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Abstract

Cathelicidins, are host defense peptides synthesized and
stored in circulating leukocytes and numerous types of
epithelial tissues in particular the gastrointestinal (GI)
tract and skin. They have been known for their antimi-
crobial activities against a variety of microbes. Recently
it was discovered that they have other significant bio-
logical functions and produce appealing pharmacological
actions against inflammation and cancer in the GI tract
through defined mechanisms. Experimental evidence
shows that these actions could be tissue and disease
specific and concentration dependent. This article re-
views some of the physiological functions of cathelici-
dins and also their therapeutic potential in the treatment
of inflammation and cancer and also the delivery system
for this peptide as targeted therapy for various disorders
in the GI tract both in animals and humans.

© 2013 Baishideng. All rights reserved.

Key words: Cathelicidin; Gastrointestinal tract; Cancer;
Inflammation; Ulcer repair
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Chow JYC et a/. Cathelicidin and gastrointestinal disorders

Core tip: Cathelicidin is one of the most important host
defense peptides known today. It carries multiple and
yet unique biological functions against pathogens
which contribute to the induction and also progres-
sion of infection, inflammation and cancer, the three
major types of diseases in mankind. Deficiency of
such peptide would cause multiple dysfunctions in the
body. In this review we highlight the physiological role
and therapeutic potential of cathelicidin in inflamma-
tion and cancer and also mucosal repair in the gut. All
these information would shed new lights on the devel-
opment of cathelicidin as therapeutic agent for differ-
ent disorders in the gastrointestinal tract.

Chow JYC, Li ZJ, Wu WKK, Cho CH. Cathelicidin a potential
therapeutic peptide for gastrointestinal inflammation and cancer.
World J Gastroenterol 2013; 19(18): 2731-2735 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v19/i18/2731.htm
DOL: http://dx.doi.org/10.3748/wjg.v19.118.2731

INTRODUCTION

Cathelicidins are innate immunity peptides. They are
antimicrobial peptides (AMPs) that are produced by
organisms as part of the defensive mechanism against
various pathogenic microbes in humans and animals'™?,
This class of pleiotropic peptides provides the first-line
defense against infection by eliminating pathogens. Each
AMP is encoded by a distinct gene. They show a great
diversity in structures but have some common features,
including: (1) relatively small molecular sizes (usually less
than 50 amino acid residues); (2) cationic nature; (3) am-
phipathic helix structure; and (4) a substantial portion of
hydrophobic amino acids™”. Human cathelicidin (LI.-37)
consists of a long amphipathic helix spanning residues
2-31 with the C-terminal residues 32-37 unstructured.
Another feature is that the structure is curved with a train
of hydrophobic side chains. Such a cationic structure is
perfect to associate with anionic micelles'”. Indeed the
cationic cathelicidin reacts electrostatically with anionic
membrane components in particular cancer cells and mi-
crobes to disrupt cell membranes and induce cell death,
while normal cells are neutral™, This specific property
would enable cathelicidins directly and selectively attack
membranes of microbes and cancer cells but spare the
normal cells”. This uniqueness would make these pep-
tides naturally exist and relatively non-toxic to normal
mammalian system and have significant clinical implica-
tions as therapeutic agents for various diseases in particu-
lar those bacterial-related inflammation and cancer in the
gastrointestinal (GI) tract™,

CATHELICIDIN IN THE Gl TRACT

Cathelicidins, a family of host defense peptides naturally
expressed by cells of the GI tract. LL-37 is the mature
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form of human cathelicidin. It is produced constitutively
by differentiated surface and upper crypt epithelial cells
in the colon and by the Brunner glands in the duode-
num”. In normal stomach, the expression of the peptide
1s restricted to differentiated surface of various types
of cells including epithelial cells, chief cells and parietal
cells and is also present in the gastric secretion. They are
upregulated during infection, inflammation and wound
healing both in animals and humans”™?. These biological
responses to external challenges could have significant
implications as a host defense in protection against dif-
ferent disorders in the GI tract.

