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Abstract

Chronic atrophic gastritis (CAG) is an inflammatory con-
dition characterized by the loss of gastric glandular
structures which are replaced by connective tissue
(non-metaplastic atrophy) or by glandular structures
inappropriate for location (metaplastic atrophy). Epi-
demiological data suggest that CAG is associated with
two different types of tumors: Intestinal-type gastric
cancer (GC) and type I gastric carcinoid (T I GC). The
pathophysiological mechanisms which lead to the de-
velopment of these gastric tumors are different. It is
accepted that a multistep process initiating from Helico-
bacter pylori-related chronic inflammation of the gastric
mucosa progresses to CAG, intestinal metaplasia, dys-
plasia and, finally, leads to the development of GC. The
T 1 GC is a gastrin-dependent tumor and the chronic
elevation of gastrin, which is associated with CAG,
stimulates the growth of enterochromaffin-like cells
with their hyperplasia leading to the development of
T 1 GC. Thus, several events occur in the gastric mu-
cosa before the development of intestinal-type GC and/
or T I GC and these take several years. Knowledge of
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CAG incidence from superficial gastritis, its prevalence
in different clinical settings and possible risk factors as-
sociated with the progression of this condition to gastric
neoplasias are important issues. This editorial intends
to provide a brief review of the main studies regarding
incidence and prevalence of CAG and risk factors for the
development of gastric neoplasias.

© 2012 Baishideng. All rights reserved.

Key words: Chronic atrophic gastritis; Gastric neoplasia;
Intestinal-type gastric cancer; Type I gastric carcinoid;
Prevalence; Incidence; Risk factors
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Vannella L, Lahner E, Annibale B. Risk for gastric neoplasias
in patients with chronic atrophic gastritis: A critical reappraisal.
World J Gastroenterol 2012; 18(12): 1279-1285 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v18/112/1279.htm
DOIL: http://dx.doi.org/10.3748/wjg.v18.112.1279

INTRODUCTION

Chronic atrophic gastritis (CAG) is an inflammatory con-
dition characterized by the loss of gastric glandular struc-
tures which are replaced by connective tissue (non-meta-
plastic atrophy) or by glandular structures inappropriate
for location (metaplastic atrophy)'". Epidemiological
data suggest that CAG is associated with two different
types of tumors: Intestinal-type gastric cancer (GC) and
type I gastric carcinoid (T'I GC). The pathophysiologi-
cal mechanisms which lead to the development of these
gastric tumors are different. It is accepted that a multistep
process initiating from Helicobacter pylori (H. pylori)-related
chronic inflammation of the gastric mucosa progresses to
CAG, intestinal metaplasia, dysplasia, and finally leads to
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the development of GC".TIGCisa gastrin-dependent
tumor and the chronic elevation of gastrin, which is as-
sociated with CAG, stimulates the growth of enterochro-
maffin-like (ECL) cells with their hyperplasia leading to
the development of T I GC"7,

Considering that several events occur in the gastric mu-
cosa before the development of GC and/or of T I GC,
and that these events take several years, the knowledge of
CAG incidence from supetficial gastritis, its prevalence
in different clinical settings and possible risk factors as-
sociated with the progression of this condition to gastric
neoplasias are important issues.

EPIDEMIOLOGY OF CHRONIC ATROPHIC
GASTRITIS

A recent systematic review was petformed with the aim
of evaluating the CAG incidence in patients free of CAG
at moment of inclusion in the studym. From published
studies, the authors selected only 14 follow-up studies in
which CAG diagnosis was carefully made by histology
(12 studies) or by serum pepsinogen (PG) levels (2 stud-
ies). The CAG incidence rates ranged from 0% to 10.9%
per year. This wide CAG incidence range is explained
by the particular settings in which the CAG diagnoses
were made. In fact, the lowest incidence rates (0%) were
found in patients with reflux esophagitism and in patients
successfully treated for H. pylori infection. The highest
incidence rate was observed in an older study conducted
on patients who underwent vagotomy because of ulcer
disease”. Regarding H. pylori infection, the CAG inci-
dence rate was higher in H. pylori-positive patients than in
H. pylori-negative ones™"
association between H. pylori infection and CAG inci-
dence presented a rate ratio of 5 (95% CI: 3.1-8.3).

The prevalence of CAG was evaluated by serologi-

"Tand the meta-analysis on the

cal screening using surrogate markers of gastric function
(PG T or PG I/PG I ratio) or by gastroscopy/histology.
In the vast majority of cases, the serological and histologi-
cal screenings were both made in a general population.
Serological studies reported CAG prevalence rates be-
tween 3% and 7%, which were lower than those reported
by histological ones. Studies on CAG prevalence subdi-
vided on the basis of diagnostic tools used for CAG di-
agnosis (histology or serology) are shown in Table 10+,
The observed differences between serological and his-
tological studies could be explained by the fact that it is
likely that symptomatic patients accepted more easily to
undergo gastroscopy. Higher rates of CAG prevalence
found in the Asian countries may be justified by the fact
that these areas are at higher risk of GC and by the fact
that the definition of CAG diagnosis may be different
between Western and Asian countries. In studies report-
ing from Asian countries, CAG diagnosis included all
atrophic lesions irrespective of the atrophy localization
in the gastric mucosa (antrum and/or corpus); in the vast
majority of the studies conducted in Western countries,
CAG diagnosis included only patients with a corpus atro-
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phic involvement such as corpus-atrophic gastritis or a
multifocal atrophic gastritis (i.e., patchy areas of atrophic-
metaplastic changes in the antral and corpus mucosa), be-
cause it is maintained that only corpus atrophic changes
can lead to the development of gastric cancer.

ATROPHIC GASTRITIS AND GASTRIC
CANCER

Nowadays, GC represents one of the most challenging
tumors due to the fact that its diagnosis is often late and,
in the advanced stage, the therapeutic options ate scarce
with consequent high rate of mortalitymj. In fact, althou-
¢h a reduction of global incidence for this neoplasm is
reported, it remains the second cause of cancer-related
death. The knowledge of precursor lesions for the de-
velopment of intestinal-type GC could contribute to an-
ticipating GC diagnosis at an eatly stage when surgery or
chemotherapy offers a better prognosis. Several studies
have estimated the risk of GC in patients with CAG™»?,
Although the vast majority of these were performed on
small numbers of patients and were based on older his-
tological classifications, the progression rate of CAG to
GC fluctuates from 0% to 10% with annual incidence
(person-year) lower than 1% (Table 2). It is interesting
to observe that, although the incidence rate of CAG in
patients with superficial gastritis is higher in populations
with higher risk of GC (Table 1), the progression rate of
CAG towards GC is similar irrespective of different geo-
graphic areas.

Some studies have attempted to identify risk factors
linked with the progression of precancerous lesions (CAG
or intestinal metaplasia) towards GC to select those pa-
tients who should undergo endoscopic surveillance.

Age

Age has been identified as a possible risk factor in several
studies. In the study by Leung ez /", H. pylori-positive
patients with intestinal metaplasia were followed up for
5 years to evaluate the progression or the improvement
of histological lesions after H. pylori eradication treat-
ment compared with placebo. At multivariate analysis, the
presence of age > 45 years showed an approximate two-
fold increased risk of progression of intestinal metaplasia
compared to younger subjects™’. This same age limit had
already been identified in a screening survey performed
on 3386 subjects from a rural Chinese population that
showed an approximate three-fold increased risk of pro-
gression to GC". Ina large cohort study, increasing age
at initial diagnosis was associated with higher hazard ratio
(HR) for the progression to GC (for age > 55 years, HR
> 2.38)" In a recent work, patients with CAG who were
aged > 50 years at the moment of initial diagnosis pre-
sented HR = 8.8 for the progression to gastric neoplastic
lesions®™”

Pernicious anemia
Although the vast majority of the older studies on CAG
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Table 1 Prevalence of chronic atrophic gastritis

Author Year Country Study type Patients Age (yr) CAG (%)
Serology
Sipponen et al™* 2003 Finland General population 12 252 (men) 51-65 52
Green et al™ 2005 New Zealand General population 466 > 65 6.7
Weck et al™ 2007 Germany General population 9444 50-74 6
Telaranta-Keerle et al"” 2010 Finland General population 4256 18-92 615
Histology
Oksanen et al™ 2000 Finland Endoscopic cohort 207 19-83 13
Borch et al™ 2000 Sweden General Population 501 35-85 9.47
Asaka et al™ 2001 Japan General Population 2455 <20to > 70 5515
Redéen et al™! 2003 Sweden General Population 488 37-85 9
Storskrubb et al™ 2008 Sweden General Population 976 20-80 6.6*
Zou et al™ 2011 China General Population 1022 18-80 63.8°

'This percentage refers to patients (11 = 27) with atrophic body gastritis; *this percentage refers to patients (1 = 47) with atrophic
pangastritis and corpus- predominant (gastritis; "these percentages included chronic atrophic gastritis (CAG) diagnosis irre-
spective of the atrophy localization in the gastric mucosa (antrum and/or corpus); ‘this percentage refers to patients (11 = 54)
with multifocal atrophic gastritis and atrophic corpus- limited gastritis.

Table 2 Incidence of gastric cancer in patients with chronic atrophic gastritis or pernicious anemia

Author Year Country Study type  Patients Age, median GC Annual incidence of
or range (yr) GC, person-year (%)

Patients with chronic atrophic gastritis

Walker et al™ 1971 Australia Retrospective 40 40-64 4 (10) 0.6

Ectors et al™” 1986 United Kingdom Retrospective 225 - 3(1.3) 0.1

Tatsuta et al™” 1993 Japan Retrospective 654 - 22 (3.4) 0.2

You et al™ 1999 China Prospective 2082" 35-64 19 (0.9) 0.2

Whiting et al™ 2002 United Kingdom  Prospective 1042 > 40 12 (11.5) 1.1

Dinis-Ribeiro et al® 2004 Portugal Retrospective 1771 - 4(2.2) 0.7

Lahner et al® 2005 Italy Prospective 106 22-74 1(0.9) 0.1

de Vries et al™ 2008  Netherlands  Retrospective 84 072 65.7 1035 (1.2) 0.2

Vannella et al™ 2010 Ttaly Retrospective 300 18-78 3(1) 0.2

Patients with pernicious anemia

Borch et al™ 1986 Sweden Prospective 61 - 0 0

Kokkola et al™ 1998 Finland Prospective 62 20-73 2(3.2) 1.10

Sjsblom et al™ 1993 Finland Prospective 56 27-78 2 (3.5) 1.20

Armbrechtetal™ 1990 United Kingdom  Prospective 27 26-81 0 0

Bresky et al™ 2003 Spain Prospective 68 - 0 0

Ye et al®! 2003 Sweden Retrospective 21 265 74.3 177 (0.8) 0.10

Vannella et al™ 2010 Ttaly Retrospective 129 23-74 2 (1.5) 0.30

'This number refers to biopsies taken in 144 patients and includes chronic atrophic gastritis (CAG) with type I, 1I, 1l intesti-
nal metaplasia; *this number refers to CAG patients with or without intestinal metaplasia. GC: Gastric cancer.

included patients with pernicious anemia, the risk of GC
in this particular clinical setting seems to be generally low
(Table 2). In fact, this clinical condition is often associat-
ed with corpus-restricted gastritis and, as a consequence,
with less extensive atrophy in the gastric mucosa. In a re-
cent study, the presence of atrophic pangastritis increased
the risk of progression to gastric neoplastic lesions by 4.5
times, in keeping with previous works™*"*). The appar-
ent contrast between older and more recent works about
pernicious anemia can be explained by the difficulty in
comparing studies with methodological differences linked
to adopted gastritis classification or small number series.
It is interesting to underline the fact that studies on the
relationship between pernicious anemia and GC are lack-
ing in Asian countries where the risk of GC is higher,
thus it remains to be established whether pernicious ane-
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mia has low prevalence in the Asian geographic area or if
this condition is overlooked.

Intestinal metaplasia

Parallel with more extensive atrophy in the gastric mu-
cosa, the extensive replacement of this by intestinal meta-
plasia is considered a hallmark of severity of CAG. In the
literature, the intestinal metaplasia extension was widely
related to a higher risk of GC™**** Tn particular, type
Il intestinal metaplasia was associated with an increased
risk of GC in some studies'*, but subsequent studies
showed conflicting ﬁndings“s’%l, thus the clinical utility of
different subtyping of intestinal metaplasia is limited.

Helicobacter pylori
The role of H. pylori infection in progression from CAG

March 28,2012 | Volume 18 | Issue 12 |
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to GC is controversial. In the Leung study, H. pylori-posi-
tive patients who had not undergone eradication therapy
had a progression rate of intestinal metaplasia higher than
cured patientsmj. However, in this study, the vast majority
of patients had only a superficial gastritis at baseline and,
after 5 years of follow-up, the rate of patients with intesti-
nal metaplasia increased significantly. It is maintained that
the effect of eradication therapy on the progression to
GC in patients with precancerous lesions is limited. A pre-
vious large prospective study demonstrated that H. pylori
eradication may be beneficial in arresting the progression
to GC only in patients without CAG or intestinal meta-
plasiam. Two recent meta-analyses showed a beneficial
long-term effect of H. pylori eradication therapy on atro-
phic gastritis, but not on intestinal metaplasiam’m. Up till
now, although the possibility of histological improvement
of CAG is accepted after H. pylori cure, the efficacy of H.
pylori eradication in reducing GC incidence needs to be
demonstrated.

ATROPHIC GASTRITIS AND TYPE [

GASTRIC NEUROENDOCRINE TUMOR

T 1 GC derives from ECL cells which are localized in the
gastric fundus and corpus. ECL cells are specialized in
the secretion of histamine that, in turn, stimulates acid
secretion by parietal cells™. Gastric carcinoids have been
classified into three subgroups, type I to type IIl, with
different outcomes” ™. Type I lesions are associated
with atrophic gastritis and constitute up to 80% of all
gastric carcinoids”™. Gastrin, released by G-cells in the
gastric antrum, stimulates the release of histamine and
produces trophic effects upon ECL cells”. In CAG, the
loss of appropriate glands in the body leads to achlorhy-
dria, and the consequent chronic hypergastrinemia stimu-
lates ECL hyperplasia and sometimes the development
of T1GC™.

The prevalence rate of T I GC in patients with CAG
is reported to be between 1% and 12.5% in different
studies™ ™", The wide range of the prevalence rates of
T I GC among several studies can be explained by differ-
ent settings where patients were selected, such as type of
hospital (secondary, tertiary center) or symptoms/signs
of presentation. CAG can have a wide range of clinical
presentations such as dyspepsia, iron deficiency anemia
or pernicious anemia®™. In particular, in a recent obser-
vational study in which the T' [ GC incidence and preva-
lence were evaluated, pernicious anemia was present in
almost 50% of patients, while previous studies included
exclusively patients with this condition'”,

Long-term observational studies assessing incidence
of T I GC in CAG patients are scarce™ ", We recently
followed up a cohort of CAG patients for 1463 person-
years reporting an annual incidence rate (person-year)
for T 1 GC of 0.4%". An old study by Kokkola ez a/™
reported an annual incidence of 2%, observing 8 new
cases of T 1 GC in 416 patient-years. Sjéblom e al®”
studied 196 patients with pernicious anemia and after
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1397 patient-years, 2 new cases of T' I GC were reported
in hospital registries among the initial group of patients.
This figure should correspond to an annual incidence
rate of 0.1%, but in this study only 70 patients (35.7%)
underwent gastroscopy and the incidence rate can only
be obtained indirectly. Furthermore, although there are
small fluctuations in the reported incidence rates, only a
small group of CAG patients develop T I GC showing
that factors other than gastrin are necessary for the pro-
gression of ECL cells to T' I GC.

Few studies have attempted to identify risk factors
associated with the development of T I GC. In a recent
work, we found higher baseline levels of gastrin and
chromogranin A in CAG patients with T I GC compared
to those without T' I GC. However, all patients with CAG
present high plasma values of chromogranin A and
gastrin, thus these markers have limited clinical utility be-
cause of low specificity”.

An accepted risk factor for T I GC is the presence of
ECL dysplasia, which is often associated with T I GC.
This lesion is considered as the true gastric carcinoid pre-
cursor lesion and it can represent the sign of a concomi-
tant carcinoid lesion™**. CAG patients with a diagnosis
of ECL cell dysplasia could benefit from a shorter en-
doscopic follow-up time to exclude concomitant T I GC
lesions or to identify newly arisen lesions in the gastric
mucosa.

Although T I GC lesions can also be present on flat
mucosa, in the vast majority of cases they are associ-
ated with the presence of body polyps. In CAG patients,
hyperplastic or adenomatous polyps are very common;
however, the presence of body polyps increases the risk
of having a T | GC™, Unfortunately, no feature of en-
doscopic appearance of the gastric polyps (size, number,
sessile/pedunculated presentation) seems useful to dif-
ferentiate histology of polyps, thus all polyps should be

removed and histologically examined™*.

CONCLUSION

The risk of development of GC ot T 1GC appeatrs
higher in CAG patients with respect to the general popu-
lation. In geographic areas with low risk of GC, a sur-
veillance program for all CAG patients may be not cost-
effective considering that the vast majority of CAG pa-
tients will not develop a gastric neoplasmm. A subset of
CAG patients at higher risk for GC should be identified
allowing the selection of those CAG patients in whom
gastroscopic/histologic surveillance may be warranted.
Recently, an international consensus developed evidence-
based guidelines on the management of precancerous
conditions and lesions of the stomach, recommending
an endoscopic surveillance every 3 years after diagnosis
in all patients with extensive atrophy and/or intestinal
metaplasia in the antrum and corpus[ésj. New systems
for histopathological staging (OLGA, OLGIM) have
been developed with the aim of combining pathological
findings with the risk of GC for the patient and to iden-
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tify a subgroup of those at higher tisk™”. The OLGA
system includes gastritis grading and staging[wj. Grading
measures the severity of acute and chronic inflammatory
infiltrate in the antrum and body. Staging refers to the ex-
tent of atrophy with or without intestinal metaplasia. The
OLGIM system is based on intestinal metaplasia which
is considered a more reproducible histopathological diag-
nosis with respect to atrophy diagnosis. Further studies
are necessary to validate these new classifications and
to establish their real clinical value. Regarding T I GC,
although risk factors for its development have not been
identified, ENETS guidelines suggest an endoscopic
follow-up every 6-12 mo after T I GC diagnosis. This
interval allows the identification of recurrent lesions or
new lesions (incidence-case) at an early stage when they
can easily be removed by polypectomy without compli-
cations'". This approach seems safe for T I GC, a neo-
plasm with an excellent outcome*’,
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Abstract

Pancreatic cancer is one of the most lethal of human
malignancies ranking 4th among cancer-related death
in the western world and in the United States, and po-
tent therapeutic options are lacking. Although during
the last few years there have been important advances
in the understanding of the molecular events responsi-
ble for the development of pancreatic cancer, currently
specific mechanisms of treatment resistance remain
poorly understood and new effective systemic drugs
need to be developed and probed. /n vivo models to
study pancreatic cancer and approach this issue remain
limited and present different molecular features that
must be considered in the studies depending on the
purpose to fit special research themes. In the last few
years, several genetically engineered mouse models of
pancreatic exocrine neoplasia have been developed.
These models mimic the disease as they reproduce
genetic alterations implicated in the progression of
pancreatic cancer. Genetic alterations such as activat-
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ing mutations in KRas, or TGFb and/or inactivation of
tumoral suppressors such as p53, INK4A/ARF BRCA2
and Smad4 are the most common drivers to pancreatic
carcinogenesis and have been used to create trans-
genic mice. These mouse models have a spectrum of
pathologic changes, from pancreatic intraepithelial neo-
plasia to lesions that progress histologically culminating
in fully invasive and metastatic disease and represent
the most useful preclinical model system. These models
can characterize the cellular and molecular pathology
of pancreatic neoplasia and cancer and constitute the
best tool to investigate new therapeutic approaches,
chemopreventive and/or anticancer treatments. Here,
we review and update the current mouse models that
reproduce different stages of human pancreatic ductal
adenocarcinoma and will have clinical relevance in fu-
ture pancreatic cancer developments.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Infiltrating ductal adenocarcinoma of the pancreas (PDAC)
accounts for over 85% of all pancreatic malignancies and
has a poor prognosis as less than 5% of patients survive 5
years after diagnosis with a median survival petiod of 4-6
mo"”. During the last few years there have been important
advances to better understand the molecular mechanisms
regulating the development of PDAC™. However, prog-
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ress in prevention, eatly diagnosis and treatment needs
major advances'”.

Some of the recent advances have been possible by
employing mouse models which have provided an im-
portant model system to better understand the molecular
mechanism underlying pancreatic cancer. However, in
stark contrast to the successful murine models of most
common human tumors, the generation and use of ap-
propriate mouse models of pancreatic cancer has re-
mained an area of significant frustration and not always
well established. Currently, there are several different
genetically modified mouse tumors and xenograft models
available that offer the possibility of experimental and
preclinical model systems to evaluate different strategies
for targeting this disease, early detection, chemopreven-
tion, treatment and finally improve the outcome for pan-
creatic cancer patientsm.

These models use a vatiety of approaches to target the
expression of mutant or endogenous specific genes and
as a result they develop a broad spectrum of pathologic
changes, some of them mimic human disease while others
are not equivalent to human pancreatic neoplasia. Accord-
ing to the cancer progression model postulated by Fearon
and Volgesteinl8J in 1990, at least 4-5 genetic events are
required for the progression from normal epithelium to
carcinoma. Since, the genetic basis of pancreatic ductal
adenocarcinoma was revealed, with activation of Kras
and inactivation of the p16INK4a, p53 and Smad4 tumor
suppressorsm, several mouse models of invasive pancreat-
ic cancer have been developed and modified. Also, regard-
ing the role of pancreatic intraepithelial neoplasia (PanIN)
as a direct noninvasive neoplastic precursor to human
pancreatic cancer' ", different mouse models are currently
available, some of these models reproduce only PanIN
lesions and others progress to invasive pancreatic carcino-
ma. Most of these models were previously presented and
evaluated at the International Workshop sponsored by
the National Cancer Institute and the University of Penn-
sylvania in 2004. Twelve genetically engineered mouse
models were included and have been considered models
for the study of pancreatic disease including PanINs and
carcinomas' . Since then, several new models have been
introduced in the basic and translational research fields
and previous models have been re-evaluated. Here, we will
focus only on pancreatic cancer mouse models as PanIN
lesions are considered preinvasive.

Since an activating mutation of the Kras oncogene is
the most frequent genetic alteration associated with pan-
creatic cancer, having been identified in up to 90% of all
pancreatic adenocarcinomas'”*", most of the genetically
engineered mouse models are based on the Kras onco-
gene. As mice expressing mutant Kras develop early and
advanced forms of the most common pancreatic cancers
in humans, these Kras-based models provide preclinical
model systems to analyze the molecular biology of this
disease and measure the benefit of new therapiesl7’zzj.

In these review, we update and describe the most
common genetically engineered mouse and xenograft
models of PDAC that could be useful for assessing the
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role of genes and pathways, environmental conditions,
co-morbidities and response to new adjuvant, neoadju-
vant and anti-metastatic therapies.

TRANSGENIC MOUSE MODELS

As Kras mutations are not sufficient to induce progres-
sion to the invasive stage of pancreatic adenocarcinoma,
different transgenes have been used to generate combin-
ed models that progress to invasive PDAC and metastatic
disease.

The common genetically engineered models are based
on Kras mutations and also include PDX-1-Cre/Lox-
Stop-Lox (I.SL)-Kras or p48/LSL-Kras mice which have
been modified with deletions or mutations of Ink4™,
p53% Mist™, Smad4™ or TGFB”" (Table 1).

These Kras-mutated models can be induced using in-
ducible alleles of Cre recombinase, such as estrogen rece-
ptor-Cre fusion genes (Cr¢ER or CreERT) and cycline-
responsive Cre expression alleles (TRE-Cre) which are
temporally expressed and initiate the expression in adult
pancreata reflecting the somatic mutation as it occur in hu-
mans™**". Also, some models that only develop PanIN le-
sions are available as Ela-1.SL- Kras®"*”!"” Nestin-Cre, 1.SL-
Kras"?P PDX-1-CRE™", LSL-Kras®'*”, R26Notch™ "
and PDX-1-CRE, 1.8L-Kras”"*”, Tif1ly" ™" however,
these are not the purpose of our review.

PDX1-Cre, LSL-Kras®" and P48"°", LSL-Kras®"*’
transgenic model

After different studies identified PDX-1 and p48 as cri-
tical transcription factors in the developmental program
of the pancreas[21’33], these genes have been used in al-
most all transgenic mouse models to study pancreatic
cancer. It is well known that the first identifiable pancre-
atic progenitor cell in the pancreas arises in the dorsal and
ventral endoderm at embryonic day 8 in the fetal mouse:
expression of PDX-1 occurs around E8.5"" and P48 is
expressed slightly later and is required to commit cells to
a pancreatic fate™!,

In addition, Ptfla, a component of the pancreas tran-
scription factor 1 complex (Ptfl) which plays an impor-
tant role in mammalian pancreatic development has been
used in some mouse models. Pdfla determines whether
cells allocated to the pancreatic buds continue towards
pancreatic organogenesis or revert to duodenal fates™™,
To target the expression of oncogenic Kras in pancreatic
progenitor cells, a conditionally expressed allele was con-
structed as previously described by Jackson ez al™,

Briefly, the targeting vector contains genetic elements
inhibiting transcription and translation flanked by func-
tional LoxP sites. This Lox-Stop-Lox (LSL) construct was
inserted into the mouse genomic Kras locus upstream of
locus 1 to contain G-A transition in codon 12 (G12D).
This transition mutation results in a glycine to aspartic
acid substitution in the expressed protein that activates
constitutive downstream signaling of Ras effector path-
ways and is one of the most common mutations found
in human pancreatic tumors.
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Table 1 Mouse models of pancreatic adenocarcinoma

Genotype (reference) Time of Time to tumor Pancreatic cancer phenotype Survival
expression development (mo) (mo)

PDX-1-Cre; LSL-Kras®'"*"" E8.5 6 PDAG; penetrant PanIN; age dependent increase 16
severity; occasionally PDAC with long latency

P48/, 1 SL-Kras®'?"®! E9.5 8 PDAC; penetrant PanIN; age dependent increase 16
severity; occasionally PDAC with long latency

PDX-1-Cre; LSL-Kras“'*’; LSL-Trp53""*"/ E85 23 PDAC 5-6
Accelerated PanIN; well differentiated PDCA

Mist] <r2sc120/ 2] E10.5 2 Accelerated development of acinar-derived PanIN; 10.8
mixed subtypes pancreatic cancer

KPCB"/" E8.5 2-3 PDAC 5.6

KPCB™/™* E8.5 PDAC 48

KPCB™/*"#! E8.5 15 PDAC; mixed 2.8

CKB"/A1E E85 PDAC 12

CKB"/"1 E85 6 PDAC 135

GRESEEES E85 3-5 PDAC; mixed 10

Pdx1-Cre; Kras®'?” Inkda/ Arf">/ E8.5 2 PDAG; accelerated development of PanIN; poorly 2-3
differentiated PDAC

Pdx1-Cre; Kras™*® Smad4" ! E8.5 2-3 IPMN; PDAC 2-6

Ptfla™"; LSL-Kras®"*”/"; Tgfbr2"/ " E9.5 1 PDAG; accelerated PanIN; PDAC development 2

PDAC: Ductal adenocarcinoma of the pancreas; PanIN: Pancreatic intraepithelial neoplasia; IPMN: Intraductal papillary mucinous neoplasia.

Hingorani ez al” developed a mouse model express-
ing a Cre-activated Kras”'™ allele inserted into the en-
dogenous Kras locus, and these mice were crossed with
mice expressing Cre recombinase in pancreatic tissue, ei-
ther by virtue of a PDX-1 promoter-driven transgene or
by Cre knockin at the Ptf1-p48 locus. Prior lineage stud-
ies suggest that both of these lines express Cre in a com-
mon endocrine/exoctine precursor cell during develop-
ment, while expression in adults is retained in mature islet
cells in the case of PDX-1-Cre transgenics and in mature
acinar cells in the case of the Ptf1-p48+/Cre knockin"”.

The subsequent recombination resulted in interbreed-
ing LSL-Kras®"*® mice with animals that express Cre re-
combinase from the pancreatic-specific promoters PDX-1
or P48 is a heterozygous mutant condition (KRASHGQD).
Note that only genomic DNA isolated from pancreata
and not from tails evidence the recombination. The mu-
tant mice PDX-1-Cre, L.SL-Kras”"*" and P48"“* L.SL-
Kras®"*® have increased Kras oncogenic protein and their
pancreata are larger than their wild type littermate con-
trols.

The pancreata of compound mutant mice develop
ductal lesions identical to all three stages of human Pan-
INs. PanIN-1A lesions are observed in compound mutant
mice as young as 2 wk old. As the mice age, higher-grade
PanINS were observed with increasing frequency and in
many of the older mice, the pancreata contained extensive
ductal lesions and the acinar parenchyma was replaced
by stromal or desmoplastic fibroblasts and inflammatory
cells. This fibroinflammatory reaction is highly reminis-
cent of that seen in human pancreatic cancers. PanIN le-
sions show evidence of histologic progression and it has
been demonstrated that these PanINs activate quiescent
pathways such as Notch. These mice have increased Hes1
and Cox2, components of the prostaglandin pathway
involved in the inflammatory response and increased ma-
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trix metalloproteinase-7. Finally, at low frequency these
mice progress to invasive and metastatic ductal adeno-
carcinoma within one year. In these mice, profuse hem-
orrhagic ascites was noted, the pancreas was large, firm
and fibrotic and nodular densities were observed in liver,
diaphragm, pleural surfaces and adrenal cortex.

This model developed by Hingorani ez al”” shows
progressive PanIN lesions and low-frequency progres-
sion to invasive and metastatic adenocarcinoma following
activation of oncogenic K-Ras in mouse pancreas. The
physiopathology and the sites of metastases observed
in these mice are precisely found in human pancreatic
ductal adenocarcinoma and further underscore the appli-
cability of this model to study the human disease.

PDX-1-Cre, LSL-Kras®"™, LSL-Trp53*""*" transgenic model
This mouse model was generated based on the previously
described PDX-1-Cre, LSL-Kras""* mouse. Using simi-
lar methods, Hingorani ez a/*" generated a conditionally
expressed point mutant allele of the Li-Fraumeni human
ortholog, Trp53R175H[40]. Activation of both the Kras®'?”
and the Trp53R172H alleles occurs in tissue progenitor cells
of the developing mouse pancreas through interbreed-
ing with PDX-1-Cre transgenic animals. The presence
of each rearranged, activated allele can be detected in the
pancreata but not in tails. Thus, tissues not expressing
Cre recombinase (non-pancreatic tissue) remain function-
ally heterozygous for these loci.

Four to six weeks old mice PDX-1-Cre, LSL-Kras“"*",
LSL—TrpS?)RmH/' present early PanIN lesions similar to
what it is observed in single PDX-1-Cre, LSL-Kras®'*”
mice. A significant disease burden is observed in animals
by ten weeks of age at the earliest and the full spectrum
of preinvasive lesions is apparent. Histological analyses
reveal a predominant moderately well-differentiated to
well-differentiated morphology organized as is observed
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in the human disease. The carcinomas express CK19 and
frequently contain mucin. Metastasis to the liver and lungs
are similar to the pancreatic primaries. Finally, PDX-1-Cre,
LSL-Kras®'*", LSL—Trp53R172H/’ mice have dramatically
shortened median survival of approximately 5 mo, signifi-
cantly less than wild type, PDX-1-Cre, LSL-Trp53""*""
and PDX-1-Cre, LSL-Kras®"*".

The triple mutant mice succumb earlier than PDX-1-
Cre, LSL-Kras®'* animals which spontaneously develop
PDA with a proscribed latency after manifesting prein-
vasive neoplasia. These triple mutant animals develop
cachexia, abdominal distension, and hemorrhagic ascites.
They also present metastasis in the liver, diaphragm and
adrenals and all of them die before 12 mo.

PDX-1-Cre, Brca2™, LSL-Kras®'”, Trp53 F2-10
transgenic model

This transgenic mouse is a conditional Brca2""', L.SL.-Kras
% Trp53 F2-10 and PDX-1-Cre and has been used as a
model of pancreatic cancer, although the role of Brca2 in
pancreatic cancer development is still unclear*”, Brca2
plays a key role in the maintenance of genomic integtity,
particularly through regulation of DNA repair by ho-
mologous recombination repair™, a process that is also
controlled by another tumor suppressor protein, Breal™,
However, the significance of Brca2 in pancreatic cancer is
not clear™.

While Rowley ¢ a/*"" demonstrated that the inactiva-
tion of Brca2 promotes Trp53-associated but inhibits
Kras®'*-dependent pancreatic cancer development in
mice, Skoulidis ¢z 2/ showed that Brca2 heterozygosity
promotes Kras”'*’-driven carcinogenesis in the murine
model of familial pancreatic cancer. In this model, the
mouse expressed a functional wild type BreaZ gene, in
which exon 11 of Brca2 is flanked by loxP sites (B2™).
Conditional rearrangement of this allele in the develop-
ing pancreas in response to PDX-1-Cre expression re-
sults in the deletion of Brca2 exon 11, and the generation
of a functionally null Brca2 allele (B2*"). These authors
crossed CB2*"" mice with conditional Trp53F2-10/
F2-10 (P) mice, in which exons 2 and 10 are flanked by
loxP sites to generate Trp52 null CPB2*"*" CPB2™/*"
and CPB2""™" mice.

CPB2*""*"" mice develop pancreatic cancer at high fre-
quency and their median survival is 300 d, showing sub-
stantially reduced pancreatic cancer-free survival relative to
CB2"*", However, in contrast, CB2*"/2" CB2"/2" and
CB2""*"" mice expressing wild type Trp53 alleles failed to
develop pancreatic cancer.

This mouse model shows that the inactivation of
Brca2 alone does not promote pancreatic cancer, but the
disruption of Trp53 signaling in combination with the
inactivation of Brca2 promotes pancreatic cancer forma-
tion. CPB2*""/*"" mice display severe acinar cell dysplasia
and a reduced number of islets. The pancreas is atrophic
with acini replaced by mature adipose tissue, inflamma-
tory infiltrates and little evidence of fibrosis. In contrast,
in CPB2"/*'"" and CPB2""" mice the dysplasia, atrophy
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and chronic inflammatory infiltrate is less severe and fre-
quentH”. The mouse model combining Brca2™' and L.SL-
Ras®'™ (K) shows that CKB2*'"/*" CKB2*""*"" and CK-
B2 mice display normal development although CK-
B2/ and CKB2"/™ present PanINs and metaplastic
lesions at 8 mo but not CKB2*""/2" This mouse model
showed that the loss of Brca2 tumor suppressor inhibits
the development of premalignant lesions and pancreatic
tumors that are induced by activated Kras. Only 13% of
CKB2™"*" mice develop tumors, whereas 66% of CK-
B2"2" and 61% of CKB2"/™ develop pancreatic tumors
with an average latency of 366 and 406 d, respectivelym.

Skoulidis 7 @/ desctibed a mouse model PDX-1-Cre-
Kras®'"™ with two distinct mutant alleles of Brca2. The
first encodes a germline truncating allele Brca2" (T¥), that
mimics Brca2 human mutations in pancreatic cancer, and
the second is a conditional deletion (F11) in which LoxP
sites flank Brca2 exon 11 and emulates the loss of het-
erozygosity observed in human cancers.

Homozygous Brca2 inactivation in KPCB2 mice
displays pancreatic cancer in high penetrance with rapid
and predictable clinical decline. The median survival was
84 d compared with the KPCB cohort whose median
survival was 168 d. Mice with germline heterozygosity

Tr/Al1

for Brca2™ display pancreatic carcinogenesis, as even
KCB"™™ mice with wild type Trp53 and mutant Kras-
G12D in which pancreatic cancer is reported to develop
less readﬂym. There is a reduction in PDAC-free survival
of KCB™*" mice in compatison with KCB controls with
wild type Brca2. The pancreatic tumors observed in these
mice display histological features similar to human pan-
creatic cancers with desmoplastic stroma. These tumors
evolved with pancreatic intraepithelial neoplasia and
metastatic behavior.

Interestingly, the KPCB™*" mice which carry bial-
lelic Brca2 mutations uniquely develop an acinar cell
carcinoma component in 18% of cases, not observed in
the other cohorts with Brca2 heterozygosity. This model
shows that Brca2 inactivation promotes Kras-driven pan-
creatic mztlignzmciesl42J

Mist1****"*®* transgenic model

To generate this transgenic model, Tuveson e a/”” used
homologous recombination to target the expression of
Kras'"™ to the Mistl locus, a gene known to be expressed
at earlier stages of pancreatic exocrine development. Mist1
is a basic helix-loop-helix transcription factor that is ex-
pressed at low levels in the embryonic pancreas at day
10.5"**" and in the adult, Mist protein is restricted to
mature pancreatic acinar cell and is not found in ductal or
islet cells™**. Mist1*"**"* mice have a diminished medi-
an survival of 10.8 mo compated with 24.2 mo in control
wild type mice. Newborn mice show acinar hyperplasia
with an increased proliferative index and acinar adenomas
at 2 mo known as “acinar-ductal metaplasia”. Metaplastic
ductal structures with mucinous cytoplasm that resemble
murine PanIN-IA are found in the pancreas in close asso-
ciation with metaplastic acini. These metaplastic ducts are
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characterized by the presence of CK19 and acidic mucin
staining with alcian blue. At three months of age they
become cachectic with pancreatic tumors and metastasis.
Most of these tumors are acinar although some of them
are cystic papillary neoplasms with acinar differentiation.
Surprisingly, these mice also develop early and advanced
hepatocellular carcinoma and some of them succumb
before invasive pancreatic carcinoma. Mist1"*"* mice

die of advanced pancreatic exocrine carcinoma.

PDX1-Cre, Kras®™, Inkda/Arf ™" transgenic model

As the loss of function of the G1 cyclin-dependent kina-
se inhibitor, INK4A, appears to be a near universal event
in pancreatic adenocarcinoma when there is an alternate
reading frame or distinct first exon in the INK4A/ARF
locus®™ ™, transgenic mice with this modification have
been studied.

It was shown that mice with a constitutive deletion of
both or either component of the Ink4a/Arf locus do not
develop spontaneous pancreatic cancer. Aguirre ef al”
demonstrated the cooperative interaction between Ink4
and Kras using mice engineered with Cre-mediated acti-
vation of mutant Kras (Kras®'*") and the deletion of a
conditional Ink4/Arf tumoral suppressor allele.

In this model, the T.SI.-Kras®"*" allele is expressed at
the endogenous level after Cre mediates the expression
of a transcriptional stopped element. The conditional
Inkda/Arf allele (Ink4/Arf"™) was engineered to sustain
Cre-mediated excision of exon 2 and 3, thereby eliminat-
ing p16™* and p19™ proteins. The double engineered
mouse expressed the Kras®'?” allele and lack of both
copies of the conditional Ink4/Arf allele specifically in
the pancreas after using the PDX-1-Cre transgene. Be-
tween 7 and 11 wk of age, PDX-1-Cre, Kras®'*” Ink4a/
Arf™™ mice show weight loss, ascites, jaundice and
pancreatic tumors ranging in diameter from 4 to 20 mm.
These pancreatic tumors are highly invasive, frequently
involving the duodenum, stomach and spleen but no
liver or lung metastasis. Furthermore, invasion of the
lymphatic and vascular system is detected, an observation
suggestive of metastatic potential of these neoplasms.

Consistent with a ductal phenotype, the tumors are
positive for CK-19, DBA lectin and show stromal col-
lagen deposition. In contrast, they do not show reactivity
for amylase and insulin.

In conclusion, KrasG12D expression in combination
with Ink4a/Arf deficiency resulted in an eatlier appeat-
ance of PanIN lesions and these neoplasms progressed
rapidly to highly invasive and metastatic cancers, resulting
in death in all cases by 11 wk.

PDX1-Cre, Kras®™, Smad4™"™* transgenic model

Although selective SMAD4 has no discernable impact on
pancreatic development or physiology, when combined
with the activated KRAS'™ allele, SMAD4 deficiency
enabled rapid progression of Kras®'*-initiated neoplasms
including pancreatic tumors. The combination of Kras®'*’
and SMAD4 deficiency resulted in the rapid development
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of tumors resembling intraductal papillary mucinous
neoplasia (IPMN), a precursor to PDAC in humans. The
SMAD4 tumor suppressor gene encodes a transcription
factor that is a central effector of transforming growth
factor-f3 (TGF—B)[BOJ and inactivating mutations in this
gene are common in PDACP, Bardeesy ez al™ gener-
ated a conditional knockout allele of Smad4 (Smad4'")
harbouring loxP sites flanking exons 8 and 9 in the mouse
germline. They crossed Smad4'™ homozygous mice to
either the PDX1-Cre or Ptfla-Cre transgenic mice. Mice
with a homozygous deletion of Smad4 in the pancreas
showed no evidence of any gross anatomic or physiologi-
cal abnormalities, and exhibited normal pancreatic cytoar-
chitecture and differentiation.

In contrast, LSL-Kras®'"*’-Smad4"™™ mice showed
low-grade PanINs and acinar-ductal metaplasia from 4
wk of age, an abdominal mass between 7 and 12 wk and
reached terminal morbidity between 8 and 24 wk of age
and a tumor-free survival of 13-15 wk. The pancreatic
tumors were positive for cytokeratin 19, Shh, Hes1, phos-
pho-stat3, mucin, Mucl, Muc4 and Muc5AC, but lacked
acinar (amylase) and islet (insulin) marker expression.
Mice showed palpable abdominal masses between 7 and
12 wk of age, and reached terminal morbidity between 8
and 24 wk of age.

Since the combination of Kras®'*® expression and
Smad4 deletion showed a rapid onset of IPMN and ad-
vanced PanIN lesions, but exhibited only moderate pan-
creatic malignant progression, and since SMAD4 loss oc-
curs with concurrent INK4A loss and Kras activation in
human PDAC, the authors developed a transgenic mouse
PDX1-Cre, Kras®'"™® Inkda/Arf™ Smad4™/*. These
mice have significantly reduced survival, around 8 wk as-
sociated with PDAC and a small number of them also
have IPMN and liver metastasis.

Ptf1a”*", LSL-Kras®"™", Tgfbr2"" transgenic model
TGF- signaling plays an important role in PDAC pro-
gression, as indicated by the fact that Smad4, which en-
codes a central signal mediator downstream from TGF-f3,
is deleted or mutated in 55% of human PDACP***",
Pancreas-specific Tgfbr2 knockout mice have also been
generated, alone or in the context of active Kras"'"™ ex-
pression. Tjichi e a/*" crossed the LSL-Kras”"”®"" mice
with Tgfbr2 knockout mice™ (previously developed) and
generated mice of the genotype Ptfl a™" LSL-Kras""*""*,
Tgfbr2"™ These mice had active KrasG12D expres-
sion plus Tgfbr2 knockout both in a pancreas epithelium-
specific manner.

Ptf1a™", Tgfbr2"* mice did not have pancreas de-
velopment effects or discernable pancreatic cancer pheno-
type during 1.5 years.

In contrast, ™" LSL-Kras®"*"/", Tgﬂ)rZﬂ”X/ﬂ”X mice
had abdominal distension due to ascites, weight loss, and
jaundice at 6-7 wk of age. Finally, these mice developed
well-differentiated PDAC with 100% penetrance and a
median survival of 59 d. Tumors are always accompanied
by a whole panel of mPanINs and acinar-ductal metapla-
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sia lesions from 3.5 wk and mice frequently have liver and
lung metastases, direct invasion to the duodenum, and
peritoneal dissemination.

While Pef1a™", LSL-Kras™*", Tgferﬂox/+ mice show
normal pancreas histology, tumors from Ptf1""* ) LSL-
Kras®"?"", TgferﬂUx/ﬂox mice exhibited uniformly well-
differentiated glandular architecture, which occupied the
entire pancreas, resulting in almost complete loss of not-
mal pancreatic tissue. Tumoral cells show positive ductal
markers, CK19 and mucin, and are negative for the acinar
and islet markers, amylase and insulin, indicating ductal
adenocarcinoma. In addition, these tumors are rich in
stromal component, positive for vimentin and smooth
muscle actin staining;

In conclusion, Tgfbr2 knockout mice combined with
Kras®'?® expression developed well-differentiated PDAC
with 100% penetrance and a median survival of 59 d.
Moreover, a distinct and important feature of this mouse
model is that the Pefla™", LSL-Kras®™'", TgferﬂU‘y‘/ﬂ”x
tumors did not show sarcomatoid architecture, which was
seen in one-third of the KrasG12D, Ink4a/Atf knockout
model™”.

XENOGRAFT MOUSE MODELS

Tumor xenograft mouse models have been commonly
used in preclinical studies for the last few yearslw’ézj. Hu-
man tumor xenograft models are created by the injection
of human tumor cells grown from culture into a mouse
or by the transplantation of a human tumor mass into
a mouse. The xenograft may be readily accepted by im-
munocompromised mice such as athymic nude mice or
severely compromised immunodeficient mice®. Xeno-
grafts show different advantages as they mimic genetic
and epigenetic abnormalities that exist in tumors, can
be used in the development of individualized molecular
therapeutic approaches and can be implanted into the
same organ to reproduce the organ microenvironment or
the tumor'®”.

There are two main types of human xenograft mouse
models used for pancreatic cancer research, heterotopic
and orthotopic, defined by the location of the implanted
xenograft.

Heterotopic xenograft model

For heterotopic subcutaneous models, the xenograft is
implanted between the dermis and underlying muscle
and is typically located on the flank, on the back or the
footpad of the mice. For many years, the subcutaneous
xenograft model has been the most widely used preclini-
cal mouse model for cancer research because it is rapid,
inexpensive, reproducible, and has been considered suf-
ficiently preclinical to test anti-cancer drugs. The subcuta-
neous model also has the advantages of providing visual
confirmation that mice used in an experiment have tu-
mors ptior to therapy; and provides a means of assessing
tumor response or growth over time, compared to intra-
cavitary models where animal survival is the sole measure
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of responsel()4J

Different studies have used tumor engraftment in nude
mice to study the possible response to chemotherapy
treatment such as gemcitabine1651 or new pharmacological
blocking agentsl()61 obtaining good results and suggesting
new potential treatment options for pancreatic cancer.

One of the disadvantages of the heterotopic model is
that it was observed that drug regimens that are curative
in these models often do not have a significant effect on
human disease as the subcutaneous microenvironment is
not relevant to that of the organ site of primary or meta-
static disease. Additionally, subcutaneous tumor models
rarely form metastases. These observations suggest that
heterotopic tumor models that do not represent appro-
priate sites for human tumors are not predictive when
used to test responses to anti-cancer drugs[w’m’m.

Orthotopic xenograft model

Orthotopic tumors are transplanted to the appropriate
organ in the mouse. For example, human pancreatic can-
cer cells are injected into the mouse pancreas and not into
the skin on the mouse’s back. Advantages of orthotopic
models include use of the relevant site for tumor-host
interactions, the development of metastases, the ability to
study site-specific dependence of therapy, organ-specific
expression of genes and the clinical scenario can be rep-
licated. Major disadvantages are that orthotopic tumor
xenograft generation is labor intensive, technically chal-
lenging, expensive, requires longer healing and recovery
time and that monitoring tumor volume requires rela-
tively lower throughput imaging methods'””’. Nonetheless,
orthotopic tumor models are emerging as the preferred
model for cancer research due to the increased clinical
relevance.

To study pancreatic cancer, the standard procedure
uses anesthetized mice 6-8 wk old. The abdominal skin
and muscle are incised just off the midline and directly
above the pancreas to allow visualization of the pancre-
atic lobes; the pancreas is gently retracted and positioned
to allow direct injection of tumoral cells. The pancreas is
replaced within the abdominal cavity; and both the mus-
cle and skin layers are closed with surgical glue. Following
recovery from surgery, mice are monitored and weighed
daily to evaluate the tumor or response to treatment*".

These models have been employed to study gene ex-
pression profiling of liver metastases and tumour invasion
in pancreatic cancer™ in basic research. In translational
medicine, ortothopic models have been used to evaluate
the antitumor efficacy of gemcitabine plus emodin'™.

In conclusion, different 7z vivo models of pancreatic
cancer have been developed for the evaluation of mul-
tiple chemotherapeutic drugs and to study the molecular
mechanisms implicated in resistance to different treat-
ments.

These models are now available to investigate basic and
translational aspects, but multiple considerations should
be kept on mind for model selection depending on the
purpose. The optimal model system should investigate

March 28,2012 | Volume 18 | Issue 12 |



Herreros-Villanueva M et a/. Mouse models of pancreatic cancer

Table 2 Comparison of mouse models for the clinical ap-

proach in pancreatic cancer

Mouse model

Clinical
reproducibility
(human disease)

Time Clinical
consuming approach

Cost

Transgenic engineered ++++ +t+ + ettt
Xenograft heterotopic + + +H++ +
Xenograft orthotopic ++ ++ +++ ++

+: Low; ++: Medium; +++: High; ++++: Very high.

invasiveness or metastasis, the criteria for assessing re-

sponse and altered molecular pathways, expression of

markers and time expression and tumor development are
some of the most important factors (Table 2).
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Abstract

Any prognosis of gastrointestinal (GI) cancer is closely
related to the stage of the disease at diagnosis. Endo-
scopic submucosal dissection (ESD) and en bloc endo-
scopic mucosal resection (EMR) have been performed
as curative treatments for many early-stage GI lesions
in recent years. The technologies have been widely ac-
cepted in many Asian countries because they are mini-
mally invasive and supply thorough histopathologic eval-
uation of the specimens. However, before engaging in
endoscopic therapy, an accurate diagnosis is a precon-
dition to effecting the complete cure of the underlying
malignancy or carcinoma /n situ. For the past few years,
many new types of endoscopic techniques, including
magnifying endoscopy with narrow-band imaging (ME-
NBI), have emerged in many countries because these
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methods provide a strong indication of early lesions and
are very useful in determining treatment options before
ESD or EMR. However, to date, there is no comparable
classification equivalent to “Kudo’s Pit Pattern Classifi-
cation in the colon”, for the upper GI, there is still no
clear internationally accepted classification system of
magnifying endoscopy. Therefore, in order to help unify
some viewpoints, here we will review the defining opti-
cal imaging characteristics and the current representa-
tive classifications of microvascular and microsurface
patterns in the upper GI tract under ME-NBI, describe
the accurate relationship between them and the patho-
logical diagnosis, and their clinical applications prior to
ESD or en bloc EMR. We will also discuss assessing the
differentiation and depth of invasion, defying the lateral
spread of involvement and targeting biopsy in real time.

© 2012 Baishideng. All rights reserved.

Key words: Magnifying endoscopy with narrow-band im-
aging; Upper gastroenterology; Assessment; Endoscopic
submucosal dissection; Endoscopic mucosal resection
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INTRODUCTION

Gastrointestinal (GI) cancer is a major medical and eco-
nomic burden worldwide. Esophageal and gastric cancers
remain a considerable source of morbidity and mortality
in Asian countries. For instance, in Linxian, Henan prov-
ince (China), cancer of the upper GI tract is endemic.
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Mortality rates for esophageal cancer in Linxian exceed
the American average (for white men) one hundredfold".
The prognosis of GI cancer is closely related to the stage
of disease at diagnosis, and most cases are still detected at
advanced stages and result in a relevantly poor outcome'.
Early detection of these neoplasms or their precursors
may be the only chance to reduce this high mortality.

Early GI cancers - such as Barrett’s esophagus (BE)
with high-grade dysplasia and eatly gastric cancer (EGC)-
whose invasion is limited to the mucosa or submucosa
regardless of the size or the presence of regional lymph-
node and distant metastasis”, confer a survival rate of
greater than 90% in 5 years in many centres™.

The screening program for gastric cancer in Japan
indicates that 53% of diagnosed gastric cancers are local-
ized lesions. Additionally, the accumulated clinical experi-
ence and formal outcome studies have shown that the
majority of early-stage neoplastic lesions is localized with
a low risk of lymph node metastasis. Recent data from
3261 patients who underwent gastrectomy with meticu-
lous D2-level lymph node dissection over a 30-year pe-
riod show that lymph node invasion was observed in only
2.7% of mucosal tumors and 18.6% of EGC invading
the submucosa!. Clinical experience suggests that com-
plete resection of the cancer is possible, and a cure can
be achieved as long as the potential for metastatic spread
is definitively excluded™.

Based on the above knowledge, the doctors began to
try to use endoscopes for local excision with GI eatly tu-
mors i sitn, invading lamina propia or submucosa. More
than a decade ago, endoscopic mucosal resection (EMR)
technique emerged first in Japan as a critical tool in the
management of patients with both high-grade dysplasia
and superficial carcinomas'’. But the indication of EMR
is generally limited to mucosal tumors less than 2 cm in
size even with the series of improvements that have been
most widely used in recent years, such as using a trans-
parent cap-fitted endoscope to suck targeted lesions into
the cap and resect them with a snare (EMR-C) or a liga-
tion device (EMR-L). All above EMR technologies are
difficult to resect en bloc tumors larger than 2 cm in size,
which is required for accurate and reliable pathological
examination. However, though some endoscopists adopt
piecemeal EMR techniques in order to cure the larger
lesions, further investigation has revealed it involves pro-
blems such as remnants or high recurrent rates due to
incomplete tesections!"”. Thus, to overcome the problem
of EMR techniques, a recent key issue in the field of
therapeutic endoscopy is the development of a new ther-
apeutic strategy for early GI cancers using endoscopic
submucosal dissection (ESD). In this procedure, submu-
cosal dissection is carried out by using an electrocautery
knife to acquire a single-piece specimen, which is the
gold-standard technique for offering en bloc resection of
large superficial tumors in the GI tract, especially when
RO resection cannot be performed with other resection
techniques. Within only a few years, ESD has become
widespread in Asian countries - such as Japan, Korea and
China - where there is a large volume of early upper GI
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lesions that need endoscopic treatment. However, there
are hardly any reports about long-term results after ESD,
and the procedure involves a much higher complication
rate and requires much higher skills!"*?,

The two endoscopic local procedures are increasingly
accepted by many patients and doctors mainly because
they (1) provide new alternatives for minimal invasive-
ness; (2) are perhaps the first approximations to true
intraluminal resection of superficial malignant GI neo-
plasms; and (3) yield results that are comparable to sut-
gery. They also result in lower morbidity rates, lower costs
and better quality of life than traditional surgery because
of tissue preservation. But the difficulty lies in achiev-
ing en bloc or RO resection and getting improved survival
that precisely assesses resection margins and the depth
of malignant invasion prior to performing EMR or ESD.
The lesions with undifferentiated histology, lymphatic or
vascular involvement and submucosal invasion were ex-
cluded due to possible lymph node metastases'.

Therefore, a thorough preoperative endoscopic exam-
ination is considered necessary for selecting the appropri-
ate therapeutic modality. Due to this requirement, endo-
scopic equipment has improved markedly with respect to
resolution in recent years. However, in 1967, Okuyama
et al™ produced a magnification endoscope for viewing
the gastric mucosa. At present, magnification endoscopes
have the ability to enlarge the image from 1.5 X to 150 X
and produce images that have pixel densities as high as
850 000, allowing the discrimination of objects that are
only 10-71 pum in diameter™. The newest magnification
endoscopes permit magnification without loss of resolu-
tion"”. Nevertheless, it was reported recently that some
GI disorders, such as intestinal metaplasia, often appear
translucent when observed with magnification endoscopy
alone. Thus, the mucosal surface cannot be easily exam-
ined without staining“o]. Methylene blue, Lugol’s iodine,
and indigo carmine are several topical stains or pigments
that have been used in conjunction with magnification
endoscopy to improve tissue localization, characteriza-
tion, or diagnosis during endoscopym. The technique
known as magnification chromoendoscopy (MCE) has
been applied in a variety of clinical settings and through-
out the GI tract for more than 10 years. In addition, other
newer technologies, including narrow band imaging (NBI),
that have proved particularly helpful during gastrointes-
tinal endoscopic examinations have been developing in
recent years. This shows that the two techniques have a
similarly high sensitivity for detecting early neoplasia in
the upper GI tract’ ™", However, compared with MCE,
the “electronic dyeing endoscopy,” such as NBI, that
are based upon the phenomenon that the depth of light
penetration depends on its wavelength, are more user-
friendly because their filters can be manually enabled and
disabled during endoscopy, making it easy to switch them
between the standard mode and the “electronic dyeing”
mode, and no staining agents are required. Beyond these
practical advantages, NBI reveals the superficial capillary
network with a high contrast due to absorption of the
blue light by hemoglobin, whereas the vascular pattern is
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often less visible in chromoendoscopylzo]. When magnify-
ing endoscopy is combined with narrow band imaging
(ME-NBI), the combination has been shown to enhance
visualization of the micromucosal and microcirculatory
structure for a more detailed assessment of the eatly le-
sions™"

Hence, in many institutions, especially in Japan, MCE
or the ME-NBI technique has been extensively included
in standardized procedure and is performed in addition
to conventional white-light endoscopy prior to ESD or
EMR™. For the colorectum, “Kudo’s Pit Pattern Clas-
sification” has begun to be widely adopted by many endo-
scopists because it appeared valuable in the histological
prediction from the observation of five-types pit patterns
by MCE or NBI-although the microvascular observation
is helpful as well™. In the upper GI, despite numerous
studies from investigators around the world and espe-
cially in some Asian countries, there is still no consistent
classification diagnosis system for ME-NBI before the
endoscopic removal of esophageal and gastric lesions;
each medical institution tends to adopt its own classifica-
tion™". Therefore, here we will comprehensively review
the literature in recent years on the main characteristics
of microsurface (MS) and microvascular patterns, intro-
duce their classifications that have become relatively pop-
ular in some Asian countries under ME-NBI, describe
the accurate relationship between them, the pathological
diagnosis for eatly lesions in the upper GI tract, and their
clinical utility in ESD or ez bloc EMR. We do this to help
build consensus on obsetrvation flowcharts of ME-NBI
and to help endoscopists recognize tthe classification of
eatly upper GI lesions more clearly so that they can se-
lect the most appropriate therapeutic intervention.

