial wound infection
in two patients and fascial dehiscence in one patient,
respectively.

DISCUSSION

Colon perforation is a rather uncommon event usually
caused by malignancy, amoebic colitis, diverticular
disease, spontancous perforation, stercoral ulceration,
steroid therapy, trauma, and ulcerative colitis™. The
usual definition of stercoral perforation is “Perforation
of the large bowel due to pressure necrosis from a fecal
mass”®, and represents a cause of colon perforation.

Stercoral perforation of the colon was very rare for it was
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first described in 1894 and less than 90 cases have been
reported in the literature till date. We had five patients (22%)
with this condition presenting as colonic perforation (22
patients) at our hospital, and it was said to be the largest
seties involving stercoral perforation of the colon in a
single medical institute within a short-term interval.

Severe chronic constipation is considered to be the
main causative factor in the development of stercoral
perforation of the colon™ ™. In our series, each patient
had a long history of chronic constipation requiring
medication for relief; the youngest female patient did
not have congenital Hirshsprung’s disease based on the
pathologic examination of the colectomy specimen.

Long-standing constipation may enhance the formation
of stone-hard fecalomas and maintain a persistent pressure
over the bowel wall leading to pressure necrosis of the
mucosa. Nevertheless, stercoral ulceration of colonic
mucosa does not always occur among constipation
cases, and not every stercoral ulceration results in colon
petforation.

Multiple fecalomas can result in multiple stercoral
ulcerations”. One of our five patients and 28% of the
cases found in the literature showed this characteristic
feature. There are several reasons why the perforation
sites are located in the antimesenteric aspect and in the
sigmoid colon: (1) Hypoperfusive status existing in the
antimesenteric aspect other than the mesenteric border; (2)
due to its more distal location and more solid consistency,
fecalomas tend to form in more distal aspects of the
large intestine such as the sigmoid colon; (3) being the
most narrow region of the entire large intestine stool
has difficulty passing through the sigmoid colon which
increases the intraluminal pressure to the point where it
can compress submucosal capillary vessels and reduce
perfusion of the colonic wall; (4) prolonged localized
pressure on the colon wall causing pressure ulcerations to
appear™™’. In this series of patients perforation was only
found in the anti-mesenteric margin of the sigmoid colon
and not in other colonic site.

Treatment of intra-abdominal sepsis was achieved by
massive saline irrigation and perforation control with the
intention of decreasing the bactetial load in the abdominal
cavity and deterring the development of overwhelming
sepsis"’.

The single mortality in this series differed from the
other four cases in the reduced amount of peritoneal
lavage received due to intraoperative hypothermia.

Broad spectrum antibiotics wete initiated in all the
patients after hospital admission for polymicrobial
peritoneal cavity contamination resulting from intestinal
perforation!!

In reviewing the literature, it was noted that
intraoperative colonoscopy to inspect the remainder of the
colon for stercoral ulceration was not undertaken in cases
of stercoral perforation of the colon. To our knowledge,
we are the first group to perform intraoperative
colonoscopic examination.

The purpose of intraoperative colonoscopic exa-
mination was to ensure the adequacy of the colonic
resection and rule out the presence of additional stercoral
ulcerations that might lead to delayed colonic perforation.

www.wjgnet.com

Intraoperative colonoscopy was performed within
10 min after the colon was cleared of impacted stools.

Only one patient was found to have more than one
stercoral ulceration of the entire colon. Colectomy was
performed to remove all stercoral ulcerated lesions in this
patient, unfortunately, due to an immuno-compromised
state the patient expired after developing overwhelming
sepsis.

Maurer ¢ a/”' postulated that colonic dilation and
the presence of multiple fecalomas may indicate such
additional stercoral ulceration and carried the risk of a
second perforation. We concur with this point of view
based on the findings during intraoperative colonoscopy in
our series and recommend removing pathologically altered
or dilated colon segments to prevent another episode of
colon stercoral perforation.