One good example is in the course of Helicobacter pylo-
ri (H. pylori) infection in which the expression of LI-37 is
induced along the gastric glands. Induction of LL-37 may
help to fight against bacterial infection at the early stage.
However, the expression of LIL-37 is dysregulated dut-
ing H. pylori-associated gastric carcinogenesis. During the
progression from atrophic gastritis to adenocarcinoma,
the expression of LL-37 is reduced"”. All these findings
indicate that cathelicidin could play a significant role in
preventing bacteria related inflaimmation and perhaps
also carcinogenesis in the GI tract. It is envisaged that
deficiency of this host defense peptide could facilitate the
formation of inflammation and cancer.

CATHELICIDIN AND GI REPAIR

Wound repair is a crucial adaptation to tissue damage.
Based on the above information it comes to no surprise
that soluble peptides like cathelicidins could evolve to
orchestrate wound healing in response to mucosal dam-
age in the GI tract. Along this line, LI.-37 and mouse
cathelicidin (mCRAMP) are strongly expressed in skin
epithelium during wound healing in humans and mice”.
In addition, the expression of LL-37 is low or absent in
chronic ulcers, and antibodies to this peptide inhibit post-
wounding re—epithelializationm].

Induction of angiogenesis by cathelicidin further high-
lights its potential role in wound repairm. In this context,
it has been proposed that the healing-promoting effect
of the peptide may be mediated through modification of
growth factor and receptor interactions'*'". However the
exact mechanisms by which cathelicidins promote wound
healing have not yet been fully clarified. A recent study
conducted by Yang ez al"" in 2006 showed that rat cathe-
licidin can promote gastric ulcer healing in rats through
induction of cell proliferation and angiogenesis. The same
peptide stimulates cultured gastric epithelial cells through
a transforming growth factor oi-dependent transactivation
of epidermal growth factor and its related pathway to in-
duce proliferation of gastric cells""!,

CATHELICIDIN AND INFLAMMATION

Experimental evidence shows that cathelicidin can modu-
late inflammation by altering cytokine response and
chemoattraction of inflammatory cells in diseased tis-

ues™"*"” A recent study demonstrates that bacterial DNA
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Figure 1 The possible signal pathway activated by cathelicidin (LL-37) to in-
hibit cell proliferation in gastric cancer cells. BMPR: Bone morphogenetic protein.

upregulates cathelicidin expression za a Toll-like receptor
and mitogen-activated protein kinases/Etk pathway in
colonic mutine mucosa””. Clinical study also showed that
cathelicidin expression was altered in inflammatory bowel
diseases (IBD) patients. It was increased in both inflamed
and non-inflamed mucosa in ulcerative colitis (UC) pa-
tients but not in Crohn’s disease patients. The distribu-
tion of cathelicidin was also changed. Cathelicidin mainly
expressed in the upper crypt of colons in healthy people
in contrast to the basal part in IBD patientsm]. In another
study, deficiency of cathelicidin in mCRAMP-knockout
mice present motre severe symptoms and mucosal dis-
ruption than the wild-type mice in response to dextran
sulfate sodium challenge to induce UC. The inflammatory
cytokines and the number of apoptotic cells are increased
together with mucus secretion and gene expression are
impaired. All these abnormalities are reversed by intrarec-
tal administration of mCRAMP or mCRAMP-encoding
plasmid“?. On the other hand the increase of endogenous
cathelicidin by agents such as butyrate and vitamin D has
been suggested to modulate inflammatory responses ei-
ther induced by chemical or bactetia in colonic cells?#2,
Indeed butyrate treatment has been demonstrated to im-
prove rectal histopathology in humans and eradicate Shi-
gella in vitrd®*" and vitamin D can prevent mucosal injury
in chemical-induced acute colitis in mice™".

The peptide also significantly reduces the increased
number of fecal microflora in UC animals””. Indeed
exogenous cathelicidin modulates Clostridium difficile (C.
difficile) colitis. In addition, C. difficile-induced colitic mice
treated with cathelicidin inhibits toxin A-associated intes-
tinal inflammation™. In view of the current UC therapies
mainly focus on relieving the inflammatory responses
or reducing the pathogenic microbes, cathelicidin would
have both actions, and it further promotes the mucosal
defensive mechanism through mucus secretion iz a MAP
kinase pathwaylzg]. All these actions would provide us a
better therapeutic option in the treatment of inflamma-
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tion in the colon. In this context, Cho and his group de-
velop a new form of transporting system for this peptide
by combining a probiotic Lactococcus lactis with cathelicidin
gene into a single preparation. This preparation given
orally instead of intrarectal administration’” produces
similar protection against UC in mice™”. In a similar ap-
proach, we have applied the same mCRAMP-secreting
strain of Lactococens lactis to reduce H. pylori density in the
stomach as well as the associated inflammatory cell infil-
tration and cytokine production”™. These findings show
the feasibility of using the transformed food-graded pro-
biotic to deliver cathelicidin to the diseased organs and
exert targeted therapy. This new biological preparation
would have significant clinical applications in the future
as potential therapeutic agent to alleviate inflammation
induced by H. pylori infection in the stomach and bacteria
overgrowth in the colon.