DEFINING OPTICAL IMAGING CHARAC-
TERISTICS VISUALIZED UNDER MAGNIFY-
ING ENDOSCOPY WITH NARROW BAND
IMAGING IN UPPER GASTROINTESTINAL

In general, the doctor inspects the patient first under
white-light endoscopy without magnification. He then
slowly moves the scope, washes the tissue well, and pays
special attention to areas containing slight differences.
The key endoscopic finding by using white light (WL) has
been reported to be a change of color (slight redness)
and pallid mucosa” . However, the margin is difficult to
identify by conventional WL. Then, the NBI model was
employed to make it easier to detect the change in colors
and structure of the mucosa. Moreover, with magnifica-
tion, the microvascular (MV) pattern and MS pattern can
be evaluated. So, what will be seen under ME-NBI if the
cancerous lesion is suspected within the arear?

Esophagus

Brownish area: A brownish area can often be recog-
nized by NBI observation as distinct boundaries are form-
ed between the tumor lesion and normal epithelium (Fig-
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ure 1), An intraepithelial papillary capillary loop (IPCL)
appears as brown dots under NBI-enhanced observation.
For example, in the esophagus, if the lesion appears brow-
nish under magnifying NBI observation, it will predict
the possibility of mucosal squamous-cell carcinoma as a
result of assessing the morphologic changes in the IPCL.
The brownish areas in the esophagus visualized by NBI
generally correspond to the LLugol chromoendoscopy dis-
played the lesions as unstained areas’”

Intraepithelial papillary capillary loop: It is well known
that angiogenesis plays a critical role in the transition
from premalignant to malignant lesions. Consequently,
carly detection and diagnosis based on morphological
changes to the microvessels are crucial™, Superficial
blood vessels in the esophageal mucosa consist of bran-
ching vessels and IPCL. However, in some cases, only
the former can be observed under the WL that extend
to the horizontal plane and exist immediately above the
muscularis mucosa while IPCL that rises perpendicularly
from a branching vessel can be observed through ME-
NBI (Figure 2)". In these cases, Muto ¢ a/* have re-
ported that a well-demarkated brownish area or an area
of scattered brownish dots under NBI is connected with
the proliferation of IPCL. This is a useful indicator for
carly esophageal squamous-cell carcinoma or high-grade
intraepithelial neoplasia.

Stomach

Besides the MV architecture, the imaging characteristics
of the MS structure of mucosa the so-called pit or crypt
patterns can be obtained by ME-NBI in the stomach
(Figure 3).

Subepithelial capillary network and collecting venule:
By ME-NBI, the subepithelial capillary network (SECN)
and the collecting venule (CV) can be cleatly visualized. A
polygonal-shaped subepithelial capillary loop surround-
ing each pit forms a network in a regular arrangement,
and this capillary network drains into a CV. SECN and
CV are basic anatomical components for analysis of the
MYV architecture. The SECN shows two distinct patterns
depending on the region of the normal stomach being
imaged: The body mucosa demonstrates a regular honey-
comb-like SECN pattern with a CV, whereas the gastric
antrum shows a coil-shaped SECN but the CVs are rarely
observed. This might be because the CVs in the antral
mucosa are relatively deeper from the surface epithelium
than those of the gastric body mucosa™

For the abnormal stomach, there are two characteristics
of MV that can be identified by ME-NBI: the first is
a relatively regular “fine network pattern” (Figure 3A),
which is more likely to be observed in well-differentiat-
ed adenocarcinoma and appears as mesh and abundant
microvessels connected with each other; the second is
a “corkscrew pattern” (Figure 3B) as with isolated and
tortuous microvessels, which often represents the low
density of MV and corresponds to poorly-differentiated,
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Figure 1 The carcinoma visualized in esophagus. A: Carcinoma in esopha-
gus is difficult to identify by conventional white light; B: Carcinoma in esophagus
can be easily recognized by narrow-band imaging (NBI) as well-demarcated
brownish area; C: Intraepithelial papillary capillary loop can be observed by
magnifying endoscopy with NBI at the edge of the tumor.

depressed (0- 1 ), early gastric adenocarcinoma™

Intrastructural irregular vessel (ISIV) (Figure 3C) also
has an irregular MV pattern but often appears in the su-
perficial flat gastric lesion (0-II'b) as well as the marginal
flat area of an elevated or a depressed lesion. This is a
cancerous indication. Differing from the fine network
pattern and corkscrew pattern shown in the areas where
fine mucosal structure (FMS) disappear or are unclear
in 0-Il ¢ gastric lesions, the ISIVs are found enclosed
in villous or papillary FMSs and have characteristics of
dilation, heterogeneity, abrupt caliber or tortuousness of

Microsurface: Applying ME-NBI is helpful for clearly
visualizing not only some of the MV characteristics intro-
duced above but also the gastric mucosal MS structures,
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Intraepithelial papillary capillary loop

Branching vessel

Figure 2 The superficial blood vessels in the squamous esophagus (from
Inoue et al*?, with permission, making a little change for the original
graph), the intraepithelial papillary capillary loop rises from the branching
vessel and terminates in a diffuse.

namely pit or crypt opening patterns. The MS structures
include the FMS in a normal stomach as well as the ir-
regular or loss of pit pattern that occurs with early gastric
carcinomatous lesions.

Although it is necessary to assess a neoplasm in the
stomach by the MV and MS patterns simultaneously, it is
sometimes impossible to visualize the subepithelial MV
pattern on account of overcurtaining by the white opa-
que substance (WOS). In most adenomatous lesions, the
WOS is frequently observed more clearly under ME-NBI
than WL and is speculated to be some intracellular com-
ponent within the neoplastic epithelium of the interven-
ing part between the crypts, obscuring the morphology
of the subepithelial MV and causing difficulty in assess-
ing the MV pattern. In such cases, rather than assessing
the MV pattern, the morphology of the WOS could be
an alternative new optical microstructure sign for distin-
guishing adenomas from adenocarcinomas. Yao ez al*”
reported that only about 6% of the WOS was found in
I'b and I ¢ lesions. For O-Ia type neoplasms, the WOS
was more frequently visualized in adenomas (78%) than
in carcinomas (43%) and showed a well-organized and
symmetrical distribution of the dense WOS of a regular
reticular/maze-like/speckled pattern (Regular WOS)
(Figure 3D) within adenomas (100%), but showed a dis-
organized and asymmetrical distribution of the fine WOS
of irregular reticular/speckled pattern (Irregular WOS)
(Figure 3E) within carcinomas (83%). That is to say, the
regular WOS is characteristic of adenomas, whereas its
irregular distribution is characteristic for carcinomas.

Similar to the WOS, the light blue crest (LBC) (Figure
3F) is another characteristic optical microstructure under
ME-NBI caused by the dense reflection of 400 to 430 nm
short-wavelength light at the ciliated tissue. The LBC
is defined as a fine, blue-white line on the crests of the
epithelial surface/gyri, just at the edge of crypts. It has
been suggested that the appearance of the LBC on the
epithelial surface of the gastric mucosa may be a distinc-
tive endoscopic finding associated with the presence of
histological intestinal metaplasia in high sensitivity (89%),
high specificity (93%), and high accuracy (91%)"*. The
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Figure 3 Some typical microvascular and microsurface imaging characteristics visualized in stomach under magnifying endoscopy with narrow band
imaging. A: Fine network pattern, mostly corresponding to well-differentiated adenocarcinoma (0-II ¢, gastric); B: Corkscrew pattern, mostly corresponding to the
poorly-differentiated adenocarcinoma (0-1I ¢, gastric); C: Intrastructural irregular vessel, enclosed in villous or papillary fine mucosal structure, had irregular shape
characters such as dilation, heterogeneity, abrupt caliber or tortuousness (0- I b, gastric); D: Regular white opaque substance (WOS), that shows well-organized and
symmetrical distribution with a regular reticular pattern and obscures the subepithelial microvascular (MV) pattern (0- I a adenoma, gastric); E: Irregular WOS, that is
present within the cancerous epithelium with an irregular speckled pattern and makes the subepithelial MV pattern cannot be clearly visualized (0-1I a cancer, gastric); F:
Light blue crest, defined as a fine, blue-white line on the crests of the epithelial surface in the gastric mucosa may be a distinctive endoscopic finding associated with

the presence of histological intestinal metaplasia.

LBC was also demonstrated to have a significant associa-
tion with gastric atrophy and a high occurrence of gastric
cancer'™’l.

As noted above, the strategies for diagnosing upper
GI lesions by ME-NBI are specific to different organs.
Under a magnifying endoscope, an esophageal neoplasia
could be diagnosed solely according to the findings from
the MV pattern, namely IPCL, because the esophageal
squamous epithelium does not show FMS. In contrast, a
gastric neoplasia could be diagnosed with the findings of
the MV pattern as well as the MS patternlso’mj. Of course,
sometimes the WOS or LBC is more useful for the diag-
nosis.

CURRENT REPRESENTATIVE CLASSIFI-
CATIONS OF MICROVASCULAR AND M-
CROSURFACE PATTERNS IN THE UPPER
GASTROINTESTINAL UNDER MAGNIFY-
ING ENDOSCOPY WITH NARROW BAND
IMAGING

Classifications of intraepithelial papillary capillary loops
in the esophagus
IPCLs beneath the basement membrane of the esopha-
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geal squamous epithelium can be observed by ME-NBI.
It has been shown that identifying IPCL. changes is very
important in predicating early lesions of the esophagus.
Regarding the classifications of IPCLs, there have been
several systems adopted by different researchers™ ", but
in Japan, Inoue’s classification and Arima’s classification
of IPCLs have been relatively popular.

Inoue’s classification of intraepithelial papillary capil-
lary loop: Under NBI, the IPCLs are easily recognized
as brown spots, and the normal patterns appear as a
smooth-running, small-diameter capillary vessel in the
normal epithelium. The abnormal shapes appear as four
typical changes: Dilation, tortuous weaving, irregular cali-
ber and form variation. Inoue ef /"> classed them into
five types and several subtypes from type I to type V-N
as below (Table 1 and Figure 4). IPCLs in type I is no
different from the normal pattern. IPCLs in type I has
one ot two different characteristics: elongation and/or
dilation is often seen. IPCLs in type Il have no or few
differences from the normal pattern, but this type differs
from type I mainly in the features of color changes un-
der NBI and iodine staining. Under NBI, the lesions of
type I and type I often show no change or negligible
change, but the types between type Il and type V-N ap-
pear brownish. In addition, type I and type II lesions are
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Table 1 Inoue’s classification of intra-papillary capillary loop in esophagus

Typing IPCL lodine staining Under NBI Pathological assessing Treatment
Type I  Smooth running small diameter capillary vessel with  Stained Normal epithelium
no difference from the normal pattern
Type I  Elongation and/or dilation capillary is often seen Slightly stained Esophagitis or re-
generative tissue
Type I No or minimal change from the normal Unstained Brownish HGIEN Further follow-up
Type IV Showing two or three of four patterns among dilation, Unstained Brownish HGIEN or m1 carcinoma ESD/en bloc EMR
meandering, caliber changes and different shapes in situ
Type V. Demonstrating all four characteristic changes: dilation, Unstained Brownish M1 carcinoma in sifu

tortuous weaving, irregular caliber and form variation
Type VI Elongation basing on the shapes of type V IPCL, keep- Unstained Brownish M2 carcinoma in situ

ing IPCL partly

Type VI Destructing dramatically and running on horizontal ~ Unstained Brownish M3-Smldeeper carcinoma Relatively indicated for
plane ESD/EMR

Type VI New tumor vessel appear Unstained Brownish Sm2 deep carcinoma Surgery, chemorado-therapy

IPCL: Intraepithelial papillary capillary loop; NBI: Narrow-band imaging; ESD: Endoscopic submucosal dissection; EMR: Endoscopic mucosal resection;

HGIEN: High-grade intraepithelial neoplasia.

Brownish area under NBI

Absolute indiction for
endoscopic treatment

endoscopic treatment

Multimodality therapy

B
<P
’ Relative indication for

Figure 4 The case examples of Inoue’s intraepithelial papillary capillary loop classification from type I to type V-N. NBI: Narrow-band imaging.
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often positively stained with iodine while the types from
type Il to type V-N are negatively stained. IPCLs in type
IV appear to have two or three of the four abnormal
characteristic changes. IPCLs in type V-1 demonstrate all
the four typical changes. IPCLs in type V-2 are elongated
on the base of the four shapes and only keeping part of
the original IPCL. IPCLs in type V-3 are further degrad-
ed and run on a horizontal plane. As for type V-N, the
most remarkable feature is the appearance of new tumor
vessels.

According to the grade of the changes of IPCL, the
depth of invasion can be assessed. Type [ mainly appears
in normal epithelium. Type II corresponds to inflamma-
tory changes or regenerative tissue. Type Il often reflects
low-grade intraepithelial neoplasia. Type IV is linked to
with high-grade intraepithelial neoplasia (HIN) or M1 car-
cinoma 7 sitn. Type V-1 is definitively diagnosed as M1
carcinoma 7 sitn. The appearance of Type V-2 strongly
suggests m2 carcinoma. Type V-3 often indicates m3 to
sm1 deep lesions. Type V-N is often associated with sm2
invasion cancer. In short, type I to type V-1 demonstrate
the characterization for flat lesions while type V-1 to type
V-N reflect invasive cancers.

With treatment, lesions of type Il IPCLs need fur-
ther follow-up, and type IV to type V-2 should be con-
sidered for ESD or en bloc ESD. Type V-3 lesions are
thought to be an indication for ESD or EMR because
of the depth of invasion ranges between m3 and sm1. A
complete biopsy should be applied before deciding on a
treatment strategy. For type V-N, it is taken for granted
that the surgical treatment or chemoradiotherapy should
be recommended to counteract the significantly increas-
ing risk of lymph node metastasis.

Arima’s classification of intraepithelial papillary capil-
lary loop: In 2005, Arima ez a/”” reported another clas-
sification of the microvasculature of esophageal IPCLs
under magnifying endoscopy. The microvascular pat-
terns are categorized into four types (Figure 5). The thin,
liner capillaries in subepithelial papillae are recognized
as type 1, resembling the shapes in normal mucosa.
The vessels of type II become distended and dilated
in subepithelial papillae, and the structure of capillaries
is preserved. Most of them are usually found in lesions
with inflammatory changes and are also associated with
intraepithelial neoplasia. Spiral vessels with an irregular
caliber and crushed vessels with red spots are characteris-
tics of type III, which are often seen in m1 or m2 cancers.
Type IV usually appears to be irregularly multilayered, ir-
regularly branched, reticular vessels with an irregular cali-
ber as generally observed in cancers with an m3 invasion
or deeper. Avascular areas as well as stretched vessels are
seen in cancers with downward growth. In addition, re-
ticular vessels are commonly seen in poorly differentiated
cancers, and the size of a vascular area surrounded by
distended vessels is related to the depth of tumor inva-
sion.

Comparing to the above two classification systems
on the morphologic changes of IPCL and predicting the
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depth of the tumor invasion, it can be argued that type [
of Arima’s classification partly corresponds to type I
-type Il of Inoue’s classification. Furthermore, type 1l
of Arima’s classification partly corresponds to Inoue’s
type IV, Arima’s type Il partly to Inoue’s type V-1 or V
-2, and Arima’s type IV partly to Inoue’s type V-3 or V
-N. However, the two systems do not always have such
clear corresponding links. The invasion depth diagnosis
by Inoue’s classification is possible for most lesions, and
the correct ratio is about 78%”*?. By contrast, when us-
ing Arima’s type Il and type IV classifications as diagnos-
tic criteria for HIN and cancers, the rate of differential
diagnosis goes up to 999>, Recently, it has been report-
ed” that some flat areas are not able to be predicted by
Inoue’s classification. However, combining the two clas-
sification systems could result in greater accuracy of the
preoperative diagnosis, which is proved by the pathologi-
cal diagnosis after ESD. Therefore, it is recommended
for clinical endoscopists using Inoue’s classification and
Arima’s classification together to make an invasion depth
diagnosis of esophageal cancer under ME-NBI.

Stomach

As for the MS of the stomach, in 1978, Sakaki ez a/™" de-
scribed the gastric pit appearances under magnifying en-
doscopy and classified them into five types: (1) foveolar
pattern; (2) foveo-intermediate pattern (FIP); (3) foveolo-
sulciform pattern; (4) sulciform pattern; and (5) mesh
pattern. Although “Sakaki’s classification” is still currently
the most widely adopted classification by many Japanese
endoscopists, not all gastric pathological changes can be
expressed by this system because it is not consistent with
structural changes under some pathological conditions”™,
which were found to have round and long elliptical gas-
tric pits. The width of the FIP band seems to be related
to the severity of atrophic gastritis, and the FIP is consid-
ered to indicate the position of the atrophic border.

Therefore, in 2002, Yagi ez al™” first reported a new
modified classification system named the “A-B classifica-
tion system,” which is useful to describe typical micromu-
cosal structures related to the development of Helicobacter
pylori (H. pylori) gastritis. They classified the morphologi-
cal changes in the glandular structure and microvascular
architecture obtained by WL magnifying endoscopy into
four types: (1)type Z-0: Gastric round pits resembling pin-
holes surrounded by a regular arrangement of collecting
venules with SECN forming a network; (2) type Z-1: Ir-
regular true capillaries but no collecting venules observed;
(3) type Z-2: White gastric pits and sulci with neither
collecting venules nor true capillaries being seen; and (4)
type Z-3: Dilated pits with surrounding redness. Type Z-0
specifically indicated the H. pylori-negative mucosa and
differed significantly from types Z-1, Z-2 and Z-3 with
regard to the grade of inflammation, activity and presence
of H. pylori.

More recently, with the development of brand new
optical techniques, such as ME-NBI, which can clearly
visualize not only the glandular structure but also the mu-
cosal microvascular architecture in units as small as the
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capillary, the prior diagnostic classification system seemed
less able to meet clinical needs, especially for early diag-
nosing of premalignant lesions and assessing the relation-
ship between microvessel patterns, pit patterns and histo-
logical patterns ahead of endoscopic en bloc resection. In
recent years, many researchers modified the above classi-
fications but varied individuallyl%’w()”, and there is still no
set of consistent classification guidelines. Nonetheless,
the key characteristic findings of all the current classifica-
tions for ME-NBI with respect to eatly gastric carcino-
matous lesions are based on the types of abnormal MV
patterns and irregular MS patterns. Among these, the rep-
resentative diagnostic system is advocated by Yagi e a/{ézj,
who established a flowchart for ME-NBI diagnosis in
eatly gastric cancerous lesions as below: first, the “white
zone” should be imaged, which is Yagi’s term for the
border of the uniform or heterogeneous papillae in the
mucosal MS structure that appears as a bold white line.
Next, microvessels should be observed. A regular MV
pattern means the microvessels appear regular in shape
and arrangement and look like closed or open loops of
uniform size caliber. An irregular MV pattern means the
microvessels appear irregular in shape and arrangement,
looking like tortuous or irregular branches of various
sizes or abnormal caliber'”. Then, according to the white
zone, the MV pattern, the WOS, and the LBC, the histo-
logical imaging of entire mucosa should be done. (1) Fine
network patterns and loop patterns are mostly associated
with well- or moderately-differentiated adenocarinoma; (2)
irregular MV patterns, namely ISIVs, enclosed in villous
or papillary FMSs can often be observed in II'b gastric
cancerous lesions; (3) corkscrew patterns or wavy mi-
crovessels mostly correspond to the poorly-differentiated
adenocarcinoma; (4) regular WOSs often appear in Il
a gastric adenoma lesions while irregular WOSs often
present in [l a gastric cancerous lesions; and (5) LBC is
mostly connected with intestinal metaplasiaw’“’ﬁsj.

As a matter of course, with regard to the classification
of early gastric lesions under ME-NBI, more in-depth
studies are needed to address the more morphologically-
complex microstructures of the stomach relative to the
other parts of the GI system. Some features described
previously are not general enough to apply to each le-
sion, and the number of cases in the studies is limited
as well. At present, it is reasonable to use ME-NBI as a
supplementary diagnostic tool to normal endoscopy with
chromoend-oscopy in the stomach before deciding on
therapy strategies. The current strategies require new ad-
ditions and some modifications.

Barrett’s esophagus

BE is thought to be a complication of longstanding
gastroesophageal reflux and a condition of the distal
esophagus where normal squamous lining is replaced
by columnar epithelium containing specialized intestinal
metaplasia (SIM), which has the tremendous potential for
developing esophageal adenocarcinoma with generally
poor prognoses and a median survival rate of less than
one year. Short BE is defined as < 3 ¢cm and long BE as
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=3 cm™,

Using ME-NBI allows clear visualization of micro-
mucosal and vascular patterns in BE. Now, depending
on which targeted biopsy technique can be performed,
improved distinction of nondysplastic SIM from HIN
is possible. Recently, several pieces of literature! >
have reported their own classification systems, of which
the principal features are summarized as follows: SIM is
characterized by the mixing of villous, tubular and linear
patterns with mostly regular arrangements and having
regular vascular patterns or appearing as long, branching
vessels in a flat mucosa. In addition, absent microstruc-
tural patterns also have a very high correlation to and
predictive power for SIM. HIN is characterized by ir-
regular/disrupted microstructural and irregular microva-
scular patterns, and the frequency of abnormalities shows
a significant rise with increasing grades of dysplasia.

USEFULNESS OF MAGNIFYING
ENDOSCOPY WITH NARROW BAND
IMAGING PRIOR TO ENDOSCOPIC
SUBMUCOSAL DISSECTION OR EN BLOC
ENDOSCOPIC MUCOSAL RESECTION

To assess the differentiation and depth of invasion

Criteria for endoscopic submucosal dissection/en-
doscopic mucosal resection: Only some differentiation
and invasion limited to sm1 lesions should be considered
for endoscopic removal. Nowadays, in Asian countries,
one of the widely adopted guidelines for ESD or en bloc
EMR is that the histology of the tissues must be intramu-
cosal, well-differentiated, eatly carcinoma, and the minute

invasion of submucosal lesions must be limited to sm1-
namely, with a depth less than 200 um in the squamous
epithelium of the esophagus and less than 500 um in the
stomach. If the lesion is recognized as undifferentiated,
surgery should be recommended®”.

Japan’s data show that the five-year cancer-specific
survival rates of EGC limited to the mucosa and submu-
cosa are 99% and 96%, respectively[ﬁﬂ. In other words,
en bloc endoscopic treatment should be mainly applied to
some category 0 superficial GI neoplastic lesions with
the invasion limited to the mucosa or submucosa. These
are divided into three subtypes according to the “Paris
classification” O- I include I p and I s, referring to pol-
ypoid pedunculated and sessile respectively; O-II are non-
polypoid and non-exca vated, and they are further sub-
divided into 0-I a for slightly elevated lesions, O-II'b for
completely flat lesions, and 0-I ¢ for slightly depressed
lesions; O-I are non-polypoid with an ulcer (Figure 6,
left side)™. Tn order to get a more precise evaluation for
choosing the appropriate therapy, endoscopists classify
early GI cancer into the following subdivisions according
to the depth of invasion: M1, carcinoma with question-
able invasion carcinoma limited to the epithelium; m2,
cancer invasion to the lamina propria; m3, cancer infiltra-
tion into the muscularis mucosa; sm1, to the upper third
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Normal, LIN, Type I Inflammation, LIN, HIN, Type I

M1-m Type Il M2-sm3, Type IV

Figure 5 The morphology of Arima’s intraepithelial papillary capillary loop classification in esophagus. LIN: Low-grade intraepithelial neoplasia; HIN: High-grade

intraepithelial neoplasia.
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Figure 6 The Paris classification of early lesion of gastrointestinal tract (A) and the depth of tumor infiltration (B). ep: Epithelium; Imp: Lamina propria; mm:

Muscularis mucosa; sm: Submucosa; mp:Muscularis propria.

of submucosa; sm2, to the middle third; and sm3, to
the lower third. (Figure 6, right side)®”. The distribution
of subtypes in category O differs in the esophagus and
stomach. As an example, the respective proportions of
subtypes 0- I and 0-Il ¢ are 16% and 45% in the squa-
mous epithelium of the esophagus, and they are 17% and
78% in the glandular epithelium of the stomach, respec-
tivelymj.

Presently, the most critical factor in the decision of
whether to perform ESD or en bloe EMR is the prob-
ability of unexpected lymph node metastasis. Studies
have shown that early cancer without lymphovascular
involvement could be cured by endoscopic removal.
Intromucosal, moderately- or well-differentiated early
carcinomas that have been proved do not have submu-
cosal lymphovascular involvement. In contrast, poorly
differentiated squamous-cell carcinoma, adenocarcinoma
and/or signet-ring cell carcinoma have a high incidence
of lymph node metastasis. M1 and m2 carcinomas have
no metastasis, whereas less than 10% of m3 carcinomas
and about 15%-20% of sm1 have lymph node metastasis.
The risk increases to motre than 50% of sm2 and sm3
carcinomas'™*"""". Therefore, before performing ESD or
EMR, an accurate histological evaluation of the resected
specimens is essential to avoid recurrence.

Magnified images obtained with the ME-NBI system
could be a useful, non-invasive method of histologically
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predicting for early lesions in clinical practice, especially
with regard to the IPCL pattern in the esophagus and
MYV and MS patterns in the stomach, based on which
alone usually could help us perform a successful endo-
scopic therapy. Many researchers focused on the relations
between the ME-NBI classifications categories with the
characteristics of the histopathological types. For exam-
ple, regarding the depth of superficial esophageal cancer,
the accuracy rate of diagnosis is about 83.3%, according
to the Inoue’s classification of IPCL"™. And in the stom-
ach, differentiated-type adenocarcinomas are mainly ob-
served as fine-network patterns in about 15.7% of cases
or loop patterns in about 83.8% of cases. Undifferentia-
ted-type lesions are primarily characterized by the cork-
screw pattern in approximately 58.8% of cases””. For
HIN of BE, without the need for staining, the ME-NBI
images have a sensitivity of 94% and a specificity of 76%
as well as a positively predictive value of 64% and a nega-
tively predictive value of 98%”,

Comparing the diagnostic accuracy of ME-NBI and
endoscopic ultrasonography (EUS) for estimating the
depth of invasion of early cancers before removal, some
endoscopists conclude that the overall accuracy of ME-
NBI is a little higher than EUS, but the difference is not
statistically significant. However, ME-NBI is at least as
accurate as EUS for preoperative locoregional staging of
early cancers. On the other hand, EUS can be used for
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observing lymph nodes, but the diagnostic capability of
EUS for lymph nodes is less reliable, which can affect
therapy-related decisions before ESD. Regarding this
point, a consensus is still required. For some cases that
are difficult to diagnose, it is even necessary to combine
two stool tests with computed tomography before ESD
ot en bloe EMR7.

To define the margin and size of involvement

Criteria for endoscopic submucosal dissection/en-
doscopic mucosal resection: For differentiated lesions,
a size of < 2 cm in diameter is an indication for EMR;
a size of < 3 cm of mucosal cancer with ulcers or sm1
submucosal cancers, and any size of mucosal cancer with-
out ulcer are indication for ESD.

In Japan and a few other Asian countries, another
current guideline for ESD or ex bloc EMR regarding well-
differentiated lesions is based on data relating the size of
the early lesion and the rate of lymph node metastasis.
For mucosal cancers with ulcers or sm1 submucosal can-
cers, lesions that are 3 cm or smaller present a negligible
risk of venous or lymphatic involvement. These are in-
dications for ESD. For larger lesions, surgery should be
recommended. For lesions confined to the mucosa but
without ulcers, the risk of lymph node metastasis is not
affected by the size of the tumor, so there is no consen-
sus on a maximal size, although circumferential lesions in
the esophagus are usually avoided because of the poten-
tial for strictures. Because a 2 cm diameter is the upper
limit for resection by EMR in one piece, if the lesions
simultaneously meet the conditions of ESD and are not
more than 2 cm large, these should also be reasonable
indications for ez bloc EMR treatment because this tech-
nique is easier than ESD!*7,

Therefore, prior to endoscopic treatment, it is ab-
solutely necessary to accurately identify the full lateral
spread of the margins of the lesion, which leads to the
determination of the lesion’s final size and contributes
to the next step of making well-reasoned treatment deci-
sions. In the upper G, en bloc endoscpic removal needs to
be carried out 2 mm outside the margin outlined by the
spots. This is the key to ensuring that the complete RO
resection has a negative margin for the tumor cells and
that the risk of local recurrence is reduced.

ME-NBI allows a more detailed observation of the
mucosal changes of microstructures and microvessel
patterns of GI carcinoma and is extremely useful, not
only for identifying EGC itself, but also for differentiat-
ing the borders of cancerous tumors from background
non-cancerous mucosa. By ME-NBI, the following points
can help determine precise horizontal margins in clinical
practice™: (1) recognize a demarcation line by the differ-
ence between an irregular MV or MS pattern and the sur-
rounding regular normal mucosa. This has been proven
to correspond to the tumor margins determined by his-
topathological examination; and (2) pay close attention
to the areas disappearing from the regular SECN pattern
as well as the appearance of an ISIV pattern. Sometimes,
WOSs are helpful for identifying tumor margins that have
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not been determined. Also, LBC is a specific indicator for
tumors derived from intestinal metaplasia by ME-NBI.

However, for IIb flat reddened lesions that have the
same color as the surrounding normal mucosa, it is still
occasionally difficult to detect the margins. On the other
hand, accurate marking of tumors by ME-NBI also relies
on an operator’s skill. Therefore, in order to improve the
accuracy rate of marking margins, many endoscopists
combine ME-NBI with conventional chromoendoscopy.
For example, Lugol’s solution can dramatically outline
the boundaries of a squamous cell esophageal cancer in
the esophagus. Although one recent article has concluded
that tumor margins can be identified more clearly by ME-
NBI than by indigocarmine chromoendoscopy in the
stomach”, it is likely that in the majority of cases, a com-
bination of these two methods prior to ESD or EMR
will ensure there are no residual lesions.

To perform a target biopsy in real time

Before local endoscopic e bloc resection, the histopatho-
logic diagnosis is very important for making therapy deci-
sions. For a surveillance biopsy to detect early tumors,
multiple random biopsies under conventional WL endos-
copy ate quite time-consuming and may miss a small le-
sion™. For example, for monitoring BE so far, the pres-
ent recommended strategy is to perform random four-
quadrant biopsies at every 2 cm. However, this approach
is still prone to sampling errors, inconsistent histopatho-
logical interpretations, and delays in diagnosis™.

Ultimately, the higher-accuracy pathological diagno-
sis as well as the ultrarapid iz vivo diagnosis would be
preferred in clinical practicelgz]. It has been reported that
chromoendoscopy could provide a good validity score
for early cancer targeted biopsies™. However, it still has
its limitations, including spending time lost in spraying
and washing out the dye. Moreover, some dyes-such as
methylene blue-might induce DNA damage in columnar
cell-lined mucosa™.

To this end, in recent years, many researchers suggest
using the ME-NBI technique as an “optical biopsy” to
better target biopsies in real time. Because this approach
can provide better details of mucosa MV and MS pat-
terns that significantly correlate with pathological diagno-
sis, it has the potential to reduce the need for histological
examination of mucosal biopsy specimens™****) Addi-
tionally, some endoscopists even think that ME-NBI can
sometimes be substituted for a biopsy before endoscopic
therapy because a biopsy might only focus on some sus-
pected, pootly-differentiated lesions under magnifying
endoscopy. However, to date, ME-NBI cannot always
replace biopsies for histological assessment. In addition,
ESD ot en bloc EMR can supply specimens that are re-
sected in one piece and provide more accurate histopath-
ological diagnosis for determining whether the patient

. . 36,87-89
should receive an operation or other treatments”™*"*,

CONCLUSION

In conclusion, ME-NBI is a very promising endoscopic
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technique that can clearly reveal detailed micromorpho-
logical differences corresponding to histology and pro-
vide some information about layer, origin, size, and ex-
tramural extension of GI eatly lesions. All of these bene-
fits may augment the endoscopic RO resection of eatly
cancers in the GI tract and help guide targeted biopsies
in the surveillance of certain high-risk conditions"”. To
some extent, ME-NBI has now become an indispensable
tool in ultra-rapid iz vivo diagnosis and immediate clini-
cal decision-making, such as when performing ESD or
EMR.

In this topic review, most representative references
come from the experience of Japanese endoscopists be-
cause Japan remains the country with the most ESD cas-
es reported around the world by far. Outside Asia, more
recently, techniques such as magnification, NBI and ESD
have been increasingly used although viewpoints differ
between Fastern and Western cultures, especially regard-
ing extending indications for ESD, the classifications of
MV and MS under ME-NBI in the upper GI tract, and
partly substituting EUS or biopsy with ME-NBI. How-
ever, current data is limited, and we would need long-
term outcome data to unify some assessments in order to
conduct multicenter trials to develop clear, internationally
accepted classification systems. This system review was
intended to make a small contribution to some of the
aforementioned debates.

Additionally, besides ME-NBI, it is necessary to com-
bine vatious endoscopic techniques including EUS and
chromoendoscopy in some difficult cases before en bloc
endoscopic resection. It is important to emphasize here
that the first step should always be to look carefully for
the suspected area by conventional WL endoscopy before
switching to the ME-NBI model.
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Abstract

AIM: To investigate cytokine production and cell sur-
face phenotypes of dendritic cells (DC) in the presence
of epithelial cells stimulated by probiotics.

METHODS: Mouse DC were cultured alone or together
with mouse epithelial cell monolayers in normal or in-
verted systems and were stimulated with heat-killed
probiotic bacteria, Bifidobacterium lactis AD011 (BL),
Bifidobacterium bifidum BGN4 (BB), Lactobacillus casei
IBS041 (LC), and Lactobacillus acidophilus AD031 (LA),
for 12 h. Cytokine levels in the culture supernatants
were determined by enzyme-linked immunosorbent as-
say and phenotypic analysis of DC was investigated by
flow cytometry.

RESULTS: BB and LC in single-cultured DC increased
the expression of I-Ad, CD86 and CD40 (I-Ad, 18.51 vs
30.88, 46.11; CD86, 62.74 vs 92.7, 104.12; CD40, 0.67
vs 6.39, 3.37, P < 0.05). All of the experimental probiot-
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ics increased the production of inflammatory cytokines,
interleukin (IL)-6 and tumor necrosis factor (TNF)-o.
However, in the normal co-culture systems, LC and LA
decreased the expression of I-A’ (39.46 vs 30.32, 33.26,
P < 0.05), and none of the experimental probiotics in-
creased the levels of IL-6 or TNF-a. In the inverted co-
culture systems, LC decreased the expression of CD40
(1.36 vs -2.27, P < 0.05), and all of the experimental
probiotics decreased the levels of IL-6. In addition, BL
increased the production of IL-10 (103.8 vs 166.0, P
< 0.05) and LC and LA increased transforming growth
factor-B secretion (235.9 vs 618.9, 607.6, P < 0.05).

CONCLUSION: These results suggest that specific pro-
biotic strains exert differential immune modulation me-
diated by the interaction of dendritic cells and epithelial
cells in the homeostasis of gastrointestinal tract.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

The gastrointestinal (GI) tract is an immunologic organ
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with continuous antigen exposure in the form of food,
normal bacteria and pathogens. Despite numerous anti-
genic challenges, the complicated mucosal immune sys-
tem maintains GI homeostasis 2z the concerted actions
of the various mucosal immune cells. Dendritic cells (DC),
dedicated antigen-presenting cells, modulate the immune
balance in the GI tract'’. DC can take up antigens directly
by extending their dendrites into the lumen or indirectly
after transport of the antigens by M cells ovetlying Peyet’s
patch™. Antigen-carrying DC may traffic through the
lymphatics to the mesenteric lymph nodes'" mediating
the homing of activated effector/memory T cells and
IgA-secreting B cells™ and inducing regulatory T cells
to produce interleukin (IL)-10 and transforming growth
factor (TGF)-B"™. These roles depend on the regulation
of cell surface expression of co-stimulatory molecules
and production of inflammatory chemokines and cyto-
kines” .

DC can recognize and present microbial components
using pattern receptor system which includes toll-like-re-
ceptor (TLR). TLR can interact with microorganism-asso-
ciated molecules such as peptidoglycan, lipoprotein, and
lipopolysaccharide“2’16]. Bifidobacterinm and Lactobacillus are
major components of the commensal microbes of the GI
tract and atre frequently used as probioticsm’lsj. Probiotics,
defined as live microorganisms which, when consumed
in appropriate amounts in food, confer a health benefit
on the host", exert various host ?hysiological responses
such as immunomodulatory effect””. Recent experiments
reported that DC could be modulated by probiotics.
Several Lactobacillus species could regulate DC surface
expression and cytokine production. In addition, the
probiotics mixture VSL No. 3 upregulated the expression
of major histocompatibility complex (MHC) class I and
co-stimulation molecules”

DC are often located close to epithelial cells, populat-
ing the subepithelial dome of Peyer’s patches, immedi-
ately adjacent to the follicle-associated epithelium and
the lamina propria®*Y. Intestinal epithelial cells secrete
many mediators, including functional peptides such as
defensins, mucins, chemokines, and cytokines such as
IL 8¥% TLR5 on the epithelium is a key mediator of
pro-inflammatory responses to flagella from commensal
bacteria™”. Flagella also stimulate the maturation of re-
sponsive DC™,

Interaction between DC and epithelial cells is integral
to the intestinal immune system. We hypothesized that
epithelial cells stimulated by probiotics could regulate the
maturation of DC. Accordingly, the present study investi-
gated the pattern of cytokine production and the surface
phenotype of DC in the presence of epithelial cells polar-
ized by heat-killed probiotic bacteria.

MATERIALS AND METHODS

Preparation of probiotic bacteria

Bifidobacterium bifidun BGN4 (BB) was isolated from heal-
thy infant fecal matter and identified in our laboratorym.
Bifidobacterinm lactis ADO11 (BL), Lactobacillus casei IBS041
LO), and Lactobacillus acidophilus AD031 (LA) were provid-
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ed by the Research Institute of Bifido Co. Ltd. (Hongchun,
Gangwondo, South Korea). Four probiotic bacteria were
anaerobically propagated in de Man, Rogosa, and Sharpe
(Difco, Detroit, M1, United States) broth containing 0.05%
L-cysteine (Sigma, St. Louis, MO, United States) at 37 C
until mid-log phase was reached. Subsequently, probiotics
were inoculated at 1% and anaerobically cultured in de
Man, Rogosa, and Sharpe (Difco) broth containing 0.05%
L-cysteine (Sigma) at 37 ‘C. Lactobacillus species were incu-
bated for 16 h, and Bifidobacteirum species were incubated
for 24 h to late log phase. The bacteria were collected by
centrifugation at 1000 X g for 15 min at 4 'C and washed
twice with phosphate-buffered saline (PBS). After wash-
ing, the bacteria were resuspended in 1 mL of PBS and
incubated at 95 ‘C for 30 min to prepare heat-killed bac-
teria cells. The killed bacteria were collected by centrifuga-
tion at 1000 X g for 15 min and then lyophilized (Combi-
514R, Hanil Science Industrial, Seoul, South Korea).

Generation of CMT-93 monolayers

CMT93 was derived from carcinomas of C57BL mouse
large intestine. The cells have an epithelial morphology
and forms acini, junctional complexes, and microvilli with
attached glycoproteinm]. CMT-93 cells were maintained
in DMEM (Gibco Life Technologies, United Kingdom)
supplemented with 10% heat-inactivated fetal bovine se-
rum (FBS) (Invitrogen, Paisley, United Kingdom) and 1%
penicillin/streptomycin (Invitrogen), and were incubated
at 37 'C in a humidified atmosphere of 5% CO2. Mono-
layers were grown in 24-well Corning Costar Transwell
plates (Corning Inc., United States) with 3 pm pore-size
filter inserts. In the normal co-culture system, 5 X 10°
cells were seeded into the inserts, and the wells were filled
with 1 mL medium. In the inverted co-culture system,
inserts were removed and inverted in tissue culture dishes,
and the cells of the same volume were seeded to the ex-
posed filter membrane. The culture dishes were filled with
enough medium to sink the inserts. The transwell inserts
were cultured for 3-4 d until CMT-93 established mono-
layers. Confluence of the cells was confirmed when the
trans-epithelial electrical resistance (TEER; Millicell ERS
Ohmmeter, Millipore, Eschborn, Germany) exceeded the
cut-off point of 250 Q/ cm’.

JAWS I cell preparation

JAWS I, mouse bone marrow-derived immature DC™,
were maintained in a-MEM (Gibco) supplemented with
5 ng/ml GM-CSF (Sigma, St. Louis, MO, United States),
20% heat-inactivated FBS (Invitrogen), and 1% penicil-
lin/streptomycin (Invitrogen). The mixture was incubated
at 37 'C in a humidified atmosphere of 5% COa. The
cells were cultured at a 1/2 subcultivation ratio for 5-6 d
in complete medium.

Co-culture experiment model

The co-culture experiment model is shown in Figure 1.
JAWS II cells were harvested, washed, and resuspend-
ed in RPMI1640 complete medium (Gibco) containing
5 ng/ml. GM-CSF (Sigma), 10% heat-inactivated FBS
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Figure 1 Effect of non-stimulated intestinal epithelial cells on surface
phenotype of dendritic cells. Fluorescence activated cell sorter analysis of
dendritic cells (DC) cultured alone or co-cultured with non-stimulated epithelial
cell monolayers for 12 h showing DC surface phenotype by staining with I-A’.
Data are shown as the mean fluorescent intensity (MFI) + SEM of three repre-
sentative experiments. Significant difference between the single culture and co-
culture as determined by Student's t-test (P < 0.01).

(Invitrogen), and 1% penicillin/streptomycin (Invitrogen).
A total of 1 x 10° JAWS I cells were added into lower
chambers, and the normal and inverted cultured CMT-93
monolayer inserts were placed in the JAWS 1II seeded
transwell plates. One hundred pug/mL of the experimen-
tal bactetia or 10 pg/mL of LPS (Sigma) were added to
the CMT-93 monolayer inserts. For comparison, JAWS II
cells were also plated at the same concentration in 24 well
tissue culture plates (Corning Inc.), and the same amount
of the bacteria or LPS were added to the cells. The single-
or co-cultured cells were incubated with 1 mIL RPMI1640
complete medium at 37 ‘C in a humidified atmosphere of
5% COz2 for 12 h.

Flow cytometry analysis

Incubated JAWS II cells were harvested and washed three
times in cold FACS buffer (Dulbecco’s PBS; Gibco,
2% FBS) and then stained with the approPriate mono-
clonal antibodies: PE-conjugated anti-I-A®, anti-CD80,
anti-CD86, and anti-CD40 at a final concentration of
10 pg/mL for 30 min at 4 C in the dark. Isotype control
antibodies were hamster 1gG2 k, rat IgG2a k, and mouse
IgG2b. The stained cells were analyzed immediately by
FACSCalibur (Becton Dickinson, San Diego, CA, United
States). All of the antibodies used in this flow cytometry
analysis were purchased from Pharmingen (San Diego,

CA, United States).

Cytokine measurement

JAWS 1T cell supernatants were harvested from the lower
chamber of the Transwell or from the JAWS II cultured-
alone plate following incubation, and were assayed for
levels of 1L-6, I1L-10, IL-12p70, tumor necrosis factor
(TNF)-a, and TGF- using enzyme-linked immunosor-
bent assay . Briefly, Nunc-Immuno-Maxisorp plates (Nunc,
Roskilde, Denmatk) were coated with 2 pg/mL of rat
anti-mouse 1L-6 and TGF-f capture antibodies in coating
buffer (1.6 g/L Na2COs, 7.1 g/L. NaHCOs), pH 9.5, or
2 png/mL of rat anti-mouse IL-10, IL-12p70, and TNF-a
capture antibodies in coating buffer (11.8 g/ NazHPOq,
16.1 g/ NaH2POs), pH 6.5, overnight at 4 'C. After
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washing and blocking, 100 pl. of 1:100 diluted (IL-0)
or undiluted (IL-10, IL-12p70, TNF-o0 and TGF-p) su-
pernatant was added to individual wells and incubated
overnight at 4 C. Plates were washed, and biotinylated rat
anti-mouse 11-6, 11.-10, I1L-12p70, TNF-a and TGF-f
monoclonal antibodies (2 pg/mL) and HRP-conjugated
streptavidin were added to the plates for cytokine de-
tection for 1 h at room temperature. The reactions were
developed with the 3,3’,5,5-tetramethylbenzidine substra-
te (Fluka, Neu-Ulm, Switzerland) for 30 min at room
temperature. The color reactions were stopped with 2 N
H>SO4 and analyzed at 450 nm. Equivalent levels of 1L-6,
1L-10, IL-12p70, TNF-a and TGF-§ were measured for
comparison with a reference curve generated using stan-

dards of these cytokines.

Statistical analyses

Data are presented as the mean & SE, indicated by bars
in the figures. All statistical analyses were performed us-
ing SPSS 12.0K for Windows (SPSS Inc., Chicago, 1L,
United States). Differences between the single culture and
co-culture were determined by Student’s t-test, and differ-
ences between cytokine levels were analyzed by analysis
of variance followed by Duncan’s multiple range test. The
P values < 0.05 were considered to be statistically signifi-
cant.

RESULTS

Development of stable CMT-93 epithelial cell monolayers
To obtain stable CMT-93 intestinal epithelial cell mono-
layers, we monitored the culture every day for TEER
using a Millicell-ERS ohmmeter for a period of 7 d. On
day 3, normal insert monolayer integrity was obtained at
300-500 Q/cm’, and inverted insert monolayer integrity
was obtained at 250-350 Q/cm’. In addition, the genera-
tion of epithelial cell monolayers was observed on the
surface of the inserts by microscope (data not shown).
Monolayers between day 3 and 4 were used for co-culture
experiments. After co-culture with DC for 12, the integti-
ty of CMT-93 monolayer was evaluated by TEER. There
was no difference between before and after co-culture in
terms of the resistances within the margin of error.

Dendritic cells phenotype modulation during co-
culturing with epithelial cells

DC surface phenotypes were compared in the presence
and absence of epithelial cells. The expression of MHC
class 11 I-A" on the normal and the inverted co-cultured
DCs was upregulated compared with that of the single-
cultured DC (single culture, 18.51 £ 2.86; normal co-
culture, 39.46 * 2.53; inverted co-culture, 52.03 + 2.41;
Figure 1). Co-culture with epithelial cells did not alter the
DC surface expression of CD80, CD86 and CD40 (data

not shown).
Effect of probiotics on the expression of major histocom-

patibility complex class I and costimulatory molecules
We performed flow cytometery analyses to examine the
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effects of BL, BB, LC, LA, LPS and control on single- or
co-cultured immature DC surface phenotypes. In the DC
single culture, the expression of MHC class 1I LAY was
significantly increased by stimulation with BL, BB, and L.C
compared with the control (Figure 2). In the normal co-
culture, the expression of I-Awas significantly decreased
by the stimulation of LC and LA compared with the con-
trol. In the inverted co-culture, none of the experimental
probiotics modulated the expression of LAY

BL and LA significantly downregulated the expression
of CD80 in the single-cultured DC. However, none of
the experimental probiotics regulated CD80 in the normal
and inverted co-cultured DC (Figure 3A).

BB and LC upregulated the expressions of CD86 and
CD40 in the single-cultured DC, whereas none of the ex-
perimental probiotics regulated the expression of CD86
in the normal or inverted co-cultured DC (Figure 3B).
LC significantly downregulated the expression of CD40
in the inverted co-cultured DC compared with medium
alone (Figure 3C).

Cytokine profiles in dendritic cells supernatant by co-
culturing with epithelial cells

The levels of 11.-6, 11.-12p70, TNF-o and TGF-f from
the co-cultured system were significantly reduced com-
pared with those from the single-cultured DC (Figure 4A
and C-E); however, the production of 11.-10 showed no
decrease in the co-cultured DC.

Effect of probiotics on the cytokine production in the co-
culture system

We quantified the cytokine levels in the single- and co-
cultured DC supernatants to investigate the effect of the
experimental probiotics on the production of cytokines.
LPS was used as a stimulator control to compare with
non-treated naive control. In the single-cultured DC,
stimulation with the experimental probiotic bacteria mark-
edly increased the production of IL-6 and TNF-¢, com-
pared with the control (Figure 4A and D). In the normal
co-cultured DC, the levels of 1L-6 stimulated by BB and
LC and the level of TNF-q, stimulated by LA were lower
than those of non-stimulated control. In the inverted co-
cultured DC, all of the experimental bacteria significantly
decreased the production of IL-6 compared with the
control, but had no significant effect on the production
of TNF-q.

In the single-culture, the level of IL-10 in DC stimu-
lated by BL, LC,and LA was higher than that in the con-
trol DC (Figure 4B). The levels of 11.-10 from the normal
co-cultured DC stimulated by BL, BB and LC were lower.
IL-10 from the inverted co-cultured DC stimulated by BL
was higher than that from the control.

In the single-cultured DC all of the experimental
probiotics decreased the production of IL-12p70. In the
normal co-cultured DC only BL increased the production
of 1L-12p70. In the inverted co-cultured DC the levels of
IL-12p70 stimulated by all of the experimental probiotics
were similar to that of control.

BL, BB and L.C in the single-cultured DC decreased
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the production of TGF-B. The levels of TGF-f in all of
the treated groups in the normal co-culture system were
similar to that from the non-stimulated control but in the

inverted co-cultured system LC and LA significantly in-
creased the production of TGF- (Figure 4C and E).

DISCUSSION

The modulatory effect of probiotics on the host immune
system was reported in iz vivo experiments and clinical
trials”". However, the exact mechanism of the immuno-
modulatory effect of probiotics, especially with respect to
the interaction between DC and epithelial cells in the pres-
ence of probiotics, has not been well elucidated. In the
present study, we investigated the effect of heat-killed BL,
BB, LC and LA on the modulation of JAWS II (DC) us-
ing an 7 vitro co-culture model. I vitro, live bacteria grown
by geometric progression exhausted culture nutrients,
produced vatious acid metabolites, and induced necrosis
of the cultured animal cells within a few hours. Therefore,
the treatment of the host cells with live bacteria was inap-
propriate. The adhesive properties of heat killed bacteria
might be differentially modified by the heat treatment
depending on the specific strain of the experimental
bactetia. However, a previous study reported that oral ad-
ministration of heat-killed and lyophilized BB could sup-
press the occurrence of allergy by the immune regulatory
actions in the mouse allergy model™, which implied that
heat-killed and lyophilized bacteria could maintain their
immunomodulatory effects.

To simulate the interaction between DC and epithelial
cells in the intestinal environment, we used a transwell co-
culture system with CMT93 epithelial cell lines™. CMT93
was derived from the same mouse origins as JAWS I,
C57BL mouse, and forms junction complexes. A previ-
ous study reported that there was a gap junctional com-
munication between murine lymphocytes and CMT93
epithelial cells, and gap junctional communication might
regulate cell functions™. Nonpathogenic intestinal bac-
teria can induce DC migration into the epithelial layer
and recruit DC uptake of bacteria and apoptotic frag-
ments derived from apoptotic epithelial cells to maintain
peripheral self-tolerance™". In the normal co-culture
system, there was an insert membrane and a gap of 1 mm
between JAWS I and CMT93. On the other hand, an in-
verted co-culture model was established by the generation
of a CMT93 monolayer on the underside of the inverted
insert. A previous study demonstrated that DCs directly
interacted with luminal bacteria using CX5CR1-mediated
trans-epithelial dendrites™.

DC interact with microbes and distinguish gram posi-
tive, negative, or closely related organisms using TLR and
present the processed antigens through MHC class II 121691
DC then mediate T' cell activation, which is regulated by
MHC class 1T molecules, co-stimulatory molecules such
as CD80 and CD86, and cytokines'™’.

In the single-cultured systems BB and L.C upregulated
the expression of MHC class 1I LA, CD86, and CD40,
while all of the experimental probiotics attenuated IL-
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Figure 4 Effect of probiotics on the production of cytokines from single- or co-cultured dendritic cells. Supernatants were obtained from probiotic-treated
dendritic cells (DC) cultured in the presence or absence of intestinal monolayers for 12 h. Levels of interleutkin (IL)-6 (A), IL-10 (B), IL-12p70 (C), tumor necrosis fac-
tor (TNF)-a. (D), and transforming growth factor(TGF)-f3 (E) were determined by enzyme-linked immunosorbent assay. Data are shown as mean + SE of three repre-
sentative experiments. Different letters indicate significant differences among the control, lipopolysaccharides (LPS), and probiotics determined by Duncan’s multiple
range test (P < 0.05). Significant difference between the single culture and co-culture as determined by Student's t-test (P < 0.05). BL: Bifidobacterium lactis AD011;
BB: Bifidobacterium bifidum BGN4; LC: Lactobacillus casei IBS041; LA: Lactobacillus acidophilus AD031.

12p70 secretion. 11.-12 directed the differentiation of T the results of these earlier studies suggested that probi-

cells toa Thl phenotype[m' Nier reported that Bifidobacte-
rinm bifidum enhanced the expression of CD86 and MHC
class II in human neonatal DC, which led in turn to the
polarization of IFN-y-producing T cells'™”. Mohamadza-
deh ez ol showed that Lactobacillus gasseri, Lactobacillus
Jobnsonni, and Lactobacillus renteri upregulated the expres-
sion of MHC class II, CD40, CD80 and CD86 in human
myeloid DC and increased the level of I1.-12p70 which
induced the polarization from CD4(+) and CD8(+) T
cells to T helper 1 and Tcl cells. Meanwhile, Drakes ¢# al™
showed that probiotic products containing Lactobacillus
and Bifidobacterinm upregulated the expression of MHC
class II, CD40, CD80 and CD86, and did not induce
the production of IL.-12p70 in mouse DC. Additionally,
mouse bone marrow-derived DC treated with Lactobacillus
reuteri induced Th2 immune responsem. Taken together,
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otics upregulated the expression of MHC class II and
differently modulated co-stimulatory molecules such as
1L-12p70 and T' cell polarization, depending on the DC
origin and the strain of probiotics.

Interestingly, in the present study the effects of pro-
biotics on cytokine production and the surface phenotype
in co-cultured DC with epithelial cells were markedly
different from those in single-cultured DC. All of the ex-
perimental probiotics induced the production of pro-in-
flammatory cytokines, I1.-6 and TNF-q, in the single cul-
tured DC. TNF-¢ mediated vatious immune responsesm],
and over-production of TNF-q, could play a role in tissue
damage and intestinal pathologiesm’%]. In contrast with
the results from the single system the experimental pro-
biotics reduced or did not affect the expression of LAY,
CD86 and CD40 or the production of I1.-6, IL.-12p70

March 28,2012 | Volume 18 | Issue 12 |



and TNF-qa in inverted co-cultured DC. These findings
suggest that epithelial cells are essential components of
the immune system to be considered in assessing the ef-
fects of probiotics on the regulation of the gastrointesti-
nal immune system. Consequently, previous studies which
employed only DC cells without epithelial cells might
have provided only partial pictures or sometimes mislead-
ing information about the interaction of the probiotics
with DC cells.

Previously, Haller ez /""" showed that I actobacillus jobnsonii
increased the production of TGF-B in human epithelial
cell lines co-cultured with leucocytes. In our study, BL,
LC and LA induced IL-10 secretion from single-cultured
DC. In an inverted co-culture system, BL increased 11L.-10
secretion, and LC and LA increased TGF-f3 secretion.
IL-10 was known to activate regulatory T cells™. TGF-B
which is an important factor in enhancing the differentia-
tion of regulatory Th3 cells was reported to have wide-
ranging immunomodulatory propertiesl49’501. Th3 cells sup-
press Thl and other immune responses and maintain oral
tolerance™"". Conceivably, enhanced secretion of 11.-10
or TGF- observed in the co-culture systems by BL, L.C
and LA might contribute to the activation of regulatory
T cells in the intestinal tracts. The present study is novel
since we assessed the effect of probiotics on immune-
modulation in a co-culture model. We suggest that a co-
culture model better reflects the environmental status
of the in vivo immune system. Our model supports the
hypothesis that the interaction of DC and epithelial cells
stimulated with probiotics may help maintain intestinal
homeostasis by downregulating the production of inflam-
matory cytokines and expression of MHC class II in DC.

COMMENTS

Background

It is known that dendritic cells (DCs) modulate the immune balance in the
intestinal tract by mediating the activation of different subsets of T cells. The
functions and differentiation of the DCs may be modulated by probiotics. To
better understand the role of the probiotics in the intestinal immune system the
interactions of probiotics in the context of epithelial cells and DCs need to be
assessed.

Research frontiers

Intestinal epithelial cells secrete various immunological mediators, but the in-
teractions between probiotics, intestinal epithelial cells, and DCs were not fully
known. The present study investigated the pattern of cytokine production and
the surface phenotype of DCs in the presence of epithelial cells polarized by
heat-killed probiotic bacteria.

Innovations and breakthroughs

The present study showed the differential effects of probiotics between the
single cultured and the co-cultured DCs. We suggest that a co-culture model
better reflects the environmental status of the in vivo immune system. The inter-
action of DCs and epithelial cells polarized with probiotics may contribute to the
homeostasis of the immune system in the intestinal tracts.

Applications

The employment of the co-cuture system may facilitate the development of pro-
biotic bacteria with immunomodulatory effects for people with hypersensitive or
imbalanced immune symptoms.

Peer review

The study is well-conducted and results are interesting. However, the results
are curiously reported in a confusing manner. Moreover, some controls are
needed and the positive control used should be more justified.
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Abstract

AIM: To investigate whether hepatitis B virus (HBV)
could induce a hepatitis B virus core antigen (HBcAQ)-
specific cytotoxic T lymphocyte (CTL) response in vi-
tro by dendritic cells (DCs) transduced with lentiviral
vector-encoding ubiquitinated hepatitis B virus core an-
tigen (LV-Ub-HBcAQ).