Mortality related to colon stercoral perforation was
reported to be high™*’. Analysis of the reports in the
literature revealed additionally that 28% of patients
with stercoral perforation of the colon have multiple
stercoral ulcers in the colon and that substantial mortality
is encountered if only minor surgical procedures are
employed as treatment such as simple exteriorization of
the perforation site or closure of petforation hole with the
addition of a diverting enterostomy'™”.

. . 6,9 N
Two review articles’” and one series!

! with optimal
clinical outcome in relation to the treatment of colonic
stercoral perforation recommended that resection of
the colon segment with an end colostomy and either
mucous fistula or Hartmann’s closure of the rectum would
encounter comparatively low mortality. In our series, we
took surgery of resection of colon with anastomosis and
loop diverting colostomy in two patients (case 1 and case 4)
with limited intraperitoneal septic condition and acceptable
general condition. There were some advantages doing this
procedure such as simple closure of colostomy someday.
The other three patients were performed Hartmann’s
procedure with rectal mucous fistula.

In our series, we undertook surgical colonic resection
with anastomosis and loop diverting colostomy in two
patients (case 1 and case 4) with limited intraperitoneal
sepsis and an acceptable general medical condition.
The advantage of performing this procedure resides
in the possibility of performing a simple closure of
the colostomy in the future. The other three patients
underwent Hartmann’s procedure with rectal mucous
fistula.

Stercoral perforation of the colon is not purely a
surgical condition as it is usually complicated by a medical
illness such as a superimposed immuno-compromised
state which imparts a poor prognosis. Despite efforts to
correct Cushing’s syndrome, sufficient nutritional support
and aggtressive antibiotics therapy, it was not possible to
prevent the systemic sepsis in case 2.

In conclusion, a favorable outcome in the treatment
of stercoral perforation depends upon: (1) immediate
treatment of any undetlying sepsis; (2) removal of all
stercoral ulcerated diseased colonic tissue; (3) extensive
peritoneal lavage; (4) aggressive therapy to counteract
colonic perforation peritonitis and (5) appropriate
treatment of any co-morbid medical conditions. Prompt
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institution of these measures will enhance survival of the
patient and contribute to achieving a low mortality rate in
stercoral petforation of the colon.
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of all authors should be typed with the initial letter capitalized and followed
by their name in abbreviation (For example, Lian-Sheng Ma is abbreviated
as Ma LS, Bo-Rong Pan as Pan BR). Title of the cited article and italicized
journal title (Journal title should be in its abbreviation form as shown in
PubMed), publication date, volume number (in black), start page, and end
page [PMID: 11819634]

Note: The author should test the references through reference testing
system (http://www.aushome.cn/cgi-bin/index.pl)

Style for book references

Authors: the first author should be typed in bold-faced letter. The surname
of all authors should be typed with the initial letter capitalized and followed
by their name in abbreviation (For example, Lian-Sheng Ma is abbreviated as
Ma LS, Bo-Rong Pan as Pan BR) Book title. Publication number. Publication
place: Publication press, Year: start page and end page.

Format

Standard jounal article (list all authors and include the PubMed ID [PMID]

where applicable)

1 Das KM, Farag SA. Current medical therapy of inflammatory bowel dis-
case. World | Gastroenterol 2000; 6: 483-489 [PMID: 11819634]

2 Pan BR, Hodgson HJF, Kalsi ]. Hyperglobulinemia in chronic liver disease:
Relationships between 7z vitro immunoglobulin synthesis, short lived sup-
pressor cell activity and serum immunoglobulin levels. Clin Exp Immunol
1984; 55: 546-551 [PMID: 6231144]

3 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic effect of Jianpi
Yishen decoction in treatment of Pixu-diarrhoea. Shijie Huaren Xiaohna Za-
2hi 1999; 7: 285-287

Books and other monographs (list all authors)

4 Sherlock S, Dooley J. Disecases of the liver and billiary system. 9th ed. Ox-
ford: Blackwell Sci Pub, 1993: 258-296

Chapter in a book (list all authors)