CATHELICIDIN AND CANCER

Although studies have demonstrated that LLL-37 could
promote tumorigenesis in some cancers including lung
and breast cancers as well as epithelial ovarian cancer” Y,
Other reports have shown that LI-37 may induce cell
death in many tissues. In human airway epithelial cells,
LL-37 has been shown to result in apoptotic TUNEL
positive cells in a caspases-dependent mannet””. Ana-
logue of LL-37 could induce the caspase-independent
apoptosis in an oral squamous cell line SAS-H1 but not
normal cells””. The anti-tumorigenic effect of LL-37
is dependent on its ability to induce DNA break and
mitochondrial damage in Jurkat T leukemia and A549
cells which are independent of caspase activation” . It is
likely that low tissue expression of 1.I.-37 could promote
tumor formation. Indeed downregulation of LL-37 in
cancer tissues has also been reported in the GI tract. In
normal gastric mucosa, LL-37 is expressed in surface epi-
thelial cells and chief cells as well as parietal cells in the
fundic glands. Immunochemical staining of LL-37 has
revealed that the expression of LL-37 is down-regulated
in gastric hyperplastic polyps, tubular adenomas, and ade-
nocarcinomas'”. After H. pylori infection, LL-37 is mark-
edly up-regulated in the epithelium and gastric secretions.
Such upregulation could not be detected in patients with
H. pylori-independent gastric inflammation. Moreover, a
higher level of LL-37 expression has been demonstrated
in wild-type H. pylori infection of cultured gastric epithe-
lial cells and this higher production of LI.-37 requires an
intact type IV secretion system'™'?, Therefore, it is indi-
cated that expression of LI-37 may be in a tissue- and
disease-specific manner.

Our recent study shows that LLI-37 may function as
a putative tumor-suppressing gene in gastric carcinogen-
esis. We found that exogenous LL-37 inhibits prolifera-
tion and induces Go/Gi-phase cell cycle atrest through a
defined signal pathway in gastric cancer cells (Figure 1).
Furthermore depletion of endogenous LL-37 stimulates
gastric cancer cell DNA synthesis suggesting that the
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Table 1 Possible functional effects and mechanisms of action of cathelicidins in different gastrointestinal disorders

Type of GI disorders Functional effects

Mechanisms Ref.

Ulcer Increases of cell proliferation, re-epithelialization and
angiogenesis

Inflammation Decrease of pathogenic microbes, inflammatory
cytokines and apoptosis; increase of mucus secretion

Cancer Induction of apoptosis and cell cycle arrest

Activation of growth factors and their receptors

[11,13-17]

Activation of MAP kinase, formyl peptide receptor and mucin [1,5,8,23]
genes; electrostatic interaction on microbial membrane

Release of AIF/EndoG; activation of BMPR and Smads

[29,30]

GI: Gastrointestinal; MAP: Mitogen-activated protein; AIF: Apoptosis-inducing factor; BMPR: Bone morphogenetic protein.

antiproliferative effect of LL-37 occurs at physiological
concentrations. The direct anti-cancer action has also
been confirmed in a gastric xenograft cancer model in
nude mice™. In the lower GI tract, it has been shown
that LL-37 is strongly expressed in the human normal
colon mucosa but downregulated in colon cancer tis-
sues. In both settings it is correlated with the number of
apoptotic cells in colonic mucosa. To this end, the pro-
apoptotic activity of LL-37 is confirmed in colon cancer
cells in which the peptide activates a GPCR-p53-Bax/
Bak/Bcl-2 signaling cascade that triggers off the AIF/
EndoG-mediated apoptosis in colon cancer cells™. All
these findings suggest that cathelicidin could be a tumor
suppressor gene in the stomach and colon. Supplementa-
tion of which would have a great potential as a therapeu-
tic agent for gastric and colon cancers.