METHODS: Recombinant LV-Ub-HBcAg were transfect-
ed into highly susceptible 293 T cells to obtain high virus
titres. Bone marrow-derived DCs isolated from BALB/c
mice were cultured with recombinant granulocyte-ma-
crophage colony-stimulating factor and recombinant
interleukin (IL)-4. LV-Ub-HBcAg, lentiviral vector-encod-
ing hepatitis B virus core antigen (LV-HBcAg), lentiviral
vector (LV) or lipopolysaccharide were added to induce
DC maturation, and the DC phenotypes were analyzed
by flow cytometry. The level of IL-12 in the supernatant
was detected by enzyme-linked immunosorbent assay
(ELISA). T lymphocytes were proliferated using Cell
Counting Kit-8. DCs were cultured and induced to ma-
ture using different LVs, and co-cultured with allogeneic
T cells to detect the secretion levels of IL-2, IL-4, IL-10
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and interferon-y in the supernatants of T cells by ELISA.
Intracellular cytokines of proliferative T cells were ana-
lyzed by flow cytometry, and specific CTL activity was
measured by a lactate dehydrogenase release assay.

RESULTS: LV-Ub-HBcAg-induced DCs secreted more
IL-12 and upregulated the expression of CD80, CD86
and major histocompatibility class II. DCs sensitised by
different LVs effectively promoted cytokine secretion;
the levels of IL-2 and interferon-y induced by LV-Ub-
HBcAg were higher than those induced by LV-HBcAg.
Compared with LV-HBcAg-transduced DCs, LV-Ub-
HBcAg-transduced DCs more efficiently stimulated the
proliferation of T lymphocytes and generated HBcAg-
specific cytotoxic T lymphocytes.

CONCLUSION: LV-Ub-HBcAg effectively induced DC
maturation. The mature DCs efficiently induced T cell
polarisation to Th1l and generated HBcAg-specific CTLs.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Hepatitis B virus (HBV) infection is a serious public health
problem, particularly in Asia and South Africa'. Notably,
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an effective T' cell response is critical for virus clearance,
and defective cytotoxic T' lymphocytes (CTLs) may lead
to persistent HBV infection'. Moreover, the defective
CTL response was ascribed to the impaired dendritic cell
(DC) function”, Promoting and improving DC function
is a promising approach to combating persistent HBV
infection.

Various methods have been attempted to modify DC
function, including the use of protein antigens, cytokines,
costimulatory molecules, and signalling E}athway ligands
known to activate the immune response% . Nevertheless,
these methods may be insufficient to induce a strong an-
tigen-specific immune response. Further enhancement of
the immune response to HBV-specific CTL may be more
conducive to clear the HBV. Thus, a novel therapeutic ap-
proach is needed to activate T cell expansion and induce
a strong antigen-specific T' cell response.

Ubiquitin (Ub) is a highly conserved small regulatory
protein, ubiquitous in eukaryotes, that usually serves as
a signal for the target protein that is recognized and de-
graded in proteasomes". The Ub-mediated processing of
antigens is rapid and efficient and stimulates cell-mediated
immune responses. Accordingly, Ub-mediated processing
of antigens has been widely used in chronic infection and
cancer studies to improve immune response. Wang ef al”
tound that an Ub-fused Mycobacterinm tuberculosis antigen
ESAT-6 DNA vaccine significantly increased the antigen-
specific cellular immune response in BALB/c¢ mice. That
study confirmed that the Thl-type immune response
and CTL activity were enhanced by changing the anti-
gen processing. Zhang et al” reported that Ub-fused
melanoma antigens induced antigen proteins to execute
proteasome-dependent degradation and created epitopes
of major histocompatibility complex (MHC) class I, re-
sulting in the preferential activation of antigen-specific
CD8" T cells.

Retroviral and adenoviral vectors have been the focus
of many studies because of their high efficiency. Lenti-
virus vectors (LVs) transfect both dividing and relatively
quiescent cells and have been widely used to modify
DCs'"""?. The aim of this study was to investigate the ca-
pacity of DCs transfected with LVs encoding the ubiqui-
tinated hepatitis B virus core antigen (LV-Ub-HBcAg-DC)
to stimulate lymphocyte proliferation and to generate
antigen-specific CTLs. The results may provide effective
approaches to the control of persistent HBV infection.

MATERIALS AND METHODS

Animals

BALB/c mice (H-2"), 6-8 wk old, were purchased from
the Shanghai Experimental Animal Centre of the Chinese
Academy of Sciences and maintained under pathogen-
free conditions. Mice were cared for and treated in ac-
cordance with the guidelines established by the Shanghai
Public Health Service Policy on the Humane Care and
Use of Laboratory Animals.

Cell lines
HEK293T cells were cultured in Dulbecco’s modified
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Eagle’s medium (Invitrogen, Gaithersburg, MD, United
States) supplemented with 10% foetal bovine serum
(Gibco, Grand Island, NY, United States), penicillin (100
U/mL), and streptomycin (100 mg/ml.) at 37 C in 5%
COz. The H-2* mastocytoma cell line P815/¢ (expressing
the HBV core antigen) was maintained in our lab.

Construction of lentiviral vectors

The plasmid pcDNA3.1(-)-Ub-HBcAg was constructed
and maintained in our lab. The Ub-HBeAg gene was am-
plified by polymerase chain reaction (PCR). The prim-
ers used were: Ub-HBcAg: forward: CGTGGGATC-
CATGCA GATCTTCGTGAAG, reverse: CGCACG
CGTCTAACATTGAGATTCCCGAG from plasmid
pcDNA3.1(-)-Ub-HBcAg. The purified Ub-HBcAg frag-
ment was cloned into the pWPLXd vector (provided by
Prof. Jianming Li, Nanjing, China) using BawH 1 and
Miu 1 restriction sites. The recombinant pWPLXd- Ub-
HBcAg plasmid was confirmed by restriction enzyme
digestion and DNA sequencing. LV-Ub-HBcAg was de-
rived by a combined transfection of three elements: 10 pg
pWPLXd-Ub-HBcAg backbone plasmid, 5 pug psPAX2
packaging plasmid, and 5 ug PMD2.G envelope plasmid.
We transiently transfected 293T cells with plasmids using
Lipofectamine 2000 (Invitrogen, Catlsbad, CA, United
States). Two days after the transfection, the viral superna-
tant was collected and filtered through a 0.45-pum filter.
Concentrated vectors for the 7 vitro studies were prepared
by ultracentrifugation at 25 000 rpm and 4 ‘C for 90 min.
Viral pellets were resuspended in 2 mL sterile phosphate-
buffered saline (PBS) and stored at -80 C.

The control plasmid was constructed by inserting
the HBcAg fragment into the BazH 1 and M/u | site of
the pWPLXd plasmid and named pWPLXd-HBcAg. LV
particles (LV-HBcAg) were produced by Lipofectamine
transfection into 293T cells.

To determine the titre of the green fluorescent pro-
tein (GIP)-expressing vector, 293T cells (1 X 10° cells/
well) were infected with serially diluted viral supernatant.
On day 2, the infected cells expressing GFP were count-
ed by flow cytometry. The titre was calculated as: trans-
duction units per mL (TU) = the number of infected
cells/volume of virus supernatant.

Western blotting

The 293T cells were seeded in six-well plates at 1 X 10°
cells/well. LV-Ub-HBcAg, LV-HBcAg or LV was added
at an multiplicity of infection (MOI) of 1. In some ex-
periments, a specific inhibitor of proteasomes, MG132,
was used at 10 umol. The cells were harvested 48 h after
infection, washed twice with PBS, gently dispersed into
a single-cell suspension and homogenised using RIPA
lysis buffer. Protein concentrations were determined us-
ing the Pierce BCA Protein Assay Reagent kit (Rockford,
IL, United States). Homogenates were diluted to the
desired protein concentration with 2 X SDS-PAGE load-
ing buffer (Invitrogen). Samples were boiled and loaded
onto polyacrylamide mini-gels (Invitrogen) for electro-
phoresis. Proteins from the gels were transferred to Im-
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mobilon-PVDF membranes (Millipore Corp., Bedford,
MA, United States) using a semi-dry apparatus (Bio-Rad,
Hercules, CA, United States). A mouse anti-human HB-
cAg monoclonal antibody (Santa Cruz Biotechnology,
Santa Cruz, CA, United States) was used as the primary
antibody, and horseradish peroxidase-conjugated goat
anti-mouse immunoglobulin-G antibody was used as the
secondary antibody.

Dendritic cell generation

Femurs and tibiae of Babl/c mice were removed and
purified from the surrounding muscle tissues. Thereafter,
intact bones were left in 70% ethanol for 5 min for dis-
infection and then washed with PBS. Both ends were cut
with scissors and the marrow was flushed with PBS using
a syringe with a 0.45-mm diameter needle. Clusters within
the marrow suspension were disintegrated by vigorous
pipetting. Bone marrow cells were cultured at 2 X 10°
cells/ml. in complete RPMI 1640 culture medium (con-
taining 10% FBS, 100 U/mL penicillin, and 100 mg/mL
streptomycin) in the presence of 20 ng/ml. murine gran-
ulocyte-macrophage colony-stimulating factor (GM-CSF)
(PeproTech, Rocky Hill, United states) and 10 ng/mlL.
murine IL-4 (mIL-4; PeproTech). Nonadherent single
cells were gently removed, and fresh medium containing
murine GM-CSF and mIL-4 was added on day 3 after
beginning culture.

Dendritic cell immunophenotyping

On day 5, immature DCs were cultured for an additional
96 h in the presence of LV-Ub-HBcAg, LV-HBcAg or
LV (MOI = 20), and lipopolysaccharide (LPS, 0.5 mg/
ml,; Sigma-Aldrich, St. Louis, MO, United States) was
used as a control group. On day 9, non-adherent and
loosely adherent cells were harvested as DCs. The expres-
sion of DC surface molecules was analyzed by incubation
with allophycocyanin-labelled anti-mouse CD11c, CD80,
CD86 and MHC class II (eBioscience, San Diego, CA,
United States). The stained cells were analyzed by flow
cytometty.

Interleukin-12 production

On day 5, immature DCs were infected with LV-Ub-
HBcAg, LV-HBcAg, or LV (MOI = 20) for 72 h. On day
8, the IL.-12 levels in harvested supernatants of mature
DCs were measured using a standard sandwich enzyme-
linked immunosorbent assay (ELISA) kit (R and D Sys-
tems, Minneapolis, MN, United States) according to the
manufacturer’s instructions.

Mixed leukocyte reaction

On day 9, harvested mature DCs were pre-treated with
25 pg/ml. mitomycin C and 5% CO: for 30 min at 37 C.
Mouse spleens were dissociated on 200-gauge nylon
mesh. Splenocytes were collected and treated with lysis
buffer to eliminate red cells, washed, and resuspended in
RPMI-1640 with 10% FBS. Lymphocytes were derived
from splenocytes using nylon wool columns. Single-cell
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suspensions of lymphocytes (5 X 10” cells/well) were
grown in 96-well plates. Lymphocytes were co-cultured
with mature DCs at different responder/stimulator (T
cell/DC) ratios (5:1, 10:1 or 20:1) for 72 h. The cells were
incubated in a final volume of 200-ul. complete RPMI
1640 for 72 h, and 10-uL. Cell Counting Kit-8 solution
(Beyotime Institute of Biotechnology, Haimen, China)
was added to the plates for 4 h at 37 C. The absorbance
was finally read at 450 nm.

Cytokine production

Splenocytes from mice were cultured in 96-well culture
plates in the presence of mature DCs for 4 d at a T-cell
to DC ratio of 10:1, and the supernatants were collected.
The levels of different cytokines [interferon (IFN)-y,
1L-2, IL-4 and IL-10] in the supernatants of proliferat-
ing T cells were measured using commercial ELISA kits
according to the manufacturer’s protocol (R and D Sys-
tems). Data were expressed as pg/mL..

IFN-y production was detected by intracellular stain-
ing and flow cytometry. The above proliferative T cells
were suspended in complete RPMI 1640 and stimulated
for 6 h in the presence of 25 ug/mL photbol 12-my-
ristate 13-acetate, 1 pg/mL ionomycin and 1.7 pg/mL
monensin (Sigma). After washed with PBS, the cells were
stained with FITC-conjugated anti-CD8a, mAb (eBiosci-
ence) for 30 min at 4 'C, washed with PBS, fixed with
4% paraformaldehyde, and permeabilised with PBS con-
taining 0.5% saponin (both from BD, Shanghai, China).
Cells were incubated with PE-labelled anti-INF-y McAb
(eBioscience) for 30 min at 4 C, washed with PBS, and
analyzed by flow cytometry.

Hepatitis B virus core antigen-specific cytotoxic T
lymphocytes activity

The former stimulated splenocytes (5 X 10°/mL) were
used as effectors, and the P815/c cell line was used as tar-
get cells. P815/c cells were seeded at a density of 5 x 10"
cells/well in 96-well plates. Effector cells were incubated
with P815/c at different effector and tatget (E/T) ratios
(12.5:1, 25:1 or 50:1) at 37 ‘C under 5% CO:2 for 4 h. The
HBcAg-specific CTL activity was measured using a Cyto-
Tox 96® Non-Radioactive Cytotoxicity Assay (Promega,
Madison WI, United States) for lactate dehydrogenase
(LDH) release according to the manufacturet’s instruc-
tions. The absorbance values of the supernatants were
recorded at optical density 450 nm. Percent cytotoxicity
was calculated as follows: [(Experimental release - Effec-
tor spontancous release - Target spontaneous release)/
(Target maximum release - Target spontaneous release)]

% 100%.

Statistical analysis

Results were expressed as mean = SD. Differences be-
tween groups was determined using Student’s # test, and
the differences between two or more groups were deter-
mined using a one-factor analysis of variance. Data were
considered statistically significant at P < 0.05.
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Figure 1 Schematic diagram, electrophoresis of ubiquitinated hepatitis B virus core antigen and HBcAg genes, pWPXLd-Ub-HBcAg digested by BamH I
and Mlu 1, and HBcAg protein expression (about 21 kDa). A: Schematic diagram of pWPXLd vector; B: Lane 1, ubiquitinated hepatitis B virus core antigen (Ub-
HBcAg) polymerase chain reaction (PCR) product (780 bp); lane 2, HBcAg PCR product (552 bp); lane 3, The digested products pWPXLd-Ub-HBcAg by BamH I and
Mlu 1 ; lane 4 and lane M1, DNA marker 2000; lane M2, DNA marker 15 000; C: 293T cells were transduced with lentiviral vector (LV), LV-Ub-HBcAg or LV-HBcAg and
cultured for 48 h. MG-132 (10 mmol) was added for 24 h before harvesting the cells. Cell lysates (10 mg) were analyzed by immunoblotting with an anti-HBc antibody.
Relative expression of HBcAg was calculated by a gray value.
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Figure 2 Transduction of dendritic cells with lentiviral vectors expressing green fluorescent protein was evaluated by flow cytometry. Dendritic cells (DCs)
were seeded in six-well plates at 1 x 10° cells/well. Lentiviral vectors ubiquitinated hepatitis B virus core antigen (LV-Ub-HBcAg), lentiviral vectors hepatitis B virus

core antigen (LV-HBcAg) or lentiviral vector (LV) was added at an multiplicity of infection of 20. GFP: Green fluorescent protein.

RESULTS

Construction of lentiviral vectors vectors and trans-
duced dendritic cells

A 780 bp fragment of the Ub-HBeAg gene was cloned
into pWPXLd (Figure 1B) and packed into LVs. The
HBeAg gene was similarly assembled as a control. After
concentration, all vectors in the study achieved a titra-
tion of approximately 7.5 X 10° transducing units/mlL..
The construction procedure is shown in Figure 1A. As
expected, Ub-HBcAg expression was lower than that of
HBcAg and recovered to the same level as that of HB-
cAg when MG-132 was added to the culture (Figure 1C).
The transduction efficiency of LVs into DCs was evalu-
ated using flow cytometry by detecting GFP expression
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(Figure 2). On day 4 after infection, 56.1% of GFP-
expressing DCs were detected.

Lentiviral vector-encoding ubiquitinated hepatitis B virus

core antigen-induced dendritic cell maturation increased

IL-12 production and enhanced lymphocyte proliferation

At the end of the treatment, the amount of DCs (CD11c")
was 75% by fluorescence-activated cell sorting analysis.
MHC II, CD80 and CD86 molecules, which are chatrac-
teristic of DCs, were used to evaluate DC differentiation
and maturation. These molecules were highly expressed
in DCs transduced with LV-Ub-HBcAg compared with
those transduced with the alternatives (Figure 3). DC
function was evaluated by 1L-12 secretion and promotion
of lymphocyte proliferation. DCs transduced with LV-
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Figure 4 Interleukin-12 secretion of dendritic cells, and detection of the T
lymphocyte proliferation response. A: Interleukin-12 (IL-12) production was
measured by enzyme-linked immunosorbent assay. Experiments were repeated
in triplicate with similar results. Data shown represent the mean + SD. °P < 0.01
vs lentiviral vector-encoding hepatitis B virus core antigen (LV-HBcAg) group; B:
T cell proliferation ability. All experiments were performed twice under the same
conditions. °P < 0.01 vs LV-HBcAg group. DC: Dendritic cell; LV-Ub-HBcAg:
Lentiviral vector-encoding ubiquitinated hepatitis B virus core antigen; LV: Lenti-
viral vector.

Ub-HBcAg showed significantly higher levels of 1L-12
production and lymphocyte proliferation than did the
others (P < 0.01) (Figure 4A and B). Lymphocyte prolif-
eration capacity was enhanced by the T cell/DC ratio.

Lentiviral vector-encoding ubiquitinated hepatitis B virus
core antigen boosted cytokine production and CD8' T
cells elicited from proliferative T cells in vitro

T cells stimulated by DCs transduced with LV-Ub-HBcAg
showed increased IFN-y and I1.-2 secretion compared
with DCs transduced with LV-HBcAg (Figure 5). No sig-
nificant difference between the two groups was observed
for 1L-4 and IL-10 production. CTLs were analyzed by
intercellular IFN-y and CD8a." levels. The levels and in-
tensities of IFN-y expression were higher in the LV-Ub-
HBcAg than in the LV-HBcAg samples (Figure 6A and
B), suggesting that DCs transduced with LV-Ub-HBcAg
were effective for inducing CTLs.

Enhancement of cytotoxic T lymphocyte activity in
dendritic cells transduced with Lentiviral vector-
encoding ubiquitinated hepatitis B virus core antigen
The LDH relaxation index was determined to evaluate
the specific cytotoxicity of T lymphocytes in response
to different LV-transduced DCs. HBcAg-specific CTL
activities with different effector/target ratios are shown
in Figure 7. T lymphocytes from the LV-Ub-HBcAg-
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Figure 5 Cytokine production. Cytokine secretion of proliferative T cells. Data
represent the mean + SD. °P < 0.01 vs lentiviral vector-encoding hepatitis B
virus core antigen (LV-HBcAg) group. LV-Ub-HBcAg: Lentiviral vector-encoding
ubiquitinated hepatitis B virus core antigen; LV: Lentiviral vector; INF-y: Interfer-
on-y; IL: Interleukin.

transduced DCs killed 55.0% % 4.3% target cells at an
effector and target ratio of 50:1, which was significantly
higher than that of the LV-HBcAg-transduced DC group
(32.4% £ 5.2%) (P < 0.01). Accordingly, these results
indicated that LV-Ub-HBcAg-transduced DCs induced
strong specific CTL responses.

DISCUSSION

The development of novel immunotherapies has been
highly anticipated because HBV infection is one of the
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Figure 6 Intracellular cytokine analysis. A: The proliferative T cells were
suspended in complete RPMI 1640 (2 x 10°/mL), Intracellular cytokine analysis
by flow cytometry using CD8c.-FITC and Interferon (IFN)-y-PE antibodies. The
results are representative of one of three experiments; B: The presence of
CD8a." and IFN-y" cells . °P < 0.01 vs lentiviral vector-encoding hepatitis B virus
core antigen (LV-HBcAg) group. LV-Ub-HBcAg: Lentiviral vector-encoding ubig-
uitinated hepatitis B virus core antigen; LV-HBcAg: Lentiviral vector-encoding
hepatitis B virus core antigen; LV: Lentiviral vector.

leading causes of cancer or hepatocellular carcinoma-
related death. Several studies have demonstrated that the
main cause of viral persistence during HBV infection is
an inadequate antiviral immune response to the viral anti-
gensm’m. The viral-specific CD8" T cell response plays an
important role in the process of viral clearance. Patients
with chronic hepatitis B (CHB) or therapeutic failure
show deficient Th1l immunity associated with inefficient
CDS8" T cell cytotoxicity[lsl. Therefore, induction of CTL
responses specific to HBV represents a promising strat-
egy to protect against HBV infection.

DCs are key antigen-presenting cells that induce pri-
mary and memory immune responses. Impaired DC func-
tion is found in chronic HBV infection, in which patients
are generally in an immunocompromised state of im-
mune tolerance ™. Considerable effort has been made
to introduce antigens into DCs in the forms of peptides,

roteins, or transgenic protein antigens using viral vec-
tors"*". Various viral vectors, including poxvirus and
adenovirus, have been used to genetically modify DCs,
but low transduction efficiencies have limited their ap-
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Figure 7 Cytotoxic response of proliferative T cells. Effector cells were
incubated with P815/c at different effector/target (E/T) ratios (12.5:1, 25:1 or
50:1) for 4h. Experiments were repeated three times with similar results. Data
represent the mean + SD. °P < 0.01 vs lentiviral vector-encoding hepatitis B
virus core antigen (LV-HBcAg) group. LV-Ub-HBcAg: Lentiviral vector-encoding
ubiquitinated hepatitis B virus core antigen; LV: Lentiviral vector.

plication. We chose LVs as a gene transfer vector because
they can transduce non-dividing, monocyte-derived DCs
and bone marrow-derived DCs with very high transduc-
tion efficiencies”™ . Several reports have demonstrated
that immunizing mice with LVs by delivering viral or tu-
mor model antigens mice elicited broad and long-lasting
specific immune responses. For example, lentiviral trans-
duction of DCs expressing ovalbumin effectively proc-
essed and presented the ovalbumin antigens and induced
ovalbumin-specific T cell responsesm]. Our results con-
firmed that lentivirus-mediated gene transfer could offer
the unique opportunity to investigate the biologic activity
of DCs.

The ubiquitin-proteasome system (UPS) is a highly
selective adenosine-5’-triphosphate-dependent proteo-
Iytic system present in all eukaryotic cells and plays a key
role in antigen presentation[sl. It is well established that
short antigenic peptides must be presented on MHC
class T molecules of target cells to be recognized by spe-
cific CTLs. Proteasomes are responsible for the prote-
olysis of intracellular proteins, including viral antigens, to
generate MHC class [ ligands.

Attachment of Ub to a protein is the initial signal for
targeted protein degradation. To prevent fusion gene (Ub-
HBeAg) cleavage by deubiquitination enzymes, we con-
structed a pWPXI.d vector encoding HBcAg fused with
Ub, in which the Ub C-terminal glycine was replaced with
alanine™. Additionally, HBcAg with a modified N-ter-
minal Met residue was replaced by Arg. By this method,
the fusion protein can be quickly recognized by the UPS,
resulting in a promotion of HBcAg degradation™. In
our study, Western blotting analyses identified efficient
expression of HBcAg from the 293T cells transduced
with recombinant LVs. Ub-fused HBcAg was converted
into an excellent substrate for the UPS. We found that the
293T cells transduced with LV-Ub-HBcAg showed low
levels of protein expression in the absence of MG-132.

Immature DCs expressed low levels of surface MHC
molecules, producing almost no expression of CD40,
CD80 or CD86. Fully matured DCs showed strong sur-
face expression of MHC class II and co-stimulatory mo-
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lecules (CD80 and CD86). In our study, the surface mole-
cules CD80, CD86, and MHC class II DCs were marked-
ly upregulated by LV-Ub-HBcAg stimulation, whereas no
significant change was observed after LPS or LV-HBcAg
stimulation. An important sign of mature DCs is 1L-12
secretion. Mature DCs secrete high levels of 1L-12 that
promote activation of effector cells (e.g., natural killer
cells, lymphokine-activated killer cells, tumor-infiltrating
lymphocytes and macrophages) and induce a variety of
cytokines (e.g, IFN-y, GM-CSF, IL.-2 and 11.-8)*. T1.-12
is produced by mature DCs in response to infection by
various intracellular pathogens. This response plays a
critical role initiating a specific T cell-mediated immune
response and drives Thl cell activation and differentia-
tion™", We examined 11.-12 production after adding
different maturation factors to the culture medium. As
expected, I1L.-12-induced LV-Ub-HBcAg production of
DCs was markedly elevated compared with that pro-
duced by other treatments. In this study, LV-Ub-HBcAg-
transduced DCs not only promoted DC surface molecule
expression, but also promoted further secretion of 1L-12,
which helped stimulate the immune response.

Higher rates of intracellular antigen traffic should in-
crease the number and varieties of peptides available for
MHC class 1 binding, which may result in an increase in
the cell immune response to the expressed antigen. DCs
pulsed with HBV antigens effectively abrogated CTL tol-
erance in HBV transgenic mice. Chen ez a/" demonstrated
that DCs loaded with HBcAg not only induce the produc-
tion of HBV-specific T cells but also restore the impaired
function of such cells. The DCs generated by transfection
of LV-Ub-HBcAg were able to stimulate proliferation
of naive allogeneic T lymphocytes and to increase the
number of antigen-specific CD8'/ IFN—Y+ T cells i vitro.
Th1 cells primarily secrete 1L.-2 and IFN-y, whereas Th2
cells secrete type I cytokines IL-4 and IL-10. Th1/Th2
immune balance plays a key role in the outcome of HBV
infection. Dominant Thl cells tend to lead to an acute
self-limited HBV infection; dominant Th2 cells tend to
occur with a chronic petsistent HBV infection. In our
study, we observed that the LV-Ub-HBcAg group had
higher levels of both IL-2 and IFN-y in the lymphocy-
te supernatant compared with those in the LV-HBcAg
group. This was further supported by enhanced levels of
IFN-y-producing CD8" T cells. These results cleatly in-
dicate that the immune responses were directed toward a
Th1 type rather than a Th2 type. Thl cells are correlated
with the induction of CTL activity, which is beneficial for
viral or tumor eradication”?. In this study, the LV-Ub-
HBcAg-transfected DCs stimulated T' lymphocytes and
generated antigen-specific cytotoxic T' lymphocytes more
efficiently than those of the LV-HBcAg-transfected DCs.
Thus, LVs carrying Ub-fused HBcAg effectively activated
antigen-specific CD8" T cells. Inadequate endogenous
antigen presentation by MHC class I molecules to CD8"
T cells is one of the reasons for the failure of the im-
mune system to eliminate pathogens. Patients with CHB
ot therapeutic failure showed deficient Thl immunity
associated with inefficient CD8" T cell cytotoxicity. In
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our study, enhanced antigen presentation increased the
number of antigen-specific CD8"/IFN-y" T cells in the
LV-Ub-HBcAg-transfected DC group. Ub-fused HBcAg
was rapidly degraded by the proteasome, resulting in effi-
cient production of a variety of peptides, including many
CTL epitopes that may be presented by many types of
MHC class 1 molecules.

In summary, we have successfully transfected murine
bone marrow-derived DCs with LVs encoding the Ub-
HBcAg fusion gene. The Ub-HBcAg-transfected DCs
proliferated and generated HBcAg-specific CTLs more
efficiently than did the HBcAg-transfected DCs. There-
fore, this novel strategy may have therapeutic value that
can be applied to the treatment of infectious diseases.
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Abstract

AIM: To investigate the expression and clinical signifi-
cance of Wnt member 5a (Wnt5a) and receptor tyro-
sine kinase-like orphan receptor 2 (Ror2) in hepatocel-
lular carcinoma (HCC).

METHODS: HCC tissues obtained from 85 patients
were examined the mRNA expression of Ror2 by real-
time reverse transcription polymerase chain reaction
and the protein expressions of Wnt5a, Ror2, p-catenin
and Ki-67 via immunohistochemical staining. The cor-
relation between protein expression and HCC patients’
clinicopathology data and prognoses were analyzed.

RESULTS: Compared to nontumorous (hepatitis or cir-
rhotic) tissues, Ror2 mRNA expression was clearly de-
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creased in HCC. Ror2 and Wnt5a protein expressions in
the majority of HCC patients (63% and 77%, respec-
tively) was significantly less in tumor tissues, as com-
pared to adjacent nontumorous tissues, and this reduc-
tion was correlated with increasing serum o-fetoprotein
and tumor stage. In 68% (58/85) of the HCC cases,
the expression of B-catenin in tumor tissues was either
downregulated in the cellular membrane, upregulated
in the cytoplasm, or both. Survival analysis indicated
that Wnt5a and Ror2 protein expressions could be re-
garded as independent prognostic factors for HCC; HCC
patients with decreased Wnt5a or Ror2 protein expres-
sion had a poorer prognosis than those with elevated
Wnt5a and Ror2 expression (P = 0.016, Z = 0.007, re-
spectively).

CONCLUSION: Wnt5a and Ror2 may serve as tumor
suppressor genes in the development of HCC, and may
serve as clinicopathologic biomarkers for prognosis in
HCC patients.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most fre-
quently occurring tumors worldwide. It develops mostly
in cirrhotic livers, and risk factors include chronic infec-
tion by the hepatitis B and C viruses (HBV and HCV), as
well as nonviral liver diseases”. Unfortunately, the cel-
lular mechanisms of hepatocarcinogenesis remain pootly
understood. Recent advances have shown that apart from
autocrine stimulation by growth factors such as insulin-
like growth factor-1I and transforming growth factor-a,
the dysregulation of at least four different growth regula-
tory pathways is frequently involved in hepatocarcinogen-
esis™. These signaling pathways include the retinoblasto-
ma, the transforming growth factor-f3, the tumor protein
53, and the wingless-type murine-mammary-tumor virus
integration site family (Wnt). These pathways also inter-
fere with each other at different levels™,

The Wnt family of genes encodes a large and diverse
group of signaling molecules involved in the patterning,
proliferation, and differentiation of a variety of organs
and cell types'™*. The Wnt ligand binds to its recep-
tor Frizzled and the low-density lipoprotein receptor-
related proteins (Lrp) 5 and 6 to activate the canonical
Wnt/ [-catenin signaling pathway, or functions through
B-catenin-independent (noncanonical) pathways which
include the planar cell polarity and Wnt/Ca*" path-
Waysm. Wat ligands are typically classified into canoni-
cal and non-canonical Wnts by the pathways they work
through[9'11].

The Wnt member 5a (Wnt5a) is one of the most
highly investigated non-canonical Wnts and has been
implicated in almost all aspects of non-canonical Wnt
signaling“*¥. In terms of cancer developmental research,
Wnt5a has lived in the shadow of its better-characterized
relatives. This was largely because of its apparent in-
ability to transform cells or signal through the canonical
B-catenin pathway that is so important in cancer” ",
Recent work with a wide of human tumors has indicated
that Wnt5a has a critical role in malignant progression,
but there is conflicting evidence as to whether that role
is tumor-promoting or tumor—suppressing“7’22J. We have
shown that Wnt5a has a tumor suppressing effect in
HCC and is probably associated with HBV infection™",
Emerging evidence suggests that the functions of Wnt5a
can be drastically altered depending on the availability of
key receptors”*#. Tt was recently reported that an alter-
native Wnt receptor, receptor tyrosine kinase-like orphan
receptor 2 (Ror2), an orphan tyrosine kinase, mediates
Wntba-initiated noncanonical signaling and is required
for the Wnt5a-mediated inhibition of canonical signal-
iﬁg[ZS,Z()].

The Ror2 receptor belongs to the receptor tyrosine
kinase superfamily™. This large protein family is in-
volved in regulating diverse cellular processes such as the
cell cycle, cell migration, proliferation and differentia-
tion™. In addition, the Ror2 protein and its homolog
Rorl play essential roles during development. Mutations
of the Ror2 receptor, resulting in protein misfolding or

(49

Tag
Bnishideng®

WJG | www.wjgnet.com

Geng M et al. Wnt5a and Ror2 in hepatocellular carcinoma

premature truncation, have been associated with human
diseases such as dominant Brachydactyly type B and re-
cessive Robinow syndromelzsj. Currently, investigations
to elucidate the role of Ror2 in cancer have shown para-
doxical results, indicating that Ror2 was overexpressed
in oral and renal cell cancer and metastatic melanoma,
but downregulated in colon cancer™ . These different
effects appear to be dependent on the cancer type and
signaling pathwaymj.

Here, we investigate the expression and clinical sig-
nificance of Ror2, Wnt5a and B-catenin in HCC.

MATERIALS AND METHODS

Patients and specimens

We collected tumors from 85 consecutive patients who
had undergone surgery for HCC at the Jinan Military
General Hospital from January 2006 to September 2010.
The Ethics Committee of the Jinan Military General
Hospital approved the protocol of this study. Among the
85 patients, 55 had serum a-fetoprotein (AFP) = 30 pg/L,
and 73 were sera positive for hepatitis B surface antigen
(HBsAg). On gross examination, 3 cases had tumor sizes
that were < 2 cm, and 82 had tumor sizes > 2 cm (median
tumor size, 6.1 cm; range, 1.0-16 cm). Histopathological
diagnoses were made according to the pathological clas-
sification system of the World Health Organization (2000),
and the tumor was staged following the tumor-node-me-
tastasis classification of the International Union Against
Cancer”. Nine cases were well differentiated; 60 cases
were moderately differentiated; and 16 cases were pootly
differentiated. In total, 56 HCC cases had liver cirrhosis;
25 cases had chronic hepatitis; and 4 cases had basically
normal liver tissue. We also collected 3 cases of lung me-
tastasis. Furthermore, tissues of comparative normal liver
obtained during surgery for liver cholelithiasis (#z = 3) and
HBV-infected liver biopsies (7 = 5) were studied.

Nineteen of the 85 cases included chronic (# = 8) and
cirthotic (# = 11) HCC. From these, fresh tissues were
obtained immediately after resection, including HCC tu-
mor and adjacent nontumorous liver tissues. In addition,
normal liver tissues (# = 3) with no HBV infection were
obtained during surgery for liver cholelithiasis. In these
22 cases, one portion of the fresh tissue was snap frozen
in liquid nitrogen immediately and stored at -80 C; the
remainder portion was fixed in 10% buffered formalin
and embedded in paraffin.

The available patient clinicopathological information
included gender, age, serum AFP, serum HBsAg, tumor
size, tumor stage, histological grade and cancer-specific
sutrvival time.

Extraction of RNA and real-time reverse transcription-
polymerase chain reaction

Total RNA was extracted from 10-mm frozen HCC tis-
sue sections. To isolate the RNA from defined areas
containing = 80% tumor cells, all tumors were manually
microdissected under direct visual control through a dis-
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secting microscope. Total RNA in the frozen tissues was
extracted using Trizol (Invitrogen) following the manu-
facturer’s recommendations. Total RNA was digested
with DNase I (Invitrogen) and was used for the first-
strand cDNA reaction. The reaction mixture consisted
of 5 pg of DNase I-treated RNA, 1 X reverse transcrip-
tase buffer, 2.5 mmol dANTP mix, 3.5 pmol oligo primer,
and 2.5 U/mlL MultiScribe™ reverse transcriptase (PE
Applied Biosystems). Each sample was handled using the
same protocol, with the exception that reverse transcrip-
tase was added to exclude the presence of interference
from genomic DNA.

Real-time reverse transcription polymerase chain re-
action (qQRT-PCR) was carried out using SYBER green
dye in a Rotor Gene 3000 Detection System (Corbett
Research, Sydney, Australia). Each SYBER green reaction
(25 ul) contained one microliter diluted cDNA and 10.5
pl. SYBR Green PCR Master Mix, as well as 5 pmol
forward and reverse primer (Ror2: forward 5-AGGT-
GCCTATGCAAGTTCA-3, reverse 5-TGTGCGAG-
GTTTAAGGTCTA-3). Samples were activated by
incubation at 95 C for 5 min and denatured at 95 ‘C for
20 s. This was followed by annealing at 60 “C for 20 s and
extension at 72 ‘C for 20 s, for 40 cycles. In all of the
cDNA samples, gene expressions of Ror2 and glyceral-
dehyde-3-phosphate dehydrogenase (GAPDH) (forward
5-GAAGGTGAAGGTCGGAGTC-3’; reverse 5-GAA-
GATGGTGATGGGATTTC-3), an internal quantitative
control, were determined by SYBR green fluorescence
using the Rotor-Gene 3000; the ratios of Ror2 to the
housekeeping gene GAPDH represented the normalized
relative levels of Ror2 expression. A non- template nega-
tive control was also included in each experiment. Analy-
ses of all tumor samples were carried out at least twice,
and the mean value was calculated.

Immunohistochemistry

Immunohistochemical staining was performed on thin
sections (4 um) of paraffin-embedded archival tissue.
The samples were dewaxed with xylene/ethanol before
antigen retrieval (i.e., pressure cooked for one minute
at full pressure, 15 psi, in 0.001 mol/L. EDTA buf-
fer, pH 8.0). The primary antibodies used were: Wntb5a
(LS-C47384, Lifespan, 1:200), Ror2 (PAB3386, Abnova,
1:200), B-catenin (C19220, BD Transduction Laborato-
ries, 1:400) and Ki-67 (MIB-1, Dako, 1:100). Immuno-
histochemical staining of antibodies was done using the
Dako Envision Plus System (K5007, Dako). The anti-
body binding was visualized with 3, 3’-diaminobenzidine
tetrahydrochloride (DAB) before brief counterstaining
with Mayer’s hematoxylin. For monoclonal antibodies of
mouse origin, negative controls were obtained using iso-
typic mouse immunoglobulin in the same dilution as the
primary antibody of concern. All control experiments
gave negative results.

Evaluation of immunostaining
Two authors (Cao YC and Jiang H) who had no knowl-

(49

Tag
Bnishideng®

WJG | www.wjgnet.com

edge of the patients’ clinical status reviewed all of the
immunostained sections. Cases with discrepant results
were re-evaluated jointly until agreement was reached.
For expression of Wnt5a, Ror2 and (-catenin protein, in
cases with multiple areas of low intensity that occurred
during evaluation of immunostaining, five areas were se-
lected at random and scored.

The degree of immunohistochemical staining was
recorded using a semi- quantitative and subjective grad-
ing system that considered both the intensity of staining
and the proportion of tumor cells that had an unequivo-
cal positive reaction. Grades for stain intensity were: 0:
No staining; 1: Weak staining; 2: Positive staining; and 3:
Strong staining. For rating stained areas: 0: No staining;
1: Positive staining in < 10% of tumor cells; 2: Positive
staining in 10% to 50% of tumor cells; 3: Positive stain-
ing in > 50% of tumor cells. The staining index was cal-
culated as the staining intensity multiplied by the positive
area.

Ki-67-positive cells were counted by viewing = 200
HCC cells from = 10 randomly selected fields. The
percentage of antigen-positive nuclei among the total
number of nuclei counted was calculated to obtain the
nuclear labeling index (LI).

In the subsequent statistical analysis, the cutoff points
for the staining index categories were mainly based on
median values, as well as each marker’s frequency distri-
bution curve and the size of the subgroups. Therefore,
cytoplasmic Wnt5a and Ror2 and membranous -catenin
staining indices were categorized by their median value
as high (> 4) or low (0-4), and the cytoplasmic 3-catenin
staining index was categorized as high (> 3) or low (0-3).
However, nuclear [3-catenin expression was categorized
based on the absence (staining index = 0) or presence
(staining index = 1) of staining. The Ki-67 labeling in-
dices were divided into two groups (LI < 10% and LI =
10%).

Follow-up and statistical analysis

To determine the prognostic factor, the outcome of the
82 patients was determined by reviewing their medical
charts. The follow-up period ranged from one to 54 mo
(average: 31.3 mo; median: 27.0 mo). The end point in
the analysis was HCC-related death. The overall and dis-
ease-free survival rates were estimated using the Kaplan-
Meier method and compared with the log-rank test. The
prognostic analysis was carried out with univariate and
multivariate Cox regressions models.

The differences in Ror2 mRNA expression between
HCC and nontumorous liver tissue was statistically an-
alyzed using Student’s #test and one-way analysis of
variance (ANOVA) for multiple comparisons. The corre-
lations between the clinicopathological parameters and
Wnt5a, Ror2 and -catenin protein expression were ana-
lyzed using the ;(Z or Fisher’s exact tests.

Pearson’s correlation was used to determine the cot-
relation between mRNA and protein expression, as well
as between the expressions of different proteins. All sta-
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Figure 1 Real-time reverse transcription-polymerase chain reaction analy-
sis of Ror2 gene (MRNA) expression in hepatocellular carcinoma, chronic
hepatitis, cirrhotic and normal liver tissue. Ror2: Receptor tyrosine kinase-like
orphan receptor 2; HCC: Hepatocellular carcinoma; GAPDH: Glyceraldehyde-
3-phosphate dehydrogenase; Bars: mean; Columns: SD; N: Normal; CH: Chronic
hepatitis; CC: Cirrhosis; M, P, W: Moderately, poorly, and well differentiated tumor

tissues, respectively.

tistical calculations were carried out using SPSS software
(for Windows, version 13.0). A significant difference was
defined at P < 0.05.

RESULTS

Ror2 gene and protein expression in hepatocellular
carcinoma
The Ror2 gene (mRNA) expression levels relative to that
of GAPHD in normal, HCC, chronic hepatitis, cirrhotic
liver and adjacent nontumorous liver tissues are shown
in Figure 1. Ror2 mRNA levels were elevated in chronic
hepatitis (5.420 £ 5.492, » = 11) and cirrhotic liver tissues
(6.128 £ 5.252, n = 8) compared to that of normal (3.381
+ 1.182, » = 3) and HCC (3.189 £ 3.856, » = 19). Based
on Student’s ~test, statistically significant differences were
found between the Ror2 mRNA levels in HCC »s adja-
cent nontumorous (chronic hepatitis or cirrhotic) liver tis-
sues (P = 0.029), but not between HCC and normal liver
tissues (P = 0.934) or normal and adjacent nontumorous
liver tissues (P = 0.094). The Ror2 mRNA level in mod-
erately and poorly differentiated tumor tissues (7 = 10)
was greater by 7.2-fold (P = 0.014) than the level in well-
differentiated tumor tissues (# = 3). No significant dif-
ferences were found between Ror2 gene expression levels
and other clinicopathological findings such as age, serum
AFP concentration, tumor size, and HCC tumor stage.
Immunohistochemistry was performed to evaluate
Ror2 protein expression in tumor and non-tumorous liv-

er cells. In non-tumorous liver cells and HCC tumor cells,
Ror2 protein expression was displayed in the cytoplasm,
but in stromal cells Ror2 protein was not observed. In
comparative normal liver cells Ror2 was negative or weak-
ly expressed (Figure 2A and B), whereas all chronic hepa-
titis, cirrhotic, and dysplastic liver cells exhibited positive
immunostaining for Ror2 (Figure 2C and D), In 62/85
(72.9%) of the HCCs, Rot2 immunostaining was reduced
or absent (Figure 2E and F).
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Table 1 The relationship between receptor 2 expression and

clinicopathological features in hepatocellular carcinomas

Variables n Ror2 P
immunoreactivity
Low High

Gender 0.890
Male 77 56 21
Female 8 6 2

Age (yr) 0.725
< 53 (median) 38 27 11
=53 47 35 12

Serum AFP level (ug/L) <0.001
<30 30 14 16
=30 55 48 7

HBsAg 0.862
Positive 73 58) 20
Negative 12 9 3

Tumor size (cm) 0.116
<2 8 1 2
>2 82 61 21

Histological grade 0.090
Well differentiated 9 7 2
Moderately differentiated 60 40 20
Poorly differentiated 16 15 1

Liver cirrhosis 0.553
Present 56 42 14
Absent 29 20 9

T classification <0.001
T1 8] 1 2
T2 30 14 16
T3 40 36
T4 12 11 1

Total 85 62 23

AFP: a-fetoprotein; HBsAg: Hepatitis B surface antigen; Ror2: Receptor
tyrosine kinase-like orphan receptor 2.

A significant correlation was found between the nor-
malized Ror2 gene expression ratio and the protein ex-
pression level in normal, tumor and non-tumorous liver
tissues (r = 0.254, P = 0.021). Furthermore, statistical
comparisons between Ror2 mRNA expression and pa-
tients’ clinicopathological features revealed a significant
negative association between Ror2 mRNA and tumor
stage (P < 0.001), and between Ror2 mRNA and serum
AFP (P < 0.001). However, there were no significant dif-
ferences between Ror2 protein expression and the other

clinicopathological findings in HCC (Table 1).

Whnt5a protein expression in hepatocellular carcinoma

Wnt5a protein expression was observed in the cytoplasm
of non-tumorous liver and tumor cells, but nowhere in
stromal cells. There was little or no Wntba seen in normal
liver cells. However, all chronic hepatitis, cirrhosis and
dysplastic liver cells exhibited strong positive immunos-
taining for Wnt5a. In contrast, in 65/85 (76.5%) of HCC
patients, Wnt5a immunostaining was reduced or absent
compared to the levels in adjacent nontumorous (hepatitis
and cirrhotic) tissues (Figure 3A). There was a significant
negative correlation between Wnt5a expression and tu-
mor stage (P < 0.001), and between Wnt5a and serum
AFP (P = 0.016). However, there were no significant
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Figure 2 Immunohistochemical staining for Ror2 in hepatocellular carcinoma. Patient-matched normal liver cells showed negative (A) or weak expression (B) of
receptor tyrosine kinase-like orphan receptor 2 (Ror2). Liver cirrhosis cells (C) and dysplastic liver cells (D) exhibited strong positive immunostaining for Ror2. Tumor
cells (E, F) showing negative Ror2 staining in hepatocytes, while strong cytoplasmic staining is seen in adjacent nontumorous cells. Original magnification, 200 x in A;

400 x in B and D; 100 x in C.

associations between Wntba protein expression and the
other clinicopathological features of HCC patients.

B-catenin protein expression in hepatocellular
carcinoma

In non-neoplastic liver tissue, a thin membranous [(3-ca-
tenin signal delineated the hepatocytes, and strong mem-
branous and pale cytoplasmic staining of bile ductules
was observed. As shown in Figure 3B and C, altered ex-
pressions of B-catenin were found in 68.2% (58/85) of
HCC cases. These alterations included reductions in the
cellular membrane, increases in the cytoplasm, or both,
and nuclear accumulation (in 7%, 6/85). However, no
evidence of altered B-catenin expression was found in
cirrthotic nodules or dysplastic liver cells in adjacent non-
cancerous liver tissue. In tumor tissues, altered [(3-catenin
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expression was significantly associated with a worsening
histopathological tumor grade (P = 0.041) and was not
significantly associated with the other clinicopathological
parameters.

Correlations among the protein expressions of Wnt5a,
Ror2 and -catenin

Associations among the protein expression levels of
Wnt5a, Ror2 and B-catenin are shown in Table 2. Low
cytoplasmic Wnt5a expression was positively associated
with low cytoplasmic Ror2 expression (r = 0.411, P <
0.001) and abnormal B-catenin expression (r = 0.254, P
= 0.019) in HCC tissue. Similarly, there was a statistically
significant correlation between low cytoplasmic Ror2 ex-
pression and abnormal f-catenin expression (r = 0.267,
P =10.014).
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Figure 3 Immunohistochemical staining for Wnt member 5a (A), f-catenin (B, C) and Ki-67 (D) in hepatocellular carcinoma. Original magnification, 400 x.

Table 2 Correlation between the expression levels of Wnt
member 5a, receptor 2 and B-catenin

Whnt5a fB-catenin
Variable n Low High  P-value n A P-value
Ror2
Low 62 54 8 <0.001 15 47 0.014
High 23 11 12 12 11
B-catenin
N 27 16 11 0.019
A 58 48 10

N: Normal membranous staining; A: Abnormal non-membranous stain-
ing; Wntba: Wnt member 5a; Ror2: receptor tyrosine kinase-like orphan
receptor 2.

Tumor cell proliferation in hepatocellular carcinoma

To investigate the biological functions of proteins in
HCC, the Ki-67 LI was assessed in relation to Ror2, Wn-
t5a and f-catenin status. A strong correlation between a
high Ki-67 LI and the reductive loss of Ror2 (r = -0.344,
P = 0.002), or Wnt5a (r = -0.278, P = 0.010), but not
B-catenin (» = 0.095, P = 0.386) was found (Figure 3D).

Immunohistochemistry for tumor tissues from patients
with lung metastasis of hepatocellular carcinoma

A previous study reported that Wnt5a and Ror2 were
expressed predominantly in metastatic but not primary le-
sions of metastatic melanoma, suggesting that Wnt5a and
Ror2 might be closely correlated with tumor invasiveness
and metastasis”". To determine whether a similar phe-
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nomenon occuts in the metastasis of HCC, three cases of
lung metastasis of HCC were included in this study. Im-
munohistochemical analysis showed that Wnt5a and Ror2
were not expressed in either primary or metastatic lesions
(Figure 4A and B), whereas [-catenin- positive staining
were detected in the cellular membrane (Figure 4C and D).
The Ki-67 LI in tumor tissues was 10%.

Statistical analysis

The median follow-up was 27.0 mo for survivors (range,
1-54 mo). Three patients were lost to follow-up after sur-
gery and were excluded from the survival analyses. The
overall survival curve for the remaining 82 HCC cases is
shown in Figure 5A. The estimated 1- and 3-year overall
rate of survival was 75% and 44%, respectively. Kaplan-
Meier analysis was used to compare the survival rates of
HCC patients with tumors expressing low or high levels
of Wnt5a and Ror2 and normal or abnormal -catenin
(Figure 5B-D).

In a univariate Cox proportional hazard regression
model analysis (Table 3), tumor stage (P < 0.001), serum
AFP (P = 0.030), and the expressions of Wntba (P =
0.024) and Ror2 (P = 0.011) were significantly associated
with overall survival. Therefore, patients with tumors
having a low expression of Wnt5a and Ror2 had a poorer
prognosis than those with tumors of high Wnt5a and
Ror2 expression.

Multivariate Cox regression analysis (Table 3), the
expression levels of Wnt5a (P = 0.020), and B-catenin
(P = 0.013) showed a significant association with overall
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Table 3 Univariate Cox and multivariate Cox regression analysis overall survival

Covariate P-value Risk ratio 95% CI

Univariate
Sex (male, female) 0.130 0.482 0.187-1.240
Age (<53 yr, = 53 yr) 0.166 0.640 0.341-1.203
Serum AFP level (<30 pg/L, = 30 ug/L) 0.036 2.162 1.051-4.449
HBsAg (positive, negative) 0.506 1.621 0.390-6.732
Tumor size (< 2 cm, > 2 cm) 0.467 2.089 0.286-15.239
Histological grade (well, 0.268 1.388 0.777-2.482
moderately, poorly differentiated)
Liver cirrhosis (present, absent) 0.738 1.123 0.568-6.732
T classification (T1-T4) <0.001° 2.339 1.487-3.679
Wnt5a (low, high) 0.024* 3.288 1.167-9.263
Ror2 (low, high) 0.011* 0.323 0.134-0.774
B-catenin ( normal, abnormal) 0.052° 1.966 0.995-3.885
Ki-67 (mitosis < 10%, > 10%) 0.273 1.479 0.734-2.981

Multivariate
Sex (male, female) 0.017* 0.240 0.074-0.776
Age (< 53 yr, = 53 yr) 0.075 0.538 0.272-1.065
Serum AFP level (<30 pg/L, = 30 ug/L) 0.343 1.476 0.661-3.296
HBsAg (positive, negative) 0.515 1.731 0.332-9.026
Tumor size (< 2 cm, > 2 cm) 0.711 1.535 0.159-14.827
Histological grade (well, 0.298 1.462 0.715-2.993
moderately, poorly differentiated)
Liver cirrhosis (present, absent) 0.858 0.928 0.408-2.111
T classification (T1-T4) 0.001° 2119 1.347-3.336
Wntb5a (low, high) 0.020" 0.288 0.101-0.824
Ror2 (low, high) 0.144 0.509 0.205-1.259
B-catenin ( normal, abnormal) 0.013" 3.233 1.286-8.130
Ki-67 (mitosis < 10%, > 10%) 0.494 0.839 0.507-1.387

P < 0.05 vs over survival. AFP: o-fetoprotein; HBsAg: Hepatitis B surface antigen; Wnt5a: Wnt member 5a; Ror2: Receptor tyrosine
kinase-like orphan receptor 2

Figure 4 Immunohistochemical staining for Wnt member 5a (A), receptor 2 (B), p-catenin (C, D) in lung metastasis tissues. Original magnification: 400 x in D;
100 x in the others.
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Figure 5 Survival curves of 82 hepatocellular carcinoma patients. A: Overall survival curves of 82 hepatocellular carcinoma (HCC) patients; B: Survival curves of
82 HCC patients with tumors expressing low or high levels of Wnt member 5a (Wnt5a) (log-rank test, P = 0.016); C: Survival curves of 82 HCC patients with tumors
expressing low or high levels of receptor 2 (Ror2) (log-rank test, P = 0.007); D: Survival curves of 82 HCC patients with tumors expressing low or high levels of p-catenin
(log-rank test, P = 0.045). L: Low expression; H: High expression; N: Normal expression; A: Abnormal expression.

survival. However, a significant correlation between the
expression levels of Ror2 and overall survival (P = 0.144),
serum AFP and overall survival (P = 0.343) were not dem-
onstrated.

DISCUSSION

Consistent with previous reports™ ", in this study immu-
nohistochemical analysis showed that the loss of Wnt5a
protein expression in HCC tumors frequently occurred in
patients with HCC (71%-81%), and this also correlated
with increased AFP and poor histologic grade. Wntb5a
may act as a tumor suppressor gene in the development
of HCC. Similar results were obtained in colon carcino-
ma, breast cancer and thyroid carcinoma™"***, We also
performed a survival analysis for 82 patients with HCC.
Our results demonstrated that HCC patients with low
expression of Wntba had a poorer prognosis than those
with high Wnt5a expression, and Wnt5a was an indepen-
dent prognostic factor for HCC.

Recent studies have indicated that the upregulation
of Wnt5a was associated with tumor invasiveness and
metastasis in metastatic melanoma, gastric cancer, and
non-small-cell lung carcinoma . Wnt5a was expressed
predominantly in the metastatic but not primary lesions

of metastatic melanoma®”. Therefore, three cases with

123,24]

(49

Tag
Bnishideng®

WJG | www.wjgnet.com

1335

lung metastasis of HCC were recruited in the present
study. Immuno- histochemical analysis with anti-Wnt5a
antibody showed that Wnt5a was not expressed in either
primary or metastatic lesions, which confirmed our hy-
pothesis that Wntba acts as a tumor suppressor gene in
HCC. These observations suggested that the complex
Wntba-regulated signal pathways and the functional role
of Wnt5a depends on cell type as well as stimulus factors
during the development of HCC tumor.

Previous reports showed that Ror2 shared a similar
structure with the Wnt receptor'™. Mikels e a/*"" re-
vealed that Wnt5a suppressed Wnt/B-catenin activity zia
the Ror2-mediated signal pathway, and confirmed that
the Ror2 receptor required tyrosine kinase activity to
mediate Wnt5A signaling, He ez al” demon- strated that
Wnt5a levels correlated with those of Ror2 during mam-
malian palate development. Similar to Wnt5a, Ror2 plays
different roles in different human tumor tissues. There is
evidence that the enhanced expression of Ror2 is associ-
ated with tumor invasiveness and metastasis in metastatic
melanoma, renal cell carcinoma, and squamous cell carci-
noma”™ " In contrast, the mRNA and protein expression
of Ror2 was reduced in colon cancer tissues compared
with adjacent nontumorous liver tissue, which might be
due to the hypermethylated Ror2 promotor[32J

Our current study showed that Ror2 gene transcrip-
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tion and protein translation were both suppressed in
tumor tissues of HCC as compared with tissue adjacent
to the tumor. This reduced expression of Ror2 in tumor
tissues was correlated with decreased Wntba expression
(P < 0.001), a high Ki-67 LI, increased AFP, high dif-
ferentiation, and poor prognosis. The consistency of
Wnt5a and Ror2 expression in tumor tissues as well as in
lung metastasis of HCC implies that Ror2 may be active
downstream of Wntba and participate in the regulation
of the noncanonical Wnt signal pathway. Moreover, the
mRNA and protein expression of Ror2 is increased in
chronic hepatitis livers and is greatly enhanced in cirrhot-
ic livers as compared with normal liver tissues, suggesting
Ror2 may play important roles in regulation of cell repair.
The expression of Ror2 is reduced in tumor tissues and
is associated with poor prognosis, indicating the impaired
regulatory effect of Ror2 in cells, and Ror2 may also
serve as an anti-tumor gene. In addition, in this present
study, the mRNA expression of Ror2 was decreased in
highly differentiated HCC as compared with moderately
or poorly differentiated HCC (P < 0.05), whereas similar
results were not obtained in the protein expression of
Ror2. The underlying mechanism needs to be further elu-
cidated. However, due to the limited sample size in highly
differentiated HCC (3 cases), future study will be contin-
ued by enlarging the sample size.