5 Lam SK. Academic investigator’s perspectives of medical treatment for
peptic ulcer. In: Swabb EA, Azabo S. Ulcer disease: investigation and basis
for therapy. New York: Marcel Dekker, 1991: 431-450

Electronic journal (list all authors)

6 Morse SS. Factors in the emergence of infectious diseases. Emerg Infect
Dis serial online, 1995-01-03, cited 1996-06-05; 1(1):24 screens. Available
from: URL: http//www.cdc.gov/ncidod/EID/eid.htm

Inappropriate references

Authors should always cite references that are relevant to their atticle, and
avoid any inappropriate references. Inappropriate references include those
that are linked with a hyphen and the difference between the two numbers at
two sides of the hyphen is more than 5. For example, [1-6], [2-14] and [1, 3,
4-10, 22| are all considered as inappropriate references. Authors should not
cite their own unrelated published articles.

Statistical expression

Express / test as 7 (in italics), I test as I (in italics), chi square test as y’ (in
Greek), related coefficient as 7 (in italics), degree of freedom as y (in Greek),
sample number as 7 (in italics), and probability as P (in italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pressure,
pB)= 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, blood glucose
concentration, ¢ (glucose) 6.4 = 2.1 mmol/L; blood CEA mass concentration,
p (CEA) = 8.6 24.5 ug/L; CO:2 volume fraction, 50 mL/L COz not 5% COx;
likewise for 40 g/I. formaldehyde, not 10% formalin; and mass fraction,
8ng/g, ete. Arabic numerals such as 23, 243, 641 should be read 23 243 641.
The format about how to accurately write common units and quantum
is at: http://www.wjgnet.com/wjg/help/15.doc

Abbreviations

Standard abbreviations should be defined in the abstract and on first mention
in the text. In general, terms should not be abbreviated unless they are
used repeatedly and the abbreviation is helpful to the reader. Permissible
abbreviations are listed in Units, Symbols and Abbreviations: A Guide for
Biological and Medical Editors and Authors (Ed. Baron DN, 1988) published
by The Royal Society of Medicine, London. Certain commonly used
abbreviations, such as DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC,
RBC, CT, ESR, CSF, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used
directly without further mention.

Italicis

Quantities: 7 time or temperature, ¢ concentration, .4 area, /length, 7 mass,
17 volume.

Genotypes: gyrA, arg 1, ¢ mye, ¢ fos, et

Restriction enzymes: EcRI, Hindl, BamHI, Kbo 1, Kpn 1, ete.

Biology: Helicobacter pylori, H pylori, E col, ete.

SUBMISSION OF THE REVISED MANUSCRIPTS AFTER ACCEPTED

Please revise your article according to the revision policies of WJG. The
revised version including manuscript and high-resolution image figures (if
any) should be copied on a floppy or compact disk. Author should send the
revised manuscript, along with printed high-resolution color or black and
white photos, copyright transfer letter, the final check list for authors, and
responses to reviewers by a courier (such as EMS) (submission of revised
manuscript by e-mail or on the I//JG Editorial Office Online System is NOT
available at present).

Language evaluation

The language of a manuscript will be graded before sending for revision.
(1) Grade A: priority publishing; (2) Grade B: minor language polishing;
(3) Grade C: a great deal of language polishing; (4) Grade D: rejected. The
revised articles should be in grade B or grade A.

Copyright assignment form

It is the policy of ]G to acquire copyright in all contributions. Papers
accepted for publication become the copyright of /]G and authors will be
asked to sign a transfer of copyright form. All authors must read and agree
to the conditions outlined in the Copyright Assignment Form (which can be
downloaded from http://www.wjgnet.com/wjg/help/9.doc).

Final check list for authors
The format is at: http://www.wjgnet.com/wjg/help/13.doc

Responses to reviewers

Please revise your article according to the comments/suggestions of
reviewers. The format for responses to the reviewers’ comments is at: http://
www.wjgnet.com/wjg/help/10.doc

Proof of financial support
For paper supported by a foundation, authors should provide a copy of the
document and serial number of the foundation.