PERSPECTIVES AND CONCLUSION

The host defense peptide cathelicidin is highly expressed
in the GI mucosa. This peptide and its recombinant pro-
tein in a deliverable preparation represent an appealing
option for the treatment of inflammation and cancer and
also promotion of mucosal repair in the GI tract (Table 1).
This is especially true for those diseases associated with
bacteria including gastritis and UC. Depletion of cathe-
licidin by unknown epigenetic mechanisms in the gastric
and colonic tissues could be one of the causative factors
in the promotion of inflammation and carcinogenesis
in both organs. Supplementation with this host defense
peptide orally through an effective delivery system seems
to be a promising approach to treat different disorders in
the GI tract.
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Abstract

Barrett's esophagus (BE) is characterized by intestinal
metaplasia with the differentiated epithelium replaced
by another type of epithelium morphologically similar
to normal intestinal epithelium. The metaplasia is pre-
ceded by bile and acid reflux into the esophagus. BE is
a premalignant condition associated with increased risk
of esophageal cancer, especially esophageal adenocar-
cinoma. The Caudal-related homeodomain transcrip-
tion factors Caudal-related homeodomain transcription
factor CDX1 and CDX2 are expressed exclusively in the
small and large intestine, playing important roles in
proliferation and differentiation of intestinal epithelial
cells. Ectopic expression of CDX1 and CDX2 occurs in
BE. The apical sodium-dependent bile acid transporter
(ASBT) is expressed primarily in terminal ileum where
it is a key factor for intestinal reabsorption of bile salts.
In addition to upregulation of CDX1 and CDX2, ASBT
expression is up-regulated in BE. Furthermore, both
CDX1/CDX2 and ASBT expressions are down-regulated
in high-grade esophageal dysplasia. The alteration of
the above-mentioned factors calls for attention: what
is the relationship between CDXs and ASBT aberrant
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issue on basis of the recent study done by Ma et a/.
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Core tip: Aberrant co-expression of Caudal-related
homeodomain transcription factors (CDXs) and apical
sodium-dependent bile acid transporter (ASBT) in the
epithelium of Barrett's esophagus (BE) indicates as-
sociation among these factors. Acid and bile reflux in-
duce CDXs gene expression and can lead to formation
of BE. CDX-mediated promoter activation can lead to
aberrant expression of ASBT. The BE phenotype may
be better than squamous epithelium to protect against
refluxed acid and bile. On the other hand the BE phe-
notype is associated with increased risk of esophageal
adenocarcinoma (EAC). Furthermore, the decreased
expressions of CDXs and ASBT in high-grade esopha-
geal dysplasia indicate that CDXs and ASBT are inhibi-
tory factors to the progression of EAC.

Zhao J, Gregersen H. Relationships of CDXs and apical sodium-
dependent bile acid transporter in Barrett’s esophagus. World J
Gastroenterol 2013; 19(18): 2736-2739 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v19/i18/2736.htm DOI:
http://dx.doi.org/10.3748/wjg.v19.i18.2736

COMMENTARY ON HOT TOPICS

Recently, an interesting study by Ma ez al" demonstrated
that short interfering RNA-mediated knockdown of Cau-
dal-related homeodomain transcription factors (CDXs)
resulted in reduced apical sodium-dependent bile acid
transporter (ASBT) mRNA expression in intestinal cells.
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CDXs strongly induced activity of the ASBT promoter
of esophageal and intestinal cells. Association with ASBT
expression was found for CDX1, CDX2 and hepatocyte
nuclear factor-1ow in Barrett’s esophagus (BE) biopsies.
Ma et al"' concluded that CDX1 and CDX2 activate the
human ASBT promoter by transcription. For the first
time ASBT is added to the list of genes regulated by
CDXs. We strongly recommend this paper to the readers.