[B-catenin is recognized as the key mediator in the
canonical Wnt signal pathway. Evidence indicates that
Wnt5a inhibits the abnormal expression of B-catenin
through the Ror2-mediated pathway™”*". The involve-
ment of f-catenin in tumorigenesis has been intensively
researched. In colon carcinoma, the nuclear localization
of B-catenin induced by gene mutation contributes to tu-
morigenesis. However, in HCC associated with HBV in-
fection, B-catenin mutations are rarely seen, and -catenin
mainly accumulates in the cytoplasm™*?, Consistent with
these observations, statistically reduced membrane ex-
pression and elevated cytoplasmic expression of [3-catenin
were detected in HCC tumor tissue, compared with the
[B-catenin expression in cell membranes in the adjacent
liver tissue. Among 85 HCC cases, 6 exhibited condensed
nuclear staining of B-catenin, suggesting that this protein
is involved in the development of HCC. Nevertheless, we
could not rule out the possibility that the loss of Wnt5a
and Ror2 protein expression may decrease -catenin
degradation, which contributes to disease progression.
Additionally, the lining shape of B-catenin expression in
cell membranes was observed in lung metastasis of HCC,
which was different from their cytoplasmic expression in
the primary lesion. Since B-catenin not only acts as the
key mediator of the canonical Wnt signal pathway, but
also binds to E-cadherin and together they contribute to
the cell adhesion and migration process'”, we hypoth-
esize that the lung metastasis expression of [-catenin
benefits the accumulation and adhesion of tumor cells in
metastatic lesions.

In summary, in patients with chronic hepatitis or cir-
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rhosis, loss of Wnt5a and Ror2 protein expression in
HCC tumor tissue frequently occurs during the progres-
sion of HCC and is associated with patient prognosis. We
hypothesize that Wntba acts upstream of Ror2. Wnt5a
and Ror2 synergistically execute an anti-tumor effect
during the development of HCC. The decreased expres-
sion of Wnt5a and Ror2 in HCC tissues may be directly
or indirectly correlated with the abnormal activity of
[-catenin. It is possible that the Wnt5a-mediated nonca-
nonical Wnt signal pathway and the f-catenin-mediated
canonical signal pathway contribute to the pathogenesis
and progression of HCC. These critical mediators may
be novel promising targets for gene therapy. Our study
showed that HCC patients with reduced Wnt5a and Ror2
expression had poorer prognosis, indicating that protein
expression of Wnt5a and Ror2 might be used as clinico-
pathological biomarkers for prognosis of HCC.

COMMENTS

Background

Hepatocellular carcinoma (HCC) is one of the most common cancers in the
world. Understanding the molecular biological features of HCC is necessary
for early diagnosis and better prognosis. The potential role of Wnt member 5a
(Wnt5a) and receptor tyrosine kinase-like orphan receptor 2 (Ror2) in human
HCC is receiving increasing attention.

Research frontiers

Recent work in a wide of human tumors has indicated that Wnt5a and Ror2
have a critical role in malignant progression. However, little is known about
the association of Wnt5a expression with Ror2 and canonical Wnt in HCC. In
this study, the authors demonstrate that Wnt5a, in conjunction with Ror2 and
[3-catenin, may take part in the progression of HCC.

Innovations and breakthroughs

The loss of Wnt5a and Ror2 protein expression in HCC tumor tissue frequently
occurs during the progression of HCC and is associated with patient poor
prognosis. Wnt5a and Ror2 synergistically execute an anti-tumor effect during
the development of HCC. The loss of Wnt5a and Ror2 protein expression was
shown to be associated with abnormal -catenin expression. This is the first
study to report an association of Wnt5a expression with Ror2 and B-catenin in
HCC.

Applications

The study results suggest that protein expression of Wnt5a and Ror2 may be
used as clinicopathological biomarkers for prognosis of HCC.

Terminology

Wntba is a non-canonical member of the Wnt family of secreted glycoproteins
that acts through the family of frizzled G-protein-coupled receptor, Ror2, to me-
diate important events during development and cancer.

Peer review

This paper reported that the loss of Wnt5a and Ror2 protein expression in HCC
was associated with poor patient prognosis. Based on reduction in tumors, the
authors conclude these markers could be tumor suppressor genes and good
prognostic markers for HCC patients. The work is purely descriptive and rel-
evance to clinical practice is significant.
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Abstract

AIM: To analyzes the decision whether patients with
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chronic hepatitis C virus (HCV) infection are treated or
not.

METHODS: This prospective cohort study included
7658 untreated patients and 6341 patients receiving
pegylated interferon g.2a/ribavirin, involving 434 physi-
cians/institutions throughout Germany (377 in private
practice and 57 in hospital settings). A structured ques-
tionnaire had to be answered prior to the treatment
decision, which included demographic data, informa-
tion about the personal life situation of the patients,
anamnesis and symptomatology of hepatitis C, viro-
logical data, laboratory data and data on concomitant
diseases. A second part of the study analyzes patients
treated with pegylated interferon a2a. All question-
naires included reasons against treatment mentioned
by the physician.

RESULTS: Overall treatment uptake was 45%. By multi-
variate analysis, genotype 1/4/5/6, HCV-RNA < 520 000
IU/mL, normal alanine aminotransferase (ALT), platelets
< 142 500/uL, age > 56 years, female gender, infec-
tion length > 12.5 years, concomitant diseases, human
immunodeficiency virus co-infection, liver biopsy not
performed, care in private practice, asymptomatic dis-
ease, and unemployment were factors associated with
reduced treatment rate. Treatment and sustained viral
response rates in migrants (1/3 of cohort) were higher
than in German natives although 1/3 of migrants had
language problems. Treatment rate and liver biopsy
were higher in clinical settings when compared to pri-
vate practice and were low when ALT and HCV-RNA
were low.

CONCLUSION: Some reasons against treatment were
medically based whereas others were related to fears,
socio-economical problems, and information deficits
both on the side of physicians and patients.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Approximately 170 million humans worldwide are esti-
mated to have a chronic hepatitis C virus (HCV) infec-
tion including 400 000 in Germany'?. More than 20 %
of these patients will progress to cirrhosis, hepatocellular
carcinoma, liver transplantation or death™. Therefore, all
patients are candidates for antiviral therapym. Its benefits
need to be determined based on the individual’s disease
stage and on the likelihood of adherence and success™.
Probably only 20 % of HCV-infected subjects know of
their infection”. This diagnostic deficit is caused by vari-
ous factors; e.g,, physicians do not follow guidelines to
screen for HCV infection when alanine aminotransfer-
ase (ALT) is elevated™. In addition only 11%-41% of
known infections are treated” . Only some reasons for
this therapeutic deficit have been identified including co-
morbidity, drug abuse and psychosocial factors”**, Con-
sidering that therapy cures the disease in 50% of patients,
treatment rate should be increased. The present study
evaluates which factors influence the treatment decision
in daily German practice.

MATERIALS AND METHODS

The study which is ongoing was started in March 2003;
the present data analyzes the treatment decision in pa-
tients included between March 2003 and May 2008.
Throughout Germany 434 physicians (377 in private
practice and 57 in hospital settings) contributed a mean
number of 35 patients with chronic hepatitis C. The study
included only one academic center. Basic data of the
cohort have been publishedm] and are only briefly men-
tioned here. The study was approved by health authorities
and ethical committees. Due to its observational character
it did not affect individual medical decisions. A structured
questionnaire had to be answered prior to the treatment
decision; a second part of the study analyzes patients
treated with pegylated interferon a2a (Pegasys®, Roche
Pharma AG) and ribavirin. This part is not fully analyzed
here; only those aspects are analyzed which are relevant
to the treatment decision. All questionnaires included rea-
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Table 1 Demographic data and basic characteristics

Characteristics Not treated Treated
(n =7658) (n = 6341)

% of the 13 999 patients 55.7 453
Genotypes 1/4/5/6 (%) 69.8 59.4
Genotypes 2/3 (%) 30.2 40.6
Age (yr, median) 44.0 41.0
BMI (kg/m’, median) 24.2 243
Gender (male %) 56.6 61.1
Reguldr employment (%) 35.3 50.2
Infection length (yr, median) 11.0 10.0
Ultrasound performed (%) 76.8 87.6
Liver biopsy performed (%) 12.8 30.2
Fibrosis score F 0-1 72.8 58.6
Fibrosis score F 2-4 27.2 414
Active drug or alcohol abuse (%) 28.3 13.8
HIV co-infection (%) 6.7 3.7
Psychiatric disease (%) 14.8 9.2
Severe language problems (%) 9.6 10.0
Initial HCV-RNA (IU/mL, median) 482 500 500 000
ALT (U/L, median) 61.0 78.0
Thrombocytes (/uL, median) 217 000 218 000
At least on concomitant disease (%) 62.3 42,6

BMI: Body mass index; HIV: Human immunodeficiency virus; HCV:
Hepatitis C virus; ALT: Alanine aminotransferase.

sons against treatment mentioned by the physician. After
July 2004 questionnaires also asked why patients denied
therapy (# = 7658). Language skills were assessed after
January 2006. Fibrosis was staged according to Desmet
and Scheuer from FO to F4"). Among the total 15 137
patients 7658 subjects did not receive any treatment (“un-
treated patients”) while 6341 received pegylated interferon
o2a and ribavirin (“treated patients”) and 1138 alternative
treatments. Details on alternative therapies (92.5% silyma-
rin, 2.8% ursodesoxycholic acid, 4.9% other interferons)
are not given because their characteristics were similar to
the group treceiving pegylated interferon o2a/ribavirin.
Thus, in the following text the total cohort consists of
13 999 patients separated by the treatment decision into
“treated patients” (7 = 6341) and “untreated patients”
(n = 7658). Specific procedures were not mandatory for
inclusion except for documentation of chronic hepatitis
C. There were no exclusion criteria except for patients
below age 18 years and those with Child B/C citrhosis.
Thus, the study represents a real life scenario of a rather
unselected cohort including a significant fraction of all
patients diagnosed with hepatitis C in Germany.

Statistical analysis

For continuous variables, receiver operating character-
istic analyses estimated the best cut-off point for treat-
ment decision; these cut-off points were 56 years for
age, 520 000 TU/mL for basal HCV-RNA, = one con-
comitant disease, = 12.5 years for infection length, and
142 500/ uL for platelets. Categorical variables were used
for continuous variables using these cut-off points. As-
sociation of various factors with treatment decision and
sustained virological response (SVR = negative HCV-
RNA 24 wk after end of therapy) were analyzed in an
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Table 2 Treatment and sustained virological response rates in various subgroups

Fischer’s exact test, two-sides P value

Treatment rate % SVR % Number Treatment rate SVR
Total 453 49.6 13 999
Genotypes 1/4/5/6 414 427 9114 < 0.0001 < 0.0001
Genotypes 2/3 52.7 59.8 4885
Clinical setting 63.9 49.8 1298 <0.0001 NS
Private practice 43.4 49.6 12701
Male 472 479 8214 <0.0001 <0.01
Female 42.6 52.3 5785
Age < 56 yr 49 FiLg 11 497 <0.0001 < 0.0001
Age > 56 yr 282 36.7 2502
BMI < 23 (kg/m’) 44.3 51.8 4762 <0.01 <0.05
BMI > 23 (kg/m’) 46.9 48.6 8846
No employment 38.9 473 8113 <0.0001 <0.001
Regular employment 54.1 52 5886
Bad German language skills 47 525 824 NS NS
Good German language skills 45.8 478 7565
Migrants 5518 52.6 2663 <0.0001 <0.0001
German natives 41.7 45.4 5465
Infection length < 12.5 yr 62.8 51.6 3639 <0.0001 <0.01
Infection length > 12.5 yr 372 48 3165
Ultrasound not performed 30.7 475 2568 < 0.0001 NS
Ultrasound performed 48.6 50 11 431
Liver biopsy not performed 39.9 50.1 11100 < 0.0001 NS
Liver biopsy performed 66.1 485 2899
Fibrosis scores FO-1 60.9 52.4 1766 <0.0001 <0.01
Fibrosis scores F2-4 74.6 44.1 1017
Clinical symptoms absent 422 478 4430 <0.0001 NS
Clinical symptoms present 46.7 50.4 9569
No concomitant disease 557 51.8 6527 <0.0001 <0.0001
At least one concomitant disease 36.2 46.8 7472
Psychiatric disease absent 46.9 498 12 281 <0.0001 NS
Psychiatric disease present 34.1 48.4 864
Active drug or alcohol abuse absent 49.9 49.7 10 960 <0.0001 NS
Active drug or alcohol abuse present 28.7 494 3039
HIV co-infection absent 46.1 50 13 254 <0.0001 <0.01
HIV co-infection present 31.4 39.3 745
Good quality-of-life 43.8 49.5 11348 <0.0001 NS
Reduced quality-of-life 51.8 50.1 2651
ALT normal (< 50 U/L for men, <30 U/L for women) 34.8 50.8 3297 <0.0001 NS
ALT elevated (U/L) 49.6 49.7 10105
Thrombocytes = 142 500 /uL 48 51.6 11284 <0.0001 <0.0001
Thrombocytes < 142 500 /uL 38.9 36.2 1816
HCV-RNA =< 520 000 IU/mL 454 54.8 6810 <0.0001 < 0.0001
HCV-RNA > 520 000 IU/mL 49.7 433 5904
No concomitant disease 55.7 51.8 6527 <0.0001 < 0.0001
At least one concomitant disease 36.2 46.8 7472
HIV co-infection absent 46.1 50 13 254 <0.0001 <0.01
HIV co-infection present 314 39.3 745

SVR: Sustained virological response; BMI: Body mass index; HIV: Human immunodeficiency virus; ALT: Alanine aminotransferase; HCV: Hepatitis C vi-

rus; NS: Not significant.

univariate fashion using Fisher’s exact test. Only those
variables which were significant in the univariate analysis
were included in the multivariate analysis.

RESULTS

Effects of various factors on treatment rate by univariate
analysis

Basic characteristics of treated u5 untreated patients are
shown in Table 1. Many characteristics were similar for
genotypes 1 (7 = 8625), 4 (n = 440), 5 (» = 22) and 6 (»
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= 27) and for genotypes 2 (# = 1000) and 3 (» = 3885)
(data not shown); thus, further analyses were done in two
subgtroups, i.e., genotypes 1/4/5/6 »s 2/3. Table 2 sum-
marizes treatment and SVR rates in the total cohort (45.3%
and 49.6%, respectively) and in treated »s untreated pa-
tients.

By univariate analysis reduced treatment uptake and
reduced SVR were seen in these groups: (1) genotypes
1/4/5/6 vs 2/3; (2) age > 56 years »s < 56 years; (3)
platelets < 142 500/uL »s > 142500/ uL; (4) disease
duration >12.5 years vs < 12.5 years; (5) human im-
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Table 3 Treatment and sustained virological response rates vs socio-economic problems and concomitant diseases

Characteristics Treatment rate % SVR % n
Drug abuse absent and employed without psychiatric disease or HIV co-infection 58.2 52.7 4382
Drug abuse absent and employed without psychiatric disease 58.2 52.4 4560
Drug abuse absent and employed 57.1 52.6 4929
Drug abuse absent 49.2 49.6 10 839
Drug abuse present 32.0 499 3160
Drug abuse present and unemployed 29.1 51.6 2203
Drug abuse present and unemployed with psychiatric disease 251 50.8 470
Drug abuse present and employed with psychiatric disease and HIV co-infection 7.1 0.0 56

HIV: Human immunodeficiency virus.

munodeficiency virus (HIV)/HCV co-infection »s HCV
mono-infection; (6) presence zs absence of concomitant
diseases; (7) German natives #s migrants; and (8) absence
vs presence of regular employment.

Treatment uptake was reduced but SVR was higher in
the following groups: (1) women s men; (2) fibrosis FO-1
s F2-4; and (3) basal HCV-RNA > 520000 IU/mL »s <
520 000 TU/mlL..

Treatment uptake was reduced while SVR was similar
in the following groups: (1) normal zs elevated ALT; (2)
good »s reduced quality of life; (3) treatment in private
practice #s clinical setting; (4) presence s absence of psy-
chiatric disease; (5) presence »s absence of alcohol or
drug abuse; and (6) liver biopsy (and ultrasound) not per-
formed »s petformed.

History of iv. drug abuse was the most frequent mode
of infection (44.6%) followed by history of blood trans-
tusions (17.0%). By multivariate analysis infection mode
did influence neither treatment uptake nor SVR (data
not shown). In the total cohort only 20.7 % of patients
had a liver biopsy. Biopsy was done more often in geno-
types 1/4/5/6 when compatred to genotypes 2/3 (23.6%
vs 15.3%, P < 0.001) and in patients with elevated ALT
(75.4% had elevated ALT) when compared to those with
normal ALT (21.6% »s 18.4%, P < 0.05). Biopsy rate was
three-times higher in hospital settings when compared to
practioners (53.4% vs 17.4%, P < 0.001). Alcohol or drug
abuse was a frequent treatment barrier in particular in
patients with psychiatric diseases or HIV co-infection and
in jobless people (Table 2). Treatment rates were similarly
low in drug abusers with or without substitution (data not
shown). Patients with alcohol or drug abuse refused thet-
apy less often compared to patients without abuse (50.2%
s 67.9%, P < 0.001). Thus, the decision not to treat was
made primarily by the physician. About 1/3 of all patients
were migrants among whom 1/3 had severe language
problems. Nevertheless, treatment and SVR rates were
higher in migrants than in German natives while language
problems did not affect treatment and SVR rates. Treat-
ment uptake decreased with an increasing number of
socio-economical and psychiatric problems; HIV infec-
tion on top of other problems reduced treatment uptake
to 7 % (Table 3). SVR was unaffected even by presence
of several socio-economical problems but was drastically
reduced when there was a HIV co-infection on top of
other problems.
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Multivariate regression analysis

Gender, age, genotype, HCV-RNA, ALT, platelets, symp-
toms, infection length, occupational status, concomitant
diseases, HIV co-infection, alcohol and drug abuse, pet-
formance of liver biopsy and ultrasound, and quality-of-
life significantly affected the treatment decision in the
multivariate analysis (Figure 1). In patients with genotypes
1/4/5/6 the same factors as for the total cohort affected
the treatment decision except for presence of symptoms;
in patients with genotypes 2/3 the same factors as for the
total cohort affected the treatment decision except for
symptoms, platelets, employment, and performance of
liver biopsy (data not shown). SVR was associated with
various factors in the univariate analysis (Table 2). By
multivariate analysis SVR was associated only with gender,
genotype, HCV-RNA, age, platelets, symptoms, employ-

ment and HIV co-infection (data not shown).

Analysis of specific reasons against treatment

The analysis looked at reasons mentioned by physicians
and patients (Figure 2). The patients’ wish was the most
common reason against treatment (62.9 %). Among these
patients lack of understanding the need of therapy, fear
of side-effects, and problems with family and job were
frequent reasons. Fear of side-effects was mentioned
more often in women than in men (29.9% »s 18.8%, P <
0.001). Alcohol or drug abuse and concomitant diseases
(most commonly depression) were also frequent treat-
ment barriers. Among patients who did not see a need
for therapy reasons included lack of liver disease, symp-
toms, fibrosis and bad prognosis as well as normal ALT.
In patients with normal ALT minor disease activity was
mentioned by the physician as a reason to wait in 24.1%
whereas this reason was mentioned in only 6.6% when
ALT was elevated (P < 0.001). In contrast, a similar per-
centage of patients mentioned the lack of disease activity
as a treatment barrier irrespective of whether ALT was
normal or elevated (27.1% ws 24.4%; NS). In patients with
a HCV-RNA < 520 000 IU/mL minor disease activity
was mentioned by the physician as a reason to wait in
15.8% whereas this reason was mentioned in only 6.7%
when HCV-RNA was > 520 000 IU/mlL (P < 0.01). The
percentage of patients mentioning lack of disease activity
as a treatment barrier was similar when looking at high
or low HCV-RNA (data not shown). In patients who had
liver biopsy minor disease activity was mentioned by the
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No treatment ~ Treatment
Physician Hospital i
Private practice P < 0.001 HIH
Gender Male ]
Female P < 0.001 |
Job Unemployed [ ]
Employed P < 0.001 HH
Duration of < 12.5yr u
infection >12.5yr ]
Genotype 1/4/5/6 ]
2/3 P < 0.001 -
Clinical none ]
symptoms  at least one P < 0.05 &3
Viral load Low (= 520 000 IE/mL)
High (> 520 000 IE/mL) P <0.01 Tm
Concomitant  None ﬁ
disease At least one P <0.001 i
Psychiatric No "
disease Yes P < 0.001 ™
Drugs/alcohol No u
abuse Yes P < 0.001 m
HIV No N
coinfection  yes P < 0.001 H-H
Quality of life Good | |
Reduced P < 0.001 =
ALT Normal (m < 50, w= 30 U/L) =
Increased P < 0.001 =
Platelets = 142 500/uL u
< 142 500/uL P < 0.001 -
Age > 56 yr
< 56 yr P < 0.001 | T
Sonography  Not performed i
Performed P < 0.001 B
Liver biopsy  Not performed ]
Performed P < 0.001 i
|
0 0.5 1 il 2 25 3.0
Odds ratio estimate (95% CI)

Figure 1 Multivariate regression analysis of treatment rates vs various factors. HIV: Human immunodeficiency virus; ALT: Alanine aminotransferase.

physician as a treatment barrier in 21.4 % whereas this
reason was mentioned in only 10.3 % of patients without
a liver biopsy (P < 0.01). Patients mentioned fear of side
effects and lack of understanding the need for therapy
less often when treated in hospital settings as compared
to private practice (18.5% vs 24.1% and 17.4% vs 25.9%, P
< 0.01, respectively). In patients with drug/alcohol abuse,
this abuse was the main treatment barrier mentioned
by physicians (48.1 %). In contrast, patients with abuse
refused therapy less often than those without (50.2% us
67.9%, P < 0.001). In HIV co-infection concomitant dis-
eases and drug/alcohol abuse were morte frequent treat-
ment barriers than in mono-infection (25.0% »s 16.6%
and 25.2% vs 16.4%, P < 0,01). HIV co-infected patients
refused therapy less often than mono-infected patients
(59.1% wvs 63.2%, P < 0.05). Similarly, in patients with
psychiatric diseases, the psychiatric disease was the main
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treatment barrier (46.2%0); among patients with psychiat-
ric disease drug and alcohol abuse was another common
barrier (24.5% »s 15.7% in patients without psychiatric
disease; P < 0.001). Older age was associated with a re-
duced treatment rate (49.0% o5 28.2% in patients < 506
years s patients > 56 years) (Table 2; Figure 1); in patients
aged between 65 and 70 years treatment rate was 26.3%
(158/600) and thus similar to the rate of 28.2% seen at
ages > 50 years.

DISCUSSION

Treatment uptake in the present cohort (45%) is one of
the highest reported in the literature. Since the cohort
included a significant fraction of all HCV-infected pa-
tients in Germany, the high treatment rate is probably not
due to selection bias. In the literature treatment uptake
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Reasons to refuse antiviral treatment
(multiple answers possible)

[ Genotype 1/4/5/6
E Genotype 2/3

Percent

H Total
Tptal ‘ ‘
| | | ient's wish (i
0ld age I \ Patient's wish (if known)
“ | | | | | | Fear for side-effects
|| /™ Genotype 2/3 Problems with family
Decompensated liver ‘ | ‘ ‘ | | | ﬁ; g:()t;f understanding
di i
e / ‘ ’ ‘ the need for therapy
‘ ‘ ‘ Personal reasons
Genotype 1/4/3/6 ‘
‘ ‘ Postpone therapy
Patient's wish 7 . ‘ : ‘ ‘
\ \ \ e 0 10% 20% 30%
1 | |
‘ ‘ | Concomitant disease
Active substance abuse - ; ‘ ‘ ‘
Lo\ \ CHD
| | | | ‘ ‘ | Depression
d
Concomitant disease | /) : Other ‘—‘
‘ | ‘ ‘ I T T T T T T
0 20% 40% 60%
| | |
Lack of clinical i | Lack of clinical symptoms (if known)
symptoms
f ‘ ‘ Only mild liver disease
/| ‘ ‘ ‘ ‘ ‘ Only minor increase of
/ transaminases
Language problems - / | | ‘ \ \ \ No/minor fibrosis
‘ ‘ ‘ Low risk of infection
| | |
Only minor symptoms
Compliance problems - ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ : :
0 10% 20%
1 1 T 1 1 1 1
0 10 20 30 40 50 60 70

Figure 2 Reasons to refuse antiviral treatment.

tends to decrease with increasing number of subjects
studied”* ™" with the lowest rate of 12% reported for
the largest group of subjects studied"”. There is little pre-
selection in the present cohort; only patients with Child
B/C citrhosis were excluded as well as those under age
18 years. The present study did not include a relevant
number of academic centers where most previous studies
had been done. The community-based character of the
present cohort incorporating 434 physicians and hospi-
tals throughout the country reflects daily life in Germany
probably better than looking at academic centres. Howev-
er, one needs to keep in mind that most of the 434 physi-
cians wete not general practioners, but gastroenterologists
or at least physicians who treat hepatitis C. In general
practioners treatment rates may be lower than the 45%
reported here. In the general United States community
only 11% of all HCV-infected subjects had been treat-
ed"™. This low treatment uptake suggests that therapeutic
deficits are located on level of the general practioner or
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the health care system itself™”. Recent studies show that
knowledge deficits and misperceptions are main treat-
ment barriers’ . A high treatment rate might therefore
reflect good knowledge among physicians and patients.
In Germany most physicians who treat hepatitis C in pri-
vate practice are organized in the Association of German
Gastroenterologists (“bng”). Via their association gastro-
enterologists have been involved in the development of
national HCV guidelines**”. Many of them are members
of the national “hepatitis competence network”. Recent
studies have also shown that German patients with hepa-
titis C are well informed and better than patients with
hepatitis B**, However, some practice aspects did not
meet standards in the present cohort including the use
of liver biopsy and interpretation of HCV-RNA values.
Also, there were misperceptions among patients. Patients’
refusal was a common treatment barrier in the present
cohort and in previous studies” " One of the highest
treatment rates (41%) was published by Delwaide ¢z a/”,
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in that study only 17% of patients declined therapy. Thus,
a high treatment uptake may be associated with low rate
of refusal by patientsm. This association may partly be
explained by information deficits. In some subgroups, e.g.,
in patients with HIV co-infection and those with drug
and alcohol abuse, the decision against treatment was
often made by the physician whereas patients were rather
willing to receive therapy.

Genotype and viral replication are major factors for
estimating the chance for SVR and are therefore consid-
ered in the treatment decision. Correspondingly treatment
rate and SVR were higher for genotypes 2/3 when com-
pated to genotypes 1/4/5/6. In accordance with most
previous studies™ "> older age was associated with both
reduced treatment uptake and reduced SVR in the present
cohort. These results are in contrast to a recent study“sj
in which being elderly was not associated with a low SVR.
Surprisingly, treatment rate was low in patients with low
HCV-RNA. This is a paradox because SVR is low at high
replication in the present study and in the literature™ .
Thus, there may be misperceptions that high viral load
indicates bad prognosis. All evidence shows this is not the
case™*, Further analyses suggested that physicians (and
not patients) carry this misperception.

For many years normal serum aminotransferases were
a common treatment barrier because they were thought
to indicate good prognosis and reduced efficacy of the-
rapy. In the meantime it has been shown that up to 30%
of patients with normal ALT have major fibrosis and
that SVR is not associated with ALT as also seen in the
present studylzz’”m]. Despite this data, treatment rate
was markedly lower in patients with normal ALT when
compared to those with elevated ALT. We have reported
a similar misperception of ALT for the decision to do
HCV antibody tests™l; many physicians just tested for
HCV infection if ALT was markedly increased although
most infections were associated with normal or slightly
elevated ALT. Thus, ALT values are overestimated both
in diagnostic181 and treatment decisions”'”.

In contrast to academic trials, only 20% of patients
had a liver biopsy in daily German practice. According
to guidelines liver biopsy should be considered when the
results will influence the treatment decision and in pat-
ticular when treatment is not initiated””. However, treat-
ment rate in patients with a liver biopsy was twice that
seen in patients without a biopsy; according to guidelines
it should be the other way around. Only a single previous
study has also shown a positive association between pet-
formance of liver biopsy and treatment uptakemj. It may
be speculated that patients who refused liver biopsy may
have a general problem to accept medical means. How-
ever, further analyses support other explanations. Biopsy
rate in hospital settings was more than three-times higher
than that in private practice. Although non-invasive means
of assessing fibrosis are entering clinical routine, only a
minority of community-based physicians use serum mark-
ers or sonographic stiffness in daily clinical routine as yet.
Thus, physicians in private practice underestimate the val-
ue of liver biopsy more often than physicians in hospital
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settings. The lack of immediate availability of biopsy may
explain the low biopsy rate among practioners. Also, treat-
ment uptake was markedly lower for patients treated in
private practice when compatred to hospital settings. The
analysis of specific reasons against treatment may partly
explain this difference: patients mentioned fear of side ef-
fects and lack of understanding the need for therapy less
often when treated in clinical settings when compared to
private practice.

The treatment rate of HCV infection was consider-
ably lower in HIV co-infected patients when compared
to HCV mono-infection. Although SVR rates were also
somewhat lower in co-infected patients, they were still in
an acceptable range considering that end-stage liver dis-
ease is a common cause of death in HIV/HCV co-infec-
tion” ™, When compared with the literature the present
rates of treatment and SVR (31% and 39%) look favor-
able. In other studies SVR ranged from 8% to 40% in
co-infected patientspé’ssj. Nevertheless HIV co-infection
was a main treatment barrier also in the present cohort.
Among co-infected patients drug and alcohol abuse as
well as fear of side-effects were frequent treatment barri-
ers. The present analysis also shows that HIV/HCV co-
infected patients refused therapy less often than mono-
infected patients; thus the low treatment rate is probably
mainly caused by physicians and not by patients. In previ-
ous studies only 12%-33% of HIV co-infected patients
initiated HCV therapy[%’”"w]; main barriers were non-
adherence, patients’ refusal, drug abuse and psychiatric
problems. The present results demonstrate that the HIV
infection on top of psychiatric and socio-economical pro-
blems may not only reduce treatment uptake but almost
eliminates chances for SVR.

Recently it has been shown that HCV infection can
successfully be treated in patients with drug and alcohol
abuse and in those with HIV co-infection provided that
there is a good managementm%’“%]. This is of great
importance because alcohol abuse and co-infections ac-
celerate fibrosis™>**!, Although a history of drug abuse
did not reduce treatment rate in the present cohort, active
alcohol and drug abuse were associated with a marked!
reduced treatment uptake as reported previouslyllo’11’14’15j;
SVR was not affected by abuse. In 50% of abusers, physi-
cians specified the abuse as the main treatment barrier. In
contrast, patients with alcohol or drug abuse refused thet-
apy less often than did patients without abuse. Thus, the
decision not treat was made primarily by the physician. A
survey of 320 American Society of Addiction Medicine
physicians showed that even among these specialists only
a minority were providing HCV treatment or willing to
provide treatment*”. Treatment rates are even lower in
the general community and may approach values of less
than 1 % in unselected drug addicts™”

Treatment rate was lower in unemployed patients when
compared to those with a job while SRV was similar be-
tween these groups. Since jobless people tend to have a
low educational state, these results fit to recent United
States data showing that psychosocial factors and low
education were associated with reduced treatment up-
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take*"**™ In the present cohort 1/3 of HCV infected
patients were migrants among whom 1/3 had severe
language problems. Unexpectedly, treatment uptake was
not lower but higher in migrants when compared to Ger-
man natives. These results can not be explained easily.
Along this line women had a lower treatment rate when
compared to men in this cohort as well as in another pre-
vious study". This is also unexpected because men have
a lower use of medical services than women both in the
United States'™ and in Germany™. Thus, good knowl-
edge and care about health issues per se do not necessarily
increase treatment uptake for hepatitis C.
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Background

In recent surveys only 20% of hepatitis C virus (HCV)-infected subjects know of
their infection and only 20% of the latter are treated. Considering that therapy
cures the disease in 50% of patients, treatment rate should be increased.

Research frontiers

Bio-epidemiological research focuses to identify treatment barriers in patients
with chronic hepatitis C. As yet only some reasons for the current large thera-
peutic deficit have been identified including co-morbidity, drug abuse and
psychosocial factors. The present study evaluates which factors influence the
treatment decision in daily German practice.

Innovations and breakthroughs

Treatment uptake in the present cohort (45%) is one of the highest reported
in the literature. A high treatment rate usually reflects good knowledge among
physicians and patients. In Germany many physicians who treat hepatitis C
are members of the national “hepatitis competence network” which is aimed
to implement practice guidelines in the broad medical community. Despite the
obvious success of the German hepatitis competence network some practice
aspects did not meet standards in the present cohort including the use of liver
biopsy and interpretation of HCV-RNA and alanine aminotransferase (ALT)
values. Liver biopsy and thus knowledge about fibrosis stage were too low in
particular in patients treated in private practice and in those with normal ALT.
Also, there were misperceptions among patients as their refusal was a common
treatment barrier. Unexpectedly, therapy uptake was higher in migrants despite
language problems. Some further reasons against treatment appeared medi-
cally based whereas others seemed to be based on fears, socioeconomical
problems and information deficits both on the side of physicians and patients.
Applications

The present cohort study includes a significant fraction of all HCV-infected
patients in Germany. The community-based character of the present cohort
incorporating 434 physicians and hospitals throughout the country reflects daily
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life in Germany probably better than looking at specialized academic centres.
Terminology

Treatment barrier: Reasons why patients with chronic hepatitis C are not treat-
ed with antiviral drugs.

Peer review

This is an important paper with a large HCV patient cohort from Germany in-
cluding both academic and non-academic centres detailing reasons for treating
and not treating HCV.
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Abstract

AIM: To investigate all patients referred to our center
with non-responsive celiac disease (NRCD), to establish
a cause for their continued symptoms.

METHODS: We assessed all patients referred to our
center with non-responsive celiac disease over an
18-mo period. These individuals were investigated to
establish the eitiology of their continued symptoms.
The patients were first seen in clinic where a thorough
history and examination were performed with routine
blood work including tissue transglutaminase antibody
measurement. They were also referred to a specialist
gastroenterology dietician to try to identift any lapses
in the diet and sources of hidden gluten ingestion. A
repeat small intestinal biopsy was also performed and
compared to biopsies from the referring hospital where
possible. Colonoscopy, lactulose hydrogen breath test-
ing, pancreolauryl testing and computed tomography
scan of the abdomen were undertaken if the symptoms
persisted. Their clinical progress was followed over a
minimum of 2 years.
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RESULTS: One hundred and twelve consecutive pati-
ents were referred with NRCD. Twelve were found not
to have celiac disease (CD). Of the remaining 100 pa-
tients, 45% were not adequately adhering to a strict
gluten-free diet, with 24 (53%) found to be inadver-
tently ingesting gluten, and 21 (47%) admitting non-
compliance. Microscopic colitis was diagnosed in 12%
and small bowel bacterial overgrowth in 9%. Refractory
CD was diagnosed in 9%. Three of these were diag-
nosed with intestinal lymphoma. After 2 years, 78 pa-
tients remained well, eight had continuing symptoms,
and four had died.

CONCLUSION: In individuals with NRCD, a remediable
cause can be found in 90%: with continued gluten in-
gestion as the leading cause. We propose an algorithm
for investigation.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Celiac disease (CD) is induced by ingestion of gluten and
related proteins with consequent intestinal injury and
varied clinical manifestations. The defining feature is the
expectation that the intestinal lesion improves with strict
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exclusion of gluten from the diet. However, a propoz-
tion of individuals do not respond to a gluten-free diet
(GFD), in terms of clinical or histological recovery. Early
analysis has indicated that as many as 30% of individuals
prescribed a GFD do not experience symptomatic im-
provement'". Non-responsive CD (NRCD) is defined as
continued symptoms (including lethargy, abdominal pain
and diarrhea) in patients on a GFD. There have been no
recent studies to provide robust epidemiological data to
assess the incidence of NRCD, although in clinical prac-
tice it is a common occurrence, based on the authors’
experience and several publications””. The investigation
of NRCD has been reportedm, however, there ate no
data on the management and longer term follow-up of
these subjects. Most patients with CD experience a rapid
symptomatic recovery with a strict GFD. In 30% of
cases there may be a protracted (= 12 mo) or incomplete
phase of mucosal recovery”. An arbitrary period of 6-12
mo on a GFD before reassessment has been suggested
but the urgency of further investigation is often dictated
by the severity of continued symptoms or clinical mani-
festations. In this context, we define NRCD as failure of
expected symptomatic response to a GFD. Accordingly,
NRCD is not intended to be a diagnostic term but rather
a clinical description to allow a pragmatic and systematic
approach to be followed to evaluate and investigate these
patients. The practical management of NRCD depends
on establishing a cause for continued symptoms. The
commonest reason for persistent symptoms in a previous
study of 55 patients was failure to comply with a GFD',
Imposition of a strict gluten-free dietary regimen appears
to abolish symptoms in the majority of CD patients with
continued symptoms".

Refractory CD (RCD) describes a distinct clinical en-
tity and represents a subset of non-responsive patients.
RCD is defined by symptomatic and persistent villous
atrophy in patients despite a strict GFD", RCD can be
diagnosed after primary failure of GFD or occur as a
secondary phenomenon in previously treated CD. It can
be subdivided into types I and II. This clinical definition
has been refined by the discovery that 80% of individu-
als with true RCD possess an abnormal population of
intraepithelial lymphocytes (IELs) detectable in their small
intestinal mucosa (CD103+, intracellular CD3", CD4,
CDS$, surface CD3)". These IELs may demonstrate a
monoclonal T cell receptor (ICR)-y gene rearrangement,
detectable by polymerase chain reaction (PCR) analysis
of biopsy specimens. The presence of this aberrant T' cell
phenotype has been termed type II RCD (as opposed to
type I RCD in which this anomaly is not present). Studies
have shown that type II RCD is associated with a signifi-
cantly greater mortality than type I RCD; 41% o5 14% at
2 years; 42% vs 4%"" and 56% s 7% 5-year mortality'"",
with the major cause of death attributed to the develop-
ment of enteropathy-associated T' cell lymphoma (EATL).
This is characterized by malignant lymphoid tissue with
the same immunophenotype as described in type II RCD.
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It has been postulated that the presence of this type II
RCD T cell phenotype may represent a cryptic T cell
lymphoma. In 41 patients with RCD, over 50% developed
EATL during a mean of 2 years follow—up[gl. Survival
from EATL remains abysmal. Thus, there are compelling
clinical reasons to investigate CD patients with continued
symptoms despite a GFD, in order to establish a treatable
cause or identify cases of RCD or intestinal lymphoma.
NRCD and RCD may both be present with weight loss,
diarrhea, or malabsorption; all of which warrant expedi-
tious investigation.

MATERIALS AND METHODS

We maintain a prospective database of patients diagnosed
with CD. We selected patients who were referred to our
institution with a diagnosis of NRCD (defined as failure
of expected symptomatic response to a GFD) between
April 2002 and October 2003.

Initial evaluation included an appraisal of the origi-
nal diagnosis of CD, history of symptoms (including
lethargy, increased bowel frequency and weight loss),

clinical examination, routine blood tests and assessment
of dietary intake and GFD compliance. Patients were
then investigated according to our usual clinical practice
and subsequent findings; thus, some patients were inves-
tigated differently to others, however, all patients were
followed for a minimum of 2 years; those who developed
further symptoms were reinvestigated. Unless an obvious
cause was immediately apparent, we undertook a further
small bowel biopsy, which was performed by the authors
to ensure a standard quality of biopsy specimen. Jumbo
endoscopy forceps were used to obtain four samples that
were carefully placed, mucosal surface upwards, onto pa-
per to ensure optimal orientation.

Following standard preparation, histological examina-
tion was performed by our histopathology department,
although in borderline or ambiguous cases, we often
elected additionally to examine the slides within our de-
partment. An excess above 20 IELs per 100 enterocytes
defined a pathological increase and villous atrophy was
defined as being unequivocally present if the villous
height to crypt depth ratio was below 2" Direct visual
comparison was made with any previous small intestinal
specimens for the same patient. If there were any con-
cerns regarding the validity of the diagnosis of CD, a glu-
ten challenge was carried out. This involved ingestion of
10 g gluten (equivalent to four slices of white bread daily)
for a minimum of 2 wk before repeat duodenal biopsym].
If colonoscopy was performed, random colonic biopsies
were taken. In the diagnosis of microscopic colitis, we
defined this condition as > 20 lymphocytes per 100 epi-
thelial cells in the superficial colonic mucosa in patients
with diarrhea.

Tests for small bowel bacterial overgrowth (SBBO)
involved a lactulose hydrogen breath test. A positive
test was indicated by an early rise in breath hydrogen >
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20 ppm from baseline after ingestion of 10 g lactulose.
We note the low sensitivity and specificity of breath tests
for bacterial overgrowth, including hydrogen and labeled
carbon tests!". In order to validate a diagnosis of SBBO,
we additionally required that symptoms resolved following
rotating antibiotic treatment (ciprofloxacin 250 mg bd for
2 wk followed by metronidazole 200 mg tds fortnightly
for 4 mo).

Lactose intolerance was diagnosed on dietary exclu-
sion alone as tests are also unreliable. Exclusion of dairy
products carries no risk and, if symptoms resolve, is reli-
able in establishing a confident diagnosis of lactose intol-
erance. Non-invasive testing of pancreatic function was
performed in a number of patients (pancreolauryl test).
False positives may occur in CD", so the diagnosis could
only be confirmed with symptomatic improvement with
oral pancreatic supplements.

RCD was suspected in those with severe, symptomat-
ic NRCD with demonstrated villous atrophy, particularly
those with pronounced weight loss. Urgent and extensive
investigation was arranged in these individuals. This in-
cluded computed tomography scanning of the abdomen
and pelvis, colonoscopy and small bowel imaging. Video
capsule endoscopy was not routinely performed at the
outset of this study, although this now forms part of our
assessment of suspected RCD. If appropriate, serologi-
cal testing for anti-enterocyte antibody was performed to
exclude autoimmune enteropathy.

Additionally, tissue analysis for IEL immunopheno-
typing and PCR reaction amplification for TCR clonality
were undertaken; DNA was analyzed by a series of mul-
tiplex PCR assays, which amplified TCR f§ and y gene re-
arrangements. PCR primer sequences were those used by
the Biomed-2 consortium and have been shown to detect
clonal signals in approximately 95% of all T cell clonal
cases' "',

The presenting symptoms, investigation process, results
and outcome of subsequent management were recorded.
We followed up patients for a minimum of 2 years and
observed if patients remained symptom-free or suffered
further relapses or related adverse events such as death
or identification of malignancy. Any other tests deemed
necessary, based on clinical history and examination, were
petformed, which resulted in a number of other diagnoses.

RESULTS

One hundred and twelve patients were referred to our
center and underwent assessment for NRCD. The mean
age of this group was 48.5 years (range 19-72 years) and
69% were female; CD had been diagnosed at a mean age
of 31 years. The commonest presenting symptoms were
diarrhea (65%), lethargy (43%), abdominal pain (27%)
and weight loss (23%). The demographic details and
clinical symptoms are shown in Table 1. The results are
summarised in Figure 1

Twelve out of the 112 patients had been wrongly
diagnosed with CD. Due to the doubt over the diagno-
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Table 1 Demographics and distribution of symptoms in 112

patients referred to our institution with continued symptoms
on a gluten-free diet (%)

Male 31
Female 69
Mean age (yr) 485
Primary non-responsive 72
Secondary non-responsive 28
Mean years since diagnosis of CD (yr) 3 (range 1-12)
Diarrhea 65
Lethargy/fatigue 43
Abdominal pain 37
Weight loss 23
Nausea and vomiting 10
Symptoms of anemia 10
Two symptoms 49
Three symptoms 20

CD: Celiac disease.

sis, these 12 patients underwent gluten challenge and
repeat biopsy which was normal in all cases. Additionally,
anti-endomysial antibody (EMA) tests were all nega-
tive, although four patients had anti-gliadin antibodies
detected. In four cases, initial duodenal biopsy had not
been performed previously and diagnosis had been made
based on dramatic reduction in symptoms with initial
wheat exclusion. In the remaining eight, we were able to
examine the original histology in five patients. Four of
these were sufficiently normal to exclude CD in tandem
with the subsequent negative gluten challenge. One pa-
tient did have villous atrophy on their original biopsy,
which was felt to have been due to bacterial overgrowth,
which had subsequently improved with antibiotic treat-
ment. We were not able to examine previous specimens
from three patients but the negative gluten challenge was
deemed sufficient to exclude a diagnosis of CD. In total,
six out of 12 patients had been previously shown to have
suppottive positive serology for CD in other institutions
(mainly anti-gliadin antibody). Seven patients were diag-
nosed with irritable bowel syndrome; three with primary
SBBO; and one each with anorexia nervosa and IgE-me-
diated wheat allergy. These individuals were subsequently
removed from the analysis.

Forty-five of the remaining 100 patients were found
to be ingesting sufficient gluten to cause their symptoms.
Of these, 24 were discovered to be consuming gluten ac-
cidentally, and 21 admitted poor compliance with aspects
of their prescribed diet. In total, 37 (23/24 accidental
group and 14/21 poor compliance group) patients un-
derwent repeat duodenal biopsy in order to establish this
information. Of these specimens, 33/37 were abnormal
(Marsh Illa-c) which assisted in correlating the continued
ingestion with the persisting histological abnormalities.

The majority (28/37) proceeded to have a further du-
odenal sample taken that showed comparative improve-
ment in all but one case. In this case, further gluten inges-
tion was admitted on further questioning, In summary, all
45 patients in this group reported symptomatic improve-
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‘ 112 Patients (69% female) ‘

l

‘ Insufficient evidence of celiac disease }<—{ Diagnosis of celiac disease checked ’—»{ Sufficient evidence of celiac disease (100 patients)

l

‘ Gluten challenge and repeat D2 biopsy ‘

l

‘ Normal D2 biopsy (12 patients) ‘

‘ Gluten ingestion (45 patients) ‘

/\

‘ Accidental ingestion (24 patients) ‘ ‘ Poor compliance (21 patients) ‘

—— ——

‘ Symptoms improve following dietary advice (45 patients) ‘

Repeat D2 biopsy (37 patients)
(33 abnormal)

‘ Dietician review ‘

‘ Strict gluten-free diet (55 patients) ‘

l

‘ Colonoscopy with biopsies ‘

l

Microscopic colitis (11 patients)
Diverticular disease (2 patients)
Ulcerative colitis (7 patients)
Colorectal cancer (1 patient)

Pancreatic insufficiency

l

Pancreolauryl test ‘

‘ 28 had repeat D2 biopsy ‘

/\

Histological improvement
(27 patients)

No histological improvement
(1 patient)

l

Poor compliance at
dietary review

(2 patients) <—{ l

‘ Lactulose breath-H2 test ‘

l

‘ SBBO (9 patients) ‘

l

Refractory celiac disease (9 patients)

RCD 1 (2 patients)

RCD II:
Ulcerative jejunitis (3 patients)
EATL (4 patients)

Other
Medication induced diarrhea (2 patients)
HIV (1 patient)
Anorectal dysfunction (1 patient)
Lactose intolerance (1 patient)

Figure 1 Flow chart showing the investigation and diagnoses of the patient cohort. RCD: Responsive celiac disease; SBBO: Small bowel bacterial overgrowth;

EATL: Enteropathy-associated T cell lymphoma.

ment on a strict GFD, with 27/45 having demonstrable
histological improvement.

Eleven patients were treated successfully for micro-
scopic colitis. Diagnosis was made based on the presence
of diarrhea and typical colonic histological features. All of
these patients underwent simultancous small bowel biopsy
which was abnormal in 7/11 (64%) cases, mainly with
an isolated intra-epithelial lymphocytosis. No alternative
cause was established on enquiry or testing. These individ-
uals were treated with a combination of mesalazine, loper-
amide, prednisolone and azathioprine (1-2.5 mg/kg). Five
out of 11 required azathioprine for resolution of symp-
toms. Three patients suffered a relapse of diarrhea within
2 years; again treated successfully with oral steroids. When
abnormal, patients had comparative improvement in their
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duodenal histology following resolution of symptoms. We
performed a total of 75 colonoscopies in NRCD patients
with diarrhea and found significant lymphocytic infiltra-
tion in 15. This included four patients defined as having
RCD who did not show histological or clinical improve-
ment with immunosuppressive treatment.

Nine patients were successfully diagnosed and treated
for bacterial overgrowth with sustained resolution of
symptoms. There have been two relapses both in the same
patient within 2 years; responding on each occasion to
further courses of antibiotic treatment (metronidazole and
ciprofloxacin). Interestingly, one patient was found to have
combined variable immunodeficiency as an underlying
cause for bacterial overgrowth and was referred for immu-
noglobulin infusions as part of further management.
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Ten patients had normal investigations (all had duo-
denal biopsy and colonoscopy). This group was reassured
and treated symptomatically for irritable bowel syndrome.
At review after 2 years, 5/10 had continued functional
symptoms with no new positive investigations. One pa-
tient had been diagnosed empirically with lactose intoler-
ance. The remaining four patients were symptom free.

Lactose intolerance was diagnosed in six individuals;
all of whom had dramatic symptomatic resolution when
a lactose-free diet was commenced. All of these patients
had primary NRCD.

We identified seven patients with coexisting inflam-
matory bowel disease (IBD); all of whom were suffering
from ulcerative colitis. The predominant pattern was
proctitis in five patients, and two had sigmoid colitis. Six
responded to 5-ASA therapies, and one required azathio-
prine to control their IBD. All remained well and no sur-
gical intervention has been required at 2 years follow-up.

After initial assessment and duodenal biopsy, 20 pa-
tients were considered to have a high suspicion of RCD.
All of these patients had weight loss and diarthea and a
history of positive correlative celiac serology. After ex-
haustive investigation and assessment according to the
United European Gastroenterology Week guidelines'
(median duration 5 mo), a firm diagnosis of RCD was
made in 9/20 patients; all of whom had a raised IEL
count (> 20 per 100 enterocytes). Furthermore, all had
marked villous atrophy (Marsh Illa-c). None of this
group was found to have a positive anti-enterocyte an-
tibody. An alternative and remediable explanation for
symptoms was identified in 11 patients (seven continued
gluten ingestion; three with bacterial overgrowth; and one
with microscopic colitis). RCD may be divided into those
without aberrant T cells (type 1) and those with aber-
rant T cells or ulcerative jejunitis (type II)". Of the nine
refractory patients, seven had type II RCD with positive
clonality by y TCR PCR. Three had ulcerative jejunitis;
four were found to have or developed an enteropathy-
associated intestinal lymphoma, two of whom have sub-
sequently died, one from proven EATL and the other
from suspected EATL (a post-mortem was refused by
the relatives); both survived less than 1 year from di-
agnosis. The other two patients remain alive; one is on
immunosuppressive medication and the other has been
successfully treated with surgery. The remaining patients
have continued to have symptoms over the follow-up pe-
riod of 2 years (median 33 mo).

Of the two patients with type I RCD, one has died
but we have no information available as to the precise
cause of death, and the other patient has continued to
have symptoms over the follow-up period of 2 years. In
summary 3/9 (33%) patients diagnosed with RCD in our
study have died.

Other diagnoses that were established are listed in
Table 2. A diagnosis was only included if the symptoms
were clearly attributable and symptomatic improvement
occurred with appropriate treatment. Ten patients had
more than one diagnosis established during the study
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Table 2 Summary of established diagnosis in 100 patients

referred to our center with non-responsive celiac disease

Diagnosis n
Continued dietary gluten 45
Microscopic colitis 11
Bacterial overgrowth 9
Lactose intolerance 7
Inflammatory colitis 7
Irritable bowel syndrome 10
Refractory celiac disease 9

Type I RCD 2

Type I RCD 7
Anorexia nervosa 2
Pancreatic insufficiency 2
Diverticular disease 2
Medication-induced diarrhea 2
Combined variable immunodeficiency 1
Human immunodeficiency virus 1
Colorectal cancer 1
Anorectal dysfunction 1
Incorrect diagnosis of celiac disease 12

RCD: Responsive celiac disease.

period (median 33 mo). This was largely as a result of
ongoing investigation for additional symptoms during the
study petiod.

Further assessment of patients’ symptoms was con-
ducted 2 years after their initial evaluation. Overall, four
patients had died, with one from an unrelated cause.
The vast majority (78%) reported being symptom-free
at 2 years. A total of eight patients reported continued
symptoms, with four describing them as moderate or
severe. Those with continued symptoms included four
diagnosed with RCD, two with irritable bowel syndrome
and two with microscopic colitis. Ten patients could not
be contacted.

In the 100 patients with NRCD, 73% had detectable
anti-tissue transglutaminase (tI'G) antibodies at varying
titers. There was no statistical correlation between pres-
ence of antibodies, antibody titer and the established
cause of NRCD. However, it was noted that 9/20 pa-
tients with RCD had positive celiac serological tests.

DISCUSSION

Evaluation of patients referred to us with continued symp-
toms on a GFD concluded that 12 out of 112 patients
did not actually have CD. The diagnosis of CD might
appear straightforward but this indicates that errors are
still made in clinical practice. The main difficulties appear
to be basing the diagnosis on serology alone; where avail-
able tT'G and EMA should be tested because these are
most sensitive and speciﬁcm’zol. DQ2/8 HLA typing may
be useful to exclude CD in patients when tT'G is nega-
tive but villous atrophy is present, and there is doubt over
the diagnosis. In this study, DQ2/8 was not performed
given difficulty in availability; furthermore, it adds little in
patients who have a positive tT'G and villous atrophy. In
experienced hands, serology testing is highly specific but,
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there can be discordant results between different labora-
tories. The limitations of celiac serology have previously
been reportedm]. Accordingly, duodenal biopsy remains
mandatory for a clear diagnosis of CD to be made and
this is supported by current recommendations. We feel
it is important to reassess the initial biopsy, as failure to
orientate the small intestinal mucosal biopsy can result in
a false interpretation of villous atrophy.

When the diagnosis of CD is secure, investigation of
continued symptoms yields a remediable cause in 90%
of cases, with continued gluten ingestion as the leading
diagnosis. This parallels the findings of a previous study
in an NRCD groupm. In our study, the commonest cul-
prit for inadvertent intake was malted breakfast cereals,
although beer, cooking sauces, pizza, and biscuits - the
latter two of which were cleatly labeled as containing
gluten - were also identified as sources of continued glu-
ten ingestion. The diagnosis of continued gluten inges-
tion was only accepted, if after dietary modification, the
patients” symptoms were reported to have resolved at a
later follow-up appointment. It is of interest that nearly
half of those failing to adhere to a GFD were aware that
their compliance was suboptimal but withheld this in-
formation at initial assessment. It appears that some CD
patients are reluctant to acknowledge that a minor intake
of gluten could account for their continued symptoms. It
is therefore important that appropriate dietary advice is
provided at the outset to avoid unnecessary investigation
at a later date. Celiac societies have a useful role in advis-
ing on GFD. However, some patients in our study were
following a recommended GFD but improved when cer-
tain “safe” foods were removed from their diet. Thete has
been considerable debate as to the acceptable safe thresh-
old for gluten in foods, with 200 ppm being initially rec-
ommended. Some individuals do appear to suffer ongoing
symptoms with persistent duodenal injury, even with trace
quantities of gluten ingested in certain foods. Therefore, a
lower limit of 20 mg/kg (20 ppm) has been accepted for
labeling of gluten-free foods with 100 mg/kg labeled as
gluten-reduced. These regulations will be introduced in
2012, We advise patients that appear to be exquisitely
sensitive to traces of gluten to adhere to a wheat-free
GFD. This involves avoidance of products that are made
by extraction of wheat proteins from flour because this
process is usually incomplete to some degree, with traces
of residual gluten remaining;

The association of microscopic colitis has been re-
ported in CD patients[ﬁ’m. It has been postulated that the
lymphocytic infiltrate is part of the same autoimmune
pathogenesis that is seen in the small bowel and that this
infiltrate improves with a GFD. Similarly, microscopic
colitis appears to be linked with RCD, which again sug-
gests an aberrant immunological process. In our study,
we suggest that there may have been an ovetlap between
the groups diagnosed with microscopic colitis and RCD.
It may be difficult to differentiate the two conditions,
especially when duodenal abnormalities are marked. We
based our diagnosis on the predominant abnormality be-
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tween colonic and duodenal histology, severity of clinical
manifestations, and the response to treatment. In prac-
tice, once lymphoma has been exhaustively excluded, the
management of resistant symptoms may be largely similar
with recourse to immunosuppressive therapy. Treatment
of microscopic colitis is currently suboptimal but overall,
the natural history is benign. We do not attempt here to
discuss the validity of treatments for microscopic colitis
in CD; only that sustained symptomatic improvement
was achieved in these cases. In our experience, a trial of
oral mesalazine may prove sufficient, although this is
frequently ineffective. Following this, moderate-dose oral
systemic steroids (20 mg/d prednisolone) usually provides
rapid complete symptomatic response. The dose should
be tapered gradually, although in a few cases it may be
necessary to maintain 5-7.5 mg/d; in such instances, aza-
thioprine as a steroid-sparing agent should be considered.

SBBO is associated with CD and is probably under-
diagnosed[23]. The mucosal abnormalities may theoreti-
cally disrupt the innate defenses of the small intestine
and predispose to this condition. In our study, patients all
responded to antibiotic therapy but relapse was common.
A second longer course of rotating antibiotic therapy
was prescribed, which appeared to eradicate symptoms in
the long term. If suspected, the diagnosis can be difficult
to confirm, either by duodenal aspiration or breath test
because these tests have a low sensitivity and specific-
ity The duodenal histology may be normal, abnormal
or exhibit patchy changes that are difficult to detect™,
Treatment may be reasonably advised empirically if this
diagnosis is suspected™. Although there is minimal data
from clinical trials, it is our practice to treat patients with
ciprofloxacin 250 mg twice daily, rotating fortnightly
with metronidazole 200 mg three times daily for 3 mo.
Symptomatic response is assessed to determine success
of treatment. Duration of treatment depends on the
conviction that SBBO is the underlying course. In our ex-
perience, patients may require treatment with alternating
antibiotics for up to 4 mo if symptoms are resistant or
recur after discontinuation of a short course of empirical
antibiotics.