Publication fee
Authors of accepted articles must pay publication fee.
EDITORIAL and LETTERS TO THE EDITOR are free of change.
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World Journal of Gastroenterology standard of quantities and units

Number Nonstandard Standard Notice
1 4 days 4d In figures, tables and numerical narration
2 4 days four days In text narration
3 day After Arabic numerals
4 Four d Four days At the beginning of a sentence
5 2 hours 2h After Arabic numerals
6 2hs 2h After Arabic numerals
7 hr, hrs, h After Arabic numerals
8 10 seconds 10s After Arabic numerals
9 10 year 10 years In text narration
10 Ten yr Ten years At the beginning of a sentence
11 0,1,2 years 0,1,2yr In figures and tables
12 0,1,2 year 0,1,2yr In figures and tables
13 4 weeks 4wk
14 Four wk Four weeks At the beginning of a sentence
15 2 months 2 mo In figures and tables
16 Two mo Two months At the beginning of a sentence
17 10 minutes 10 min
18 Ten min Ten minutes At the beginning of a sentence
19 50% (V/V) 500 mL/L
20 50% (m/ V) 500 g/L
21 1M 1 mol/L
2 10 uM 10 pmol/L
23 IN HCl1 1 mol/L HCl1
24 1IN HzS0s4 0.5 mol/L HaSOs
25 4rd edition 4" edition
26 15 year experience 15- year experience
27 18.5 kDa 18.5 ku,18 500u or M-18 500
28 25 g kg'/d" 25 g/ (kg-d) or 25 g/kg per day
29 6900 6900
30 1000 rpm 1000 r/min
31 sec 5 After Arabic numerals
32 1pgL’ 1pg/L
33 10 kilograms 10 kg
34 13 000 rpm 13000 g High speed; g should be in italic and suitable conversion.
35 1000 g 1000 r/min Low speed. g cannot be used.
36 Gene bank GenBank International classified genetic materials collection bank
37 TenL Ten liters At the beginning of a sentence
38 Ten mL Ten milliliters At the beginning of a sentence
39 umol pumol
40 30 sec 30s
41 1g/dl 10g/L 10-fold conversion
42 ODa2so Az “OD” has been abandoned.
43 One g/L One microgram per liter At the beginning of a sentence
44 A260 nm Azonm A should be in italic.
°P<0.05 “P<0.05 In Table, no note is needed if there is no significance
instatistics: *P<0.05, °P<0.01 (no note if P>0.05). If ther
is a second set of P value in the same table, ‘P<0.05 and
4P<0.01 are used for a third set: °P<0.05, 'P<0.01.
45 *F=9 .87, 5F=25.9, fF=9‘87,2F=25.9, Notices in or under a table
"F=67.4 "F=67.4
46 KM km kilometer
47 M cm centimeter
48 MM mm millimeter
49 Kg, KG kg kilogram
50 Gm, gr g gram
51 nt N newton
52 1 L liter
53 db dB decibel
54 rpm r/min rotation per minute
55 bq Bq becquerel, a unit symbol
56 amp A ampere
57 coul C coulomb
58 HZ Hz
59 w w watt
60 KPa kPa kilo-pascal
61 P Pa pascal
62 ev EV volt (electronic unit)
63 Jonle J joule
64 J/mmol kJ/mol kilojoule per mole
65 10x10x10cm’ 10 cmx10 cmx10 cm
66 N-km KN'm moment
67 x£s meanSD In figures, tables or text narration
68 Mean+SEM mean=SE In figures, tables or text narration
69 im im intramuscular injection
70 iv iv intravenous injection
71 Wang et al Wang et al.
72 EcoRI EcoRI Eco in italic and RI in positive. Restriction endonuclease
has its prescript form of writing.
73 Ecoli E.coli Bacteria and other biologic terms have their specific
expression.
74 Hp H pylori
75 Iga Iga writing form of genes
76 igA IgA writing form of proteins
77 -70 kDa ~70 ku
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