BE is a clinically important disease. The human
esophagus is lined by a multilayered squamous epithe-
lium which withstands the potential damage from rapidly
propelling food boluses through the esophagus and also
from intermittent exposure to refluxed contents from
the stomach. However, the esophageal epithelium, usu-
ally at the gastroesophageal junction, can be inflamed
and injured if the esophageal epithelium chronically and
repeatedly is in contact with refluxed bile and acid. This
can result in intestinal metaplasia where the esophageal
squamous epithelium is replaced by intestinal-type epithe-
lium, which is the key feature of BE". BE is character-
ized not only by the morphological intestinalization but
also by changes in gene expression patterns. The intesti-
nal specific transcription factors CDX1 and CDX2 and
other intestinal proteins such as villin, sucrase isomaltase,
and acidic mucins/MUC2 can be detected in human BE
tissue™. BE is an important risk factor for esophageal
adenocarcinoma (EAC)™”. The molecular mechanisms
related to BE are not yet fully understood. Currently, it is
believed that the BE cell emerges from (1) the esophageal
squamous epithelium; (2) the distal esophagus submuco-
sal gland epithelium; (3) the proximally-migrating gastric
cardia epithelium; or from (4) infiltrating bone marrow
stem cells'™”. Hence, the mechanism of BE formation is
not well understood.

ASBT is a 48-kDa transmembrane protein. At the
apical membrane of ileal enterocytes, ASBT is the chief
mediator of active sodium-dependent intestinal bile acid
absorption". The roles of ASBT on bile acid reabsorp-
tion, regulation of 4SBT gene expression and its associa-
tion with some diseases have been reviewed in detail®™"".
ASBT is mainly expressed in the terminal ileum but is
also expressed in renal tubule cells, cholangiocytes, and
the gallbladder[m]. It was recently shown that the expres-
sion of ASBT is elevated in esophageal epithelial cells
from BE patients whereas ASBT expression was de-
creased in esophageal adenocarcinoma at both mRNA
and protein levels"”. CDX1 and CDX2 are expressed
exclusively in the small and large intestine, playing impot-
tant roles in proliferation and differentiation of intestinal
epithelial cells. The role of CDX genes in the gut has
recently been reviewed"”. In adults, CDX1 is expressed
primarily in intestinal cryptsm’is‘ whereas CDX2 is ex-
pressed in the paracaecal region of the intestine. Further-
more, CDX2 is expressed relatively more in the villi than
in the crypts'. CDX1 and CDX2 are not expressed in
the normal human esophagusm. However, CDX1 and
CDX2 levels are elevated in the epithelium of BE!"*',
CDX2 expression has been demonstrated in all biopsy
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specimens from BE without and with dysplasia, and
from BE-associated adenocarcinomas'*". Expression
of CDX1 mRNA and protein was found in biopsy speci-
mens from patients with BE but not from epithelium of
normal esophagus™. Furthermore, similar to expression
of ASBT, CDX2 expression decreased esophageal meta-
plasia progressed into adenocarcinoma™*?.

The aberrant co-expression of CDXs and ASBT in
the BE epithelium makes us ask what is the relationship
between CDXs and ASBT, how do these factors relate
to BE, BE with dysplasia and BE-associated adenocatci-
nomas. In order to study the relationship between CDXs
and ASBT, Ma ¢z a/"" conducted a test series to (1) study
whether endogenous human ASBT mRNA levels are
regulated by CDX1 and CDX2; (2) study the possible
direct role for CDX1 and CDX2 in the regulation of the
ASBT promoter; (3) identify putative CDX response ele-
ments (CDXRESs) within the ASBT; (4) study whether
the proximal promoter region containing the predicted
CDXREs mediate the CDX-dependent activation; (5)
study the potential iz vitro interaction between CDX1
and CDX2 with their predicted binding motifs within
the ASBT promoter; and to (6) confirm the interaction
between CDX1 and CDX2 with the ASBT promoter also
within living cells. Ma e# al" found in human esophageal
and intestine-derived cell lines that the human ASBT
promoter is a direct target for transcriptional activation
by the transcription factors CDX1 and CDX2. In other
words, ASBT expression is regulated by CDXs. There-
fore, their study adds a new piece of knowledge to the al-
ready known complexity of transcriptional regulation of
ASBT gene expression. Furthermore, Ma ez al" discover
close association of CDX and ASBT expression levels
in human BE tissue. This indicate that CDX-mediated
ASBT promoter activation can lead to aberrant esopha-
geal expression of the bile acid uptake system ASBT and
consequently to an increase in epithelial bile acid uptake
activity by the BE mucosa.