Acquired lactose intolerance is widely recognized to
be a potential problem in CD. Exclusion of dairy produce
is often recommended in the first 3-6 mo of GFD to
allow disruption of the brush-border disaccharidase ac-
tivity to recover. IBD can coexist with CD, because both
are common and not mutually exclusive. One study has
previously reported an increased incidence of IBD in pa-
tients with CD compared with the general population
Two patients in our cohort had evidence of concomitant
pancreatic insufficiency. Abnormal exocrine function, as
tested with fecal elastase, was demonstrated in 13 (42%)
subjects in one series of 31 CD patients, although only in
three was this clinically significant”. A trial of treatment
with pancreatic supplements may be advisable in those in
whom pancreatic insufficiency is suspected.

Continued symptoms in CD patients may be func-
tional because the symptoms are often indistinguish-
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able””. In 10% of our NRCD patients, further investiga-
tions, including duodenal biopsy, were normal and the
symptom pattern was consistent with standard criteria
for irritable bowel syndrome. It is possible that the origi-
nal symptoms at presentation were functional and that
the CD was an incidental diagnosis. Additionally, a GFD
frequently fails to provide adequate fiber intake that may
exacerbate constipation and symptoms of irritable bowel
syndrome, for which we advise supplementary fiber with
either an ispaghula or psyllium seed husk preparation.
Cleatly, the GFD should be continued if the diagnosis of
CD has been confirmed. Patients with CD may also suf-
fer from a range of other conditions that affect the gen-
eral population and they should be investigated accord-
ingly. It is not satisfactory to attribute any subsequent
symptoms to a previous diagnosis of CD, particularly in
cases in which symptoms initially responded to a GFD.

Responsive celiac disease

In our study of NRCD, nine patients were characterized
as having RCD. Three were diagnosed with intestinal
lymphoma, but one survived following treatment. At
2 years, 3/9 had died (33%), which is comparable to pre-
existing cohorts”™™, There are no controlled trials but
there are reports of symptomatic improvement with use
of oral steroids and azathioprine. It is our practice to
manage RCD and ulcerative jejunitis with moderate-dose
prednisolone (20 mg/d), with initiation of azathioprine as
a steroid-sparing agent (2-2.5 mg/kg). The steroid dose is
tapered according to symptomatic response. We continue
to monitor for the development of EATL. It is our prac-
tice to repeat duodenal biopsy after 4-6 mo to assess the
small bowel inflammation and correlate this to ongoing
symptoms and treatment.

Celiac serology

We test for serum IgA EMA and tT'G antibodies in all
patients with suspected CD, because these are the most
sensitive and specific. We also test for IgA deficiency
because this is over-represented in CD patients and can
lead to a false-negative EMA result. We no longer recom-
mend using anti-gliadin antibody testing because of poor
specificity' . Initial reports have suggested that celiac se-
rology is a good indicator of response to GFD". How-
evet, a further study has indicated that serology correlates
pootly with histological recoverym. In our experience of
NRCD, there was a high rate of low titer positive serol-
ogy and this disappointingly failed to correlate with spe-
cific causes. Although celiac antibody testing should be
performed routinely in symptomatic CD, we do not feel
that this should deter further investigation of the non-
responsive patient.

Prognosis at two years

We have followed up this group of NRCD patients to
provide information on longer-term outcome of NRCD.
Only eight patients reported continued symptoms after
2 years, which included patients with RCD, as one might
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Non-responsive celiac disease
= 1 yr symptoms
Any severe symptoms

Check diagnosis of celiac disease
Ensure compliance with GFD

Repeat small bowel biopsy

Mild Moderate/
Normal abnormal severe abnormal
Marsh 1 /1 Marsh 1I/IV
Diarrhea Weight loss

Tests: Review GFD CT abdomen
colonoscopy small bowel
tests for: SBBO imaging
lactose intolerance IEL studies
pancreatic
insufficiency
or empirical
treatment Re-educate GFD

Figure 2 Algorithm for investigating non-responsive celiac disease. Mod-
erate to severe abnormalities were defined by villous atrophy (Marsh Illa-c, or
V). GFD: Gluten-free diet; SBBO: Small bowel bacterial overgrowth; IEL:
Intraepithelial lymphocytes; CT: Computed tomography.

expect, and microscopic colitis. This is reassuring in that
NRCD has a good prognosis if evaluated and managed
appropriately.

Investigation algorithm

This algorithm (Figure 2) has been used as a basic guide
in the investigation of patients referred to our institu-
tion with NRCD. It reflects the pivotal role of repeat
duodenal biopsy. It recognizes that mild histological
abnormalities are more likely to indicate continued trace
gluten intake or be present in the context of a secondary
diagnosis. More severe histological changes or significant
weight loss warrant more urgent investigation for RCD
or intestinal lymphoma. In our study, all nine patients
with RCD had significant weight loss and severe histo-
logical abnormalities on duodenal biopsy.

The management of NRCD depends on confirm-
ing the diagnosis of CD and establishing a cause for the
symptoms, which should be possible in 90% of cases.
We suggest that those with RCD should be evaluated
for lymphoma and subsequently managed with immu-
nosuppressive therapy. Alternative strategies involving
treatment with cyclosporine®”, cladribine™, or fluadrib-
ine and melaphan, stem cell transplantation for type II
RCD" have been reported, although their use is not
generally accepted. Continued gluten ingestion accounts
for 45% of persistent symptoms in patients with CD
and a thorough and honest dietary assessment should be
encouraged. Microscopic colitis and SBBO are impot-
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tant causes of persistent ongoing symptoms that should
respond to treatment. The longer-term prognosis of
NRCD is good, with a 90% prospect of sustained symp-
tom resolution.

COMMENTS

Background

Celiac disease (CD) is a common disease that affects approximately 1% of
Northern Europeans and North Americans. It is an inflammatory condition
predominantly involving the proximal small bowel in genetically susceptible
individuals. Treatment involves a life-long gluten-free diet (GFD) with avoidance
of dietary gluten present in wheat, rye and barley. Thirty percent of CD patients
fail to improve or may relapse while on a GFD, which is termed non-responsive
CD (NRCD).

Innovations and breakthroughs

The investigators report that the commonest cause of NRCD is continued glu-
ten ingestion, either deliberately or by accidental ingestion. This cause is easily
remediable by simple dietary measures. The authors also describe how other
diagnoses can also contribute to the persistent symptoms: this includes micro-
scopic colitis, a disease that causes diarrhea with a normal visual examination
of the large bowel, and small bowel bacterial overgrowth; both of which occur
more commonly in CD than previously reported.

Applications

This article helps investigation of NRCD through provision of an investigative
algorithm for physicians to investigate the persistent symptoms in individuals
with CD who have been prescribed a GFD. It also highlights that continued glu-
ten intake and other diagnoses can be concomitant, such that they should be
considered in the diagnostic work up.

Peer review

This is a good descriptive study in which authors investigate all patients referred
to our centre with non-responsive celiac disease to establish a cause for their
continued symptoms.The results are interesting and suggest that an algorithm
for managing patients with non-responsive celiac disease.

REFERENCES

1  Pink IJ, Creamer B. Response to a gluten-free diet of patients
with the coeliac syndrome. Lancet 1967; 1: 300-304

2 Cooke WT, Holmes GK. “Non-responsive” coeliac disease. Br
Med ]1977;1: 1415

3 O’Mahony S, Howdle PD, Losowsky MS. Review article:
management of patients with non-responsive coeliac disease.
Aliment Pharmacol Ther 1996; 10: 671-680

4 Schuppan D, Kelly CP, Krauss N. Monitoring non-responsive
patients with celiac disease. Gastrointest Endosc Clin N Am
2006; 16: 593-603

5  Rubio-Tapia A, Murray JA. Classification and management
of refractory coeliac disease. Gut 2010; 59: 547-557

6  Abdulkarim AS, Burgart L], See J, Murray JA. Etiology of
nonresponsive celiac disease: results of a systematic approach.
Am | Gastroenterol 2002; 97: 2016-2021

7 Wahab PJ, Meijer JW, Mulder CJ. Histologic follow-up of
people with celiac disease on a gluten-free diet: slow and in-
complete recovery. Am | Clin Pathol 2002; 118: 459-463

8 Cellier C, Delabesse E, Helmer C, Patey N, Matuchansky C,
Jabri B, Macintyre E, Cerf-Bensussan N, Brousse N. Refractory
sprue, coeliac disease, and enteropathy-associated T-cell lym-
phoma. French Coeliac Disease Study Group. Lancet 2000; 356:
203-208

9  Cellier C, Brousse N. Classification and outcome of refractory
coeliac sprue. In: Cerf-Bensussan N, Brousse N, Caillat-Zuch-
man S, Cellier C, Schmitz J, editors. Coeliac Dsease: Procee-
dings of the Xth International Symposium on Coeliac disease.
Montrouge: John Libbey eurotext, 2003: 215-223

10 Al-Toma A, Verbeek WH, Hadithi M, von Blomberg BM,
Mulder CJ. Survival in refractory coeliac disease and enterop-

(49

Tag
Bnishideng®

WJG | www.wjgnet.com

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Dewar DH et a/. Management of NRCD

athy-associated T-cell lymphoma: retrospective evaluation of
single-centre experience. Gut 2007; 56: 1373-1378

Malamut G, Afchain P, Verkarre V, Lecomte T, Amiot A,
Damotte D, Bouhnik Y, Colombel JF, Delchier JC, Allez M,
Cosnes ], Lavergne-Slove A, Meresse B, Trinquart L, Ma-
cintyre E, Radford-Weiss I, Hermine O, Brousse N, Cerf-
Bensussan N, Cellier C. Presentation and long-term follow-up
of refractory celiac disease: comparison of type I with type II.
Gastroenterology 2009; 136: 81-90

United European Gastroenterology. When is a coeliac a co-
eliac? Report of a working group of the United European Gas-
troenterology Week in Amsterdam, 2001. Eur | Gastroenterol
Hepatol 2001; 13: 1123-1128

Ciclitira PJ, King AL, Fraser JS. AGA technical review on Ce-
liac Sprue. American Gastroenterological Association. Gastro-
enterology 2001; 120: 1526-1540

Baert F, Wouters K, D'Haens G, Hoang P, Naegels S, D’
Heygere F, Holvoet ], Louis E, Devos M, Geboes K. Lympho-
cytic colitis: a distinct clinical entity? A clinicopathological
confrontation of lymphocytic and collagenous colitis. Gut
1999; 45: 375-381

Riordan SM, Mclver CJ, Walker BM, Duncombe VM, Bolin
TD, Thomas MC. The lactulose breath hydrogen test and
small intestinal bacterial overgrowth. Am | Gastroenterol 1996;
91: 1795-1803

Stevens FM, Kearns MC, McCarthy CF. Abnormal pancreo-
lauryl tests in coeliac disease: lack of correlation with the
degree of intestinal mucosal damage. | Clin Pathol 1997; 50:
1001-1004

van Dongen JJ, Langerak AW, Briiggemann M, Evans PA,
Hummel M, Lavender FL, Delabesse E, Davi F, Schuuring E,
Garcia-Sanz R, van Krieken JH, Droese J, Gonzalez D, Bastard
C, White HE, Spaargaren M, Gonzalez M, Parreira A, Smith
JL, Morgan GJ, Kneba M, Macintyre EA. Design and standard-
ization of PCR primers and protocols for detection of clonal
immunoglobulin and T-cell receptor gene recombinations in
suspect lymphoproliferations: report of the BIOMED-2 Con-
certed Action BMH4-CT98-3936. Leukemia 2003; 17: 2257-2317
Briiggemann M, White H, Gaulard P, Garcia-Sanz R, Gameiro
P, Oeschger S, Jasani B, Ott M, Delsol G, Orfao A, Tiemann M,
Herbst H, Langerak AW, Spaargaren M, Moreau E, Groenen
PJ, Sambade C, Foroni L, Carter GI, Hummel M, Bastard C,
Davi F, Delfau-Larue MH, Kneba M, van Dongen JJ, Beldjord
K, Molina T]. Powerful strategy for polymerase chain reaction-
based clonality assessment in T-cell malignancies Report of
the BIOMED-2 Concerted Action BHM4 CT98-3936. Leukemia
2007; 21: 215-221

Hadithi M, von Blomberg BM, Crusius JB, Bloemena E,
Kostense PJ, Meijer JW, Mulder CJ, Stehouwer CD, Pefia AS.
Accuracy of serologic tests and HLA-DQ typing for diagnos-
ing celiac disease. Ann Intern Med 2007; 147: 294-302

Stern M. Comparative evaluation of serologic tests for celiac
disease: a European initiative toward standardization. | Pedi-
atr Gastroenterol Nutr 2000; 31: 513-519

Rostami K, Kerckhaert J, Tiemessen R, von Blomberg BM,
Meijer JW, Mulder CJ. Sensitivity of antiendomysium and an-
tigliadin antibodies in untreated celiac disease: disappointing
in clinical practice. Am | Gastroenterol 1999; 94: 888-894

Codex standard for foods for special dietary use for persons
intolerant to gluten. Codex Stan 118-1979. Revised 2008.
Available from: URL: http:/ /www.codexalimentarius.net/
web/standard_list.jsp

Attar A, Flourié B, Rambaud JC, Franchisseur C, Ruszniewski
P, Bouhnik Y. Antibiotic efficacy in small intestinal bacterial
overgrowth-related chronic diarrhea: a crossover, randomized
trial. Gastroenterology 1999; 117: 794-797

Tursi A, Giorgetti GM, Brandimarte G, Elisei W. High preva-
lence of celiac disease among patients affected by Crohn’s
disease. Inflamm Bowel Dis 2005; 11: 662-666

March 28,2012 | Volume 18 | Issue 12 |



25

26

27

28

29

Dewar DH et a/. Management of NRCD

Yang A, Chen Y, Scherl E, Neugut Al, Bhagat G, Green PH.
Inflammatory bowel disease in patients with celiac disease.
Inflamm Bowel Dis 2005; 11: 528-532

Regan PT, DiMagno EP. Exocrine pancreatic insufficiency in
celiac sprue: a cause of treatment failure. Gastroenterology 1980;
78: 484-487

Sanders DS, Carter MJ, Hurlstone DP, Pearce A, Ward AM,
McAlindon ME, Lobo AJ. Association of adult coeliac disease
with irritable bowel syndrome: a case-control study in pa-
tients fulfilling ROME II criteria referred to secondary care.
Lancet 2001; 358: 1504-1508

Maurifio E, Niveloni S, Cherfiavsky AC, Sugai E, Vazquez
H, Pedreira S, Periolo N, Mazure R, Smecuol E, Moreno ML,
Litwin N, Nachman F, Kogan Z, Bai JC. Clinical characteristics
and long-term outcome of patients with refractory sprue diag-
nosed at a single institution. Acta Gastroenterol Latinoam 2006;
36:10-22

Sategna-Guidetti C, Pulitand R, Grosso S, Ferfoglia G. Serum

(49

Tag
Bnishideng®

WJG | www.wjgnet.com

1356

30

31

32

33

IgA antiendomysium antibody titers as a marker of intestinal
involvement and diet compliance in adult celiac sprue. | Clin
Guastroenterol 1993; 17: 123-127

Dickey W, Hughes DF, McMillan SA. Disappearance of en-
domysial antibodies in treated celiac disease does not indicate
histological recovery. Am | Gastroenterol 2000; 95: 712-714
Wahab PJ, Crusius ]B, Meijer JW, Uil JJ, Mulder CJ. Cyclospo-
rin in the treatment of adults with refractory coeliac disease--
an open pilot study. Aliment Pharmacol Ther 2000; 14: 767-774
Al-Toma A, Goerres MS, Meijer JW, von Blomberg BM, Wa-
hab PJ, Kerckhaert JA, Mulder CJ. Cladribine therapy in re-
fractory celiac disease with aberrant T cells. Clin Gastroenterol
Hepatol 2006; 4: 1322-1327; quiz 1300

Al-toma A, Visser OJ, van Roessel HM, von Blomberg BM,
Verbeek WH, Scholten PE, Ossenkoppele GJ, Huijgens PC,
Mulder CJ. Autologous hematopoietic stem cell transplanta-
tion in refractory celiac disease with aberrant T cells. Blood
2007; 109: 2243-2249

S- Editor LvS L- Editor Kerr C E- Editor Zheng XM

March 28,2012 | Volume 18 | Issue 12 |



wJ

World Journal of
Gastroenterology

Online Submissions: http:/ /www.wjgnet.com/1007-9327office

wjg@wijgnet.com
doi:10.3748 /wjg.v18.i12.1357

World | Gastroenterol 2012 March 28; 18(12): 1357-1364
ISSN 1007-9327 (print) ISSN 2219-2840 (online)
© 2012 Baishideng. All rights reserved.

BRIEF ARTICLE

Second-line therapy for gemcitabine-pretreated advanced
or metastatic pancreatic cancer

Romain Altwegg, Marc Ychou, Vanessa Guillaumon, Simon Thezenas, Pierre Senesse, Nicolas Flori, Thibault Mazard,
Ludovic Caillo, Stéphanie Faure, Emmanuelle Samalin, Eric Assenat

Romain Altwegg, Marc Ychou, Vanessa Guillaumon, Simon
Thezenas, Pierre Senesse, Nicolas Flori, Thibault Mazard,
Ludovic Caillo, Stéphanie Faure, Emmanuelle Samalin, Eric
Assenat, the Oncology and Digestive Endoscopy Department of
the CRLC Val d'Aurelle, 34000 Montpellier, France

Author contributions: Altwegg R and Assenat E contributed
equally to this work; Ychou M and Assenat E contributed to
conception and design of this study; Altwegg R wrote this paper;
Mazard T, Flori N and Caillo L performed acquisition of data;
Thezenas S and Faure S performed analysis and interpretation of
data; Guillaumon V, Senesse P, Samalin E and Assenat E criti-
cally revised this paper.

Correspondence to: Romain Altwegg, MD, the Oncology
and Digestive Endoscopy Department of CRLC Val d’Aurelle,
34000 Montpellier, France. romain.altwegg@free.fr

Telephone: +33-608-714230  Fax: +33-467-613729
Received: December 16,2010 Revised: February 7, 2012
Accepted: February 27,2012

Published online: March 28, 2012

Abstract

AIM: To investigate second-line chemotherapy in gem-
citabine-pretreated patients with advanced or metastat-
ic pancreatic cancer [(frequency, response, outcome,
course of carbohydrate antigen 19-9 (CA 19-9)].

METHODS: This retrospective study included all pa-
tients with advanced or metastatic pancreatic cancer
(adenocarcinoma or carcinoma) treated with second-
line chemotherapy in our center between 2000 and
2008. All patients received first-line chemotherapy with
gemcitabine, and prior surgery or radiotherapy was
permitted. We analyzed each chemotherapy protocol
for second-line treatment, the number of cycles and
the type of combination used. The primary endpoint
was overall survival. Secondary endpoints included pro-
gression-free survival, response rate, grade 3-4 toxicity,
dosage modifications and CA 19-9 course.

RESULTS: A total of eighty patients (38%) underwent
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a second-line therapy among 206 patients who had
initially received first-line treatment with a gemcitabi-
ne-based regimen. Median number of cycles was 4
(range: 1-12) and the median duration of treatment
was 2.6 mo (range: 0.3-7.4). The overall disease con-
trol rate was 40.0%. The median overall survival and
progression-free survival from the start of second-line
therapy were 5.8 (95% CI: 4.1-6.6) and 3.4 mo (95%
CI: 2.4-4.2), respectively. Toxicity was generally accept-
able. Median overall survival of patients with a CA 19-9
level declining by more than 20% was 10.3 mo (95%
CI: 4.5-11.6) vs 5.2 mo (95% CI: 4.0-6.4) for others
(P = 0.008).

CONCLUSION: A large proportion of patients could
benefit from second-line therapy, and CA 19-9 allows
efficient treatment monitoring both in first and second-
line chemotherapy.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Pancreatic cancer is the tenth most common cause of
cancer in the United States and the fourth leading cause
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of cancer death, with an estimated 42 000 new cases and
35 000 associated deaths in 2009". In France, over 7200
patients were diagnosed with a pancreatic cancer in 2008,
and almost the same number died from their disease.
At the time of diagnosis, most of patients present with
advanced or metastatic pancreatic cancer, thereby preclud-
ing surgical resection”. Gemcitabine has been considered
as the standard treatment for advanced pancreatic cancer
ever since a randomized trial demonstrated significant
improvement in survival and clinical benefit over 5-FUM.
However, its efficacy remains moderate with median
overall survival (OS) times ranging from 5 to 8 mo, and
one-year survival rates varying between 17% and 25%.
Numerous studies have attempted to increase efficacy
of chemotherapy by combining gemcitabine with other
drugs, but most of the regimens evaluated in phase III tri-
als failed to show any improvement in overall survival”",
Only one randomized trial” (#» = 569 patients) comparing
gemcitabine alone »s gemcitabine combined with erlotinib
showed a modest but significant increase in OS in the
erlotinib arm (6.2 mo #s 5.9 mo, P = 0.025). Actually, the
rate of patients receiving second-line chemotherapy vat-
ied from 16% to 57% in the trials evaluating a gemcitabi-
ne-based combination therapymsj. This difference can
be explained by both the deterioration in performance
status after gemcitabine and the absence of recommend-
ed standard treatment in second-line”. Despite limited
clinical data in this situation, a phase I trial comparing
oxaliplatin/folinic acid/5-FU (OFF) combination »s best
supportive care as second-line treatment in gemcitabine-
pretreated patients with advanced pancreatic cancer show-
ed substantial benefit in the chemotherapy arm, with an
overall survival prolonged by 2.6 mo (P = 0.008)"".

Serum carbohydrate antigen 19-9 (CA 19-9), the si-
alyted Lewis blood group antigen defined by the mono-
clonal antibody 1116 NS 19-9% s the most common
tumor marker in Burope and in the United States for pa-
tients with pancreatic cancer, both as a prognostic factor
and an early marker of response to treatment. To date,
the reliability and prognostic value of CA 19-9 levels to
monitor first-line chemotherapy of advanced pancreatic
cancer patients is well established".

In this context, this study aimed to describe the fre-
quency of gemcitabine-pretreated patients with advanc-
ed or metastatic pancreatic cancer receiving second-line
chemotherapy, their overall survival and progression-free
survival. We also investigated response rates, outcome
and potential correlations between the level and course
of CA 19-9 and survival.

MATERIALS AND METHODS

Patients

This retrospective study included all adult patients with
an advanced or metastatic histologically proven pancrea-
tic cancer (adenocarcinoma or carcinoma) initially treated
with gemcitabine in our center between 2000 and 2008.
All patients received first-line chemotherapy with gem-
citabine at a dose of 1000 mg/ m” once weekly for 7 wk
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followed by 1 wk of rest; thereafter, gemcitabine was
given once weekly for 3 wk followed by 1 wk of rest until
progression of disease. Prior surgery or radiotherapy for
local disease was permitted. All patients’ medical records
were registered within a computerized database [follow-
ing national registry council (CNIL) authorization|. While
there was no standard treatment used in second line,
the treatment decision regarding a second-line therapy
was systematically made by a multidisciplinary oncology
committee according to the performance status, age and
comorbidities.

Methods

We assessed each second-line chemotherapy protocol for
the duration, the number of cycles and the type of drug
combinations. The primary endpoint was OS. Secondary
endpoints included progression-free survival (PES), re-
sponse rates, grade 3-4 toxicity, dosage modifications and
CA 19-9 course. We stratified overall survival and pro-
gression-free survival according to the response to gem-
citabine treatment (duration of treatment = or < 4 mo)
and the performance status (0-1 25 2-3). Response rates
and disease progression were evaluated after 2 mo of
treatment by Response Evaluation Criteria in Solid Tu-
mors™ and clinical examination. Toxicity was assessed
at every visit using the National Cancer Institute Com-
mon Toxicity Criteria v.2.0 (CTC AE v2.0). The CA 19-9
levels were determined from serum samples collected at
baseline (maximum one month before starting treatment)
and at final treatment evaluation. A value of 60 IU/mL
was accepted as the upper limit of normal. A reduction
in CA 19-9 level was considered as relevant when serum
concentrations decreased by more than 20% after the com-
pletion of treatment.

Statistical analysis

In this retrospective study, information relating to identi-
fication, treatment, available biological material, surgery,
response to therapy and outcome were collected for each
patient. The primary objective was to evaluate the effi-
cacy of a variety of second-line regimens in a large series
of advanced pancreatic adenocarcinoma after first-line
treatment with a gemcitabine-based regimen. Categori-
cal variables were reported by contingency tables. Conti-
nuous variables were expressed as medians and ranges.
The objective response rate was presented with a 95%
CI. Survival rates and median values were estimated ac-
cording to the Kaplan-Meier method. Patients alive at
the tie of analysis were censored at their last follow-up
examination. Overall survival duration was measured
from the date of first infusion until death from any
cause. Progression-free survival duration was calculated
from the date of first infusion until the first disease
progression. Survival curves were drawn, and the log
rank test was performed to assess differences between
groups. All reported P values are two-sided. For all sta-
tistical tests, differences were considered as significant at
the 5% level. Statistical analyses were performed using

the STATA 9.0 software.
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Table 1 Baseline patient characteristics in second line therapy

Table 2 Treatment regimens in second line » (%)

Clinical features 80 patients

Sex

Male 38

Female 42
Median age (yr) 61.0
Histological diagnosis 67 (83.8)
OMS

0 31 (38.7%)

1 40 (50.0%)

2 7 (8.8%)

3] 2(2.5%)
Presence of primary tumor 55 (68.8%)
Gemcitabine

Median number of cycle 3.0 (1.0-12.0)

Median duration (mo) 3.3 (0.5-18.9)

Duration = 4 mo 29 (36.2%)
Metastatic disease 77 (96.3%)

Hepatic 70.1%

Peritoneal 29.9%

Nodal 23.4%

Pulmonary 16.9%

Carbohydrate antigen 19-9
Initial median concentration (IU/mL)
Elevated (> 60 IU/mL)

741 (2.0-> 2000)
57 (89.1%)

Data are expressed as median values (range).

RESULTS

Patient characteristics

Baseline characteristics of the study population are de-
tailed in Table 1. Of 206 patients receiving a first-line
gemcitabine-based treatment for advanced or metasta-
tic pancreatic cancer, 80 patients (38%) underwent a
second-line therapy between January 2000 and May 2008.
The median age was 61 years (range 36-81 years), and
38 patients were male (47.5%). The diagnosis of can-
cer was histologically confirmed in 67 patients (83.8%).
Thirty-seven patients had undergone surgery including
a pancreatoduodenectomy (7 = 25) and palliative opera-
tion (# = 12) before first-line chemotherapy. Three other
patients had received external radiation therapy. An endo-
scopic biliary prosthesis had been inserted prior to che-
motherapy in eight patients. All patients received first-
line chemotherapy with gemcitabine, with a median of
3 cycles (range: 1-12) and a median duration of 3.3 mo.
Twenty-nine patients (36.2%) were treated for more than
4 mo. A total of 77 patients (96.3%) had evidence of
metastatic disease, for most of them localized in the liver
(70.1%). Despite the advanced stage of disease, patients
generally showed good performance status before initiat-
ing second-line treatment, the WHO PS was of 0-1in 71
patients (88.7%) and = 2 in nine patients (11.3%).

From the CA 19-9 analyses petformed in 64 patients,
fifty-seven (89.1%) showed an elevated level, and initial
median serum concentration was 741.5 TU/mL (range:
2-2000 TU/mL).

Treatment
The median number of second-line chemotherapy cycles
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Groups of chemotherapy Patients
Cisplatin group 23 (28.8)
LV5FU2-CDDP 23 (28.8)
Irinotecan group 22 (27.5)
FOLFIRI 12 (15.0)
XELIRI 10 (12.5)
Oxaliplatin group 21 (26.2)
GEMOX 13 (16.2)
FOLFOX 8 (10.0)
Other group 14 (17.5)
5-FU alone 3(3.7)
Gemcitabine + erlotinib 4 (5.0)
Gemcitabine + capecitabine 3(3.7)
Capecitabine 1(1.2)
5-FU + CDDP + RT 3(3.7)

LV5FU2-CDDP: Folinic acid 400 mg/m?, 5-FU bolus 400 mg/m?, 5-FU 2400
mg/m? over 46 h and cisplatin 50 mg/m? on day 2, every 2 wk; FOLFIRL:
Irinotecan 180 mg/m?, folinic acid 400 mg/m?, 5-FU bolus 400 mg/m?, 5-FU
2400 mg/m? over 46 h, every 2 wk; XELIRI: Irinotecan 240 mg/m? and
capecitabine po 2000 mg/m? J2-J15 every 3 wk; GEMOX: Gemcitabine 1000
mg/m?J1 and oxaliplatine 100 mg/m? J2, every two weeks; FOLFOX: Ox-
aliplatine 85 mg/m?, folinic acid 400 mg/m?, 5-FU bolus 400 mg/m?, 5-FU
2400 mg/m? over 46 h, every 2 wk; 5-FU alone: 5-FU 250 mg/m? every day
as continuous infusion; Gemcitabine + erlotinib: Gemcitabine 1000 mg/m
2 weekly X 7 for 8 wk then weekly X 3 out of 4 wk plus either erlotinib 100
mg po daily; Gemcitabine + capecitabine: Gemcitabine 1000 mg/m? weekly
X 3 for 4 wk and capecitabine 1600 mg/m? J1-J21; Gapecitabine: 2500 mg/
m? weekly X 2 for 3 wk; 5-FU + CDDP + RT: 60 Gy in 6 wk, 2 Gy/fraction,
concomitant with 5-FU 300 mg/m’ per 24 h as a continuous infusion, day 1-5
every week and cisplatin 20 mg/m” per day, day 1-5 at week 1 and 5.

Table 3 Chemotherapy regimens in second line

Cisplatin Irinotecan Oxaliplatin Other P value

group group group group
Number of 23 22 21 14 NS
patient (28.8%)  (27.5%) (26.3%)  (17.5%)
Median number 5.0 5.0 4.0 2.0 NS
of cycle (1.0-10.0) (1.0-12.0) (1.0-12.0) (1.0-5.0)
Median duration 2.7 32 2.3 2.3 NS
of treatment (mo) (0.5-6.9) (0.3-7.4)  (0.6-7.1) (0.3-7.4)
Disease control 10 9 9 4 NS
rate (43.5%)  (40.9%) (42.9%)  (28.6%)
OS (mo) 6.7 45 45 5.2 NS
(3.29.3) (3.2-64) (2.6-9.6) (3.8-15.8)
PFS (mo) 41 3.0 2.6 24 NS
(1.9-6.7) (2.0-6.1) (1.8-54) (2.1-10.1)

OS: Overall survival; PFS: Progression-free survival; NS: Not significant.

was 4 (range: 1-12) and the median duration of treatment
was 2.6 mo (range: 0.3-7.4).

All treatment regimens are described in Table 2. Dif-
ferent drug combinations were used in second-line. Twen-
ty-three patients (28.8%) received a treatment with cispla-
tin (cisplatin group), 22 patients (27.5%) with irinotecan
(irinotecan group) and 21 patients (26.3%) with oxalipla-
tin (oxaliplatin group). Fourteen patients (17.5%) were
given other treatment, including a single agent for four of
them. The duration of treatment did not significantly dif-
fer between groups (Table 3).
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Figure 1 Survival from the start of second-line therapy. A: Overall survival;
B: Progression-free survival.

Response and survival

There was no complete response. Six patients (7.5%) ach-
ieved a partial response, 26 patients (32.5%) a disease
stabilisation, 44 patients (55.0%) experienced disease pro-
gression and 4 patients could not be assessed. The overall
disease control rate (complete response, plus partial re-
sponse, plus stable disease) was 40.0% (median follow-up
was 6.0 mo).

The median OS from the start of second-line therapy
was 5.8 mo (95% CI: 4.1-6.6 mo). The 1-year and 2-year
OS rates were 13.6% (95% CI: 6.9-22.7 mo) and 6.1%
(95% CI: 2.0-13.5 mo), respectively (Figure 1A). The me-
dian PES from the start of second-line therapy was 3.4
mo (95% CI: 2.4-4.2 mo). The one-year and two-year PF'S
rates were 6.0% (95% CI: 1.8-13.9 mo) and 4.0% (95%
CI: 0.8-11.5 mo), respectively (Figure 1B). There was no
significant difference between the four chemotherapy
groups for overall disease control rates, overall survival
and progression-free survival (P > 0.05) (Table 3).

The median OS was 6.3 mo (95% CI: 4.3-7.2 mo)
in patients with a performance status of 0-1 (71 pa-
tients) »s 1.8 mo (95% CI: 0.3-5.9 mo) in patients with
a PS > 1 (9 patients) (P < 0.001). The one-year OS
rates were 16.0% and 0%, respectively. The median
PES was 3.4 mo (95% CI: 2.6-4.9 mo) in patients with
a performance status of 0-1 s 2.1 mo (95% CI: 0.5-3.0
mo) in patients with a PS > 1 (P = 0.004). The one-year
PES rates were 7.0% and 0%, respectively.

The median OS times were 7.2 mo (95% CI: 4.5-10.5
mo) in patients treated for more than 4 mo with gem-
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citabine as first-line therapy (29 patients) and 4.2 mo
(95% CI: 3.2-5.9 mo) in those treated less than 4 mo (51
patients) (P = 0.0406). The one-year PES rates were 10.0%
and 4.0%, respectively.

Toxicity and dosage modifications

Toxicity was generally acceptable. The incidence of se-
vere adverse events (grade 3-4) is reported on Table 4.
Twenty-seven patients (33.7%) experienced at least one
grade 3-4 toxic event. Neutropenia was the most frequent
haematological toxicity, occurring in 14 patients (17.1%).
There were 5 chemotherapy-related deaths. Two deaths
were attributed to sepsis, and three to a combination of
cancer and treatment-related complications. There was
no difference in the incidence of toxicity and treatment-
related deaths between the four chemotherapy groups
(Table 5).

Forty-one patients (51.3%) had dosage modifications,
including treatment suppression for 7 patients, dose reduc-
tion for 17 patients and cycle delay for 33 patients. Dose
reductions were caused by haematological (9 patients,
53%) or clinical toxicities (8 patients, 47%) (Table 0).
In thirty-one patients (41.3%), the chemotherapy was
discontinued before evaluation because of disease pro-
gression (74.2%), toxicity (9.7%) or death (16.1%). There
was no significant difference between groups for dose
modification and chemotherapy discontinuation before
evaluation.

Carbohydrate antigen 19-9 measurement and survival

Reduction in CA 19-9 levels during treatment was associ-
ated with improved survival. The median OS was signifi-
cantly higher in patients whose level of CA 19-9 declined
by more than 20% when compared to other patients 10.3
mo (95% CI: 4.5-11.6) »s 5.2 mo (95% CI: 4.0-6.4) (P =
0.008) (Figure 2A). In this subgroup of patients, the me-
dian PFS was 6.7 mo (95% CI: 3.3-8.8 mo) »s 3.4 mo (95%
CI: 2.6-4.2 mo) (P = 0.031) (Figure 2B). All patients who
experienced a CA 19-9 reduction > 20% achieved disease
control (3 partial responses and 5 cases of stable disease).

DISCUSSION

If gemcitabine-based chemotherapy is the current stan-
dard of care for first-line treatment of advanced pancre-
atic cancer, there are limited data to support a standard
second-line chemotherapy regirnenm. Indeed, the true
survival benefit from first-line therapy is small, and few
patients can endure a second line as their performance
status deteriorates with disease progression. In our study,
the rate of patients treated with second-line chemo-
therapy was 38.8%, in accordance with most published
data regarding gemcitabine-pretreated pancreatic cancer
(16%-57%). Median overall survival from the start of
second-line setting was 5.8 mo (4.1-6.6 mo), and me-
dian progression-free survival was 3.4 mo (2.4-4.2 mo).
These results are similar to those obtained in first-line
with gemcitabine by Burris ez al”™ or Heinemann ¢ al”.
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Table 4 Toxicity, dosage modifications and chemotherapy

discontinuation 7 (%)

Patients
Clinical toxicity grade 3-4
Nausea 3(3.7)
Vomiting 5(6.2)
Diarrhea 2(24)
Stomatitis 1(1.2)
Fever 6 (7.5)
Infection 6 (7.5)
Haematological toxicity grade 3-4
Anemia 2(24)
Neutropenia 14 (17.1)
Thrombocytopenia 1(1.2)
Dosage modifications 41 (51.3)
Type
Treatment suppression 7 (17.1)
Dose reduction 17 (41.5)
Delay of cycle 33 (80.5)
Discontinuation before evaluation 31 (41.3)
Progressive disease 23 (74.2)

Toxicity 39.7)
Chemotherapy-related deaths 5(16.1)

Table 5 Toxicity for chemotherapy groups 7 (%)

Cisplatin Irinotecan Oxaliplatin Other P

group  group group  group value
Clinical toxicity grade
3-4
Nausea 0 0 3 (14.3) 0 NS
Vomiting 2(9.1) 0 2(95) 1(5.3) NS
Diarrhea 1(45) 1(5.6) 0 0 NS
Fever 0 4(22.3) 148 1(53) NS
Infection 0 3(16.7)  3(14.3) 0 NS
Haematological toxicity
grade 3-4
Anemia 0 1(5.6) 1(4.8) 0 NS
Neutropenia 6(273) 6(33.4) 2(9.5) 0 NS
Thrombocytopenia 1(4.5) 0 0 0 NS

NS: Not significant.

Table 6 Dose reduction 7 (%)

Dose reduction Patients
Neutropenia grade 2 or 3-4 5(6.2)
Thrombocytopenia grade 2 4(5.0)
Hand-foot skin reaction grade 2 5(6.2)
Neuropathy grade 2 2(2.4)
Diarrhea grade 3-4 1(1.2)

Moreover, patients with good performance status (0-1)
and who had benefited from gemcitabine chemotherapy
in first line (duration of treatment = 4 mo) had a sig-
nificantly greater duration of overall survival than those
who had not (6.3 mo »s 1.8 mo, P < 0.001; and 7.2 mo
vs 4.2 mo, P = 0.040, respectively). The rate of grade 3-4
toxicity was determined to be 33.7% (27 patients), but
there were no unexpected side effects. Consequently, our
experience demonstrates that a selected population of
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Figure 2 Overall survival and carbohydrate antigen 19-9 evolution in sec-
ond line. A: Overall surviva; B: Progression-free survival. Ev. Ca 19-9: Course
of carbohydrate antigen 19-9.

patients with good performance status can benefit from
second-line chemotherapy after first-line gemcitabine-
based treatment, with appreciable overall and progres-
sion-free survivals. This retrospective study included a
large population, while most of data published over the
last ten years involved relatively small samples in mono-
therapy (from 13 to 52 Eatients) as well as in bitherapy
(from 12 to 46 patients) ‘I The disease control rate was
40%, as described by many authors for both monothe-
rapy and bitherapy regimens, and median overall and
progression-free survivals were superior to those report-
ed in monotherapy studies, but were not different from
bitherapy™.

In daily practice, second-line therapies are regularly
used in gemcitabine-pretreated patients with pancreatic
carcinomas, but the efficacy and benefit in terms of sut-
vival or quality of life have never been validated. A ran-
domized phase Il trial conducted in second line was pre-
sented by Pelzer ¢ a/”. One hundred and sixty-five gem-
citabine-pretreated patients with pancreatic cancer were
randomly assigned to receive either FF (5-FU 2 g/m?
for 24 h plus folinic acid or leucovorin 200 mg/ m? on
days 1, 8, 15 and 22) or OFF (FF plus oxaliplatin 85
mg/m? on days 8 and 22). Median overall survival and
progression-free survival were significantly improved with
OFF protocol (20 wk »s 13 wk, P = 0.014; and 13 wk s
9 wk, P = 0.012, respectively), with an acceptable tolet-
ance profile. This study illustrated the effectiveness of
this protocol which may become the standard second-line
therapy. Currently, the National Comprehensive Cancer
Center pancreatic cancer guidelines encourage the partici-
pation of patients with satisfactory performance status in
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clinical trials, and recommend the use of oxaliplatin and
fluoropyrimidine if enrolment in trials is not possible™".
Finally, the XELOX regirnen[281 showed comparable ef-
ficacy to FOLFOX (or OFF) regimen, while offering the
advantage of oral fluoropyrimidine treatment. Even so,
more large randomized controlled trials are required in
second line before a new standard of care can be estab-
lished.

Interestingly, the CA 19-9 measurement was cor-
related with OS and PFS in our study. Patients whose
level of CA 19-9 declined by more than 20% had a sig-
nificantly greater duration of survival. The prognostic
value of CA 19-9 level and course is well established for
patients with pancreatic cancer treated with surgery™ ",
radiotherapy and chemoradiotherapy™*”. Some studies
also correlated the level and the course of CA 19-9 with
OS and PIS of pancreatic cancer patients treated with
gemcitabine as first-line chemotherapy™**, These stud-
ies showed improved median OS for patients with a de-
crease of CA 19-9 > 20% after two months of treatment
with gemcitabine. Saad ez @/’ reported an increase in the
median OS for patients with a reduction of CA 19-9 at
any time after treatment. In second-line, only one study
demonstrated that a CA 19-9 value > 400 IU/mL was a
significant independently negative prognostic factor™. To
our knowledge, it was the second report which showed a
correlation between OS and CA 19-9 course”™, and the
first report for PES and CA 19-9 course in second-line
chemotherapy for gemcitabine-pretreated patients with
pancreatic cancer.

In summary, treatment of metastatic pancreatic cancer
remains a major challenge and requires new chemothera-
peutic and targeted agent combination to be compared
to gemcitabine in first-line. It should be noted that a new
therapeutic alternative could merge in first-line for se-
lected patients according to the recent results obtained in
a randomized Phase III study comparing FOLFIRINOX
regimen to gemcitabinew. A significant longer overall
survival, progression-free survival, and higher response
rates were obtained with FOLFIRINOX than with gem-
citabine alone, associated with manageable toxicities.

The present study focused on second-line therapy in
gemcitabine-pretreated patients with advanced pancreatic
cancer. From our experience, second-line chemotherapy
is a valuable treatment option after progression on gem-
citabine-based regimen, because 30% to 40% of patients
could benefit from this therapy, especially those with
good performance status (1-2) and who gained benefit
from first-line therapy. Further randomized clinical trials
are necessary to provide a standard treatment in this situ-
ation. Additionally, measurement of the CA 19-9 level
was confirmed to be an efficient marker for treatment
monitoring in first-line as well as in second-line treat-
ment.

COMMENTS

Background

Most of patients have advanced or metastatic pancreatic cancer at the time of
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diagnosis, and cannot benefit from surgery. Gemcitabine-based chemotherapy
is the standard treatment in first-line, but there are limited data to support stan-
dard second-line chemotherapy.

Research frontiers

In practice, second-line therapies are regularly used in gemcitabine-pretreated
pancreatic carcinomas, but the efficacy and benefit in terms of survival or qual-
ity of life have never been validated. Most of published studies in second line
involved small samples, in monotherapy as well as in bitherapy.

Innovations and breakthroughs

In our study, the rate of patients treated with second-line chemotherapy was
38.8%, and median overall and progression-free survivals from the start of
second-line were similar to those obtained in first-line with gemcitabine. Carbo-
hydrate antigen 19-9 (CA 19-9) course was correlated with prolonged overall
and progression-free survival.

Applications

Second-line chemotherapy is a valuable treatment option after progression on
gemcitabine-based regimen, because 30% to 40% of patients could benefit
from this therapy. Measurement of the CA 19-9 level was confirmed to be an
efficient marker for treatment monitoring, in first-line as well as in second-line
treatment.

Peer review

The study is very interesting because there is no consensus about second-line
therapy after disease progression while patients are receiving gemcitabine. The
paper is well written. However, the authors should revise several points in the
entire text.
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Abstract

AIM: To classify gallstone disease as a basis for assess-
ment of post-cholecystectomy symptoms.
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METHODS: One hundred and fifty three patients with
a clinical and ultrasonographic diagnosis of gallstones
filled out a structured questionnaire on abdominal
pain symptoms and functional gastrointestinal disorder
(FGID) before and at six months after cholecystectomy.
Symptom frequency groups (SFG) were categorized
according to frequency of pain attacks. According to
certain pain characteristics in gallstone patients, a gall-
stone symptom score was accorded on a scale from
one to ten. A visual analogue scale was used to quan-
tify pain. Operative specimens were examined for size
and magnitude of stone contents as well as presence
of bacteria. Follow-up took place after six months with
either a consultation or via a mailed questionnaire. Re-
sults were compared with those obtained pre-operative-
ly to describe and analyze symptomatic outcome.

RESULTS: SFG groups were categorized as severe
(24.2%), moderate (38.6%) and mild (22.2%) attack
frequency, and a chronic pain condition (15%). Pain
was cured or improved in about 90% of patients and
two-thirds of patients obtained complete symptom re-
lief. Patients with the most frequent pain episodes were
less likely to obtain symptom relief. FGID was present
in 88% of patients pre-operatively and in 57% post-
operatively (P = 0.244). Those that became asymp-
tomatic or improved with regard to pain also had most
relief from FGID (P = 0.001). No pre-operative FGID
meant almost complete cure.

CONCLUSION: Only one third of patients with FGID
experienced postoperative relief, indicating that FGID
was a dominant cause of post-cholecystectomy symp-
toms.

© 2012 Baishideng. All rights reserved.
Key words: Gallstone symptoms; Functional gastrointes-

tinal disease; Cholecystectomy; Post-cholecystectomy
symptoms
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INTRODUCTION

It is commonly accepted that removal of the gallbladder
is the best treatment for symptomatic gallstone disease.
However, less focus has been on patient selection and
typical or common symptoms of this disease in order
to understand prevailing symptoms after surgery' . Al-
though disease severity has been used””, these efforts
have not been united into useful and widely accepted
working terms for preoperative clinical use and outcome
assessment. As a consequence, the indication for chole-
cystectomy is sometimes vague and assessment of out-
come suffers accordingly'.

Pain is a key element in gallstone symptoms but pain
is a general symptom. Therefore pain characteristics and
additional symptoms reported in classical descriptions of
the disease has expanded the interpretation[gfm. Function-
al gastrointestinal disorder (FGID) is quite common in
the population and the two diseases often appear togeth-
e, FGID may go away or appear more distinct to the
patient after cholecystectomy and thus distort the sense
of postoperative relief. Up to 30% of Patients have some
symptoms following cholecystectomy' ", No consistent
physiological substrate for such pain has been docu-
mented”, Tt is somewhat unclear to what degree post-
cholecystectomy symptoms resemble the exact symptoms
before removal of the gallbladder'”. Most studies are
retrospective with follow-up periods commonly ranging
from a few weeks to a couple of years™ 7 A recent,
prospective study lacked clinically useful working terms
with a mixture of both pain associated symptoms and
FGID".

Our aim was to categorize gallstone disease according
to the severity of clinical symptoms, pain characteristics,
and quantify FGID to define postoperative outcome in
terms of new or persistent symptoms.

MATERIALS AND METHODS

One hundred and fifty-three patients with an ultraso-
nographic diagnosis of gallstones admitted for elective
laparoscopic treatment of symptomatic, uncomplicated
gallstone disease in a Norwegian (7 = 100) and a US (» =
53) institution.

Questionnaire
The patients filled out a structured questionnaire on pain
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characteristics and functional abdominal symptoms be-
fore and at six months after surgery. The questionnaire
was assembled after a large experience with pre-operative
interviews in two randomized trials and modeled as a
simplified version of the Rome II questionnaire!"*'",
Symptoms were classified according to appearance rang-
ing from never to almost always in four steps: never,
occasionally, very often, and almost always. Only those
symptoms that were present more than 50% of the time
(i.e. the last two) was counted as a positive answer (Table 1).

Follow-up was conducted at the outpatient clinic for
all Norwegian patients at six months at which time the
questionnaire was filled out. The American patients were
mailed the questionnaire for logistic reasons.

Gallstone pain attacks were categorized as symptom
frequency groups (SFG) according to the frequency ex-
perienced during the last three months. Patients that were
unable to define exact time periods for pain attacks or
had a dominant pattern of ubiquitous pain or had symp-
toms dominated by severe nausea or food intolerance
were classified as a chronic symptom group.

A visual analogue scale score (VAS) was used to quan-
tify the severity of pain in the symptom questionnaire. A
100 mm long horizontal line was to be marked vertically
at the point consistent with the pain experienced by the
patient. The left end was marked “No pain” and the right
end “Unbearable pain”.

Gallstone symptom score

According to certain pain characteristics in gallstone pa-
tients, a Gallstone symptom score (GSS) was accorded
from 1 to 10 (Tables 2 and 3).

In our practice, patients were found to have symp-
tomatic, uncomplicated gallstone disease if ultrasonog-
raphy detected gallbladder stones and the patients had
relevant clinical symptoms. Endoscopy was neither a
routine part of the pre-operative work-up nor planned as
a diagnostic aid in case of persistent symptoms.

Pathology

Operative specimens were prepared for examination of
bacterial contents, stone size and routine histology on the
back table immediately after the operation finished.

Bile was aspirated with a syringe from the gallblad-
der and sent for culture together with a piece of the wall.
Stone size was measured with a caliper after the gallblad-
der had been opened on the back table. Finally the speci-
men was put on formalin and sent to the pathologist for
routine (hematoxylin and eosin) staining and histological
assessment.

Ethics

The Regional Ethical Committee of Western Norway
and The National Data Inspectorate approved the study.
The Institutional Review Board (IRB) of Cleveland Clinic
approved the study IRB 7000/04). The study was regis-
tered with clinicaltrials.gov as part of NCT01190280.
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Table 1 Assessment of functional abdominal symptoms (func-

tional gastrointestinal disorder)

Perspiration

Intolerance to food

Acid regurgitation

Heartburn

Difficulty swallowing, food sticking in the lower esophagus

Nausea

Loss of appetite (anorexia)

Feeling full after eating very little (early satiety)

Feeling of abdominal fullness or bloating

Abdominal distension, which requires loosening of the belt

Frequent loose bowel movements (or more often than usual)
Constipation (or less bowel movements than usual)

Alternating constipation and loose bowel movements

Difficulty passing stools with straining, urgency or feeling of incom-
plete evacuation

Abdominal pain or discomfort is relieved by bowel movements (pass-
ing of stool)

Rate the frequency of the following symptoms associated with abdominal
pain during the last 3 mo or longer, using the following scale: 0: Not at all
or rarely (less than 10% of the episodes); 1: Occasionally (less than 50%
of the episodes); 2: Very often (more than 50% of the episodes); 3: Almost
always (more than 80% of the episodes).

Statistical analysis

The y* test was used to compare the level of improve-
ment between groups, and to compare the presence of
FGID between patients with different symptom allevia-
tion before and after operation. Logistic regression for
dependent paired data was used to analyze the difference
in FGID before and after surgery between different GSS-
groups. The statistical software used was PASW Statistics
version 18.0 and Intercooled Stata 9.2 for Macintosh.

RESULTS

The patient demographics are shown in Table 4.

Symptom frequency groups and visual analogue scale
score
Four SFG were categorized according to frequency of
pain attacks: severe (24.2%): = 1 pain attack per week,
moderate (38.6%): < 3 pain attacks per month, mild
(22.2% of the patients): < 2 pain attacks per 3 months,
or chronic pain condition (15%): no discernable pain at-
tack pattern.

The VAS was equally distributed between all patients,
mean VAS preoperatively was 82.8 with variation from 17
to 100 (Table 5).

Gallstone symptom score

Mean preoperative GSS in pair-wise comparisons showed
a significant difference preoperative between chronic and
moderate disease patients (P = 0.022). There was a non-
significant trend towards a greater rate of cure or symp-
tom relief measured with GSS among patients with less
severe disease (P = 0.651). Patients in the most severe
SFG had the highest GSS and experienced more remain-
ing symptoms, for details see Tables 5 and 6.
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Table 2 Assessment of pain symptoms

Had an abdominal pain attack at least once for the last 3 mo or longer?
Experienced either pain or discomfort in the abdomen of a continuous
steady nature at least once per week for the last 3 mo or longer?
For women: Did the onset of pain begin during pregnancy or soon after
pregnancy?
Evaluated in the Emergency Department or seek medical attention for
the abdominal pain?
Admitted to the hospital for the abdominal pain?
Estimate how often pain medications are required for the pain:
Not at all or rarely (less than 10% of the episodes)
Occasionally (less than 50% o the episodes)
Very often (more than 50% of the episodes)
Almost always (more than 80% of the episodes)
Time-interval during which the pain most often occurs:
7 am -12 pm
12 pm - 6 pm
6 pm - 11 pm
11 pm -7 am
Highly variable and unable to predict time of onset
Rate how often the pain occurs in the following abdominal areas:
Right upper quadrant!
Left upper quadrant'
Right lower quadrant'
Left lower quadrant'
Midline or center of the upper abdomen'
Is there often an area where the pain is strongest (able to point with one
or two fingers):
Right upper quadrant
Left upper quadrant
Right lower quadrant
Left lower quadrant
Midline or center of the upper abdomen
Highly variable and unable to predict one area
No
Experience discomfort in the right upper quadrant when bending
forward?
Abdominal pain radiates from where it started?
If yes, where does it radiate most often?
Right upper back beneath the right shoulder blade
Upper back between the shoulder blades
Lower back
None of these places mentioned
Highly variable and unable to predict a dominant area
Estimate the number of pain attacks over the last 3 mo
Estimate the usual duration of a pain attack in hours and minutes
Experience urge to move around during a pain attack'
Choose one of four patterns describing pain attacks (depicted by
graphs):
Low-grade warning pain followed by a steady rise to a maximal
constant pain, gradually getting better after a while
Low-grade warning pain followed by a steady rise to a maximal degree
with occasional waves of pain, gradually getting better after a while
Pain begins suddenly with maximal intensity and improves over time
Pain begins suddenly with maximal intensity and persists with waves
of pain until it goes away
Rate level of maximal pain intensity by 100 mm visual analogue scale
score-scale

Pain attacks are defined as suddenly appearing pain that is distinct from,
and stronger than any continuous, steady pain or discomfort. 'The pain
occurrence in each area is rated as: not at all or rarely (less than 10% of the
episodes), occasionally (less than 50% o the episodes), very often (more
than 50% of the episodes) or almost always (more than 80% of the epi-
sodes).

Functional gastrointestinal disorder symptoms
A FGID was present in 87.6% before surgery and in 57.6%

March 28,2012 | Volume 18 | Issue 12 |



Schmidt M et a/. Post-cholecystectomy symptoms and functional gastrointestinal disorder

Table 3 Assignment of a clinical gallstone symptom score to different preoperative symptom frequency groups (%)

Percent of patients with symptoms according to pain presentation

Symptom Score Severe Moderate Mild Chronic
Pain in upper abdomen: Pain most common in right upper quadrant or 2 100 96.6 94.1 88.2
intensifies when bending forward or lying on the right side

Pain attacks commonly last more than one hour 1 73.0 66.7 76.5 46.2
Pain in a “plateau fashion” 1 62.2 729 67.6 64.3
Urge to move during pain attacks 1 51.4 69.0 58.8 84.6
Pain commonly occurs at night 1 43.2 61.0 50.0 29.4
Pain radiation to the back 1 40.5 475 38.2 58.8
Nausea during pain attacks 1 61.1 48.3 52.9 50.0
Use of analgesics in > 50% of pain attacks 1 54.0 54.3 44.1 41.2
Perspiration during pain attacks 1 36.1 414 41.2 60.0

Table 4 Demographics of the study population of 153 patients and 115 follow-up responders n (%), mean age (range, yr)

Symptom frequency group Females Males Total
All groups 122 (79.7), 47 (17-81) 31 (20.3), 51 (28-85) 153 (100), 48 (17-85)
Severe disease 31, 45 (17-81) 6, 44 (25-64) 24.2), 45 (17-81)

Moderate disease
Mild disease
Chronic disease

47, 44 (20-72)
26,53 (25-78)
18, 53 (23-81)

Responders to follow-up 89 (77.4), 49 (20-81)

37
12, 53 (39-70) 59 (38.6), 46 (20-72)
8, 52 (34-85) 34 (22.2), 53 (25-85)
5,55 (30-80) 23 (15.0), 54 (23-81)
26 (22.6), 52 (25-85) 115 (75.2), 50 (20-85)

ZZ for gender; P = 0.889.

Table 5 Changes in gallstone severity score by symptom frequency group in 115 responding patients from the study population of

153 patients 7 (%)

Preoperative SFG Patients Preoperative Responders Postoperative mean % reduction in GSS
mean GSS mean VAS mean GSS mean VAS

Severe disease 37 (24.2) 6.11 81.1 29 (78.4) 1.76 33.0 69.1

Moderate disease 59 (38.6) 6.47 86.6 41 (69.5) 1.32 15.8 78.7

Mild disease 34 (22.2) 6.09 813 26 (76.5) 1.04 12.8 87.0

Chronic disease 23 (15.0) 4.35 76.8 19 (82.6) 1.00 8.9 62.7

SFG: Symptom frequency groups; GSS: Gallstone symptom score; VAS: Visual analogue scale score.

at follow-up after surgery. No difference was seen be-
tween the different SFG (P = 0.244). There was a trend
that patients with FGID before surgery were less likely to
experience improvement of their pain or complete relief.
Likewise, patients without FGID after surgery were more
likely to report improvement or complete relief of pain

(Table 7).

Gallbladder specimen examination
Histology of the gallbladder showed that 85% had chro-
nic and 10% subacute inflammation while 5% were nor-
mal. Bacteriological examination in 79 patients discovered
bacteria in 12 (15.2%) without difference between the
groups. The distribution of bacteria was: gram-negatives
3.8%, gram-positive cocci 8.9%, and mixed cultures 2.5%.
Stone type was not examined.

The number of stones was measured in 66 patients
and size in 64 patients. The mean number was 2.5 (range
1-9) with variation between SFG from 2.3 to 2.8. The
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stone size was mean 13 mm (range 1-40) with variation
between groups from 12.5 to 13.2 mm. There were no
statistically significant differences between the groups.

DISCUSSION

Gallstone symptoms are still classified simply as bilia-
ry colic long after a variety of pain characteristics have
been described for these pain attacks™”. Thus, studies
of outcome of gallstone disease are usually hampered
by lack of scientifically acceptable definitions and de-
signs[3’5’6’16]. This includes an inadequate definition of
gallstone symptoms, lack of proper recognition of FGID
as a concomitant complaint, prospective design and de-
fined follow-up methods. Freedom of pain attacks is a
major outcome measure after cholecystectomy. Complete
cure of a biliary type pain in contrast to a persisting dull
aching pain, has been reported as a reasonable goal for
surgery”. Previous studies have reported that so-called
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Table 6 Symptomatic improvement in 115 patients after cholecystectomy 7 (%)

Groups
Asymptomatic but improved Symptomatic or worse Unchanged P value'
Patients 0.651
All patients 76 (66.1) 28 (24.3) 11 (9.6)
Severe disease 15 (51.7) 10 (34.5) 4(13.7)
Moderate disease 27 (65.8) 9 (22.0) 5(122)
Mild disease 20 (76.9) 5(19.2) 1(3.9)
Chronic disease 14 (73.7) 4 (21.0) 1(5.3)
Age 0.490
<60 54 (64.3) 23 (27.4) 7 (8.4)
> 60 22 (71.0) 5 (16.1) 4(12.9)
Gender 0.573
Women 56 (62.9) 24 (27.0) 9 (10.1)
Men 20 (76.9) 4(15.4) 2(7.7)

'P values from ;° calculation.

Table 7 Presence of pre- and post-operative functional gastrointestinal disorder in 115 patients with different » (%)

Presence of FGID Patients Asymptomatic Symptomatic, improved Unchanged or worse P value'
None pre-operative 13 (11.3) 11 (84.6) 2 (15.4) 0

Present pre-operative 102 (88.7) 65 (63.7) 26 (25.5) 11 (10.8) 0.449
None post-operative 49 (42.6) 42 (85.7) 7 (14.3) 0

Present post-operative 66 (57.4) 34 (51.5) 21 (31.8) 11 (16.7) 0.001
Total 115 (100) 76 (66.1) 28 (24.3) 11 (9.6)

FGID: Functional gastrointestinal disorder.'P values from y° calculation.

biliary colic remained in only 8%-9% of patients in con-
trast to non-colicky pain in 18%-32%""". Others have
found an incidence of around 20% of persistent pain of
the same character as before the operation[20’21]. Lublin
and coworkers'” reported presence of pain in 25% and
non-pain symptoms in 43% . It seems that distinct or
marked pain is present in up to 4%-9%"*"" whereas pain
or “discomfort” connected with dyspeptic symptoms are
not clearly categorizedm]. Around 25% of our patients
improved without being completely cured after removal
of the gallbladder. This corresponds to previous figures
of 18%" and the frequency of more diffuse intestinal
symptoms found by others during post-operative exami-
nation'”. One author mentioned similar findings without
giving figures but did not find interference with quality
of life measurements®”. Up to 93% satisfaction has been
reported after removal of the gallbladder'******7,
FGID consists of two main subgroups, functional
dyspepsia and irritable bowel syndrome (IBS), with over-
lapping features making them both symptomatic of an ir-
ritable or dysfunctional gut””’. The criteria in the Rome
I and the more recent Rome IIl questionnaire give a for-
mal definition of FGID"". In the West, there tends to
be a female predominance. FGID appears as a real condi-
tion of gallstone disease™ >, The pathological connec-
tion is still obscure but a common dysfunctional trait has
been shown™”. A diagnostic problem arises only when
gallstone disease becomes vague with regard to pain ex-
pression[3’5’22]. Lublin and coworkers'” reported that 80%
of patients had so-called non-pain symptoms pre-opera-
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tively in accordance with an 88% incidence of FGID in
our patients. In our practices, nearly all gallstone patients
coming to surgery have upper abdominal pain either in
the right upper quadrant or epigastrium although a small
percentage has intolerable nausea or food intolerance that
dominates over pain. FGID was therefore judged a con-
comitant condition in most cases. Our outcomes are quite
similar to those of others who have attempted to classify
pre-operative symptoms[s’é]. It could be perceived that
freedom of pain with an attack pattern was the decisive
factor when cure or relief was achieved, whereas FGID
of various intensities caused the bulk of the persistent
symptoms, because FGID persisted in 57% of the pa-
tients. The post-operative GSS and VAS were markedly
decreased and it is therefore likely that the patients were
cured of the pain attacks that led to cholecystectomy. Be-
sides, even so-called bilary colic, even if it resembles pre-
operative symptoms, needs a substrate when the gallblad-
der has been removed. It has not been proved that this
stems from the common bile duct (CBD) or the sphincter
of Oddi, even though symptoms caused by CBD disease,
such as a stone, may be quite similar. Therefore, we will
argue that there is reasonable evidence pointing to FGID
as a cause of persisting symptoms after surgery.

Some investigators have reported that patients with
the most severe, frequent or bothersome pre-operative
symptoms are less likely to be cured™"? The present
study corroborated this as results showed that only fre-
quency of pain attacks expressed as SFG separated the
patients with regard to severity in the pre-operative evalu-
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ation. GSS only separated the pain attack groups against
the chronic group. This is broadly correlated with a Swed-
ish study but differed insofar that we amalgamated what
were their two most severe groups into one’. Lublin
and coworkers” used frequency without a more specific
definition. The disease may wax and wane and this may
influence the response to the questionnaire[3’5]. A minority
of 15% had chronic symptoms with daily occurrence as
the rule. We suspect that some of the patients with daily
symptoms reported by Halldestam and coworkers” might
have been classified as a chronic symptom group by our
definition. This would distort comparison of outcome
because these two groups responded differently to opera-
tive treatment in our study. It is also difficult to ascertain
the meaning of “atypical” or multiple locations of painlSJ.
Pain in the right upper quadrant or epigastrium is a core
issue in the diagnosis of gallstone disease but admittedly
in a small minority of patients other symptoms dominate.
However, as long as these symptoms can be assigned to
gallstone disease, they are not a contraindication to sur-
gery in such cases.

Although patients with the highest pre-operative
mean GSS had the largest relative score reduction, this
group retained a higher post-operative score and had the
highest VAS score. The reason for that was largely as-
sumed as being caused by persistent symptoms of FGID
even though this could not be established with certainty
because of overlapping symptoms in gallstone patients.
It was, however, consistent with the observation that the
severe SFG had more patients with no relief and also
had a slightly larger GSS burden and consequently higher
post-operative GSS and VAS score, indicating that a
larger disease burden or more symptoms was in concert
with a higher VAS. This may be interpreted as more per-
sistent pain. One study found that patients with the most
bothersome symptoms before surgery had less chance
of cure™. The highest odds ratio for persistence was
obtained by “gas/flatulence”, a common symptom of
IBS or FGID. This could easily be interpreted as caused
by FGID but it has been unusual to explicitly label post-
cholecystectomy symptoms as FGID even though many
symptoms fit this diagnosis®”. One explanation may be
that these symptoms has for too long been discerned as
part of a wider range of gallstone symptoms while we
will argue that they are two concomitant disease expres-
sions with many overlapping features making it difficult
to separate them.

Compared with measurements before surgery VAS
has reached levels of around 68 (of 100) pre-operatively
to levels of 35 to 45 post-operatively™™>"**!), Tn the pres-
ent study, VAS was similar across all four GSS groups
and it fell after surgery to a mean of 18 (range 9 to 33).
Therefore, it could not by itself be used to distinguish
between the patients before or after surgery. Our post-
operative median score value indicates no more than mild
to moderate pain"",

Theoretically, a bile duct focus might cause pain quite
similar to that originating in the gallbladder but only
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about 2% has common bile duct stones after removal of
the gallbladder'™". Psychometric testing has shown that a
psychosomatic disturbance may influence outcome after
cholecystectomy™™, Tt has been observed that women
tend to have more postoperative painm while some have
reported that gender is irrelevant™*Y. Women under
the age of 60-years have been found to have significantly
more pain of the diffuse, more continuous type that is
also described in functional dyspepsia, and satisfaction
has been greater for men"”. We found that women were
less likely to become asymptomatic. Age of the patient
has not influenced outcome™", whereas the opposite
was found when 50 or 55-years-of-age was used as cut
off value™™. In contrast to previous studies, patients
more than 60-years-of-age fared slightly worse in the
present study™"”, Stone size and number, bacteriology, or
histologym did not impact the symptom presentation in
this study.

We recommend a follow-up period of 6 mo before
assessing outcome after cholecystectomy[s’zz]. Whether
qualified personnel should interview a study object or a
questionnaire be used, remains open for discussion™'***,
It may be a point of concern whether a self-assessment
questionnaire will make the patient report more com-
plaints than will be revealed by a professional interview!™,

Approximately 10% of patients did not improve or
even got worse whereas the condition of 25% improved
and the rest was cured. Patients with the most SFG were
less likely to be completely cured and this group also
had a higher pre-operative symptom score (GSS). Post-
operative FGID persisted in 57% of patients and indirect
evidence suggests that persistent symptoms were caused
mainly by FGID. The main indication for elective cho-
lecystectomy in uncomplicated gallstone disease should
be pain attacks. Patients should be informed about the
chance of persistent symptoms.

COMMENTS

Background

Patients with gallstones often have various abdominal symptoms that may be
caused by the gallstones or are present as a separate condition but with a com-
mon physiology. The accompanying abdominal symptoms are called functional
gastrointestinal disorders (FGID). Because of its common nature and presence
of pain or discomfort it is difficult to separate a functional condition from the
gallstone disease itself. Lack of a clear distinction between the two and a poor
understanding of the physiology that causes both conditions, especially FGID,
makes it difficult to treat these symptoms if they remain after the operation. The
article characterizes symptoms caused by gallstone disease in order to define
which symptoms remain after removal of the gallbladder. Hope of improving
understanding of their character and origin will subsequently have a potential
bearing on treatment.

Research frontiers

Current treatment methods may not be satisfactory due to limited insight in
physiological mechanisms. Therefore, FGID causes a major health problem
with a large amount of sick-leave days. Because of this burden on both patient
and society it is important to conduct proper research to gain insight in disease
mechanisms and offer effective treatment.

Innovations and breakthroughs
The study tried to characterize gallstone disease according to intensity and
frequency of pain attacks as well as concomitant functional symptoms. The pre-

March 28,2012 | Volume 18 | Issue 12 |



Schmidt M et a/. Post-cholecystectomy symptoms and functional gastrointestinal disorder

operative condition has then been compared to persisting symptoms after sur-
gery. Such methodical studies of the character of gallstone disease are scarce.

Applications

An understanding of disease expression may give better insight into why com-
plete symptom relief does not occur in some patients after cholecystectomy.
Thus, it may be possible in the future to decide which patients will have the
greatest chance of cure as well as offer efficient treatment of persisting symp-
toms after cholecystectomy.

Terminology

Gallstone disease is characterized by bouts of pain or pain attacks in about
85% of patients. The rest have a combination of more consistent pain, strong
food intolerance or nausea. FGID is present in about 88% of gallstone patients.
This condition may have particular symptoms but a clear-cut physiologic mech-
anism or organic origin has not been decisively described for it. The diagnosis
is sometimes made by exclusion of other diseases. It is difficult to separate
clinically from gallstone disease when both are present in the same patient.
Peer review

The authors have nicely analyzed the existing preoperative functional disorder
in patients of gallstones to substantiate its correlation with post-operative symp-
toms.
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Abstract

AIM: To evaluate the usefulness of the microcatheter
techniques in balloon-occluded retrograde transvenous
obliteration (BRTO) of gastric varices.

METHODS: Fifty-six patients with gastric varices un-
derwent BRTOs using microcatheters. A balloon cathe-
ter was inserted into gastrorenal or gastrocaval shunts.
A microcatheter was navigated close to the varices,
and sclerosant was injected into the varices through
the microcatheter during balloon occlusion. The next
morning, thrombosis of the varices was evaluated by
contrast enhanced computed tomography (CE-CT). In
patients with incomplete thrombosis of the varices, a
second BRTO was performed the following day. Patients
were followed up with CE-CT and endoscopy.

RESULTS: In all 56 patients, sclerosant was selectively
injected through the microcatheter close to the varices.
In 9 patients, microcoil embolization of collateral veins
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was performed using a microcatheter. In 12 patients
with incomplete thrombosis of the varices, additional
injection of sclerosant was performed through the mi-
crocatheter that remained inserted overnight. Complete
thrombosis of the varices was achieved in 51 of 56 pa-
tients, and the remaining 5 patients showed incomplete
thrombosis of the varices. No recurrence of the varices
was found in the successful 51 patients after a median
follow up time of 10.5 mo. We experienced one case of
liver necrosis, and the other complications were tran-
sient.

CONCLUSION: The microcatheter techniques are very
effective methods for achieving a higher success rate of
BRTO procedures.

© 2012 Baishideng. All rights reserved.
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obliteration; Gastric varices; Microcatheter; Portal hyper-
tension; Ethanolamine oleate
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INTRODUCTION

Balloon-occluded retrograde transvenous obliteration
(BRTO) is a treatment for gastric varices that has a high
success rate! . However, there are three major problems
with BRTO procedutes such as overdose of the sclerosant,
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leakage of the sclerosant into the systemic circulation, and
incomplete thrombosis of large gastric varices' . We
introduced the microcatheter techniquesm'ls] in 1999 to
solve these problems, and we have been using three major
beneficial techniques for BRTO procedures such as selec-
tive injection of the sclerosant, microcoil embolization of
collateral veins and additional injection of the sclerosant.
Since 1999 we have collected a great deal of data and are
now able to accurately report on the long-term results of
these techniques in a large number of cases.

MATERIALS AND METHODS

BRTO using 2.9Fr microcatheters was performed in 56
patients with liver cirrhosis-related gastric varices between
August 1999 and December 2008. The subjects consisted
of 35 males and 21 females, with a mean age of 65.3
years (range: 33-83 years). Liver cirrhosis was associated
with hepatitis B in 3 patients, hepatitis C in 29 patients,
alcohol in 15 patients, and unknown factors in 9 patients.
Acording to the Child-Pugh classification, liver function
was evaluated as A in 19 patients, B in 31 patients, and
C in 6 patients. Prophylactic BRTO was performed in
31 patients with large tumor-like gastric varices or grow-
ing varices in danger of rupture. Elective BRTO was
perfomed in 12 patients with a history of hemorrhage
related to gastric varices. Emergency BRTO"*' wwas per-
formed in 13 patients within 24 h after hematemesis or
tarry stool. Informed consent for BRTO was obtained
from all patients.

Gastric varices were confirmed by endoscopy. The
presence and diameter of gastrorenal shunt or gastroca-
val shunt were evaluated by contrast enhanced computed
tomography (CE-CT). An 8Fr sheath(Cobra type; Me-
dikit, Tokyo, Japan) was inserted into the left renal vein or
inferior vena cava through the right internal jugular vein
or right femoral vein, and a 6Fr balloon catheter(Cobra
type; Clinical Supply, Gifu, Japan) was inserted into the
gastrorenal shunt or gastrocaval shunt. The balloon diam-
eter was 13 or 20 mm. In patients with a shunt diameter
of 13 mm or more, a balloon measuring 20 mm in diam-
eter was used. A 2.9Fr microcatheter was navigated close
to the gastric varices. A sclerosant, 5% ethanolamine
oleate iopamidol (EOI), was infused slowly and intermit-
tently through a microcatheter during balloon occlusion.
5% EOI was prepared by making a 20 mL solution con-
sisting of 10 mL contrast medium and 10 mL of 10%
ethanolamine oleate (Oldamin; Grelan Pharmaceutical,
Tokyo, Japan). The infusion of 5% EOI was continued
until the entire gastric varices and feeding veins were
opacified. The mean volume of sclerosant (5% EOI) was
22.9 mL per one procedure (range: 1.5-47 mL). The bal-
loon occlusion time ranged from 12 to 48 h. To fix the
sheath and catheters, sterilized tape (Hogy Medical, To-
kyo, Japan) was used. The next morning after the BRTO
procedure, thrombosis of gastric varices was evaluated
by CE-CT. In patients with incomplete thrombosis after
the first BRTO, a second BRTO was performed the fol-
lowing day. After complete thrombosis of gastric varices
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was confirmed on CE-CT, all catheters were removed.
To prevent renal damage due to EOI-induced hemolysis,
4000 units of haptoglobin (Mitsubishi Pharma, Osaka,
Japan) was administered intravenously during and after
the infusion of EOI in all patients“s’lg]. Patients were fol-
lowed up with endoscopy and CE-CT 1 d, 1 wk and 1, 3,

6 mo after the procedure and every 6 mo thereafter.

RESULTS

In all (100%) of 56 patients, the sclerosant was selectively
injected through the microcatheter close to the gastric
varices (Figures 1 and 2). In 9 (16%) of 56 patients, mi-
crocoil embolization of dilated collateral veins was pet-
formed using the microcatheter (Figure 3). In 12 (21%)
of 56 patients, CE-CT the next day after the first BRTO
showed incomplete thrombosis of the varices, and ad-
ditional injection of the sclerosant was performed in the
second BRTO through the microcatheter which remained
inserted overnight (Figure 4). Complete thrombosis of
the varices was achieved in 51 of 56 patients after all
BRTO procedures, and the remaining 5 patients showed
incomplete thrombosis of the varices. Endoscopic treat-
ments were performed in 4 of the 5 patientslzo"m, and a
surgical treatment was performed in the other patient.
No cases of recurrence or variceal bleeding of the gas-
tric varices were found in the successful 51 patients after
a median follow up time of 10.5 mo (range one day-7
years). Esophageal varices with red color sign appeared in
5 of the 51 patients[25'28]. Red color sign indicates a high
risk of wvariceal bleedingm]. These patients’ varices were
treated by endoscopic treatment.

Most complications were transient and minor. These
include: hematuria due to the sclerosant (8 of 56 pa-
tients), high fever (8 of 506), abdominal pain (5 of 56),
elevation of blood pressure during infusion of the scle-
rosant (3 of 50), pleural effusion (35 of 50), ascites (33
of 56)™, and extravasation of the sclerosant during the
procedure (3 of 50). In the three patients with extravasa-
tion, BRTO was continued, and complete thrombosis of
the varices was achieved in 2 patients. We experienced
one case of liver necrosis after the BRTO procedurem]
No other major complications such as renal failure, pul-
monary embolism, or acute respiratory distress syndrome
(ARDS) were experienced.

DISCUSSION

Microcatheters have three major benefits in BRTO for
gastric varices. The first benefit is a selective injection
of the sclerosant through a microcatheter ™. Infusion
of the sclerosant with a microcatheter, which is inserted
close to the gastric varices, enables a decrease in the dose
of the sclerosant, preventing sclerosant-related com-
plications. We consider that the optimal volume of the
sclerosant used for one BRTO procedure is 40 mL or
less. To decrease the sclerosant volume of 5% EOI, 50%
glucose solution may be infused before injection of 5%
EOI during BRTO®.
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Figure 1 Selective injection of the sclerosant. A: A microcatheter is navigated close to the gastric varices, and the sclerosant is selectively injected through the
microcatheter (arrow); B: The gastric varices and gastrorenal shunt are fully filled with the sclerosant with contrast medium, and the afferent vein (arrow) is opacified;
C: Contrast-enhanced computed tomography (CE-CT) before balloon-occluded retrograde transvenous obliteration (BRTO) shows gastric varices (asterisk); D: CE-CT
one week after BRTO shows complete thrombosis of the varices (asterisk); E: Endoscopy before BRTO shows tumor-like varices (asterisk) in the fornix of the stom-
ach; F: Endoscopy 3 mo after BRTO shows complete disappearance of the varices.

Figure 2 Selective injection of the sclerosant. A: A balloon catheter is inserted into the gastrocaval shunt. Balloon-occluded venography shows no gastric varices;
B: The balloon catheter is advanced further into the shunt, and the sclerosant is selectively injected through the microcatheter which is navigated close to the gastric
varices. The varices (asterisk) are opacified sufficiently; C: Contrast-enhanced computed tomography (CE-CT) shows the varices (asterisk) and a large amount of he-
matomas in the stomach; D: The gastrocaval shunt (arrow) flows into the inferior vena cava; E: CE-CT next day shows complete thrombosis of the gastric varices (as-
terisk) and the tip of the microcatheter (arrow) close to the varices; F: CE-CT shows the balloon catheter in the shunt (arrow); G: Endoscopy before balloon-occluded
retrograde transvenous obliteration (BRTO) shows large gastric varices (asterisk) with a bleeding site (arrow); H: Endoscopy 3 mo after BRTO shows complete disap-
pearance of the varices.
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Figure 3 Microcoil embolization of collateral veins. A: Pericardiophrenic veins (arrows) develop as collateral draining veins; B: A microcatheter (arrow) is navi-
gated into the pericardiophrenic vein and microcoil embolization is performed; C: The sclerosant is selectively injected through the microcatheter which is withdrawn
a little, and the gastric varices are opacified sufficiently. Microcoils (arrow) from embolization and surgical clips from previous operation of gastric cancer. (arrowhead)
are seen; D: Contrast-enhanced computed tomography (CE-CT) before balloon-occluded retrograde transvenous obliteration (BRTO) shows gastric varices (asterisk);
E: CE-CT next day after BRTO shows complete thrombosis of the varices (asterisk) and microcoils close to the varices (arrow).

Figure 4 Additional injection of the sclerosant. A: Fluoroscopic image obtained during the first balloon-occluded retrograde transvenous obliteration (BRTO)
shows full opacification of the gastric varices and gastrorenal shunt; B: Fluoroscopic image obtained during the second BRTO (next day) shows partial opacification of
the varices and shunt, suggesting residual varices (arrow) and thrombosis of the varices and shunt (arrowheads); C: Contrast-enhanced computed tomography (CE-
CT) before BRTO shows large varices (asterisk); D: CE-CT after the first BRTO shows residual varices (arrow) in the lateral portion of the stomach. The microcatheter
tip (circle) is in the gastrorenal shunt close to the varices; E: CE-CT after the second BRTO shows complete thrombosis of the varices (asterisk). The sclerosant with
contrast medium (circle) is detected in the gastrorenal shunt; F: CE-CT 3 mo after BRTO shows complete disappearance of the varices; G: Endoscopy before BRTO
shows bulky varices (asterisk); H: Endoscopy 3 mo after BRTO shows complete disappearance of the varices.
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The second benefit is a2 microcoil embolization of
dilated collateral veins™ using a microcatheter">'. Ob-
literation of collateral veins prevents renal failure, pul-
monary embolism, and ARDS induced by leakage of the
sclerosant into the systemic circulation. Haptoglobin was
intravenously administered as a counteragent of ethanol-
amine oleate, which is a sclerosant that damages the endo-
thelial cell of the vessel and induces thrombus formation
in the vessel.

The third benefit is an additional injection of the scle-
rosant through the microcatheter that remained inserted
overnight“s]. To achieve complete thrombosis of gastric
varices, the balloon occlusion time was prolonged from
30 min (original BRTO) to 12 h or more'l. After a com-
plete thrombosis of gastric varices was confirmed on CE-
CT done the next morning after the first BRTO, all cathe-
ters were removed. When complete thrombosis of gastric
varices was not achieved, a second BRTO was petformed,
and additional sclerosant was injected through the micro-
catheter. Insertion of a microcatheter close to the gastric
varices until the next day allows for an additional injection
of the sclerosant into the varices through the microcath-
eter, even when occlusion of a shunt occuts.

Another minor benefit is that microcatheters can be
a safer and more accurate guidance tool for balloon cath-
eters than the 0.035 inch guidewires. The stiff guidewires
sometimes induce venous damage. On the other hand, it’
s easy to insert a soft microcatheter into the shunts and
advance a balloon catheter into the shunts over the mi-
corocatheter and microguidewire, because we can check
the position of the microcatheter tip by test injection of
the contrast matetial.

In the Kanagawa et al" on use of BRTO without the
microcatheter technique, complete eradication of gastric
varices was not achieved after a single BRTO procedure
in 7 (22%) of 32 patients. This is compatible with our re-
sults that show 21% of patients with incomplete throm-
bosis of the varices and 16% of patients having microcoil
embolization.

BRTO procedures for gastric varices may be difficult
to conduct when varices lack a gastrorenal shunt®*".
However, gastric varices without the gastrorenal shunt are
rare.

We experienced one case of liver necrosis. It is sup-
posed that the liver necrosis was due to leakage of the
sclerosant into the portal vein through afferent veins. So
we must be careful in order to prevent leakage of the
sclerosant into the portal vein.

Esophageal varices with red color sign appeared in
5 patietslzs'zs]. Occlusion of a gastrorenal shunt and/or
gastrocaval shunt may have induced esophageal varices as
another collateral route. Esophageal varices can be readily
treated by endoscopic treatment. Therefore, the status of
esophageal varices should be endoscopically checked at
6-month intervals after BRTO.

Three major beneficial techniques of microcatheters
for BRTO of gastric varices are selective injection of the
sclerosant, microcoil embolization of collateral veins and
additional injection of the sclerosant. Microcatheters are
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useful for achieving a higher success rate of BRTO pro-
cedures.

COMMENTS

Background

Gastric varices have a larger blood flow compared with esophageal varices, so
when they are ruptured, there is a high mortality rate. Therefore, prophylactic
treatment is necessary in patients with gastric varices in danger of rupture.
Balloon-occluded retrograde transvenous obliteration (BRTO), is a treatment for
gastric varices that is minimally invasive and has a high success rate. However,
there are three major problems with BRTO procedures such as overdose of
the sclerosant, leakage of the sclerosant into the systemic circulation, and in-
complete thrombosis of large gastric varices. We introduced the microcatheter
techniques to solve these problems

Innovations and breakthroughs

Microcatheters have three major benefits in BRTO for gastric varices. The first
benefit is a selective injection of the sclerosant through a microcatheter. The
second benefit is a microcoil embolization of dilated collateral veins using a
microcatheter. The third benefit is additional injection of the sclerosant through
the microcatheter that remained inserted overnight. When complete thrombosis
of gastric varices was not achieved, a second BRTO was performed, and ad-
ditional sclerosant was injected through the microcatheter.

Applications

Patients with large gastric varices and/or dilated collateral veins can be treated
with BRTO procedures using the microcatheter techniques.

Peer review

In this study, the authors described three major beneficial techniques of micro-
catheters for BRTO of gastric varices. Microcatheters are useful for achieving a
higher success rate of BRTO procedures.
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Abstract

AIM: To examine the significance of branched-chain
amino acid (BCAA) treatment before transcatheter arte-
rial chemoembolization (TACE) for hepatocellular carci-
noma (HCC).

METHODS: This study included 99 patients who un-
derwent TACE therapy for HCC at our hospital and
were followed up without treatment for at least 6 mo
between January 2004 and January 2010. They were
divided into 2 groups: those receiving BCAA granules (n
= 40) or regular diet (7 = 59, control). Data obtained
were retrospectively analyzed (prior to TACE, and 1 wk,
1, 3, and 6 mo after TACE) in terms of nutritional condi-
tion and clinical laboratory parameters (serum albumin
level and Child-Pugh score), both of which are determi-
nants of hepatic functional reserve.

RESULTS: The BCAA group comprised 27 males and
13 females with a mean age of 69.9 = 8.8 years. The
patients of the BCAA group were classified as follows:
Child-Pugh A/B/C in 22/15/3 patients, and Stage II/II
/IVA HCC in 12/23/5 patients, respectively. The control
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group comprised 32 males and 27 females with a mean
age of 73.2 £ 10.1 years. In the control group, 9 pa-
tients had chronic hepatitis, Child-Pugh A/B/C in 39/10/1
patients, and Stage I /I /II/IVA HCC in 1/11/35/12
patients, respectively. Overall, both serum albumin level
and Child-Pugh score improved significantly in the BCAA
group as compared with the control 3 and 6 mo after
TACE (P < 0.05). Further analysis was performed by the
following categorization: (1) child-Pugh classification; (2)
liver cirrhosis subgroup with a serum albumin level > 3.5
g/dL; and (3) epirubicin dose. A similar trend indicating
a significant improvement of all variables in the BCAA
group was noted (P < 0.05).

CONCLUSION: Treatment with BCAA granules in pa-
tients who have undergone TACE for HCC is considered
useful to maintain their hepatic functional reserve.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the most common
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carcinoma wotldwide!". Treatment for HCC varies de-
pending on the disease stage and liver function, and
includes radiofrequency ablation, percutaneous ethanol
injection therapy, hepatic resection, liver transplantation,
transcatheter arterial chemoembolization (TACE), and
molecular target therapy™ ™.

TACE is a procedure whereby an embolizing agent is
injected into the hepatic artery to deprive the tumor of
its major nutrient source zia embolization of the nutri-
ent artery, resulting in ischemic necrosis of the tumor.
Hepatic arterial embolization, which had been used until
eatly in the 1990s, is divided into two treatment methods:
injection of an embolizing agent after intra-arterial in-
jection of an anticancer drug and intra-arterial injection
of a mixture of an embolizing agent and an anticancer
drug™. Subsequently, it was revealed that an oil contrast
medium or iodized oil (Lipiodol) accumulates within the
tumor after injection. This led to introduction of TACE,
in which an embolizing agent is injected after injection of
a mixture of Lipiodol and an anticancer drug (Lipiodol
emulsion)™. Until the middle of the 1990s TACE had
been performed in a large majority of patients with unre-
sectable HCC. With the subsequent introduction of local
treatment, however, TACE is now mainly indicated for
treatment of an HCC measuring 3 to 5 cm in diameter or
treatment of 4 or more HCCs less than 3 cm in diameter
that are both unresectable and not indicated for local
treatment.

Takayasu ¢ a/” reported that independent prognostic
factors in relation to survival in patients who underwent
TACE include (1) degree of hepatic damage; (2) tumor
staging; and (3) serum o-fetoprotein level, and recom-
mended TACE, which can sufficiently maintain the
volume ratio of a chemoembolized tumorous liver to
the entire tumor-free liver as well as of residual hepatic
functional reserve, while emphasizing the importance of
maintenance of hepatic functional reserve in these pa-
tients.

Branched-chain amino acids (BCAAs) are three amino
acids possessing branched side chains (i.e., valine, leucine,
and isoleucine). Patients with liver cirrhosis are known to
have decreased plasma BCAA levels, which can lead to
protein-energy malnutrition (PEM). PEM is associated
with a high morbidity and mortality due to an increased
risk of life-threatening complications, resulting in poor
survival and quality of life QoL

A considerable proportion of patients with HCC have
concurrent liver cirrhosis. In those patients with underly-
ing PEM, interventional therapy such as TACE may fur-
ther worsen their nutritional condition and even occasion-
ally cause development of ascites and jaundice, resulting
in an irreversible outcome' .

Supplementation with BCAAs in patients with liver
disorder has been attracting attention. BCAA treatment
can correct malnutrition associated with liver cirrhosis
in animals and humans*'¥ and long-term nutritional
BCAA supplementation may also be useful for preven-
tion of hepatic failure while it also improves surrogate
markers in patients with advanced cirrhosis"™'". BCAA

(49

Tag
Bnishideng®

WJG | www.wjgnet.com

supplementation is also effective in down-regulating pro-
tein metabolism in liver cirrhosis patients by reducing am-
monia (NH3) level, thus improving the nitrogen balance
and resulting in better clinical outcomes' ™. The mecha-
nism underlying these beneficial effects of BCAAs might
be mediated by stimulation of hepatocyte growth factor
activity that induces liver regenerationlw]. Therefore, nu-
tritional support may play an important role in manage-
ment of liver cirrhosis in patients with unresectable HCC.
Studies dealing with the effect of treatment with BCAA
granules before TACE in patients with HCC, neverthe-
less, are few as yet to our knowledge. This study was thus
performed to investigate the significance of BCAA treat-
ment in HCC patients who had undergone TACE.

MATERIALS AND METHODS

Patients

This retrospective study included 99 patients who under-
went TACE alone for treatment of HCC at our hospital
and were followed up thereafter without treatment for
at least 6 mo between January 2004 and January 2010.
Patients were divided into two groups: those receiving
BCAA treatment (7 = 40) or regular diet (# = 59, con-
trol). BCAA therapy had been started at least one month
before the day TACE was performed, and treatment
compliance was good in all patients receiving BCAAs.

Diagnosis of hepatocellular carcinoma

Dynamic computed tomography (CT) and abdominal
echography were performed in all patients. A lesion vi-
sualized as a tumor blush in the early phase scan and as
a defect area in the late phase scan on dynamic CT was
diagnosed as HCC. It has been verified that such lesions
appear as blushes on CT hepatic angiography and as de-
fect areas on CT arterial portography during TACE. Two
radiologists proficient in diagnostic imaging of the liver
made a diagnosis of HCC. No pathological examination
was conducted.

Branched-chain amino acid granules

BCAA granules, containing 952 mg of 1-isoleucine, 1904
mg of r-leucine and 1144 mg of r-valine per sachet, were
orally administered to subjects at a dose of one sachet
three times daily after meals. The control patients re-
ceived no such treatment.

Transcatheter arterial chemoembolization procedure

Written informed consent was obtained from each pa-
tient prior to TACE. The protocol for TACE was ap-
proved by the independent ethics committee of the hos-
pital. TACE for HCC was performed in conformity with
Japanese guidelines for this therapy” and consisted of
catheterization vza the femoral artery with super-selective
cannulation to the hepatic artery feeding the target HCC.
Farmorubicin (epirubicin hydrochloride, Pfizer) emulsion
was infused at 10 to 60 mg, and Lipiodol (iodine addition
products of ethyl esters of fatty acids obtained from pop-
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Table 1 Baseline characteristics of study groups (mean + SD)

BCAA group  Control group P value
(n = 40) (n = 59)

Gender
Male 27 32 0.215
Female 13 27
Age (yr) 69.9+838 73.2£10.1 0.092
Etiology of liver disease
Chronic hepatitis C 28 43 0.287
Chronic hepatitis B 2 8
Non B non C 10 10
Child-Pugh classification
Chronic hepatitis 0 9 0.006
Child-Pugh A 22 39
Child-Pugh B 15 10
Child-Pugh C 3 1
WBC (x 10°/ uL) 38.2+10.8 44.7 £16.0 0.082
Hb (g/dL) 11.9+18 125+17 0.091
Platelet (x10*/mm’) 102+94 114+49 0.431
Alb (g/dL) 3.32+0.50 3.74+0.51  <0.001
T-Bil (mg/dL) 1.28 £0.81 1.05 £ 0.63 0.123
PT (%) 77.5+14.1 859+173  0.012
AST (IU/L) 65.8 £39.6 73.8 £56.4 0.445
ALT (IU/L) 48.0+3838 54.2+39.0 0.438
AFP (ng/mL) 626.1+2009.8 1109.2+26525 0.331
PIVKAII (mAU/mL) 1471.7 £5033.5 3421.5+8211.2 0.183
HCC Stage
Stage | 0 1 0.412
Stage I 12 11
Stage Il 23 85
Stage [Va 5 12
Max tumor size (cm) 3.34 £1.67 3.59 £1.47 0.422
Epirubicin dose (mg) 34.8 £10.4 39.5+9.2 0.024

WBC: White blood cell; Hb: Hemoglobin; Alb: Albumin; T-Bil: Total bili-
rubin; PT: Prothrombin time; AST: Aspartate aminotransferase; ALT: Ala-
nine aminotransferase; AFP: Alpha-fetoprotein; PIVKA II : Protein induced
vitamin K absence or antagonist II; HCC: Hepatocellular carcinoma;
BCAA: Branched-chain amino acids.

py seed oil; Mitsui, Japan) was also injected at 2 to 10 mL
according to the tumor size and tumor number. This
was followed by embolization with gelatin (Spongel; Ya-
manouchi, Japan), which was injected slowly to prevent
reflux into untreated segments. The sites of injection of
the embolizing agents were segmental or subsegmental in
all patients.

Follow-up after transcatheter arterial chemoembolization
At 1 wk and 1, 3 and 6 mo after TACE, patients under-
went hematological and blood biochemical tests and were
assessed for their hepatic functional reserve and develop-
ment of any adverse events. Dynamic CT was carried out
to assess for any ascites or recurrence of HCC at 1, 3 and
6 mo after TACE.

Statistical analysis

Student 7 test, y” test and Fisher’s exact test were used to
compare data between BCAA patients and the control.
Serum albumin level and Child-Pugh score constituted
parameters for assessment of hepatic functional reserve.
Absolute changes in serum albumin level observed at 1
wk and 1, 3 and 6 mo after TACE were compared be-
tween the two groups and evaluated using Student / test,
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4@ BCAAgroup (7 = 40)
~l- Control group (7 =59)

a

Figure 1 Overall comparison of changes in Child-Pugh score between the
branched-chain amino acids group and the control group over time. There
was a significant difference in changes in Child-Pugh score 3 and 6 mo after
transcatheter arterial chemoembolization. ®P < 0.05 vs control group. BCAA:
Branched-chain amino acid.

and the absolute change was defined as the difference
found at each assessment time point from the baseline
(pre-TACE level). Changes in Child-Pugh score were also
evaluated similarly using Student / test at 1, 3 and 6 mo
after TACE.

Data were analyzed using SPSS software, version 9.0
(SPSS Inc., Chicago, 1L, United States) for Microsoft Win-
dows. Data are expressed as mean + SD. Values of P < 0.05
wete considered to be statistically significant.

RESULTS

Patient demographic characteristics are summarized in
Table 1. Significant differences were noted for the follow-
ing parameters: Child-Pugh score, serum albumin level,
prothrombin time, and dose of epirubicin at the time of
TACE. A patient in the control group had stage I HCC,
for which percutaneous therapy is indicated, but TACE
alone was performed because the patient refused petrcu-
taneous therapy.

Overall comparison of hepatic functional reserve
between the branched-chain amino acid group and the
control group over time

A significant difference in serum albumin level was ob-
served at all assessment time points (P < 0.05). Also,
there was a significant difference in Child-Pugh score 3
and 6 mo after TACE (P < 0.05) (Table 1, and Figure 1).

The categorized analysis results are presented below.

Comparison of hepatic functional reserve in Child A
patients

There were 22 Child A patients in the BCAA group and
39 in the control group. A significant difference was
noted in serum albumin level 1, 3 and 6 mo after TACE
and in Child-Pugh score 3 and 6 mo after TACE (P < 0.05)
(Table 1, and Figure 2A).

Comparison of hepatic functional reserve in Child B patients

There were 15 Child B patients in the BCAA group and
10 in the control group. A significant difference was
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Figure 2 Comparison of changes in Child-Pugh score in Child A and Child B patients: patients with a serum albumin level of 3.5 g/dL or more, low-dose
epirubicin subgroups, high-dose epirubicin subgroups. A: A significant difference was noted in changes in Child-Pugh score 3 and 6 mo after transcatheter arte-
rial chemoembolization; B: A significant difference was noted in changes in Child-Pugh score 1, 3 and 6 mo after transcatheter arterial chemoembolization; C: A signifi-
cant difference was observed in changes in Child-Pugh score 3 and 6 mo after TACE; D: A significant difference was noted in changes in Child-Pugh score 3 and 6 mo
after TACE; E: A significant difference was noted in changes in Child-Pugh score 3 and 6 mo after TACE. BCAA: Branched-chain amino acids; TACE: Transcatheter
arterial chemoembolization. *P < 0.05 vs control group.

noted in serum albumin level 3 and 6 mo after TACE and cin (40 mg or more).
in Child-Pugh score 1, 3 and 6 mo after TACE (P < 0.05)
(Table 1 and Figure 2B). Comparison in low-dose epirubicin subgroups

Sixteen patients each received low-dose epirubicin in the
Comparison in patients with a serum albumin level of BCAA group and the control group. Serum albumin lev-
3.5 g/dL or more el was significantly different 1, 3 and 6 mo after TACE

There were 13 and 34 patients who fell in this category and Child-Pugh score 3 and 6 mo after TACE (P < 0.05)
in the BCAA group and the control group, respectively. (Table 1 and Figure 2D).

A significant difference was observed in both serum albu-

min level and Child-Pugh score 3 and 6 mo after TACE (P Comparison in high-dose epirubicin subgroups

< 0.05) (Table 1, and Figure 2C). Twenty-four and 43 patients received high-dose epiru-

As it is thought that antineoplastic agents used during bicin in the BCAA group and the control group, respec-
TACE may cause hepatic impairment in a dose-depen- tively. A significant difference was noted in serum albu-
dent fashion, the data were further evaluated in patients min level at all assessment time points and in Child-Pugh

classified into two subgroups: those treated with low- scote 3 and 6 mo after TACE (P < 0.05) (Table 1 and
dose epirubicin (less than 40 mg) or a high-dose epirubi- Figure 2E).
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DISCUSSION

PEM occurs frequently in patients with liver cirrhosis and
represents an important predictive factor for the prog-
nosis of liver cirthosis patients with HCC "**'\. Supple-
mentation with BCAA formula is reportedly useful for
improving PEM and QoL in these patients. However,
few studies have assessed the importance of such nutri-
tional intervention in patients with HCC who underwent
nonsurgical therapies such as TACE. The purpose of the
present study was to investigate to what extent BCAA
treatment can contribute to maintaining hepatic func-
tional reserve in HCC patients after TACE.

A significant difference was observed in the overall
patient population in terms of change in serum albumin
level at all assessment time points. As seen in Table 1,
hepatic functional reserve was relatively well maintained
in the control group; therefore, anticancer chemotherapy
was given at relatively high doses (60% of patients treat-
ed with BCAA received epirubicin at 40 mg or more
whereas the corresponding percentage for the control
group was 72.9%). Patients receiving high-dose antican-
cer chemotherapy are often unable to sufficiently ingest
food over several weeks after TACE. This may account
for lower serum albumin levels observed in the control
group compared with the BCAA group. Other possible
causes of decreased serum albumin levels after TACE in-
clude (1) impaired ability of the liver to synthesize serum
albumin due to decreased hepatocyte count; (2) inhibition
of the synthesis of albumin by inflammatory cytokines;
and (3) leakage of albumin due to inflammation of the
cauterized areas”>.

The assessments in Child-Pugh A patients revealed
a significant difference in serum albumin level 1, 3 and
6 mo after TACE and in Child-Pugh score 3 and 6 mo
after TACE. TACE is best indicated for Child-Pugh A
HCC. In patients undergoing TACE, caution should be
exercised to minimize depression of hepatic functional
reserve in preparation for the next treatment session. The
above results thus suggest the usefulness of BCAA treat-
ment in this regard.

The assessments in the Child-Pugh B subgroup show-
ed a significant difference in Child-Pugh score 1, 3 and
6 mo after TACE. Once hepatic functional reserve has
worsened from Child-Pugh B to Child-Pugh C following
TACE, the next TACE cannot be performed according
to the Barcelona Clinic Liver Cancer guidelines[24]. There-
fore, particular caution should be exercised in maintain-
ing hepatic functional reserve at the time of TACE in
patients with Child-Pugh B HCC, indicating the indis-
pensability of BCAA therapy.

In Japan, BCAA granules are indicated for the treat-
ment of liver cirrhosis in patients with a serum albumin
level of 3.5 g/dL or less. Howevert, conversely, the pres-
ent study demonstrated similar results between patients
with a serum albumin level of more than 3.5 g/dL and
those in other categories of serum albumin level. There-
fore, treatment with BCAA proved to improve hepatic
functional reserve even in cirrhotic patients with HCC
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whose serum albumin level exceeds 3.5 g/dL. It is thus
recommended to actively provide BCAA treatment in
such patients.

There was a conspicuous difference between the BCAA
and control groups in respect of response to BCAA the-
rapy when assessed in patients receiving high-dose epi-
rubicin compared to those treated with low-dose epiru-
bicin. TACE may cause a marked damage to the liver in
HCC patients, eventually leading to a considerable impact
on their hepatic functional reserve”. BCAA treatment is
thus recommended at sufficient doses prior to TACE in
patients with advanced HCC in whom high-dose antican-
cer chemotherapy is anticipated.

TACE is often repeated because a single session of
therapy seldom provides complete necrosis of a tumor.
The procedure is commonly repeated once every 2 to
3 mo” . In the present study, however, many patients
failed to attain recovery of hepatic functional reserve to a
pre-TACE level, particularly in the control group, within
2 to 3 mo of TACE. It is thus estimated that every re-
peated session of TACE may worsen hepatic functional
reserve and thereby shorten the prognosis for survival.
Treatment with BCAA would therefore be essential in
otder to allow for providing TACE periodically while se-
curely maintaining hepatic functional reserve.

One of the findings commonly noted in regard to all
the variables assessed in this study is that a significantly
greater improvement was noted in both serum albumin
level and Child-Pugh score for the BCAA group 6 mo
after TACE in comparison to the control group. What is
suggested by this fact is simply the usefulness of long-
term BCAA treatment prior to TACE. It is also impor-
tant that patients should be fully instructed on the use of
BCAA granules to maintain their treatment compliance.

The present study has several limitations. Firstly, it is a
retrospective study. Furthermore, there was a bias in pa-
tient demographic characteristics between the BCAA and
control groups since BCAA is usually used for patients
showing low serum albumin levels. Therefore, pertinent
data were evaluated for improvement or exacerbation us-
ing absolute serum albumin change as a parameter. The
present study did not include assessment for the progno-
sis for survival, which should be addressed by a prospec-
tive study using comparable demographic characteristics
among patients.

In conclusion, treatment with BCAAs before TACE
in HCC patients is extremely useful in maintaining their
hepatic functional reserve.

COMMENTS

Background

Patients with hepatocellular carcinoma (HCC) due to liver cirrhosis are known
to have decreased plasma branched-chain amino acid (BCAA) levels, which
can lead to protein-energy malnutrition (PEM). BCAA treatment can correct
malnutrition associated with liver cirrhosis.

Research frontiers

Studies dealing with the effect of treatment with BCAA granules before trans-
catheter arterial chemoembolization (TACE) in patients with HCC are few as
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yet. In this study, the authors analyzed the effect of BCAA treatment before
TACE for HCC patients.

Innovations and breakthroughs

Recent studies imply that by BCAA supplementation, malnutrition associated
with liver cirrhosis is corrected and liver function improves. The present study
shows that in HCC patients who underwent TACE, liver function was main-
tained by BCAA supplementation.

Applications

This study emphasizes the importance of BCAA treatment before TACE for
HCC patients with regard to maintaining liver function.

Peer review

This is a very good and novel study in which authors analyze the effect of
BCAA treatment before TACE for HCC patients. The results are interesting and
suggest the usefulness of BCAA treatment before TACE in HCC patients in
maintaining their hepatic functional reserve.
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Abstract

AIM: To evaluate the relationship between liver stiff-
ness and duration of infection in blood transfusion-as-
sociated hepatitis C virus (HCV) patients with or without
hepatocellular carcinoma (HCC).

METHODS: Between December 2006 and June 2008,
a total of 524 transfusion-associated HCV-RNA positive
patients with or without HCC were enrolled. Liver stiff-
ness was obtained noninvasively by using Fibroscan
(Echosens, Paris, France). The date of blood transfusion
was obtained by interview. Duration of infection was
derived from the interval between the date of blood
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transfusion and the date of liver stiffness measurement
(LSM). Patients were stratified into four groups based
on the duration of infection (17-29 years; 30-39 years;
40-49 years; and 50-70 years). The difference in liver
stiffness between patients with and without HCC was
assessed in each group. Multiple linear regression anal-
ysis was used to determine the factors associated with
liver stiffness.

RESULTS: A total of 524 patients underwent LSM.
Eight patients were excluded because of unsuccess-
ful measurements. Thus 516 patients were included in
the current analysis (225 with HCC and 291 without).
The patients were 244 men and 272 women, with a
mean age of 67.8 £ 9.5 years. The median liver stiff-
ness was 14.3 kPa (25.8 in HCC group and 7.6 in non-
HCC group). The patients who developed HCC in short
duration of infection were male dominant, having lower
platelet count, with a history of heavier alcohol con-
sumption, showing higher liver stiffness, and receiving
blood transfusion at an old age. Liver stiffness was pos-
itively correlated with duration of infection in patients
without HCC (r = 0.132, £ = 0.024) but not in patients
with HCC (r = -0.103, P = 0.123). Liver stiffness was
significantly higher in patients with HCC than in those
without in each duration group (P < 0.0001). The fac-
tors significantly associated with high liver stiffness
in multiple regression were age at blood transfusion
(P < 0.0001), duration of infection (P = 0.0015), and
heavy alcohol consumption (P = 0.043)

CONCLUSION: Although liver stiffness gradually in-
creases over time, HCC develops in patients with high
stiffness value regardless of the duration of infection.

© 2012 Baishideng. All rights reserved.
Key words: Transfusion-associated hepatitis C; Transient

elastography; Hepatocellular carcinoma; Liver stiffness;
Ultrasonography; Liver fibrosis
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INTRODUCTION

Hepatitis C virus (HCV) is a leading cause of chronic
liver diseases, presenting serious public health problems
worldwide”. HCV infection generally shows an as-
ymptomatic onset and slow fibrosis progression, with
cirrhosis developing after 20-50 yearswl. Progression of
disease is known to depend on patients’ characteristics at
the onset of infection" . Infection at old age, male gen-
der and heavy alcohol consumption ate reported to be
independently associated with rapid disease progression.

The onset of HCV infection can be reliably estimated
in transfusion-associated chronic hepatitis C patients, in
contrast to repeating injecting-drug users. In Japan, about
40% of chronic hepatitis C patients and HCV-related
HCC patients have a history of blood transfusion typi-
cally in 1950s and 1960s""”, when blood supply depended
on paid blood donors. Not a few of the blood donors
were also injecting-drug users, mainly methamphetamine,
among whom HCV spread first after the end of World
War II. Viral spread started to decline in Japan after com-
mercial blood banks were entirely abolished in 1969"".

Chronic hepatitis C with cirrhosis is a strong risk fac-
tor for hepatocellular carcinoma (HCO)™". Tt has been
shown that the risk of HCC increases with the degree
of liver fibrosis'". Until recently, however, the degree of
liver fibrosis could be reliably assessed only with liver bi-
opsy, an invasive procedure with the possibility of serious
complications*'”,

Liver stiffness, which can be noninvasively measured
with transient elastography, has been recently reported to
be well correlated with histologically assessed liver fibro-
sis stage[zm. We previously reported that liver stiffness is
strongly associated with the risk of HCC®"*. The calcu-
lated stratum-specific likelihood ratio indicated that the
post-test odds for the presence of HCC increase five-fold
when liver stiffness is higher than 25 kPa and decrease to
one-fifth when lower than 10 kPa. Furthermore, we have
confirmed in a prospective study that liver stiffness is a
significant risk factor for HCC development, together
with male gender, clinical cirrhosis and serum albumin
level. However, in those studies we did not fully consider
the duration of HCV infection and the age at the onset
of infection, which are indicated in several studies to be
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associated with disease progression.

The aim of this study is to evaluate the association
between liver stiffness and the duration of infection in
blood transfusion-associated hepatitis C patients with and
without HCC, focusing on the risk of HCC development.

MATERIALS AND METHODS

Patients

This study conformed to the ethical guideline of the 1975
Helsinki Declaration and the ethical guidelines for epi-
demiologic research designed by Japanese Ministry of
Education, Culture, Sports, Science and Technology and
Ministry of Health, Labor and Welfare. The study design
was approved by the ethics committee of the authors’
institution. Between December 2006 and June 2008, a
total of 1562 patients positive for HCV RNA visited the
liver clinic of authors’ institution. Among these patients,
those with a history of receiving blood transfusion were
consecutively enrolled (229 with HCC and 295 without).
We excluded from the present study those patients with
concomitant hepatitis B virus surface antigen positivity,
patients with uncontrollable ascites, patients on inter-
feron therapy, and patients who received multiple blood
transfusions.

Transient elastography

Liver stiffness was obtained noninvasively by using Fi-
broscan (Echosens, Patis, France), a newly developed medi-
cal device based on elastometry. Liver stiffness measure-
ment (LSM) was considered valid only when at least eight
acquisitions were successful with a success rate of at least
60% and the ratio of inter-quartile range (IQR) to the
median value was larger than 30%.

Diagnosis of hepatocellular carcinoma

In patients with HCC, the cancer was diagnosed by dy-
namic computed tomography (CT), where intrahepatic
nodules with hyperattenuation in the arterial phase with
washout in the late phase were considered as definite
HCC™Y, Histopathological diagnosis, using ultrasound-
guided biopsy samples, was also performed when re-
quired. In patients without HCC, the cancer was ruled
out by ultrasonography. No HCC was detected in the
subsequent six-month follow-up period among these pa-
tients.

Laboratory tests

We determined the following parameters on the day
of LSM: serum albumin and total bilirubin concentra-
tions, serum aspartate aminotransferase (AST) and ala-
nine aminotransferase (ALT) levels, prothrombin activity
and platelet count. Serogrouping of HCV was assessed
by enzyme-linked immunosorbent assay (ELISA) (Im-
mucheck F-HCV Gr Kokusai; Sysmex, Kobe, ]apan)[zﬂ.
Based on the prevalence of each HCV genotype in Japan,
serogroup 1 was assumed to represent genotype 1b and
serogroup 2 to represent genotype 2a or 2b.
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Figure 1 Frequency distribution of the year of receiving blood transfusion
among the subjects. There is a peak around the year 1960.

Table 1 Characteristics of patients according to presence of

hepatocellular carcinoma 7 (%)

Characteristics HCC Non-HCC P value
Overall patients n =225 n=291
Gender (M/F) 126/99 118/173 0.0005
Age (yr)' 71.2 (66.1-75.7) 68.1 (58.7-72.4) < 0.0001
Platelet count (10°/L)" 95 (74-133) 161 (111-200) < 0.0001
ALT (IU/L)' 48 (34-68) 42 (25-69) 0.006
Alcohol consumption 51 (22.7) 28 (9.6) <0.0001
>50g/d
Liver stiffness (kPa)' 25.8 (17.3-37.4) 7.6 (5.6-13.9) < 0.0001
IQR (kPa)' 4.0 (2.5-6.0) 1.6 (1.2-2.6)  <0.0001
Duration (17-29 yr) n=234 n=64
Gender (M/F) 25/9 38/26 0.0028
Age (yr)! 73.1(65.7-77.1) 59.7 (47.2-69.2)  0.033
Platelet count (10°/L)" 95 (76-154) 180 (116-229) < 0.0001
ALT (IU/L)' 51 (34-89) 42 (22-77) 0.2071
Alcohol consumption 12 (35.3) 9(14.1) 0.023
>50g/d
Liver stiffness (kPa)" 26.1(16.8-53.3) 5.9 (4.9-12.1) < 0.0001
Duration (30-39 yr) n =40 n=>59
Gender (M/F) 16/24 23/36 0.9191
Age (yr)' 72.0 (65.4-76.7) 62.3 (55.7-68.6) < 0.0001
Platelet count (10°/L)" 93 (68-120) 151 (97-215) < 0.0001
ALT (IU/L)" 42 (33-65) 48 (27-80) 0.7591
Alcohol consumption 6 (15) 7 (11.9) 0.7641
>50g/d
Liver stiffness (kPa)' 28.7 (20.1-37.8) 7.4 (5.7-13.8) < 0.0001
Duration (40-49 yr) n =101 n=127
Gender (M/F) 58/43 51/76 0.0113
Age (yr)! 69.2 (65.8-73.6) 69.9 (65.7-72.7)  0.8107
Platelet count (10°/L)" 97 (67-136) 163 (112-195) < 0.0001
ALT (IU/L)' 48 (34-69) 38 (23-64) 0.0080
Alcohol consumption 25 (24.8) 8 (6.3) 0.0001
>50g/d
Liver stiffness (kPa)" 25.1(17.5-37.4) 8.2(5.8-14.1) <0.0001
Duration (50-70 yr) n=>50 n =41
Gender (M/F) 27/23 18/23 0.4016
Age (yr)' 74.4 (70.0-78.1) 73.7 (66.3-79.2)  0.5658
Platelet count (10°/L)" 97 (81-141) 147 (117-189) 0.0001
ALT (IU/L)" 52 (36-69) 46 (32-63) 0.1700
Alcohol consumption 8 (16) 4(9.8) 0.5363
>50g/d
Liver stiffness (kPa)' 16.0 (8.0-36.3) 7.9 (6.5-15.8) < 0.0001

"Data are expressed as median (25th-75th percentiles). ALT: Alanine ami-
notransferase; IQR: Inter-quartile range; HCC: Hepatocellular carcinoma;
M: Male; F: Female.
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Duration of infection and liver stiffness progression

The date of blood transfusion was obtained by interview.
Duration of infection was derived from the interval be-
tween the date of blood transfusion and the date of LSM.
The rate of liver stiffness progtression was calculated as
follows: present liver stiffness-minimal stiffness value in
the cohort (kPa)/interval after blood transfusion (years).

Statistical analysis

Data were expressed as median and 25th-75th percentiles
in parenthesis unless otherwise indicated. The categorical
variables were compared by 12 tests, whereas continuous
variables were compared with unpaired Student’s 7 test
(parametric) or Mann-Whitney U test (non-parametric).
A P value < 0.05 on two-tailed test was considered sig-
nificant.

The correlation between liver stiffness and the inter-
val from blood transfusion was assessed by Spearman’s
rank correlation. The duration of infection was atbitrarily
stratified into 4 groups, 17-29 years; 30-39 years; 40-49
years; and 50-70 years. The difference in liver stiffness
according to the presence of HCC was assessed in each
group. Multiple linear regression analysis was used to
determine the factors associated with liver stiffness. Pro-
cessing and analysis were performed by using the S-plus
Version 7 (TIBCO Software Inc., Palo Alto, CA, United
States).