It is well known that BE is closely associated with gas-
tro-esophageal reflux disease (GERD). In animal models,
GERD caused increased Cdx2 expression in cells of the
basal layer of esophageal squamous epithelium. The in-
creased Cdx2 expression preceded the development of
intestinal metaplasia[23’24]. In esophageal biopsy specimens
from patients with BE, Vallbéhmer ¢ a/'” found high
levels of CDX2 mRNA in specialized intestinal metapla-
sia. A recent study done by Kazumori ez a/” shows that
Cdx1 is over-expressed in esophageal metaplastic tissue
and that bile acids increase promoter activity in cultured
esophageal epithelial cells. This in turn appears to induce
production of Cdx2 sufficient to cause intestinal meta-
plasia. It has been proposed that bile acids in refluxed
contents cause tight junctions in squamous cells to break,
allowing the bile acids to leak into the basal layer, result-
ing in cell transdifferentiation™.

From the above-mentioned studies it is evident that
acid reflux and bile reflux contribute to increased CDX
expression levels. The induction of CDXs genes precedes
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the morphologic changes in BE. The BE phenotype may
be better than squamous epithelium to protect against
exposure to refluxed acid and bile. Furthermore, CDX-
mediated promoter activation leads to aberrant expres-
sion of ASBT, resulting in increased epithelial bile acid
uptake by the BE mucosa. However, the BE phenotype
has 30-125 times increased risk of EAC compared to
that of the general population”. Furthermore, although
CDXs expression can be detected in well or moderately
well differentiated EAC, expression of CDXs is de-
creased and may even be undetectable in poorly differ-
entiated EAC™), Ma ¢ a/" found that ASBT like CDXs
decrease its expression in high-grade esophageal dys-
plasia. All together this suggests that CDXs and ASBT
expression have an inhibitory role for the progression of
EAC. However, the exact mechanism about the effect
of CDX1, CDX2 and ASBT on BE and BE-associated
esophageal dysplasia is not well understood yet and need
further study.

In summary, aberrant co-expression of CDXs and
ASBT in BE epithelium stimulates further interest into
learning more about the relationship between CDXs and
ASBT and how they relate to BE. Based on reviewing the
study by Ma ¢z /" and other relevant literature, it is antic-
ipated that ASBT gene expression is regulated by CDXs.
Acid and bile reflux as well as inflammation induce CDXs
gene expression preceding BE. CDX-mediated promoter
activation can lead to aberrant expression of ASBT. The
BE phenotype may be better than squamous epithelium
to protect against refluxed acid and bile. On the other
hand, BE phenotype is associated with increased risk of
EAC. Furthermore, CDXs and ASBT expressions de-
crease in high-grade esophageal dysplasia. This indicates
that CDXs and ASBT expression may be inhibitory fac-
tors for progression of EAC. Further research is needed
for understanding the exact mechanism and effects of
CDX1, CDX2 and ASBT on BE and BE-associated
esophageal dysplasia.
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Abstract

We aimed to examine the major causes of isolated
chronic hypertransaminasemia in asymptomatic chil-
dren and develop a comprehensive diagnostic flow
diagram. A MEDLINE search inclusive of publications
throughout August 2012 was performed. We found
only a small nhumber of publications that had compre-
hensively investigated this topic. Consequently, it was
difficult to construct a diagnostic flowchart similar to
those already available for adults. In children, a “re-
testing panel” prescription, including gamma-glutamyl
transpeptidase and creatine kinase in addition to ami-
notransferases, is considered a reasonable approach
for proficiently confirming the persistence of the ab-
normality, ruling out cholestatic hepatopathies and my-
opathies, and guiding the subsequent diagnostic steps.
If re-evaluation of physical and historical findings sug-
gests specific etiologies, then these should be evaluat-
ed in the initial enzyme retesting panel. A simple multi-
step diagnostic algorithm incorporating a large number
of possible pediatric scenarios, in addition to the few
common to adults, is available. Accurately classifying a
child with asymptomatic persistent hypertransaminas-
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emia may be a difficult task, but the results are critical
for preventing the progression of an underlying, pos-
sibly occult, condition later in childhood or during tran-
sition. Given the high benefit/cost ratio of preventing
hepatic deterioration, no effort should be spared in di-
agnosing and properly treating each case of persistent
hypertransaminasemia in pediatric patients.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION

The measurement of serum transaminase levels has

become part of the routine biochemical evaluation that
takes place before surgery or for the investigation of pa-
thologies not necessatily related to liver injury in many
countries. An investigation of unexpected hypertrans-
aminasemia is important for differentiating muscular and
hepatic disease; to institute timely and specific treatment
for progtessive, but still asymptomatic, treatable liver con-
ditions [eg., Wilson’s disease, autoimmune hepatitis (AIH),
and non-alcoholic fatty liver disease (NAFLD)]; to fur-
nish genetic counseling for hereditary disorders; and/or
to setup appropriate preventive measures (¢.g., avoidance
of viral hepatitis transmission). Moreover, prevention of
possible hepatic deterioration has a high benefit/cost ratio
by avoiding the need for eventual liver transplantation!"’.
Currently, the most frequent cause of hypertransami-
nasemia in both adults and children is obesity, although
obesity-related liver disease is still sometimes erroneously
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considered cryptogenic because of a poor perception
of obesity among medical practitionersp’ﬂ. In adults, the
causes of isolated hypertransaminasemia other than obe-
sity-related liver disease are limited to viral hepatitis, toxic
damage, autoimmune hepatobiliary diseases, celiac disease,
Wilson’s disease, and hereditary hemochromatosis™,
whose diagnostic work-up is well established™"". The
problem is more complex in children, in whom individu-
ally rare genetic/metabolic conditions collectively consti-
tute 20%-30% of liver diseases'>"”. Therefore, persistent
hypertransaminasemia in a child should alert the physician
to the possibility of an underlying hepatic or multisystem
metabolic disorder and prompt a referral to a specialized
center for diagnostic evaluation. However, despite exten-
sive investigation, the etiology of some cases may have to
be defined as truly unknown (cryptogenic) ),

There are only a few reports examining the pos-
sible causes of isolated chronic hypertransaminasemia
121419 and often

these studies ate biased by flawed inclusion and exclu-

in asymptomatic pediatric populations

sion criteria, and/or an inadequate diagnostic work-up.
Consequently, there is no diagnostic algorithm for the
differential diagnosis of unexpected chronic hypertrans-
aminasemia in pediatric patients.

The aim of this report is to develop a comprehensive
diagnostic algorithm that includes many of the frequent
causes of isolated asymptomatic hypertransaminasemia
in children and adolescents. We examined current adult
guidelines and expert opinions, and then performed a
MEDLINE search inclusive of publications throughout
August 2012 using the key words: transaminase, ami-
notransferase, hypertransaminasemia, liver disease, and
children. We also evaluated reports from specialized ter-
tiary pediatric hepatology centers. A secondary aim was
to provide a basis for future studies on the cost/benefit
ratio of diagnostic assessment procedures.

TRANSAMINASES: BACKGROUND ON
ORIGINS, LEVELS, AND THRESHOLD
LEVELS

Aminotransferases are normally present in circulation

at low levels. They are intracellular enzymes produced
principally by hepatocytes, and their increase in serum is
therefore indicative of liver cell injury. However, aspartate
aminotransferase (AST) is also found in cardiac and skele-
tal muscles, the kidneys, brain, pancreas, and lungs, and in
erythrocytes, in decreasing order of concentration. Addi-
tionally, alanine aminotransferase (ALT) is present in skel-
etal muscle and kidneys, but at low concentrations, and its
increase in the circulation is more specific for liver damage
than AST. Aminotransferase serum levels depend not only
on the tissue of origin, but also on the enzyme half-life,
which is longer for ALT than AST. Thus, in diseases such
as muscular dystrophy, patients can have AST and ALT
serum values that ate elevated to the same degree, instead
of the expected prevalent elevation of AST!"”,
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In clinical practice, normal parameter values are
within 2 standard deviations of the mean value obtained
in healthy individuals. This implies that 5% of the results
of healthy subjects fall outside this range. While trans-
aminase reference intervals for adults have recently been
revised"™"”) this has not occurred for children. England
et al™ recently proposed ALT centiles stratified by sex
and age in a healthy European population. They pro-
pose an ALT upper limit of normal of 60 IU/L in boys
and 55 TU/L in gitls during the first 18 mo of life. The
range changes to 40 IU/L in boys and 35 TU/L in girls
after the age of 18 mo. The Screening ALT for Eleva-
tion in Today’s Youth (SAFETY) study conducted on a
population of North American patients aged between
12 and 17 years shows that the upper limit of normal
used by most laboratories for ALT is too high to detect
chronic liver disease and that less than half of North
American hospitals utilize gender-specific values. In that
study, the ALT thresholds in use had a low sensitivity
for the detection of chronic liver damage (30%-40%).
Using the National Health and Nutrition Examination
Survey (NHANES) ALT threshold of 25.8 TU/L for
boys and 22.1 TU/L for gitls, the sensitivity improved to
70%-80%, while the specificity was only reduced from

approximately 90% to approximately 80%”".