RESULTS

Patients’ profile

A total of 524 patients underwent LSM. Eight patients
were excluded because of unsuccessful measurements,
mostly due to obesity (four patients had IQR/median >
30% and four had a success rate lower than 60%). Thus
516 patients were included in the current analysis (225
with HCC and 291 without). Their characteristics at the
time of LSM are summarized in Table 1. The patients
were 244 men and 272 women, with a mean age of 67.8
* 9.5 years. The median liver stiffness was 14.3 kPa (25.8
in HCC group and 7.6 in non-HCC group). Figure 1
shows the frequency distribution of the year of receiving
blood transfusion among the subjects. A peak is noted
around the year 1960.

Characteristics of patients according to the duration of
infection

Characteristics of patients were compared between pa-
tients with and without HCC in each duration of infec-
tion group (Table 1). The patients who developed HCC
in short duration of infection were male dominant, hav-
ing low platelet count, with a history of heavier alcohol
consumption, showing higher liver stiffness, and receiv-
ing blood transfusion at an older age.

Correlation between liver stiffness and duration of
infection
The correlation between liver stiffness and duration of
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Figure 2 Duration of infection and liver stiffness. Liver stiffness was higher
in patients with HCC than in patients without in each infection duration group (°P
<0.0001 by Mann-Whitney U test).
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Figure 3 Age at blood transfusion and liver stiffness. Stiffness at present
(each dot) and stiffness at BTF (assumed to normal value) were connected ap-
proximate logarithmic curve. Stiffness progressions become rapid in older age
at BTF.
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Figure 4 Liver stiffness progression rate. The progression rate is significant-
ly higher in patients who were older than 40 at the time of blood transfusion,
whose alcohol consumption is more than 50 g/d, and who are male. There is no
significant difference according to hepatitis C virus (HCV) serotypes. Horizontal
bar represents median value and 25th-75th percentiles.
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infection was significant in patients without HCC (r =
0.132, Z = 2.256, P = 0.024) but not in patients with
HCC (r=-0.103, Z = -1.54, P = 0.123). When the dura-
tion of infection was stratified into 4 groups, 17-29 years;
30-39 years; 40-49 years; and 50-70 years, liver stiffness
was higher in patients with HCC than in patients without
in each group (P < 0.0001, Figure 2).

Multiple regression analysis

The relationship between present liver stiffness and pa-
tients’ characteristics, i.e., the age at blood transfusion,
duration of infection, gender, and alcohol consumption
(alcohol > 50 g/d) was analyzed with multiple linear
regression analysis. The results showed that the age at
blood transfusion was positively correlated with liver
stiffness, with a coefficient of +0.336 per year for kPa,
P < 0.0001, independently of the duration of infection
(coefficient +0.272 per year for kPa, P = 0.0015). This
suggests that fibrosis progression is more rapid when
infection is acquired at older ages. Alcohol consumption
was also significantly correlated with a positive coefficient
(coetficient +4.183 for kPa, P = 0.043).

Stiffness progression and the age at blood transfusion
The progression of liver fibrosis, as represented by the
increase in liver stiffness, must have been rapid in patients
who have high liver stiffness in spite of short duration of
HCV infection. We assumed that the liver stiffness was
normal, that is, 2.9 kPa, when patients received blood
transfusion. In Figure 3, the slopes represent the esti-
mated increase rates of liver stiffness. In accordance with
the results of multiple regression, the estimated increase
rate was higher when patients received blood transfusion
at older ages.

The progression rate of liver stiffness was assessed in
subgroups according to three parameters (Figure 4). The
progression rate was significantly higher in patients who
were older than 40 at the time of blood transfusion (P <
0.0001), which is in accordance with the results of mul-
tiple regression. Heavy alcohol consumption (more than
50 g ethanol/d, P = 0.0308) and male gender (P = 0.0063)
also showed significant difference by Mann-Whitney U
test. There was no significant difference among HCV

genotypes.

DISCUSSION

The natural history of chronic hepatitis C concerning
liver fibrosis progression has been vigorously studied us-
ing liver biopsy specimens. The extent of liver fibrosis
is usually evaluated as categorical stages. For example,
METAVIR Score uses five stages, FO-F4, for fibrosis eva-
P9 The fibrosis progression in hepatitis C patients,
calculated by using paired liver biopsy, was reported to
be 0.1-0.133 Unit per year' >, Liver stiffness measured
by transient elastography is now widely accepted as a
surrogate marker of liver fibrosis””. Liver stiffness is
expressed as a continuous variable in kPa unit. The cut-

luation
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off for cirrhosis is reportedly 13-17 kPa, and the upper
limit of measurement is currently 75 kPa. Thus LSM has
a wider dynamic range than histological staging, and the
rate of fibrosis progression may be more accurately ana-
lyzed with LSM.

In the present study, the increase rate of liver stiffness
was positively correlated with the age at blood transfu-
sion, as shown by the steeper slopes of approximation
curves when patients received BTF at older ages. The
cause of this phenomenon is not clear but age-related
changes in immunity may be involved. If this is the case,
the increase rate is likely to become higher in the same
patient with age. Indeed, each approximation curve in the
figure apparently becomes steeper with age, suggesting
age-related acceleration. This is to be confirmed in future
longitudinal studies.

LSM is useful not only as a surrogate of liver biopsy
but also as a risk indicator of HCC development. Indeed,
in the present study, liver stiffness is high in patients with
HCC regardless of duration of infection. The patients
who developed HCC with short duration of infection
received blood transfusion at an older age and were older
at the time of LSM, male dominant, and showed higher
liver stiffness than patients without HCC with similar du-
ration of infection. The difference between patients with
and without HCC became smaller with longer duration
of infection, as the average liver stiffness in patients with
HCC became lower and that in patients without HCC
became higher. We speculated that patients with high
liver stiffness who received blood transfusion in the early
period have already died of HCC or liver failure and were
climinated from the study population. Another possibility
is that HCC may develop in patients with relatively low
liver stiffness when infection has lasted a long time.

In the present study, the median increase in liver stiff-
ness was calculated as 0.275 kPa per year. Using 13.01
kPa as a cut-off for cirrhosis™, it will take around 40
years on average to develop cirrhosis, which is consistent
with previous reports based on liver biopsy™. Admit-
tedly, the present study is basically cross-sectional, and
prospective longitudinal LSM will be obviously superior
in understanding the natural course of liver fibrosis pro-
gression. However, the estimated average increase rate
of liver stiffness indicates that such studies will require
repeated LSM at an interval of at least five years.

Age at viral infection, alcohol consumption, and male
gender were reported to be associated with accelerated
fibrosis progression®". In the present study, we per-
formed subgroup analysis and indeed found that blood
transfusion at an age older than 40, male gender, and
alcohol consumption more than 50 g ethanol/d were sig-
nificantly associated with rapid increase in liver stiffness.
There is consensus that heavy alcohol consumption is
associated with fibrosis progressionm. Alcohol, which by
itself can cause liver disease and fibrosis, may affect liver
stiffness and worsen fibrosis in hepatitis CP!. We did not
find a difference in liver stiffness increase rate between
HCV genotypes 1 (mostly 1b) and 2 (2a/2b), although

we could not evaluate genotypes 1a, 3 or 4.
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This study has some limitations. First, since this is a
cross-sectional study performed after LSM became avail-
able, patients with more rapid disease progression may
have died and been excluded from the study. Second,
because transfusion-associated HCV infection has been
virtually eliminated in Japan since 1992, we could not in-
clude patients with shorter duration of infection. Lastly,
we did not perform paired LSM but assumed that liver
stiffness was normal at the time of infection. Longitu-
dinal observation is now on-going but will take several
years to obtain results.

In conclusion, although liver stiffness gradually in-
creases over time from the onset of infection in general,
HCC develops in patients with high liver stiffness regard-
less of the duration of infection. Patients who acquired
HCV infection at older ages showed higher increase rate
of liver stiffness and probably more rapid disease pro-
gression.

COMMENTS

Background

Liver stiffness, which can be noninvasively measured with transient elastog-
raphy, has been recently reported to be well correlated with histologically as-
sessed liver fibrosis stage.

Research frontiers

This study evaluated the association between liver stiffness and the duration of
infection in blood transfusion-associated hepatitis C patients with and without
hepatocellular carcinoma (HCC), focusing on the risk of HCC development.

Innovations and breakthroughs

Liver stiffness is expressed as a continuous variable in kPa unit. The cut-off for
cirrhosis is reportedly 13-17 kPa, and the upper limit of measurement is cur-
rently 75 kPa. Thus liver stiffness measurement (LSM) has a wider dynamic
range than histological staging, and the rate of fibrosis progression may be
more accurately analyzed with LSM.

Applications

Although liver stiffness gradually increases over time from the onset of infection
in general, HCC develops in patients with high liver stiffness regardless of the
duration of infection. Patients who acquired hepatitis C virus (HCV) infection
at older ages showed higher increase rate of liver stiffness and probably more
rapid disease progression.

Terminology

Transient elastography (Fibro-Scan®; EchoSens, Paris, France) is a rapid, reli-
able and well-tolerated imaging technique for the assessment of liver fibrosis by
measuring liver stiffness.

Peer review

This is an interesting and timely study on liver stiffness in patients with transfu-
sion associatated HCV. The authors show that HCC develops in patients with
high liver stiffness regardless of the duration of infection. Patients who acquired
HCV infection at older ages showed higher increase rate of liver stiffness. Co-
exposure to alcohol is critical. The methodology is sound and the paper is well
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Abstract

AIM: To investigate the role of opioid p-receptor sub-
type in opiate-induced constipation (OIC).

METHODS: The effect of loperamide on intestinal tran-
sit was investigated in mice. Ileum strips were isolated
from 12-wk-old male BALB/c mice for identification of
isometric tension. The ileum strips were precontracted
with 1 umol/L acetylcholine (ACh). Then, decrease in
muscle tone (relaxation) was characterized after cumu-
lative administration of 0.1-10 pmol/L loperamide into
the organ bath, for a concentration-dependent study.
Specific blockers or antagonists were used for pretreat-
ment to compare the changes in loperamide-induced
relaxation.

RESULTS: In addition to the delay in intestinal transit,
loperamide produced a marked relaxation in isolated
ileum precontracted with ACh, in a dose-dependent
manner. This relaxation was abolished by cyprodime,
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a selective opioid p-receptor antagonist, but not modi-
fied by naloxonazine at a dose sufficient to block opioid
u-1 receptors. Also, treatment with opioid p-1 receptor
agonist failed to modify the muscle tone. Moreover, the
relaxation by loperamide was attenuated by gliben-
clamide at a dose sufficient to block ATP-sensitive K*
(Kare) channels, and by protein kinase A (PKA) inhibitor,
but was enhanced by an inhibitor of phosphodiesterase
for cyclic adenosine monophosphate (cAMP).

CONCLUSION: Loperamide induces intestinal relaxa-
tion by activation of opioid u-2 receptors via the cAMP-
PKA pathway to open Kare channels, relates to OIC.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Opiate-induced constipation (OIC) is widely observed
among patients receiving chemotherapy“’z]. In the gas-
trointestinal system, the opioid peptides are released and
activate opioid receptors, which regulate the enteric cir-

cuitry by controlling motility and secretion, resulting in
an increase in sphincter tone, inhibition of gastric empty-
ing, and induction of stationary motor patterns. Together
with the inhibition of ion and fluid secretion, these ef-
fects result in constipation, one of the most troublesome
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side effects of opiate analgesic treatment"”. The develop-
ment of a better therapy for treating OIC is urgent and
necessary.

Loperamide is widely used clinically to treat a variety
of diarrheal syndromes, including acute and nonspecific
(infectious) diarrhea™. Loperamide is a peripheral ago-
nist of opioid p-receptors with poor ability to penetrate
the blood-brain barrier™”. Some analgesic agents have
been shown to have relaxant effects on smooth muscle™”.
(+)-Tramadol activates peripheral opioid p-receptors, in-
ducing concentration-dependent relaxation of the aorta")
Opioid p-receptors are divided into three subtypes: p-1,
u-2 and u—?)“”. The activation of opioid p-1 receptors has
been reported to be associated primarily with the phos-
pholipase C (PLC)-protein kinase C (PKC) pathway'”.
PLC-PKC signals can increase the intracellular calcium
concentration, inducing gastrointestinal or bladder con-
traction™". Therefore, it is unlikely that intestinal relax-
ation is induced by the activation of opioid p-1 receptors.

ATP-sensitive K~ (Kar) channels are involved in the
regulation of intestinal smooth muscle!”. In addition, the
opening of Karr channels has been reported to reduce in-
tracellular Ca” concentration"". The Kare channel opener
diazoxide has been shown to have the ability to attenu-
ate indomethacin-induced small intestinal damage in
rats'"”. However, the role of Kare channels in loperamide-
induced gastrointestinal transit remains obscure.

In an attempt to determine the subtype of opioid p-
receptors involved in the regulation of intestinal tone, we
used loperamide as an agonist to induce intestinal relax-
ation in the present study. In addition, specific blockers
or antagonists were applied to investigate the potential
mechanisms of action of loperamide.

MATERIALS AND METHODS

Experimental animals

We obtained 12-wk-old male BALLB/c mice from the Ani-
mal Center of National Cheng Kung University Medical
College. Mice were maintained in a temperature-controlled
room (25 *+ 1 °C) under a 12-h light-dark cycle (lights on
at 00:00 h). All mice were given water and fed standard
chow (Purina Mills, LLI.C, St Louis, MO, United States) ad
libitum. All animal-handling procedures were performed
according to the Guide for the Care and Use of Labora-
tory Animals of the National Institutes of Health, and the
guidelines of the Animal Welfare Act.

Gastrointestinal transit assay

Gastrointestinal tract (GIT) in mice was measured accord-
ing to the method used in a previous study””". Briefly, 18
h before the experiment, food was withheld from the
animals but free access to water was allowed. The mice re-
ceived 0.25 mL of a suspension of charcoal consisting of
10% vegetable charcoal in 5% gum acacia (Sigma-Aldrich,
St Louis, MO, United States) that was administered by an
intragastric cannula. In subsequent experiments, the ef-
fects of loperamide or other compounds on GIT were
evaluated 20 min after administration of the marker. At
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that time, the animals were sacrificed, the stomach and
small intestine removed and the omentum was separated,
avoiding stretching. The length of the intestine from the
pyloric sphincter to the ileocecal junction and the distance
travelled by the charcoal front were measured and record-
ed. We also recorded the time at which the mice started to
drain stool after the administration of the charcoal meal.

We evaluated the effects of loperamide, stevioside (an
agonist of opioid p-1 receptor) or vehicle on GIT using
subcutaneous injection into mice. Loperamide, stevioside
and vehicle were given 30 min before the charcoal meal.
The opioid antagonists cyprodime and naloxonazine were
intraperitoneally injected at 60 min before the charcoal
meal.

Preparation of isolated ileum

In the #n vitro experiments, isolated ileum from BALB/c
mice was used. Each mouse was killed by decapitation
under anesthesia with pentobarbital (50 mg/kg). After
the ileum strips had been carefully freed from the fat
and connective tissue, the strips were mounted in organ
baths filled with 10 mL oxygenated Krebs’ buffer (95%
Oz, 5% CO2) at 37 C containing: 135 mmol/I. NaCl; 5
mmol/L. KCl; 2.5 mmol/L CaClz; 1.3 mmol/T. MgSOs; 1.2
mmol/L KH2POs; 20 mmol/L NaHCO3; and 10 mmol/
L p-glucose (pH 7.4). Each preparation was connected
to strain gauges (FT03; Grass Instruments, Quincy, MA,
United States). The isometric tension was recorded using
chart software (ML.S023, Powerlab; ADInstruments, Bella
Vista, NSW, Australia). Strips were mounted and allowed
to stabilize for 2 h. Each preparation was then gradually
stretched to achieve an optimal resting tension of 0.5 g.

Intestinal relaxation induced by loperamide

After the resting tension had stabilized, a solution of ace-
tylcholine (ACh; Sigma-Aldrich) prepared in distilled wa-
ter was added to the bathing buffer to induce a rapid in-
crease in ileum tone followed by stable constriction (tonic
contraction). The final ACh concentration in the organ
bath was 1 pmol/ L. Ileum strips in the treatment group
were exposed to loperamide (0.1-10 pmol/TL) to observe
the decrease in the tonic contraction (ileum relaxation).
In addition, stevioside, an opioid -1 receptor agonist”",
was also used to investigate the effect on tonic contrac-
tion. Relaxation was expressed as the percentage decrease
in the maximum tonic contraction. Concentration-relax-
ation curves were generated in a cumulative fashion.

Effects of antagonists on loperamide-induced intestinal
relaxation

Ileum strips were exposed to glibenclamide (Research
Biochemicals, Wayland, MA, United States), a specific
opioid p-1 receptor antagonist (naloxonazine) or a general
opioid p receptor antagonist (cyprodime) (Tocris Cook-
son, Bristol, United Kingdom), for 15 min before addition
of loperamide to the organ bath. The strips were treated
with an inhibitor of cyclic adenosine monophosphate
(cAMP) phosphodiesterase (3-isobutyl-1-methylxanthine;
IBMX) or an inhibitor of protein kinase A (PKA) (H-89)
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Figure 1 Role of opioid p-receptors in gastrointestinal tract using charcoal
as an indicator. The data represent the distance (A) and time (B) for the transit
of charcoal. Data represent the mean + SEM of eight animals. °P < 0. 01 vs the
distilled water (vehicle)-treated control.

in the same manner. Forskolin (Sigma-Aldrich) was used
as a control. The changes in the relaxation caused by an-
tagonists or blockers were compared with those of the
vehicle-treated control.

Statistical analysis

All values are presented as the mean + SEM for a given
number of animals or samples. Analysis of variance and
Dunnett’s post hoc test were used to evaluate the signifi-
cance between groups. P < 0.05 was considered significant.

RESULTS

Role of opioid receptor in loperamide-induced
gastrointestinal transit

As shown in Figure 1A, the distance travelled by charcoal
in the loperamide-treated group (5 mg/kg) was shorter
than that in the vehicle-treated group. However, the dis-
tance travelled in the stevioside-treated (5 mg/kg) group
was similar to that in the vehicle-treated group. In addi-
tion, pretreatment with cyprodime (1 mg/kg) significantly
abolished the effect of loperamide on GIT, but naloxon-
azine (1 mg/kg) failed to produce the same effect. More-
over, the time for transit of charcoal from the stomach
to the anus stool drain in the loperamide-treated group
(5 mg/kg) was longer than that in the vehicle-treated
group. The transit time of the stevioside-treated (5 mg/kg)
group was the same as that of the vehicle-treated group.
In addition, pretreatment with cyprodime (1 mg/kg) at-
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Figure 2 Inhibitory effect of cyprodime or naloxonazine on relaxation in-
duced by loperamide (10 umol/L) in isolated ileum contracted with 1 umol/L
acetylcholine. Data represent the mean + SEM of the percentage changes in
the acetylcholine (ACh)-induced tonic contraction of ileum from eight animals.
°P < 0.01 vs the distilled water (vehicle)-treated control.
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Figure 3 Effect of stevioside on the tone of isolated ileum strips contracted
with 1 umol/L acetylcholine. Data represent the mean + SEM of the percent-
age changes in the acetylcholine (ACh)-induced tonic contraction of ileum from
eight animals. °P < 0.05 vs the distilled water (vehicle)-treated control, shown in
the first column.

tenuated the loperamide-induced delay in charcoal transit,
but naloxonazine (1 mg/kg) failed to exhibit the same ac-
tion (Figure 1B).

Effect of opioid receptor blockade on loperamide-
induced intestinal relaxation

Ileum strips strongly contracted in response to the ap-
plication of ACh at 1 ;,Lrnol/L. As shown in Figure 2,
loperamide relaxed the ACh-contracted ileum strips in
a concentration-dependent manner. At the maximum
concentration tested (10 umol/L), loperamide signifi-
cantly attenuated the tonic contraction of ileum strips
to 63.59% £ 5.60% of the contraction induced by ACh.
Cyprodime (1 umol/L) produced a marked attenuation
of the relaxation induced by loperamide. However, nalox-
onazine failed to modify the action of loperamide, even
at a higher concentration (1 pmol/L). In addition, treat-
ment with stevioside at a dose sufficient to activate the
opioid p-1 receptor”” failed to modify the intestinal tone
in ACh-contracted ileum (Figure 3).

Role of cyclic adenosine monophosphate and protein
kinase A in loperamide-induced intestinal relaxation

In the present study, forskolin (5 umol/L), a direct acti-
vator of adenylate cyclase, was used as a positive control
to increase the activity of cAMP, based on the findings
of a previous study™. In ileum strips contracted with
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Table 1 Effects of inhibitors of cyclic adenosine monophos-

phate-phosphodiesterase or protein kinase A on the relaxation

ACh (%)
Loperamide (10 umol/L)
+ Vehicle 63.59 +5.60
+H-89 (1 umol/L) 80.49 £ 3.07°
+IBMX (10 umol/L) 41.02£2.57°
+ Glibenclamide (1 umol/L) 83.52 +0.89"
Forskolin (5 umol/L)
+ Vehicle 31.64 +7.39
+H-89 (1 umol/L) 79.29 £2.76"
+IBMX (10 umol/L) 27.77 £1.40°
+ Glibenclamide (1 umol/L) 80.98 +2.75
IBMX (10 umol/L) 93.41 +2.15°
H-89 (1 pmol/L) 91.31 +3.47°
Glibenclamide (1 pmol/L) 92.45 +3.29°

Effects of inhibitors of cyclic adenosine monophosphate-phosphodiesterase
or protein kinase A on the relaxation induced by loperamide (10 pmol/L) or
forskolin (5 pmol/L) in isolated ileum contracted with 1 umol/L acetylcho-
line (ACh). IBMX: 3-isobutyl-1-methylxanthine. °P < 0.05, °P < 0.01 vs vehicle
treated control.

ACh (1 umol/L), forskolin-induced trelaxation was also
abolished by pretreatment with glibenclamide (1 pmol/L).
Morteover, intestinal relaxation induced by forskolin was
increased by the addition of IBMX at a concentration (10
pmol/L) sufficient to inhibit cAMP-phosphodiesterase'”,
and was decreased by addition of H-89 at a concentration
(1 pmol/L), which was sufficient to inhibit the activity of
PKA™. The loperamide-induced intestinal relaxation was
also modified by these agents in the same manner. Our
results showed that intestinal relaxation induced by lop-
eramide was increased by IBMX and attenuated by H-89

(Table 1).

DISCUSSION

In the present study, we found that loperamide caused a
dose-dependent delay in GIT using charcoal as an indica-
tor in mice. In addition, loperamide induced relaxation in
the ileum strips contracted with stimulant. This action of
loperamide seems to be related primarily to the activation
of opioid receptors in peripheral tissue, because lopet-
amide does not cross into the central nervous system!”.
The loperamide-induced action was effectively abolished
by cyprodime, suggesting that opioid p receptors were
involved. However, this action of loperamide was not re-
versed by naloxonazine even at a dose sufficient to block
opioid p-1 receptors. In addition, as shown in Figure 2,
relaxation was not induced by stevioside, which is an
agonist specific for opioid p-1 receptors”'’. The involve-
ment of opioid p-1 receptors in the intestinal relaxation
mechanism of loperamide seems unlikely.

Thus, another opioid p receptor must be involved in
this action of loperamide. There is no doubt that loper-
amide is an agonist of peripheral opioid p receptors’ .
Opioid p receptors have been divided into three subtypes'
p-1, p-2 and p-3"*" The analgesic action mediated by
the activation of opioid p-1 receptors has been report-

11],
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activation of opioid p-1 receptors seems to be related
to smooth muscle contraction »ia the PLC-PKC path-
way' !l Moreover, opioid 1-3 receptors are present pre-
dominantly in endothelial cells associated with the pro-
duction of nitric oxide to induce vasodilatation”. There-
fore, the involvement of opioid p-1 or p-3 receptors in
intestinal relaxation seems unlikely. Taken together, our
results suggest that the activation of opioid p-2 receptors
is more likely to participate in the action of loperamide
with respect to intestinal relaxation. The activation of
opioid p-2 receptors has been reported to be involved in
the relaxation of guinea pig ileum and in the inhibition
of GIT™. 1n addition, opioid p-receptor-expressing
myenteric neurons are distributed primarily in the small
intestine, followed by the stomach and the proximal co-
lon™!. Although constipation is predominantly a large
bowel disorder, the presence of opioid p receptors in the
colon and the longer GIT time of charcoal to the anus
stool drain in mice that received loperamide support the
role of opioid p-2 receptors in opiate-induced constipa-
tion. Unfortunately, there is no suitable tool or agent that
can be used to provide further evidence supporting this
hypothesis. Therefore, we focused on the subcellular sig-
nals as an alternative experimental approach.

Potassium channels play an important role in the regu-
lation of intestinal smooth muscle cells™”. ATP-sensitive
K" (Kar) channels are composed of four inwardly rec-
tifying K" channel subunits and four regulatory sulfonyl-
urea receptors[38]. The activation of Kare channels induces
hyperpolarization of the cell membrane and consequently
relaxes the smooth muscle. Thus, we focused on the in-
volvement of Kare channels in the intestinal relaxation
induced by loperamide. We used forskolin as a positive
control because forskolin is a direct activator of adenylate
cyclase that can increase intracellular cAMP concentra-
tion to activate cAMP-dependent PKA, resulting in the
opening of Kar channels™. As shown in Table 1, we
observed that forskolin-induced intestinal relaxation was
also blocked by glibenclamide. The intestinal relaxation
induced by forskolin was abolished by H-89 at a concen-
tration sufficient to block the activity of PKA® and was
enhanced by IBMX at a concentration sufficient to inhibit
the activity of cAMP-posphodiesterase™. Similar changes
were also observed in ileum strips relaxed by loperamide
(Table 1). These data suggest that the potential mechanism
responsible for loperamide-induced intestinal relaxation is
mediated vz the cAMP-PKA pathway to open Kare chan-
nels. Therefore, the results provide a novel insight into
the mechanism of action of loperamide and increase our
understanding of intestinal relaxation. It is reasonable to
consider that similar results will be obtained for the parts
of the colon that have opioid p receptors. Further investi-
gations are required in the future.

In conclusion, we suggest that the activation of opioid
u-2 receptors, which induce the opening of Kare chan-
nels, is responsible for loperamide-induced intestinal re-
laxation. Therefore, peripheral opioid p-2 receptors will
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be a new target in the development of agents for treating

OIC.
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Background

Opioid-induced constipation (OIC) is a frequent disorder in tumor patients re-
ceiving morphine-like compounds. Thus, it is important to prevent this disorder.
To date, it is still unclear which subtype of opioid receptors should be used for
development of suitable agents. Loperamide is a well-known agonist of opioid
receptors, without the ability to enter the brain. Many studies have reported that
loperamide can be used to treat diarrhea, but the receptor site has not been
established.

Research frontiers

Loperamide is a widely used agent in clinics and its effectiveness is believed
to arise from peripheral action. In the area of prevention of constipation with
loperamide, the research hotspot is how to distinguish the receptor subtype to
improve its adverse reactions. Then, it will be useful for prevention of OIC.

Innovations and breakthroughs

In previous studies of loperamide for treatment of diarrhea, it was found that
intestinal motility was significantly decreased. In order to decrease the side
effects of loperamide, the authors investigated the receptor subtype that is
selectively activated, and the results will be useful for the development of new
agents with similar side effects. Thus, the authors compared loperamide with
stevioside, which is mainly effective against opioid u-1 receptors. We found that
opioid -2 receptors linked with ATP-sensitive K* channels are responsible for
intestinal relaxation. Therefore, agents with less effect on opioid -2 receptors
will be useful to decrease the side effects of constipation.

Applications

The results suggest that opioid -2 receptors are mainly responsible for intes-
tinal relaxation. Clinical application of agents showing less affinity than loper-
amide to opioid -2 receptors could be useful for prevention of constipation.
Terminology

OIC is a frequent side effect in cancer patients who received morphine-like
compounds to reduce pain. Loperamide is a widely used agent for treatment
of diarrhea in clinics, and it has no effect in the brain. Opioid receptors are the
action site of opioids and related agents. Receptors are generally expressed in
various tissues and located on the cell membrane. Subtypes of opioid receptors
have been established.

Peer review

This is a good descriptive study in which the authors analyzed the subtype of
opioid u receptors in the intestine of mice. The results are interesting and sug-
gest that opioid -2 receptors are responsible for intestinal relaxation, which
could be useful in preventing constipation by agents with less affinity for this
receptor site.
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Abstract

AIM: To investigate whether Notch signaling is involved
in liver fibrosis by regulating the activation of hepatic
stellate cells (HSCs).

METHODS: Immunohistochemistry was used to dete-
ct the expression of Notch3 in fibrotic liver tissues of
patients with chronic active hepatitis. The expression
of Notch3 in HSC-T6 cells treated or not with trans-
forming growth factor (TGF)-f1 was analyzed by im-
munofluorescence staining. The expression of Notch3
and myofibroblastic marker a-smooth muscle actin
(a-SMA) and collagen I in HSC-T6 cells transfected
with pcDNA3.1-N3ICD or control vector were detected
by Western blotting and immunofluorescence staining.
Moreover, effects of Notch3 knockdown in HSC-T6 by
Notch3 siRNA were investigated by Western blotting
and immunofluorescence staining.

RESULTS: The expression of Notch3 was significantly
up-regulated in fibrotic liver tissues of patients with
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chronic active hepatitis, but not detected in normal liver
tissues. Active Notch signaling was found in HSC-T6 cells.
TGF-B1 treatment led to up-regulation of Notch3 ex-
pression in HSC-T6 cells, and over-expression of Notch3
increased the expression of o-SMA and collagen I in
HSC-T6 without TGF-B1 treatment. Interestingly, tran-
sient knockdown of Notch3 decreased the expression
of myofibroblastic marker and antagonized TGF-B1-
induced expression of o-SMA and collagen I in HSC-T6.

CONCLUSION: Notch3 may regulate the activation of
HSCs, and the selective interruption of Notch3 may pro-
vide an anti-fibrotic strategy in hepatic fibrosis.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Hepatic fibrosis is a reversible wound-healing response
characterized by the accumulation of extracellular matrix
(ECM) to liver injury". In the process of hepatic fibrosis,
activated hepatic stellate cells (HSCs) synthesize a large
amount of ECM and then change into myofibroblasts'”,
which is characterized by the expression of o-smooth

March 28,2012 | Volume 18 | Issue 12 |



Chen YX et a/. Notch3 regulates HSC activation

muscle actin (a-SMA) and ECM, particularly collagen I .
Myofibroblast is one of the key cellular components
involved in liver fibrosis, therefore, the majority of anti-
fibrotic therapies are designed to inhibit the activation,
proliferation, or synthetic products of HSCsP.

Notch signaling is an ancient cell signaling that regu-
lates cell fate specification, stem cell maintenance, and
initiation of differentiation in embryonic and postnatal
tissues'™. More recently, some researches reported that
Notch signaling was implicated in human fibrosis diseases,
such as pulmonary, renal and peritoneal fibrosis®”. Sev-
eral researches suggested that the Jagged/Notch pathway
may selectively mediate fibrogenic properties of trans-
forming growth factor-f1 (TGF-1) which was essential
to promote the production and deposition of ECM" M,

Notch receptors (Notchl, Notch2 and Notch4) were
present at the mRNA level in freshly isolated HSCs, and
the synthesis of Notchl decreased during culture and
development of HSCs into myofibroblast-like cells™,
However, the expression of Notch3 in phenotype acti-
vated HSCs remains unknown. Ono ef /" reported that
Notch3 was required for TGF-B1-induced myofibro-
blastic differentiation of myoblasts. Based on the studies
above, the present study was undertaken to investigate
whether Notch3 was expressed in fibrotic liver tissues
of patients with chronic active hepatitis and in activated
HSCs, and sequentially contributed to liver fibrosis by
regulating the activation of HSCs.

MATERIALS AND METHODS

Patients and liver biopsy samples

Liver tissue samples were obtained by biopsy from 11 pa-
tients with chronic active hepatitis (5 women and 6 men;
median age 43 years, range 31-55 years). Control liver bi-
opsy specimens were obtained from healthy volunteers (#
= 06). All patients and controls signed consent forms ap-
proved by the Ethics Committee of Tongji Medical Col-
lege, Huazhong University of Science and Technology.
Tissue samples were fixed in 10% formalin and paraffin-
embedded for immunohistochemical analysis.

Antibodies and reagents

Rabbit polyclonal to a-SMA and Notch3 were obtained
from Abcam (Cambridge, United States). Rabbit polyclonal
anti-collagen 1 antibody was purchased from Bioss Cot-
poration (Beijing, China). Horseradish peroxidase (HRP)-
conjugated anti-rabbit IgG was obtained from Santa Cruz
Biotechnology (Santa Cruz, United States). Recombinant
human transforming growth factor (TGF)-f1 was pur-
chased from PeproTech EC Ltd (London, United King-
dom). Lipofectamine™ 2000 transfection reagent was
obtained from Invitrogen (Carlsbad, United States).

Cell line and culture conditions

HSC-T6 cells, an immortalized rat HSC line, purchased
from Cancer Institute and Hospital, Chinese Academy
of Medical Sciences (China), were cultured in Dulbecco’s
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-modified Eagle’s medium (DMEM; Gibco, United States)
supplemented with 100 U/mL penicillin, 100 pg/mL strep-
tomycin, and 10% fetal bovine serum (FBS) (Gibco, United
States). TGF-B1 (2 ng/mlL) was incubated in growth me-
dium for 24 h.

Immunohistochemistry and immunocytofluorescence
analysis

Liver tissue sections were incubated with 3% H20: fol-
lowed by serum blocking with 10% goat serum in 5% bo-
vine serum albumin (BSA). The Notch3 was detected by
staining with polyclonal rabbit anti-Notch3 (1:250) ovet-
night at 4 C. Irrelevant isotype antibodies (Santa Cruz
Biotechnology, United States) at the same concentration
were used as control. The staining was carried out using
SABC kit (Boster, China).

Cells were fixed in phosphate buffered saline (PBS)
containing 4% paraformaldehyde at room temperature
for 30 min and were penetrated in blocking solution (Am-
resco, United States) containing 0.3% Triton X-100, and
incubated overnight with either anti-Notch3 (1:250), anti-
o-SMA (1:100) or anti-collagen I (1:100) antibody in 1%
BSA solution. Then, cells were incubated with secondary
antibodies for 1 h at 37 ‘C. After incubation, cells were
stained with nuclear stain marker 4°,6-diamidino-2-phenyl-
indole. The reaction was examined under confocal micro-

scope (Nikon, Japan).

Transfection of siRNA and plasmid

HSC-T6 was seeded into 6-well plates at a density of 1 X
10° cells 12 h before transfection. siRNA was mixed with
5 pl. lipofectamine 2000 in 250 pl. Opti-MEM [ medium
for 20 min. The transfection mixture was then added to
each well with 1.5 mLL FBS free DMEM at a concentration
of 100 nmol/L. After 6-h incubation, liquid mixture con-
taining siRNA was disposed. Two ml. DMEM containing
10% FBS was added and incubated for another 72 h. The
following siRNA sequences were used: Notch3 siRNA: 5’
ACAAGAUCAAUACAGGAGCTT 3’; the control siR-
NA sequence: 5> UUGUAC UACACAAAAGUACUG 3.
These siRNA were synthesized by Shanghai Genepharma
Co. Ltd. (Shanghai, China).

HSC-T6 was transfected with Notch3 intracellular do-
main (Notch3-ICD) cDNA cloned into pcDNA3.1 (pc-
DNA3.1-N3ICD) vector, which was a gift from Dr. Tao
Wan. The control (pcDNA3.1-empty) vector was pur-
chased from Shanghai Genepharma Co. Ltd. (Shanghai,
China). All transfections were performed using Lipo-
fectamine 2000 following the manufacturer’s instructions.

TagMan quantitive reverse transcription polymerase
chain reaction

Total RNA from each sample was extracted using Trizol
(Invitrogen) according to the manufacturer’s instructions.
Real-time polymerase chain reaction (RT-PCR) was per-
formed using a StepOne/StepOne-Plus (ABI) and the
TagMan PCR Reagent (Genepharma). Primer sequences
are summarized in Table 1. Comparative threshold (Ct)
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Notch3
Forward 5-CCTGCCTGCCTCTATGACAAC-3'
Reverse 5-ACACTCCTCGGTGTTACAGCC-3
Probe 5-ACTGCTACTCTGGTGGCCGCGAC-3’
Jagged1
Forward 5-GTGGAAGAGGATGATATGGATAAGC-3'
Reverse 5-CTCCTCTCTGTCTACCAGCGTGTAC-3’
Probe 5-CCAGCAGAAAGTCCGGTTTGCCA-3
Hesl
Forward 5-TGCTACCCCAGCCAGTGTC-3’
Reverse 5-GCTTTGATGACTTTCTGTGCTCA-3
Probe 5-CTGTCTTTGGTTTGTCCGGTGTCGT-3"
GAPDH
Forward 5-GATGACATCAAGAAGGTGGTGAAG-3’
Reverse 5-ACCCTGTTGCTGTAGCCATATTC-3
Probe 5-ACTTCAACAGCAACTCCCACTCTTCCACC-3’

method was used for calculating the relative amount of
mRNA of treated sample compared with control samples.

Western blotting assay

Cells were washed with PBS and lysed. The extracts
wete cleared by centrifugation at 12 000 X g for 15 min.
After blocking with 5% non-fat milk in PBS containing
0.1% Tween 20 for 1 h at room temperature, membranes
were incubated with either anti-Notch3 (1:1000), anti-o.-
SMA (1:300) or anti-collagen I (1:200) antibody in tris-
buffered saline (TBS) containing 0.05% Tween 20 at 4 'C
overnight. Then membranes were incubated with HRP-
conjugated secondary anti-rabbit IgG (1:2000) antibody
in TBS and Tween 20 for 1 h at room temperature, and
visualized by chemiluminescence using an electrochemi-
luminescence immunoblotting kit (Cell Signaling Tech-
nology) with a digital luminescent image analyzer Bio-
Spectrum600 (UVP, United States). Band intensity was
assessed using Gel-Pro analyzer.

Statistical analysis

All experiments were repeated three times, and data re-
corded as mean = SD and analyzed by Student’s 7 test
using SPSS12.0 software. P < 0.05 was considered statis-
tically significant.

RESULTS

Expression of Notch3 in fibrotic liver tissues of patients
with chronic active hepatitis

All patients were positive for the Notch3 in fibrotic liver
tissues (Figure 1A). In contrast, Notch3 was not detected
by immunohistochemistry in normal liver tissues (Figure

10).

Expression of Notch3 in hepatic stellate cell-T6 cells

To detect expression of Notch3 in HSCs, immunofluo-
rescence staining analysis was performed to examine the
expression of Notch3 in HSC-T6 cells. The result showed
that Notch3 protein was localized in the cytoplasm and
nucleus of HSC-T6 cells (Figure 2).
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Up-regulation of Notch3 expression by transforming
growth factor-31 in hepatic stellate cell-T6 cells

We investigated the effect of TGF-B1 on Notch signaling
in HSC-T6 treated with TGF-B1 (0.5, 1, 2 and 4 ng/mL)
for 24 h. RT-PCR analysis showed that the expression of
Notch signaling components including Notch3, Jagged]
and Hes-1 were obviously increased in HSC-T6 treated
with 2 ng/mL TGF-B1 as compared with the control
group without TGF-f1 treatment (P < 0.05, Figure 3).

Over-expression of Notch3 increased the expression of
myofibroblastic marker in hepatic stellate cell-T6

To investigate the effect of Notch3 in activation of HSCs,
we examined if overexpresion of Notch3 in HSC-T6
would enhance the activation. The results showed that the
increased expression of Notch3 in pcDNA3.1-N3ICD
introduced HSC-T6 cells as compared with cells trans-
fected with pcDNA3.1-empty vector (P < 0.05, Figure
4A). Western blotting and immunofluorescence staining
analyses demonstrated that over-expression of Notch3
led to increased expression of a-SMA and collagen |
compared with control group (P < 0.05, Figure 4A and B).

Knockdown of Notch3 by siRNA downregulated the
expression of myofibroblastic marker in hepatic stellate
cell-T6
To further confirm the role of Notch3 in regulating ac-
tivation of HSCs, siRNA was employed to specifically
knockdown Notch3. Western blotting analysis showed
that siRNAs targeting Notch3 reduced Notch3 protein
levels by approximately 80%. Seventy and two hour after
transfection in HSC-T6 (P < 0.05, Figure 5A). We also ob-
served that knockdown of Notch3 in HSC-T6 down-reg-
ulated the expression of a-SMA and collagen [ detected
by Western blotting and immunofluorescence staining
72 h after siRNA transfection (P < 0.05, Figure 5A and B).
To investigate the relationship between Notch3 and
TGF-B1, TGF-B1 (2 ng/mL) was added into HSC-T6
24 h before transfection with siRNAs targeting Notch3
or control siRNAs. Western blotting and immunofluo-
rescence staining analyses demonstrated that knockdown
of Notch3 antagonized TGF-f1-induced expression of
o-SMA and collagen [ in HSC-T6 (P < 0.05, Figure 5A
and B).

DISCUSSION

Liver fibrosis is the result of the wound-healing response
to repeated injury in liver. It is well known that HSCs ac-
tivation plays an important role in fibrosis because these
cells become the primary source of extracellular matrix
in liver upon injury. TGF-B1 is known to promote fibro-
genesis iz vivo and in vitro, however, development of anti-
fibrotic strategies targeting the TGF-f axis is problematic
owing to the pleiotropic nature of TGF-3 action'"!,
Notch signaling is an evolutionarily conserved local
cell-signaling that functions in the determination of cel-
lular identity during developmental stagesm. Four Notch

proteins (Notchl, Notch2, Notch3 and Notch4) have
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Notch3

Negative
| control

Normal
liver

Figure 1 Immunohistochemical staining of Notch3 in liver tissues of pa-
tients with chronic active hepatitis and normal livers. A: Intense staining of
Notch3 in fibrotic tissues of livers from patients with chronic active hepatitis; B:
Negative control; C: Notch3 was not detected in normal liver tissues (x 400).

been identified in vertebrates, while membrane-bound
proteins (Delta and Jagged) have been recognized as
Notch ligands". Activation of the pathway usually occurs
via expression of the ligand in signal-giving cells. Upon
interaction with the ligand, Notch undergoes a series of
proteolytic cleavages in the signal-receiving cells. Finally,
the cytoplasmic domain, referred to as the Notch intracel-
lular domain (NICD), translocates to the nucleus, where
it binds with the transcription factor CSL [CBF-1/RBP-
Jk, Su (H) and Lag-1] and co-activator Mastermind-like
to trigger downstream target genes expression, such as
HES1 and HEY which act as transcription factors .
Notch signaling is essential for the regulation of cell
differentiation, and its aberrant activation was implicated
in human fibrosis diseases. Notch1 signaling in response
to inflammatory zone 1 may play a significant role in myo-
fibroblast differentiation during lung fibrosis!”. Active
Notch pathway in tubular epithelial cells was demonstrat-
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Notch3

Nucleus

Figure 2 Immunofluorescence staining analysis was performed to exam-
ine expression of Notch3 in hepatic stellate cell-T6 cells. A: The green fluo-
rescence represents the expression of Notch3; B: Blue one represents nucleus
of hepatic stellate cell-T6 cells (x 400).

5 r ] Control B 2ng/mL
45 L a [ 0.5 ng/mL M 4ng/mL
4 L @ 1ng/mL a
T 35+ a -
k7]
< 3 r
=
€ 25+
g 1.5 F
4 _
1 =
0.5 -
0
Notch3 Hesl Jagged1

Figure 3 TagMan reverse transcription polymerase chain reaction analy-
sis was performed to detect expression of Notch3, Jagged1 and Hes1
in hepatic stellate cell-T6 cells treated or not with transforming growth
factor-p1 (0.5, 1, 2 and 4 ng/mL) for 24 h. °P < 0.05 vs control group.

ed as a critical regulator of tubulointerstitial fibrosis'”. Tt
was reported that Notch signaling was highly activated in
rats with fibrotic peritoneum induced by peritoneal dialy-
sis fluid , as indicated by increased expression of Jagged]l,
Notchl, and HES1. Blocking Notch signaling activation
by intraperitoneal injection of a y-secretase inhibitor sig-
nificantly attenuated peritoneal fibrosis as indicated by the
decreased expression of a-smooth muscle actin and col-
lagen I #l,

In this study, the Notch3 was not detected in normal
liver tissues. In contrast, intense staining of the Notch3
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Figure 4 Over-expression of Notch3 intracellular domain increased the expression of myofibroblastic marker in hepatic stellate cell-T6. A: The expres-
sion of Notch3, a-smooth muscle actin (SMA) and collagen 1 were detected by Western blotting. Graphic representation of relative level of Notch3, a.-SMA and
collagen I normalized to B-actin; B: The expression of o-SMA and collagen I was also detected by immunofluorescence staining (x 400), “P < 0.05 vs control group.

was observed in fibrotic liver tissues of patients with
chronic active hepatitis, which suggested that Notch3 was
involved in liver fibrosis. Furthermore, several lines of
evidence clearly confirmed that Notch3 contributed to
liver fibrosis by regulating activation of HSCs. First, the
expression of active Notch3 was found in the nucleus of
HSC-T6. Second, the expression level of Notch signal-
ing components was elevated including Notch3, Jagged]
and Hes1 in HSC-T6 after TGF-f1 treatment. More
importantly, we also found that specific knockdown of
Notch3 by siRNA antagonized TGF-f1-induced expres-
sion of myofibroblastic marker a-SMA and collagen [ in
HSC-T6, and on the contrary, over-expression of Notch3
increased the expression of myofibroblastic marker in

HSC-T6.

(49

Boienidenge WG | www.wijgnet.com

1401

Inhibition of the y-secretase complex required for
release of the active NICD is the most common method
for targeting Notch signalingm’zzl. Two different inhibitors
are being evaluated in clinical trials for the treatment of
resistant T' cell acute leukemia and advanced breast cancer
(www.clinicaltrials.gov). However, targeting of y-secretase
would result in several adverse events when Notch re-
ceptors from Notchl to Notch4 are affected™¥. In this
study, we found that the selective interruption of Notch3
by siRNA decreased the expression of myofibroblastic
matker in HSC-T6 cells, which provided a potential novel
therapeutic target for liver fibrosis.

However, further studies are required to elucidate
how do other members of Notch family, such as Notchl,
Notch2 and Notch4, play a part in activated HSCs as
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Figure 5 Knockdown of Notch3 decreased the secretion of myofibroblastic marker in hepatic stellate cell-T6. A: Effects of Notch3 knockdown in HSC-T6 us-
ing Notch3 siRNA (N3 si), and control siRNA (Cont si) were investigated. Expression of Notch3, a-smooth muscle actin (SMA) and collagen 1 was detected by West-
ern blotting. Graphic representation of relative level of Notch3, a-SMA and collagen I normalized to B-actin; B: The expression of a-SMA and collagen I was also
detected by immunofluorescence staining (x 400). °P < 0.05 vs control siRNA group, °P < 0.05 vs transforming growth factor (TGF)-B1+control siRNA group. 1: Cont

si; 2: N3 si; 3: TGF-B1+N3 si; 4: TGF-B1+Cont si.

well as the mechanism underlying the Notch signaling in
liver fibrosis. In addition, the contribution of Notch and
TGF-B1 signaling to the liver fibrosis should also be fur-
ther investigated.

In conclusion, we demonstrated for the first time that
Notch3 plays a role in regulating the activation of HSCs
(HSC-T0). Therefore, the selective interruption of Notch3
may have a potential anti-fibrogenic effect in liver fibrosis.

COMMENTS

Background

It is well known that hepatic stellate cell (HSC) activation plays an important
role in fibrosis because these cells are the primary source of extracellular matrix
in liver upon injury. Notch signaling regulates many aspects of morphogenesis
through diverse effects on differentiation, proliferation, and cell survival. Re-
cently, some researches reported that Notch signaling was implicated in human
fibrosis diseases, such as pulmonary, renal and peritoneal fibrosis.

Research frontiers
This study was undertaken to investigate whether Notch signaling is activated
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in HSCs and sequentially contributed to liver fibrosis by regulating the activation
of HSCs.

Innovations and breakthroughs

This is the first study to characterize the role of Notch signaling in liver fibrosis.
This finding indicated that Notch3 may contribute to liver fibrosis by regulating
the activation of HSCs.

Applications

This study showed that the selective interruption of Notch3 by siRNA decreased
the expression of myofibroblastic marker in hepatic stellate cell-T6 cells, which
provided a potential novel therapeutic target for liver fibrosis.

Peer review

This is a very interesting study aimed at investigating the role of the Notch sig-
naling pathway in liver fibrosis. The text is generally well written, with structured
abstract and organized sections. The manuscript has scientific value since it
includes original information about a relevant topic.
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Abstract

AIM: To evaluate the role of endoscopic stenting with
or without concurrent 3-dimensional conformal chemo-
radiotherapy (3D-CRT) in patients with inoperable eso-
phageal cancer.

METHODS: Advanced esophageal cancer patients in-
dicated for esophagectomy received esophageal stents.
A part of patients completed 3D-CRT after stenting.
Efficacy was assessed by endoscopy and computed
tomographic scan before and 4 wk after completion of
the treatment. The median survival, 3D-CRT toxicity
and complications were compared between 3D-CRT and
control groups.

RESULTS: From 1999 to 2008, 99 consecutive patients
with T3/T4 disease and unsuitable for esophagectomy
were placed with esophageal stents. Sixty-seven pa-
tients received 3D-CRT, while 36 patients treated with
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endoscopic stents alone were recruited as controls.
After 3D-CRT treatment, the median tumor volume of
3D-CRT patients were reduced significantly from 43.7
+10.2 cm’ to 28.8 + 8.5 cm’ (P < 0.05). The complete
and partial response rate was 85.1%, and no response
was 14.9%. After 3D-CRT, the incidence rate of T2 and
T3 disease evident on CT scan increased to 78.4% while
T4 decreased from 66.7% to 21.6% (P < 0.05). 3D-
CRT Karnofsky Performance Status improved in 3D-CRT
patients compared with the control group (P = 0.031).
3D-CRT patients had a longer survival than the control
group (251.7 d vs 91.1 d, P < 0.05). And the median
half-year survival rate in 3D-CRT group (91%) was high-
er than in the control group (50%, P < 0.05). The most
common toxicity was leukocytopenia in the 3D-CRT
group (46.7% vs 18.8%, P = 0.008). The control group
had a higher rate of restenosis than the 3D-CRT group
(81.3% vs 9.0%, P < 0.05). The rate of nephrotoxicity
was increased in 3D-CRT as compared with the control
group (31.3% vs 15.6%, P < 0.05).

CONCLUSION: 3D-CRT can improve dysphagia in pa-
tients with inoperable esophageal carcinoma. 3D-CRT
combined with stenting results in better survival as
compared with endoscopic stents used alone.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Esophageal cancer is one of the most common malig-
nant tumors with a high mortality rate in almost a half
of the cases, and is the fourth leading cause of cancer-re-
lated deaths in China™?, Most patients have been already
in an advanced stage at the diagnosis of this aggressive
malignancy. At least 60% of patients are unsuitable for
surgical resection either due to the advanced stage or
their comorbidity”. At this stage, esophageal carcinoma
has infiltrated surrounding tissues and caused esophageal
stenosis, and even esophagotracheal fistula in some cases.
These patients could only be treated with palliative pro-
cedures which play an important role in improving the
patient’s life quality. The current palliative means include
radiotherapy, chemotherapy and esophageal stent place-
ment. However, esophagitis is usually unavoidable after
radiotherapy, and once esophagitis occurred, dysphagia
would be exacerbated!. Some patients even can not swal-
low liquid diet, some can not endure the chemotherapy
and radiotherapy for their poor nutritional status. Stents
placement has become a safe and effective palliation for
dysphagia due to malignant esophageal obstruction or
strictures after radiotherapy”. A randomized trial demon-
strated that the combination of endoscopic stenting with
additional radiation and chemotherapy could improve
the survival of advanced esophageal cancer patients[()’ﬂ.
We evaluated the feasibility and efficacy of esophageal
stenting combined with simultaneous radiotherapy and
chemotherapy in the treatment of advanced esophageal
cancet.

MATERIALS AND METHODS

Patients

All esophageal cancer patients treated in Qingdao Mu-
nicipal Hospital from January 1999 to September 2008
were identified. The care of esophageal cancer patients
was planned under the auspices of a multidisciplinary
gastrointestinal disease management team which includes
surgical oncologists, medical oncologists, gastroenterolo-
gists, pathologists, interventional radiologists, and radia-
tion oncologists. This study was approved by the Ethics
Committee of our institution and informed consent was
obtained from all the patients before enrollment.

Clinical staging was performed with endoscopy and
endoscopic ultrasound and computed tomography (CT).
The tumor, node, metastasis and staging classification
used for this analysis were defined according to the
American Joint Committee on Cancer staging system ver-
sion 6.0,

Inclusion criteria for the study were: (1) esophageal
cancer at stage [l or IV unsuitable for esophagectomy; (2)
symptoms of dysphagia = grade 3 (Table 1); (3) tumors
were mainly located in the esophagus; (4) adequate bone
marrow (white blood cell > 3.5 X 10°/L, hemoglobin >
90 g/L, platelet count > 100 X 10°/ L), and hepatic (bili-
rubin 1.5 times the upper limit of the normal value) and
renal functions (calculated creatinine clearance > 50 ml./
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Table 1 Dysphagia assessment

Grade

Asymptomatic

Difficulty in swallowing solid food but able to swallow semisolid food
Difficulty in swallowing solid food, but able to swallow liquid one
Difficulty in swallowing liquid

Inability to swallow anything, including saliva

min or creatinine < 2 mg/dL) wetre examined before ad-
ministration of chemotherapy; (5) a minimum life expec-
tancy of 5 mo; and (6) stay in hospital during the entire
chemoradiotherapy treatment course.

Patients were excluded because: (1) with tumors pre-
dominantly located in the stomach; (2) with prior treat-
ment, including surgery, chemotherapy, or radiotherapy;
and (3) with tumors infiltrating the tracheobronchial tree
found on CT.

Data collected included patient clinical demograph-
ics, Karnofsky Performance Status, dysphagia grade, 76%
meglumine diatrizoate compound swallow esophagogram
(esophageal strictures) findings, endoscopic findings (tumor
length at initial endoscopy, primary tumor, and lymphade-
nopathy location), tumor histology, and results of CT' scan
of the chest and abdomen with intravenous contrast.

Procedure of stenting

The procedure was performed under local anesthetic
spray, with intravenous sedation when required. Endos-
copy was done to determine precisely the site and length
of stenosis. All patients with strictures underwent dilata-
tion with 12-14 mm flexible rubber Savary-Guillard dila-
tors before stent placement. Once this stricture was suc-
cessfully dilated, a distal hemoclip (resolution clip, Boston
Scientific, United States) was placed 2 cm below the area
of stricture. Then endoscope was advanced farther and
a flexible guidewire was placed into the second portion
of the duodenum. The covered self-expanding Titanium
Nickel alloy mesh stent (MTN, Nanjing Microinvasive
Medical Inco., Nanjing, China) has a polyester at its mid-
section and its proximal end is flared to a diameter of
25 mm. The stent was loaded onto a dedicated applica-
tor (12-14 mm depending on the diameter of stent) with
an atraumatic dilator tip and was placed under continu-
ous fluoroscopic guidance using the distal hemoclip as a
mark. The length chosen was at least 2 cm longer than
the stenosis. An 18 mm-diameter stent was used for se-
vere strictures; and a 21 mm-diameter stent was used for
moderate strictures.

Three-dimensional conformal chemoradiotherapy

Three-dimensional conformal chemoradiotherapy (3D-
CRT) protocol was used. CT scans displayed isodose
distributions and directly obtain dose-volume histograms.
The primary tumors as well as the loco-regional lymph
nodes were irradiated with an International Commission
on Radiation Units and Measurements reference dose of

45.0 Gy in 25 fractions with 1.8 Gy/d using a LINAC
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Table 2 Clinical and demographic characteristics of 3-di-

mensional conformal chemoradiotherapy-treated patients and
controls

3D-CRT Control P
(n=67) (n=32) value
Gender
Male 53 24 0.796
Female 14 8

Age (mean * SD, yr) 56.3+12.7 58.6+121 0435

Karnofsky performance status

50-70 37 21 0.386
10-49 30 11
Dysphagia grade
3 6 4 0.673
4 46 23
5 15 5
Stage at diagnosis
il 56 29 0.539
1\ 11 8
Tumor type
SCC 58 23 0.579
Adenocarcinoma 6 4
Unspecified 8 6
Location
Thoracic - middle 42 20 1.000
Thoracic - lower 25 12

Gross tumor volume (mean+SD, m’) 44.6+10.2 485+11.1 0.077
Length (mean + SD, cm) 73+16 71+18 0.299

SCC: Squamous cell carcinoma; 3D-CRT: 3-dimensional conformal chemo-
radiotherapy.

6-MV X-ray unit (Varian, CA, United States), and the
total dose was adjusted according to patients’ tolerance.
Chemotherapy regimens consisted of cisplatin 60 mg/m”
infusion on day 1 and day 22, plus continuous infusion of
5-fluorouracil at 200 mg/m” per day from day 1 to day 42.

Clinical response criteria

The clinical response to treatment was categorized as a
clinically complete response (CR), partial response (PR),
stable disease (SD), or progressive disease (PD). CR was
defined as the disappearance of all clinically detectable
lesions; CR of primary tumors was defined as the disap-
pearance of all visible lesions, including ulceration, with
no microscopic evidence of tumor in randomly obtained
biopsy specimens from the previous lesion sites. PR was
defined as either a reduction exceeding 50% of the initial
sizes (products of dimensions) of all measurable tumors
according to CT or esophagraphy. A new lesion or more
than a 25% increase of the original tumor size was de-
fined as PD. All other conditions were categorized as SD.
Chest CT was repeated every 4 wk to assess the response
of the tumor. Endoscopy or abdominal CT was repeated
if necessary.

Statistical analysis

The data was analyzed using SPSS 13.0, mean + SD were
calculated. Continuous variables were analyzed using Stu-
dent’s 7 test. Categorical variables were compared using ;{2
test or Fisher’s exact test, whichever applicable. Repeated
measure analysis (two-way ANOVA) was also used. Sur-
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vival curves were estimated by the Kaplan-Meier method.
A Pvalue of 0.05 or less was considered significant.

RESULTS

Patient characteristics

Among the 146 patients who were diagnosed as having
inoperable esophageal cancer, 111 (76.0%) were cligible
for treatment with palliative 3D-CRT. Nine patients did
not complete 3D-CRT because of disease progression.
One patient died of severe bleeding 12 d after 3D-CRT.
Two patients developed febrile neutropenia, and stopped
the chemotherapy. Thirty-two patients did not undergo
3D-CRT after stents placement because their preference,
these patients were regarded as the control group. Sixty-
seven patients completed the 3D-CRT segment with a
total radiation dose over 40Gy. Among these patients, 38
received 40Gy, and 29 received 50-55Gy. These patients
were enrolled as the 3D-CRT treatment group. The clini-
cal and demographic characteristics of the patients in 3D-
CRT and control groups are shown in Table 2. There was
no obvious difference in the dysphagia grade, tumor type,
tumor stage and tumor size between the two groups.

Response after 3-dimensional conformal chemoradio-
therapy

After 3D-CRT treatment, the median tumor volume of
the 67 patients measured by CT scan reduced signifi-
cantly from 43.7 = 10.2 cm’ to 28.8 + 8.5 cm’ (P < 0.05).
The complete or partial response (> 50% reduction of
tumor volume) was observed in 57 patients (85.1%), and
no response in 10 patients (14.9%). The cases of T2 and
T3 disease evident on CT scan had increased from 0 to
40 (78.4%) after 3D-CRT, and that of T4 decreased from
34 (66.7%) to 11(21.6%) (P < 0.05). After 3D-CRT, the
number of cases of dysphagia at grade < 3 among the
67 patients increased significantly from 6 (9.0%) to 55
(82.1%), while the number of dysphagia at grade = 4
reduced from 61(91.0%) to 12(17.9%) (P < 0.05). Kar-
nofsky Performance Status improved in the 3D-CRT pa-
tients compared with the control group (P = 0.031). The
result of response assessed by CT scan and endoscopy is

listed in Table 3.

Survival comparison

Patients treated with 3D-CRT seemed to have a better pro-
gnosis, with a longer survival duration (251.7 d »s 91.1 d,
P < 0.05; Figure 1). The median six-month survival rate
in 3D-CRT group (91%) was higher than in the control
group (50%, P < 0.05, Table 4). The overall 1-year sur-
vival rate after 3D-CRT was 25%; none of the control
patients survived more than 1 year. Although the mean
number of hospital admissions was significantly higher in
patients who received 3D-CRT (146 £ 48 d »5 87 £ 29 d,
P < 0.05), the overall survival of the 3D-CRT group
without hospitalization was statistically significantly high-
er than that of the control group (186 £ 33 d 559 = 18 d,
P <0.05).
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Table 4 Comparison of clinical and survival outcomes be-
tween 3-dimensional conformal and control groups

Before After P value Outcome 3D-CRT Control
3D-CRT 3D-CRT (n = 67) (n = 32)
Tumor staging Median survival (d) 251.7 91.1
T2 and T3 0 40 (78.4%) <0.05 Opverall survival at a half year 91% 50%
T4 34 (66.7%) 11 (21.6%) Over survival at 1 year 25% 0
Tumor volume (mean + SD, cm®)  43.7 +10.2 288+85 <0.05 Total hospital stay (mean + SD, d) 146 + 48 87 +29
Assessment of tumor response Median hospitalization-free survival 186 + 33 59+18
Complete and partial response 57 (85.1%) (mean + SD, d)
No response 10 (14.9%)
Dysphagia grade 3D-CRT: 3-dimensional conformal chemoradiotherapy.
<3 6 (9.0%) 55 (82.1%) <0.05
=4 61 (91.0%) 12 (17.9%)
Karnofsky performance status w m ! ! .
50-70 37 49 0.031 Table 5 Toxicity and complications in patients after 4-wk 3-di-
10-49 30 18 mensional conformal and control group after treatment 7 (%)

3D-CRT: 3-dimensional conformal chemoradiotherapy.

o
o
T
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N
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o
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Figure 1 Comparison of overall survival between 3D-CRT and control
groups. 3D-CRT: 3-dimensional conformal chemoradiotherapy.

Toxicity and complications

The toxicity profile is presented in Table 5. After 3D-
CRT, the most common toxicity was leukocytopenia
as compared with the control group without 3D-CRT
treatment (46.7% »s 18.8%, P = 0.008). However, in the
control group, the most common non-hematologic tox-
icities included a higher rate of restenosis compared with
3D-CRT group (81.3% »s 9.0%, P < 0.05). The incidence
of nephrotoxicity in 3D-CRT was higher than in control
group (31.3% w5 15.6%, P < 0.05).

DISCUSSION

About more than 90% of esophageal cancer patients are
not clinically identified until at an advanced stage, their
prognosis is the poorest among the patients with digestive
carcinomas, with a 5-year survival rate below 10%'". Be-

cause of malnourishment due to comorbid conditions in
advanced carcinoma, more than 50% of esophageal can-
cer cases are unresectable”. A case-control study showed
that the median survival time for patients with advanced

esophageal cancer was only 3-5 mo"”. However, once
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3D-CRT Control P value

(n =67) (n = 32)
Hematologic
Anemia 33 (49.3) 11 (34.4) 0.198
Thrombocytopenia 21 (31.3) 7 (21.9) 0.475
Leukocytopenia 31 (46.7) 6(18.8) 0.008
Non-hemotologic
Reflux esophagitis 28 (41.8) 15 (46.9) 0.669
Pectoralgia 29 (43.3) 14 (43.8) 1.000
Perforation 16 (23.9) 12 (37.5) 0.232
Restenosis 6 (9.0) 26 (81.3)  <0.05
Nephrotoxicity 21 (31.3) 5(15.6)  <0.05
Shift and brush off of stent 8 (11.9) 5 (15.6) 0.751

3D-CRT: 3-dimensional conformal chemoradiotherapy.

these inoperable patients’ physical condition was permit-
ted, effective therapies should be performed. No matter
which therapy is used, the primary purpose is to prolong
the patients’ survival time and improve their quality of
life. In this study, we relieved the dysphagia with minimal
morbidity and mortality, and then choose the suitable
management to prolong the patients’ life span and im-
prove their quality of life.

Recently, 3D-CRT appeared to be a promising treat-
ment even for esophageal carcinoma patients with distant
metastasis' . Because CDDP and 5-FU have synergistic
effects and also act as radiosensitizers, these agents were
considered to be particularly effective in combination with
radiotherapy"”.

In our study, we focused on the 3D-CRT effective-
ness in the inoperable esophageal cancer patients. Ten
years ago, we could only place stents to palliate dysphagia
among these patients. And in recent years after stents
placement, 3D-CRT could be performed as long as pa-
tient’s physical condition allowed, and whenever their dys-
phagia was relieved, the malnutrition of the patients was
ameliorated. For these inoperable patients, esophageal
stents placement not only improved their quality of life,
but made the 3D-CRT completion possible as well. In
our study, compared with the patients treated with stent-
ing only, at least 25% of the inoperable patients after 3D-
CRT survived 1-year, and their six-month survival rate
was also higher. 3D-CRT could reduce the tumor volume
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and improve Karnofsky Performance Status in the inop-
erable patients. Combined with 3D-CRT, it seemed that
the esophageal stent placement is the adjuvant therapy
with CRT. We found that stenting combined with 3D-
CRT could improve the inoperable patients’ quality of
life, and prolong their survival. Fietkau thought that
simultaneous CRT should be considered as the standard
treatment for inoperable carcinoma of the esophagus
with the median survival time between 13 and 18 mo. The
reason why Fietkau’s result” was better than ours may be
that there were more inoperable stage T /IV patients in
our study as compared with the stage I /I patients in
Fietkau’s study.

3D provides the superior dose distributions in the
target volume with markedly reduced morbidity to the
surrounding normal tissues. Minsky found that increas-
ing the percutaneous radiation dose from 50.4 to 64.8
Gy did not result in better survival”, Part of the patients
in our study received radiation dose of less 40Gy due
to the complications such as perforation or esophagitis.
Although there is still no consensus of the optimal dose
of radiation within the framework of simultaneous RCT,
there has been a common opinion that the higher dose of
radiation the more therapy-related deaths. In our study,
our therapeutic purposes were not to remit or downstage
the tumor, but to alleviate the pain and improve the qual-
ity of life of the patients. Moreover, 3D-CRT with cov-
ered metal stenting would cause a relatively higher rate of
late complications such as stent migration, hemorrhage,
and gastroesophageal mucosal prolapse. The results from
some studies about the safety of self-expandable metal-
lic stents for patients who have undergone chemoradio-
therapy were controversial"'”. Therefore, more studies
should be conducted.

In our study, there was no difference of complica-
tions such as perforation, shift and brush off of stent
and pectoralgia between the 3D-CRT group and the con-
trol group with only stenting. Because we did not deter-
mine whether lymph node metastasis occurred in these
patients without biopsies from esophagectomy, we did
not compare the patients with and without lymph node
metastasis. Those who could not be treated by 3D-CRT
due to poor physical conditions served as controls, and
there might be selection bias in this study.

Fietkau'" pointed out that CRT could increase the
treatment-related toxicity, in particular, the hematologi-
cal side effects. This result was in agreement with ours,
which was caused by 3D-CRT such as leukocytopenia
and nephrotoxicity. After 3D-CRT, more leukocytope-
nia and nephrotoxicity occurred, but less restenosis was
found as compared with the control group. Therefore,
among the patients with leukocytopenia and liver and
renal dysfunctions, caution should be exercised in the ap-
plication of 3D-CRT.

Furthermore, more patients were relieved from dys-
phagia during the later stages of life after 3D-CRT treat-
ment. 3D-CRT is beneficial for the majority of patients
with advanced esophageal cancer in the improvement of
quality of life and survival. In our study, endoscopic stent-
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ing with 3D-CRT for advanced esophageal cancer patients
could relieve the dysphagia and prolong the survival, and
decrease the incidence of restenosis as well. Therefore,
more efficient and combined management should be ex-
plored and studied to improve the survival and quality of
life of the patients with advanced esophageal cancer.

COMMENTS

Background

Placement of esophageal stents in patients with advanced esophageal cancer
can improve the symptoms of dysphagia. However, the safety of esophageal
stents for patients receiving chemoradiotherapy is controversial. The authors
evaluated the morbidity and mortality after self-expandable metallic stent place-
ment with and without 3-dimensional conformal chemoradiotherapy (3D-CRT)
in advanced esophageal cancer patients unsuitable for surgery.

Research frontiers

In this study, once the dysphagia in advanced esophageal cancer patients was
alleviated, concurrent 3D-CRT was carried out. 3D-CRT combined with esopha-
geal stenting could improve the symptoms of dysphagia in patients with inoper-
able esophageal carcinoma and could prolong their survival as well.

Innovations and breakthroughs

This study showed that self-expandable metallic stent placement with concur-
rent 3D-CRT could improve the symptoms of dysphagia and result in better
survival as compared with endoscopic stenting used alone in the patients with
inoperable esophageal carcinoma.

Applications
The combined treatment of endoscopic stenting and 3D-CR could be applied in
patients with inoperable advanced esophageal cancer.

Terminology

Three-dimensional conformal chemoradiotherapy (3D-CRT) is a mode of high
precision radiotherapy. It is a complex process that begins with the creation
of individualized, 3D digital data sets of patient tumors and normal adjacent
anatomy. These data sets are then used to generate 3D computer images and
to develop complex plans to deliver highly “conformed” (focused) radiation while
sparing normal adjacent tissues. The radiation beam could focus on a higher
radiation dose to the tumor while minimizing radiation exposure to healthy cells.

Peer review

In this study, the authors examined the efficacy and toxicity/complication of
esophageal stenting thereafter 3D-CRT for patients with inoperable esophageal
cancer. The results of this study revealed that esophageal stenting after 3D-
CRT induced no severe complication, prolonged their survival and effectively
improved their symptoms of dysphagia than stenting alone in patients with
inoperable advanced esophageal cancer.
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Abstract

Langerhans cell histiocytosis (LCH) is a group of idiopa-
thic disorders characterized by the proliferation of spe-
cialized, bone marrow-derived langerhans cells and ma-
ture eosinophils. The clinical spectrum ranges from an
acute, fulminant, disseminated disease called Letterer-
Siwe disease to solitary or few, indolent and chronic
lesions of the bone or other organs called eosinophilic
granuloma. Involvement of the gastrointestinal tract
is very rare in LCH. We present the case of a 53-year-
old woman referred by her primary care physician for
a screening colonoscopy. A single sessile polyp, mea-
suring 4 mm in size, was found in the rectum. Histo-
pathological examination revealed that the lesion was
relatively well circumscribed and comprised mainly a
mixture of polygonal cells with moderate-to-abundant
pink slightly granular cytoplasm. The nuclei within these
cells had frequent grooves and were occasionally fold-
ed. Immunohistochemical staining was positive for CD-
1la which confirmed the diagnosis of LCH. On further
workup, there was no evidence of involvement of any
other organ. On follow up colonoscopy one year later,
there was no evidence of disease recurrence. Review of
the published literature revealed that LCH presenting as
solitary colonic polyp is rare. However, with the increas-
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ing rates of screening colonoscopy, more colonic polyps
may be identified as LCH on histopathology. This un-
derscores the importance of recognizing this rare condi-
tion and ensuring proper follow-up to rule out systemic
disease.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Langerhans cell histiocytosis (LCH) is a group of idio-
pathic disorders characterized by the proliferation of
specialized, bone marrow-derived langerhans cells (I.Cs)
and mature eosinophils. The clinical spectrum of LCH
ranges from an acute, fulminant, disseminated disecase
(called Letterer-Siwe disease) to solitary or few indolent
and chronic lesions of the bone or other organs called
(eosinophilic granuloma). The intermediate clinical form,
called Hand-Schiuller-Christian disease, is characterized
by multifocal, chronic involvement and classically pres-
ents as a triad of diabetes insipidus, proptosis and lytic
bone lesions.

LCH is a rare disease of the pediatric population,
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with an estimated annual incidence of 4-5 per million.
More than two-thirds of cases have single system disease
with bones and skin as the most commonly involved
sites’™. Other organs involved are the lung, liver, spleen,
bone marrow, lymph nodes and the hypothalamic-pitu-
itary regionm. Involvement of the gastrointestinal (GI)
tract is very rare in LCH, especially in adults, with only
a few isolated case reports available in English-language
literature!.

The pathogenesis of LCH is unknown. An ongoing
debate exists over whether this is a reactive or neoplas-
tic process. From the histopathological viewpoint, the
demonstration of LC (Birbeck) granules by electron mi-
croscopy remains the “gold standard” for diagnosis of
the phenotype, but expression of the CDla antigen on
lesional cells also provides the basis for a definitive diag-

P
nosis .

CASE REPORT

We present a case of a 53-year-old woman with a history
of hypetlipidemia who was referred by her primary care
physician for a screening colonoscopy. She was essentially
asymptomatic and did not report any abdominal pain,
blood in stool, change in bowel habits, dysphagia, nausea,
or vomiting. Findings of physical examination were unre-
markable.

On colonoscopy, quality of bowel preparation was
excellent. A single sessile polyp measuring 4 mm in size
was found in the rectum (Figure 1). It was removed by
cold snare polypectomy. The procedure was performed
without complications.

Histopathological examination of the polyp revealed
that the lesion was relatively well-circumscribed and
comprised mainly a mixture of polygonal cells. These
cells had moderate-to-abundant pink slightly granular
cytoplasm. The lesion also contained inflammatory cells.
The inflammatory populations included eosinophils, lym-
phocytes and neutrophils. The nuclei within the larger
cells had frequent grooves and were occasionally folded,
suggesting the presence of L.Cs (Figure 2). Immunohis-
tochemical staining showed histiocytes with cytoplasmic
and membranous staining for CD-1a (Figure 3). Histio-
cyte cytoplasm was positive for S-100 and negative for
prekeratin on immunohistochemistry. Electron microsco-
py was not performed to document presence of Birbeck
granules as staining for CD-1a was strongly positive and
provided confirmation for the diagnosis[s].

The patient was referred for medical oncology evalu-
ation for this unusual pathologic finding with malignant
potential. A computerized tomography (CT) scan of
the chest, abdomen, and pelvis was performed to rule
out any metastasis through staging evaluation. The CT
scan showed no evidence of metastasis, although there
were fibroids in the uterus and few cystic masses in the
ovaries. Some prominent lymph nodes, which appeared
to be benign, were observed in the right and left axillae
and sub carina. Further evaluation by an oncologist and
a gynecologist revealed that these lesions were benign.
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Figure 2 Rectal biopsy with histiocytic infiltrate in the lamina propria.
Note eosinophils (x 400).

Figure 3 CD- I a immunostain. Histiocytes show positive cytoplasmic and
membranous staining (x 200).

Therefore, we found no evidence of disseminated LCH.
The patient remained asymptomatic, and a follow-up
colonoscopy was performed 1 year later. A single sessile
polyp, measuring 4 mm, was found in the rectum. Anoth-
er single sessile polyp, measuring 5 mm, was found in the
proximal ascending colon. Histopathological examination
showed that the polyps were hyperplastic and tubular ad-

enomatous polyps, respectively.

DISCUSSION

In the GI tract, LCH involvement of the stomach®”,
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[9-1 [4,12,13]

small intestine”"", colon and perianal skin"*" has
been reported. Rectal LCH, proven by histopathology,
has been described in infants presenting with bloody di-
arrhea. In most cases, rectal LCH in infants is indicative
of widespread, multisystem disease"”

Among the 6 reported cases of LCH of stomach, all
patients were in the fourth and fifth decade of life, and
the male-to-female ratio was 1:1; five patients presented
with abdominal pain, and one was asymptomatic. The
gastric lesion was described as a large, flat raised area in 1
case and a single polyp in 1 case. In other 2 cases, the gas-
tric lesion was described as an ulcerating mass and multi-
ple polyposis, respectively. Histopathological examination
of lesions from 2 cases revealed malignant features™"”.
In the case reported by Terracciano ef al? | the patient
presented with abdominal pain and weight loss; the tu-
mor was located on the lesser curvature of the stomach.
During laparotomy, the tumor was found to have invaded
the distal pancreas. Some areas of the tumor had high
mitotic indexes and cytologic atypia. Most neoplastic cells
were intensely positive for vimentin, S-100 and CD 1a on
immunohistochemistry. Two months after surgical resec-
tion, the patient died at home. The cause of death was
unclear. The remainder of the cases did not show histo-
pathological or clinical malignant features.

Small bowel LCH is rare, with only 3 cases being re-
ported in infants"™"¥ and 1 in an adult"". All infants with
small bowel LCH presented with diarrhea, weight loss,
and failure to thrive. Laboratory findings were significant
for anemia and hypoalbuminemia, and the duodenum
was always involved. All patients simultaneously or subse-
quently developed widespread, multisystem involvement,
requiring chemotherapy. Two patients responded well to
chemotherapy with complete remission, but 1 succumbed
to the disease after poor response to treatment and finally
refusing chemotherapy“s]. In adults, only 1 proven case
of small bowel LCH has been reported. LCH occurred
in a patient who had undergone right hemicolectomy for
steroid-refractory Crohn’s disease; this patient presented
with worsening diarrhea, abdominal pain, and weight loss.
Barium follow-through showed extensive mucosal infil-
tration of the small bowel wall, and the duodenal biopsy
result was consistent with a diagnosis of LCH. Results of
bone marrow examination were consistent with chronic
myelomonocytic leukemia. The authors concluded that
in this case, LCH was a complication of Crohn’s disease
because of the increased incidence of myeloproliferative
disorders in inflammatory bowel disease "',

In children, colonic involvement in LCH is extremely
rare. Only 1 case of LCH has been reported in an infant
who died of widespread multisystem disease consistent
with Litterer-Siwe disease; LCH was diagnosed post-mot-
tem in this case!”. In adults, there have been only 2 re-
ported cases of colonic LCH presenting as isolated polyps
in English-language literature™?. Both patients were es-
sentially asymptomatic, and polyps were detected during
screening colonoscopy. In both cases, diagnosis was con-
firmed by positive immunochemical staining for CD1a
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antigen. Extensive workup in both cases did not reveal
involvement of any other organ. In the case presented
herein, a polyp was located in the rectum, and diagnosis
was supported by the presence of an eosinophilic infil-
trate and LCs. The diagnosis was confirmed by strong
immunochemical staining for CD1a antigen. The workup
to rule out involvement of other organs was negative,
and repeat colon examination did not reveal recurrence.

In conclusion, LCH of the GI tract is extremely rare.
Colonic involvement in adults usually presents as a soli-
tary polyp without multisystem disease. With the increas-
ing rates of screening colonoscopy, more colonic polyps
may be identified as LCH on histopathology. This under-
scores the importance of recognizing this rare condition
and ensuring proper follow-up to rule out systemic dis-
ease.
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Abstract

Pseudomelanosis duodeni (PD) is a rare dark speckled
appearance of the duodenum associated with gastro-
intestinal bleeding, hypertension, chronic heart failure,
chronic renal failure and consumption of different drugs.
We report four cases of PD associated with chronic re-
nal failure admitted to the gastroenterology outpatient
unit due to epigastric pain, nausea, melena and pro-
gressive reduction of hemoglobin index. Gastroduode-
nal endoscopy revealed erosions in the esophagus and
stomach, with no active bleeding at the moment. In ad-
dition, the duodenal mucosa presented marked signs of
melanosis; later confirmed by histopathological study.
Even though PD is usually regarded as a benign condi-
tion, its pathogenesis and clinical significance is yet to
be defined.
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INTRODUCTION

Melanosis duodeni was first described in 1976 and refers
to a rare endoscopic appearance of discrete speckled black
pigmentation of duodenal mucosa, which was initially
postulated to represent a form of stored iron!. The term
melanosis gives a false idea that the pigment is produced
by melanocytes, justifying renaming this endoscopic find-
ing as pseudomelanosis duodeni (PD)". Nevertheless, the
clinical significance of this condition is yet to be estab-
lished. PD is more common in the sixth and seventh de-
cade of life with a female predominance. It has been pos-
tulated to be associated with gastric hemorrhage, certain
chronic illnesses, such as diabetes mellitus, hypertension,
as well as vatious medications, such as sulfur-containing
antihypertensive agents and ferrous sulfate””

CASE REPORT

Case 1

A 66-year-old woman was admitted with a history of
melena and a progressive decrease of hemoglobin index.
She presented with a history of diabetes mellitus and
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systemic arterial hypertension for > 30 years, with a di-
agnosis of chronic renal failure in the last 6 mo, treated
with hemodialysis. She was on long-term treatment with
angiotensin-converting enzyme inhibitors, furosemide,
ferrous sulfate, folic acid and insulin. Gastroduodenal en-
doscopy was performed and revealed multiple superficial
erosions in the stomach without signs of recent bleeding,
In addition, in the duodenal mucosa, pigmented lesions
with a speckled pattern were evident (Figure 1). Biop-
sies revealed numerous macrophages containing brown
pigment granules in their cytoplasm within the lamina
propria (Figure 2). Staining of the specimen with Masson
Fontana stain demonstrated iron-containing deposits in-

side the macrophages (Figure 3).

Case 2

A 37-year-old woman with a history of renal transplan-
tation (hypertensive nephropathy) had been previously
treated with furosemide, propranolol, hydralazine and
ferrous sulfate. She was referred to the gastroenterology
section due to classical gastroesophageal reflux disease
symptoms. She was submitted to gastroduodenal endos-
copy that revealed reflux esophagitis and diffuse, mul-
tiple, dark brown spots in the duodenum. Biopsies were
taken and light microscopy confirmed the presence of
brown pigment granules in the lamina propria.

Case 3

A 70-year-old woman with diabetes and long-term sys-
temic arterial hypertension developed chronic renal fail-
ure that was initially treated conservatively with calcium
channel blockers, propranolol, a-methyldopa, furosemide
and glibenclamide. She underwent a left nephrectomy due
to nephrolithiasis. Progressive reduction of hemoglobin
index was observed during follow-up, therefore, gastro-
duodenal endoscopy was performed, revealing multiple
non-actively bleeding superficial gastric erosions and pig-
mented lesions in the duodenum. Biopsies were collected
and histopathological examination showed features of
PD.

Case 4

A 30-year-old woman with diabetes started complaining
of epigastric pain, nausea and vomiting 1 mo after renal
and pancreatic transplantation (diabetic nephropathy).
She had been previously taking insulin, and after the
transplant, she started tracolimus, mycophenolate and cot-
ticosteroid therapy. Gastroduodenal endoscopy revealed
cytomegalovirus (CMV) esophagitis and multiple small
pigmented duodenal spots. Biopsies were taken and his-
topathological examination confirmed the diagnosis of
PD. Another gastroduodenal endoscopy was performed
after CMV treatment, and demonstrated total regression
of the esophageal lesions but no changes in the aspect of
the duodenal mucosa.

DISCUSSION

PD represents a fine granular brown material inside the
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Figure 1 Endoscopic picture showing multiple dark brown spots in the
duodenum.

Figure 2 Many macrophages containing brown pigmented granules within
the lamina propria (hematoxylin and eosin stain, x 200).

Figure 3 Iron deposits inside macrophage cytoplasm (Masson-Fontana
stain, x 200).

macrophage lysosomes in the lamina propria around the
tips of the duodenal villi, detected by histochemical stain-
ing and electron microscopy. It has been postulated that
this heterogeneous pigment may represent a deposit of
melanin-like substances, hemosiderin, lipomelanin and li-
pofuscin™’. Even though iron (ferrous sulfide) is the main
pigment compound, varying amounts of sulfur, calcium,
potassium, aluminum, magnesium and silver can also be
detected™. The color of the pigment could represent

various degrees of auto-oxidation of ferrous sulfide™”.
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The pathogenesis still remains unclear. It could be
related to iron deposition secondary to intramucosal he-
morrhage or impaired intramucosal iron transport after
oral ferrous sulfate supplementationlé’gj. Iron sulfide stor-
age can also be a product of an acquired inherent defect
in macrophage metabolism. In that regard, the pigment
present in the duodenal mucosa has also been shown to
be partially associated with impaired macrophage me-
tabolism of drugs containing cyclic compounds such as
phenols, indoles and skatoles'™.

All four patients had undergone previous gastroduo-
denal endoscopy without any pathological findings, sug-
gesting that this condition might be acquired rather than
congenital, which is in keeping with previous reportsm.
Importantly, it must be stressed that this entity might be
identified histologically even before it becomes endo-
scopically visible, making it difficult to establish a tem-
poral association between disease onset and endoscopic
manifestation .

In this report, all patients were female, with chronic
renal failure, and taking antihypertensive drugs. Of note,
only two patients were taking oral iron supplements. The
biopsy specimens were positive for hematoxylin and co-
sin and Masson-Fontana stains but not reactive for Peatl’
s stain, suggesting a melanin-like compound. Although
Pearl’s stain is a classic method for demonstrating iron in
tissues, there is a possibility of a false-negative reaction
if an iron oxide compound is present instead of iron sul-
ﬁd€[11,12].

In conclusion, these findings suggest that the duo-
denal involvement can occur in the absence of a history
of oral iron supplementation. Importantly, although the
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long-term clinical impact of these depositions remains
unclear, these endoscopic findings still do not require any
specific treatment or recommended follow-up.
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Events Calendar 2012

January 13-15, 2012

Asian Pacific Helicobacter pylori
Meeting 2012

Kuala Lumpur, Malaysia

January 19-21, 2012

American Society of Clinical
Oncology 2012 Gastrointestinal
Cancers Symposium

San Francisco, CA 3000,

United States

January 19-21, 2012

2012 Gastrointestinal Cancers
Symposium

San Francisco, CA 94103,
United States

January 20-21, 2012

American Gastroenterological
Association Clinical Congress of
Gastroenterology and Hepatology
Miami Beach, FL 33141,

United States

February 3, 2012
The Future of Obesity Treatment
London, United Kingdom

February 16-17, 2012

4th United Kingdom Swallowing
Research Group Conference
London, United Kingdom

February 23, 2012

Management of Barretts
Oesophagus: Everything you need
to know

Cambridge, United Kingdom

February 24-27, 2012

Canadian Digestive Diseases Week
2012

Montreal, Canada

March 1-3, 2012
International Conference on
Nutrition and Growth 2012
Paris, France

March 7-10, 2012

Society of American Gastrointestinal
and Endoscopic Surgeons Annual
Meeting

San Diego, CA 92121, United States

(49

Tag
Bnishideng®

March 12-14, 2012

World Congress on
Gastroenterology and Urology
Omaha, NE 68197, United States

March 17-20, 2012

Mayo Clinic Gastroenterology and
Hepatology

Orlando, FL 32808, United States

March 26-27, 2012

26th Annual New Treatments in
Chronic Liver Disease

San Diego, CA 92121, United States

March 30-April 2, 2012

Mayo Clinic Gastroenterology and
Hepatology

San Antonio, TX 78249,

United States

March 31-April 1, 2012

27th Annual New Treatments in
Chronic Liver Disease

San Diego, CA 92121, United States

April 8-10, 2012

9th International Symposium on
Functional GI Disorders
Milwaukee, WI 53202, United States

April 13-15, 2012
Asian Oncology Summit 2012
Singapore, Singapore

April 15-17, 2012

European Multidisciplinary
Colorectal Cancer Congress 2012
Prague, Czech

April 18-20, 2012

The International Liver Congress
2012

Barcelona, Spain

April 19-21, 2012
Internal Medicine 2012
New Orleans, LA 70166,
United States

April 20-22, 2012

Diffuse Small Bowel and Liver
Diseases

Melbourne, Australia

April 22-24, 2012
EUROSON 2012 EFSUMB Annual

WJG | www.wjgnet.com

Meeting
Madrid, Spain

April 28,2012
Issues in Pediatric Oncology
Kiev, Ukraine

May 3-5, 2012

9th Congress of The Jordanian
Society of Gastroenterology
Amman, Jordan

May 7-10, 2012
Digestive Diseases Week
Chicago, IL 60601, United States

May 17-21, 2012

2012 ASCRS Annual Meeting-
American Society of Colon and
Rectal Surgeons

Hollywood, FL 1300, United States

May 18-19, 2012
Pancreas Club Meeting
San Diego, CA 92101, United States

May 18-23, 2012

SGNA: Society of Gastroenterology
Nurses and Associates Annual
Course

Phoenix, AZ 85001, United States

May 19-22, 2012
2012-Digestive Disease Week
San Diego, CA 92121, United States

June 2-6, 2012

American Society of Colon and
Rectal Surgeons Annual Meeting
San Antonio, TX 78249,

United States

June 18-21, 2012

Pancreatic Cancer: Progress and
Challenges

Lake Tahoe, NV 89101, United States

July 25-26, 2012
PancreasFest 2012
Pittsburgh, PA 15260, United States

September 1-4, 2012
OESO 11th World Conference
Como, Italy

September 6-8, 2012
2012 Joint International

MEETINGS

Neurogastroenterology and Motility
Meeting
Bologna, Italy

September 7-9, 2012
The Viral Hepatitis Congress
Frankfurt, Germany

September 8-9, 2012

New Advances in Inflammatory
Bowel Disease

LaJolla, CA 92093, United States

September 8-9, 2012

Florida Gastroenterologic Society
2012 Annual Meeting

Boca Raton, FL 33498, United States

September 15-16, 2012

Current Problems of
Gastroenterology and Abdominal
Surgery

Kiev, Ukraine

September 20-22, 2012

1st World Congress on Controversies
in the Management of Viral Hepatitis
Prague, Czech

October 19-24, 2012

American College of
Gastroenterology 77th Annual
Scientific Meeting and Postgraduate
Course

Las Vegas, NV 89085, United States

November 3-4, 2012
Modern Technologies in
Diagnosis and Treatment of
Gastroenterological Patients
Dnepropetrovsk, Ukraine

November 4-8, 2012

The Liver Meeting

San Francisco, CA 94101,
United States

November 9-13, 2012

American Association for the Study
of Liver Diseases

Boston, MA 02298, United States

December 1-4, 2012

Advances in Inflammatory Bowel
Diseases

Hollywood, FL 33028, United States
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GENERAL INFORMATION

World Journal of Gastroenterology (World | Gastroenterol, W]G, print
ISSN 1007-9327, online ISSN 2219-2840, DOI: 10.3748) is a
weekly, open-access (OA), peer-reviewed journal supported by an
editorial board of 1352 experts in gastroenterology and hepatol-
ogy from 64 countries.

The biggest advantage of the OA model is that it provides
free, full-text articles in PDF and other formats for experts and
the public without registration, which eliminates the obstacle
that traditional journals possess and usually delays the speed
of the propagation and communication of scientific research
results. The open access model has been proven to be a true ap-
proach that may achieve the ultimate goal of the journals, i.e. the
maximization of the value to the readers, authors and society.

Maximization of personal benefits

The role of academic journals is to exhibit the scientific levels of
a countty, a university, a centet, a department, and even a scien-
tist, and build an important bridge for communication between
scientists and the public. As we all know, the significance of the
publication of scientific articles lies not only in disseminating and
communicating innovative scientific achievements and academic
views, as well as promoting the application of scientific achieve-
ments, but also in formally recognizing the “priority” and “copy-
right” of innovative achievements published, as well as evaluating
research performance and academic levels. So, to realize these
desired attributes of WJG and create a well-recognized journal, the
following four types of personal benefits should be maximized.
The maximization of personal benefits refers to the pursuit of the
maximum personal benefits in a well-considered optimal manner
without violation of the laws, ethical rules and the benefits of oth-
ers. (1) Maximization of the benefits of editorial board members:
The primary task of editorial board members is to give a peer re-
view of an unpublished scientific article via online office system to
evaluate its innovativeness, scientific and practical values and deter-
mine whether it should be published or not. During peer review,
editorial board members can also obtain cutting-edge information
in that field at first hand. As leaders in their field, they have prior-
ity to be invited to write articles and publish commentary articles.
We will put peer reviewers’ names and affiliations along with the
article they reviewed in the journal to acknowledge their contribu-
tion; (2) Maximization of the benefits of authors: Since W]G is
an open-access journal, readers around the world can immediately
download and read, free of charge, high-quality, peer-reviewed
articles from ]G official website, thereby realizing the goals and
significance of the communication between authors and peers as
well as public reading; (3) Maximization of the benefits of readers:
Readers can read or use, free of charge, high-quality peer-reviewed
articles without any limits, and cite the arguments, viewpoints,
concepts, theoties, methods, results, conclusion or facts and data
of pertinent literature so as to validate the innovativeness, scientific
and practical values of their own research achievements, thus en-
suring that their articles have novel arguments or viewpoints, solid
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evidence and cortect conclusion; and (4) Maximization of the ben-
efits of employees: It is an iron law that a first-class journal is un-
able to exist without first-class editors, and only first-class editors
can create a first-class academic journal. We insist on strengthening
our team cultivation and construction so that every employee, in
an open, fair and transparent environment, could contribute their
wisdom to edit and publish high-quality articles, thereby realiz-
ing the maximization of the personal benefits of editorial board
members, authors and readers, and yielding the greatest social and
economic benefits.

Aims and scope

The major task of WJG is to report rapidly the most recent re-
sults in basic and clinical research on esophageal, gastrointestinal,
liver, pancreas and biliary tract diseases, Helicobacter pylori, endos-
copy and gastrointestinal surgery, including: gastroesophageal
reflux disease, gastrointestinal bleeding, infection and tumors;
gastric and duodenal disorders; intestinal inflammation, micro-
flora and immunity; celiac disease, dyspepsia and nutrition; viral
hepatitis, portal hypertension, liver fibrosis, liver cirrhosis, liver
transplantation, and metabolic liver disease; molecular and cell
biology; geriatric and pediatric gastroenterology; diagnosis and
screening, imaging and advanced technology.

Columns

The columns in the issues of WG will include: (1) Editorial: To
introduce and comment on major advances and developments in
the field; (2) Frontier: To review representative achievements, com-
ment on the state of current research, and propose directions for
future research; (3) Topic Highlight: This column consists of three
formats, including (A) 10 invited review articles on a hot topic, (B)
a commentary on common issues of this hot topic, and (C) a com-
mentary on the 10 individual articles; (4) Observation: To update
the development of old and new questions, highlight unsolved
problems, and provide strategies on how to solve the questions;
(5) Guidelines for Basic Research: To provide guidelines for basic
research; (6) Guidelines for Clinical Practice: To provide guidelines
for clinical diagnosis and treatment; (7) Review: To review systemi-
cally progress and unresolved problems in the field, comment
on the state of current research, and make suggestions for future
work; (8) Original Article: To report innovative and original find-
ings in gastroenterology; (9) Brief Article: To briefly report the
novel and innovative findings in gastroenterology and hepatology;
(10) Case Report: To report a rare or typical case; (11) Letters to the
Editor: To discuss and make reply to the contributions published
in WJG, or to introduce and comment on a controversial issue of
general interest; (12) Book Reviews: To introduce and comment on
quality monographs of gastroenterology and hepatology; and (13)
Guidelines: To introduce consensuses and guidelines reached by
international and national academic authorities wotldwide on basic
research and clinical practice gastroenterology and hepatology.

Name of journal
World Journal of Gastroenterology
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SPECIAL STATEMENT

All articles published in this journal represent the viewpoints
of the authors except where indicated otherwise.

Biostatistical editing

Statistical review is performed after peer review. We invite an ex-
pert in Biomedical Statistics from to evaluate the statistical method
used in the paper, including #test (group or paired compatisons),
chi-squared test, Ridit, probit, logit, regression (linear, curvilinear,
or stepwise), correlation, analysis of variance, analysis of covari-
ance, ¢#. The reviewing points include: (1) Statistical methods
should be described when they are used to verify the results; (2)
Whether the statistical techniques are suitable or correct; (3) Only
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homogeneous data can be averaged. Standard deviations are pre-
ferred to standard errors. Give the number of observations and
subjects (n). Losses in observations, such as drop-outs from the
study should be reported; (4) Values such as ED50, LD50, IC50
should have their 95% confidence limits calculated and compared
by weighted probit analysis (Bliss and Finney); and (5) The word
‘significantly’ should be replaced by its synonyms (if it indicates
extent) or the Pvalue (if it indicates statistical significance).

Conflict-of-interest statement

In the interests of transparency and to help reviewers assess any
potential bias, WJG requires authors of all papers to declare any
competing commercial, personal, political, intellectual, or religious
interests in relation to the submitted work. Referees are also asked
to indicate any potential conflict they might have reviewing a
particular paper. Before submitting, authors are suggested to read
“Uniform Requirements for Manuscripts Submitted to Biomedi-
cal Journals: Ethical Considerations in the Conduct and Reporting
of Research: Conflicts of Intetest” from International Committee
of Medical Journal Editors ICMJE), which is available at: http://
www.icmje.org/ethical_4conflicts.html.

Sample wording: [Name of individual] has received fees for
serving as a speaker, a consultant and an advisory board member
for [names of organizations], and has received research funding
from [names of organization]. [Name of individual] is an employ-
ee of [name of organization]. [Name of individual] owns stocks
and shares in [name of organization]. [Name of individual] owns
patent [patent identification and brief description].

Statement of informed consent

Manuscripts should contain a statement to the effect that all hu-
man studies have been reviewed by the appropriate ethics com-
mittee or it should be stated clearly in the text that all persons
gave their informed consent prior to their inclusion in the study.
Details that might disclose the identity of the subjects under
study should be omitted. Authors should also draw attention to
the Code of Ethics of the World Medical Association (Declara-
tion of Helsinki, 1964, as revised in 2004).

Statement of human and animal rights

When reporting the results from experiments, authors should
follow the highest standards and the trial should conform to
Good Clinical Practice (for example, US Food and Drug Admin-
istration Good Clinical Practice in FDA-Regulated Clinical Trials;
UK Medicines Research Council Guidelines for Good Clinical
Practice in Clinical Ttials) and/or the World Medical Association
Declaration of Helsinki. Generally, we suggest authors follow
the lead investigator’s national standard. If doubt exists whether
the research was conducted in accordance with the above stan-
dards, the authors must explain the rationale for their approach
and demonstrate that the institutional review body explicitly ap-
proved the doubtful aspects of the study.

Before submitting, authors should make their study ap-
proved by the relevant research ethics committee or institutional
review board. If human participants were involved, manuscripts
must be accompanied by a statement that the experiments were
undertaken with the understanding and appropriate informed
consent of each. Any personal item or information will not be
published without explicit consents from the involved patients.
If experimental animals were used, the materials and methods
(experimental procedures) section must clearly indicate that ap-
propriate measures were taken to minimize pain or discomfort,
and details of animal care should be provided.
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SUBMISSION OF MANUSCRIPTS

Manuscripts should be typed in 1.5 line spacing and 12 pt. Book
Antiqua with ample margins. Number all pages consecutively,
and start each of the following sections on a new page: Title
Page, Abstract, Introduction, Materials and Methods, Results,
Discussion, Acknowledgements, References, Tables, Figures,
and Figure Legends. Neither the editors nor the publisher are
responsible for the opinions expressed by contributors. Manu-
scripts formally accepted for publication become the permanent
property of Baishideng Publishing Group Co., Limited, and may
not be reproduced by any means, in whole or in part, without the
written permission of both the authors and the publisher. We
reserve the right to copy-edit and put onto our website accepted
manuscripts. Authors should follow the relevant guidelines for
the care and use of laboratory animals of their institution or
national animal welfare committee. For the sake of transparency
in regard to the performance and reporting of clinical trials, we
endorse the policy of the ICMJE to refuse to publish papers
on clinical trial results if the trial was not recorded in a publicly-
accessible registry at its outset. The only register now available, to
our knowledge, is http://www.clinicaltrials.gov sponsored by the
United States National Library of Medicine and we encourage
all potential contributors to register with it. However, in the case
that other registers become available you will be duly notified.
A letter of recommendation from each authot’s organization
should be provided with the contributed article to ensure the pri-
vacy and secrecy of research is protected.

Authors should retain one copy of the text, tables, photo-
graphs and illustrations because rejected manuscripts will not be
returned to the author(s) and the editors will not be responsible
for loss or damage to photographs and illustrations sustained dut-
ing mailing,

Online submissions

Manuscripts should be submitted through the Online Submission
System at: http://www.wjgnet.com/1007-9327office. Authors
are highly recommended to consult the ONLINE INSTRUC-
TIONS TO AUTHORS (http://www.wjgnet.com/1007-9327/
g info_20100315215714.htm) before attempting to submit on-
line. For assistance, authors encountering problems with the On-
line Submission System may send an email describing the prob-
lem to wig@wjgnet.com, or by telephone: +86-10-5908-0039. If
you submit your manusctipt online, do not make a postal contri-
bution. Repeated online submission for the same manuscript is
strictly prohibited.

MANUSCRIPT PREPARATION

All contributions should be written in English. All articles must be
submitted using word-processing software. All submissions must
be typed in 1.5 line spacing and 12 pt. Book Antiqua with ample
margins. Style should conform to our house format. Required in-
formation for each of the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of less than 6 words should
be provided.

Authorship: Authorship credit should be in accordance with the
standard proposed by ICMJE, based on (1) substantial contribu-
tions to conception and design, acquisition of data, or analysis and
interpretation of data; (2) drafting the article or revising it critically
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Instructions to authors

for important intellectual content; and (3) final approval of the
version to be published. Authors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the com-
plete name of institution, city, province and postcode. For ex-
ample, Xu-Chen Zhang, Li-Xin Mei, Department of Pathology,
Chengde Medical College, Chengde 067000, Hebei Province,
China. One author may be represented from two institutions,
for example, George Sgourakis, Department of General, Viscer-
al, and Transplantation Surgery, Essen 45122, Germany; George
Sgourakis, 2nd Surgical Department, Korgialenio-Benakio Red
Cross Hospital, Athens 15451, Greece.

Author contributions: The format of this section should be:
Author contributions: Wang CL and Liang L contributed equally
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu
XM designed the research; Wang CL, Zou CC, Hong F and Wu
XM performed the research; Xue JZ and Lu JR contributed new
reagents/analytic tools; Wang CL, Liang L. and Fu JF analyzed the
data; and Wang CL, Liang L. and Fu JF wrote the paper.

Supportive foundations: The complete name and number of
supportive foundations should be provided, e.g. Supported by
National Natural Science Foundation of China, No. 30224801

Correspondence to: Only one corresponding address should be
provided. Author names should be given first, then author title,
affiliation, the complete name of institution, city, postcode, prov-
ince, country, and email. All the letters in the email should be in
lower case. A space interval should be inserted between country
name and email address. For example, Montgomery Bissell, MD,
Professor of Medicine, Chief, Liver Center, Gastroenterology
Division, University of California, Box 0538, San Francisco, CA
94143, United States. montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of +,
country number, district number and telephone or fax number,

e.g. Telephone: +86-10-59080039 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision for
acceptance is made only when at least two experts recommend
an article for publication. Reviewers for accepted manuscripts
are acknowledged in each manuscript, and reviewers of articles
which were not accepted will be acknowledged at the end of
each issue. To ensure the quality of the atticles published in ]G,
reviewers of accepted manusctipts will be announced by publish-
ing the name, title/position and institution of the reviewer in the
footnote accompanying the printed article. For example, review-
ers: Professor Jing-Yuan Fang, Shanghai Institute of Digestive
Disease, Shanghai, Affiliated Renji Hospital, Medical Faculty,
Shanghai Jiaotong University, Shanghai, China; Professor Xin-
Wei Han, Department of Radiology, The First Affiliated Hospital,
Zhengzhou University, Zhengzhou, Henan Province, China; and
Professor Anren Kuang, Department of Nuclear Medicine, Huaxi
Hospital, Sichuan University, Chengdu, Sichuan Province, China.

Abstract
There are unstructured abstracts (no less than 256 words) and
structured abstracts (no less than 480). The specific require-
ments for structured abstracts ate as follows:

An informative, structured abstracts of no less than 480
wotds should accompany each manuscript. Abstracts for original
contributions should be structured into the following sections.
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AIM (no more than 20 words): Only the purpose should be
included. Please write the aim as the form of “To investigate/
study/...”; MATERIALS AND METHODS (no less than 140
wotds); RESULTS (no less than 294 words): You should present
P values where appropriate and must provide relevant data to
illustrate how they were obtained, e.g. 6.92 £ 3.86 s 3.61 £ 1.67,
P < 0.001; CONCLUSION (no more than 26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medjcus,
which reflect the content of the study.

Text

For articles of these sections, original articles and brief arti-
cles, the main text should be structured into the following sec-
tions: INTRODUCTION, MATERIALS AND METHODS,
RESULTS and DISCUSSION, and should include appropri-
ate Figures and Tables. Data should be presented in the main
text or in Figures and Tables, but not in both. The main text
format of these sections, editorial, topic highlight, case report,
letters to the editors, can be found at: http://www.wjgnet.
com/1007-9327/g_info_20100315215714.htm.

Illustrations

Figures should be numbered as 1, 2, 3, ¢#., and mentioned clear-
ly in the main text. Provide a brief title for each figure on a sep-
arate page. Detailed legends should not be provided under the
figures. This part should be added into the text where the figures
are applicable. Figures should be either Photoshop or Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples
can be found at: http://www.wignet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf;
http://www.wjgnet.com/1007-9327/13/4891.pdf; http://
www.wignet.com/1007-9327/13/4986.pdf; http://www.
wjgnet.com/1007-9327/13/4498.pdf. Keeping all elements
compiled is necessary in line-art image. Scale bars should be
used rather than magnification factors, with the length of
the bar defined in the legend rather than on the bar itself.
File names should identify the figure and panel. Avoid layer-
ing type directly over shaded or textured areas. Please use
uniform legends for the same subjects. For example: Figure 1
Pathological changes in atrophic gastritis after treatment. A:...;
B:..; Ci.; Di; B Fu; Ge Lt It is our principle to publish
high resolution-figures for the printed and E-versions.

Tables

Three-line tables should be numbered 1, 2, 3, ez, and mentioned
cleatly in the main text. Provide a brief title for each table. De-
tailed legends should not be included under tables, but rather
added into the text where applicable. The information should
complement, but not duplicate the text. Use one horizontal line
under the title, a second under column heads, and a third below
the Table, above any footnotes. Vertical and italic lines should be
omitted.

Notes in tables and illustrations

Data that are not statistically significant should not be noted.
P < 0.05, "P < 0.01 should be noted (P > 0.05 should not be
noted). If there are other series of P values, ‘P < 0.05 and ‘P
< 0.01 are used. A third series of P values can be expressed as
P < 0.05 and ‘P < 0.01. Other notes in tables or under illustra-
tions should be expressed as 'F, °F, °F; or sometimes as other
symbols with a superscript (Arabic numerals) in the upper left
corner. In a multi-curve illustration, each curve should be la-
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beled with @, 0, m, O, A, A\, efz., in a certain sequence.
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tion place: Publication press, Year: start page and end page.

Format

Journals

English jonrnal article (list all anthors and include the PMID where ap-
Pplicable)

1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung E Evaluation of quantitative
contrast harmonic imaging to assess malignancy of liver
tumors: A prospective controlled two-center study. Workd |
Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224 DOI:
10.3748 /wijg13.6350]

Chinese jonrnal article (list all anthors and include the PNIID where ap-
Pplicable)

2 Lin GZ, Wang XZ, Wang P, Lin |, Yang FD. Immunolog-
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ic effect of Jianpi Yishen decoction in treatment of Pixu-
diarthoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287

In press

3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M.
Signature of balancing selection in Arabidopsis. Proc Nat/
Acad Sci USA 20065 In press

Organization as author

4 Diabetes Prevention Program Research Group. Hyper-
tension, insulin, and proinsulin in participants with impaired
glucose tolerance. Hypertension 2002; 40: 679-686 [PMID:
12411462 PMCID:2516377 DOI:10.1161/01.HYP.00000
35706.28494.09]

Both personal authors and an organization as anthor

5 Vallancien G, Emberton M, Harving N, van Moorse-
laar RJ; Alf-One Study Group. Sexual dysfunction in 1,
274 European men suffering from lower urinary tract
symptoms. | Uro/ 2003; 169: 2257-2261 [PMID: 12771764
DOI:10.1097/01.ju.0000067940.76090.73]

No aunthor given

6 21st century heart solution may have a sting in the tail. BM]
2002; 325: 184 [PMID: 12142303 DOI:10.1136/bm;.325.
7357.184]

Volume with supplement

7 Geraud G, Spierings EL, Keywood C. Tolerability and
safety of frovatriptan with short- and long-term use for
treatment of migraine and in comparison with sumatrip-
tan. Headache 2002; 42 Suppl 2: $93-99 [PMID: 12028325
DOI:10.1046/j.1526-4610.42.52.7 x|

Lssue with no volume

8  Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
section analysis in revision total joint arthroplasty. Clin
Orthop Relat Res 2002; (401): 230-238 [PMID: 12151900
DOI:10.1097/00003086-200208000-00026]

No volume or issue

9 Outreach: Bringing HIV-positive individuals into care.
HRSA Careaction 2002; 1-6 [PMID: 12154804

Books

Personal anthor(s)

10 Sherlock S, Dooley J. Diseases of the liver and billiary
system. 9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296

Chapter in a book (list all anthors)

11 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:
Matcel Dekker, 1991: 431-450

Author(s) and editor(s)

12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2nd ed. Wieczorek RR, editor. White Plains (NY): March
of Dimes Education Services, 2001: 20-34

Conference proceedings

13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tu-
mours V. Proceedings of the 5th Germ cell tumours Con-
ference; 2001 Sep 13-15; Leeds, UK. New York: Springer,
2002: 30-56

Conference paper

14 Christensen S, Oppacher F. An analysis of Koza’s compu-
tational effort statistic for genetic programming, In: Foster
JA, Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Ge-
netic programming, EuroGP 2002: Proceedings of the 5th
European Conference on Genetic Programming; 2002 Apr
3-5; Kinsdale, Ireland. Berlin: Springer, 2002: 182-191

Electronic journal (list all authors)

15 Morse SS. Factors in the emergence of infectious dis-
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cases. Emerg Infect Dis serial online, 1995-01-03, cited
1996-06-05; 1(1): 24 screens. Available from: URL: http://
www.cde.gov/ncidod/eid/index.htm

Patent (list all authors)

16 Pagedas AC, inventor; Ancel Surgical R&D Inc., as-
signee. Flexible endoscopic grasping and cutting device
and positioning tool assembly. United States patent US
20020103498. 2002 Aug 1

Statistical data
Write as mean £ SD or mean * SE.

Statistical expression

Express 7 test as 7 (in italics), I test as F (in italics), chi square test
as Xz (in Greek), related coefficient as 7 (in italics), degree of free-
dom as v (in Greek), sample number as # (in italics), and probabil-
ity as P (in italics).

Units
Use ST units. For example: body mass, m (B) = 78 kg; blood pres-
sure, p (B) = 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, volume
fraction, 50 mL/L CO,, not 5% CO,; likewise for 40 g/L. formal-
dehyde, not 10% formalin; and mass fraction, 8 ng/g, e#. Arabic
numerals such as 23, 243, 641 should be read 23243 641.

The format for how to accurately write common units and
quantums can be found at: http://www.wijgnet.com/1007-9327/
g info_20100315223018.htm.

Abbreviations

Standard abbreviations should be defined in the abstract and
on first mention in the text. In general, terms should not be ab-
breviated 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, IeG, ELISA, PBS, ATP,
EDTA, mAb, can be used directly without further explanation.

Italics

Quantities: 7 time or temperature, ¢ concentration, A4 area, /length,
» mass, | volume.

Genotypes: gyrA, arg 1, ¢ mye, ¢ fos, ete.

Restriction enzymes: EcRI, Hindl, BawHI, Kbo 1, Kpn 1, ete.
Biology: H. pylori, E coli, ets.

Examples for paper writing
Editorial: http://wwwwijgnet.com/1007-9327/¢_info_20100315
220036.htm

Frontier: http://www.wignet.com/1007-9327/g_info_20100315
220305.htm

Topic highlight: http:/ /wwwwijgnet.com/1007-9327/¢_info_20
100315220601.htm

Observation: http:/ /wwwwignet.com/1007-9327/¢_info_201003
12232427 htm

Guidelines for basic research: http://www.wjgnet.com/1007-93
27/g_info_20100315220730.htm
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Instructions to authors

Guidelines for clinical practice: http://wwwwijgnet.com/1007-
9327/¢_info_20100315221301.htm

Review: http://www.wijgnet.com/1007-9327/¢_info_20100315
221554.htm

Original articles: http:/ /wwwwijgnet.com/1007-9327/¢_info_20
100315221814.htm

Brief articles: http:/ /www.wijgnet.com/1007-9327/g_info_2010
0312231400.htm

Case report: http://www.wjgnet.com/1007-9327/¢_info_2010
0315221946.htm

Letters to the editor: http://wwwwignet.com/1007-9327/¢_info_
20100315222254 . htm

Book reviews: http:/ /www.wignet.com/1007-9327/¢_info_2010
0312231947 htm

Guidelines: http://www.wjgnet.com/1007-9327/¢g_info_2010
0312232134.htm

RESUBMISSION OF THE REVISED
MANUSCRIPTS

Please revise your article according to the revision policies of
IW]G. The revised version including manuscript and high-resolu-
tion image figures (if any) should be re-submitted online (http://
www.wjgnet.com/1007-9327office/). The author should send
the copyright transfer letter, responses to the reviewers, English
language Grade B certificate (for non-native speakers of English)
and final manuscript checklist to wjg@wjgnet.com.

Language evaluation

The language of a manuscript will be graded before it is sent for
revision. (1) Grade A: priority publishing; (2) Grade B: minor
language polishing; (3) Grade C: a great deal of language polish-
ing needed; and (4) Grade D: rejected. Revised articles should
reach Grade A or B.

Copyright assignment form
Please download a Copyright assignment form from http://
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www.wignet.com/1007-9327/¢_info_20100315222818.htm.

Responses to reviewers

Please revise your article according to the comments/sugges-
tions provided by the reviewers. The format for responses to
the reviewers” comments can be found at: http://www.wijgnet.

com/1007-9327/¢_info_20100315222607.htm.

Proof of financial support
For paper supported by a foundation, authors should provide
a copy of the document and serial number of the foundation.

Links to documents related to the manuscript

WG will be initiating a platform to promote dynamic interac-
tions between the editors, peer reviewers, readers and authors.
After a manuscript is published online, links to the PDF version
of the submitted manuscript, the peer-reviewers’ report and the
revised manuscript will be put on-line. Readers can make com-
ments on the peer reviewer’s report, authors’ responses to peer
reviewers, and the revised manuscript. We hope that authors will
benefit from this feedback and be able to revise the manuscript
accordingly in a timely manner.

Science news releases

Authors of accepted manuscripts are suggested to write a science
news item to promote their articles. The news will be released rap-
idly at EurekAlert/AAAS (http:/ /www.eurekalert.org). The title for
news items should be less than 90 characters; the summary should
be less than 75 words; and main body less than 500 words. Science
news items should be lawful, ethical, and strictly based on your
original content with an attractive title and interesting pictures.

Publication fee

W]G is an international, peer-reviewed, Open-Access, online jour-
nal. Articles published by this journal are distributed under the
terms of the Creative Commons Attribution Non-commercial
License, which permits use, distribution, and reproduction in any
medium, provided the original work is properly cited, the use is
non commercial and is otherwise in compliance with the license.
Authors of accepted articles must pay a publication fee. The
related standards are as follows. Publication fee: 1300 USD per
article. Editorial, topic highlights, book reviews and letters to the
editor are published free of charge.
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