Clinical recommendation

In the pediatric population, there is no established refer-
ence range of ALT and AST. ALT thresholds currently
in use have a low sensitivity for the detection of chronic
liver damage. In teenagers, the biologically-determined
and gender-specific ALT threshold of 25.8 U/L for boys
and 22.1 U/L for gitls established by NHANES increases
this sensitivity, with only a modest specificity reduction.

APPROACH TO ASYMPTOMATIC
HYPERTRANSAMINASEMIA

Table 1 summarizes the most frequent causes of persis-
tently-clevated transaminase levels in asymptomatic chil-
dren, schematically classified under the categories of viral,
autolmmune, metabolic, and other types of hepatobiliary
diseases or extrahepatic causes of hypertransaminasemia.
A detailed evaluation of medical and family history and
an accurate clinical examination are crucial in determining
the likely etiology of hypertransaminasemia, as they may
indicate towards possible muscle or liver conditions.

Initial step: The retesting panel
A stepwise approach contemplates repeating the tests to
confirm the results™'"”. In adults, timing of retesting is
not firmly established because it has usually been empiri-
cally guided by the degree of transaminase alterations
found {mild [< 5 times upper limit of normal (X ULN)];
moderate (5-10 X ULN); marked (> 10 X ULN)}.

In pediatric patients, information about gamma-gluta-
myl transferase (GGT) rather than alkaline phosphatase
values might help to determine whether the liver injury
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Table 1 Main causes of asymptomatic hypertransaminasemia

in children

Hepatic origin Extrahepatic origin
Obesity (non-alcoholic fatty liver
disease)

Viral infections (major and minor

Duchenne/Becker muscular
dystrophy (prevalence: 1:4700)
Other myopathies (e.g.,
hepatotropic viruses) caveolinopathies; prevalence:
1:14000 to 1:120000)
Autoimmune liver disease Myocardiopathies
(prevalence: 1:200000)

Celiac disease and inflammatory bowel Nephropathies
disease

Wilson's disease (prevalence: 1:30000)

Cystic fibrosis (prevalence: 1:2500)

Hemolytic disorders

Macro - AST (prevalence: 30% of
children with isolated aspartate
aminotransferasemia)

and Shwachman-Diamond syndrome
(prevalence: 1:50000)

Alphal antitrypsin deficiency
(prevalence: 1:7000)

Other genetic and metabolic diseases'
Toxic: Drugs and alcohol
Cryptogenic hypertransaminasemia

'Refer to Table 3. AST: Aspartate aminotransferase.

is predominantly hepatocellular or cholestatic”. Creatine
phosphokinase (CPK) should also be evaluated to rule
out occult muscle disease™.

As in adults™ in many asymptomatic children,
abnormal values can show normal values when re-
tested>'*"*?!. The reported percentage of patients who
normalize aminotransferase serum values within 6 mo
from the first detection of abnormality ranges from 26%
to 73.6%"1 1A fluctuating pattern (transient/self-
limiting or intermittent) is frequently observed at all ages,
and more than one retesting may be warranted even for a
mild increase of transaminases. In areas with a high prev-
alence of hepatitis B (HBV) and C (HCV) virus infection
and in high-risk populations, it is advisable to request
viral markers at the time of repeat testing to accelerate
the screening protocolp’loj. Recently, Senadhi™ recom-
mended that HBV and HCV screening is warranted in all
asymptomatic patients with mild transaminase elevations.

In selected patients who participate in strenuous
sports, liver tests should be repeated after at least one
week without exercise, especially if hypertransaminas-
emia was associated with high CPK or with elevation
of other enzymes of muscle origianSJ. If high CPK and
hypertransaminasemia are confirmed, it is mandatory to
exclude muscular diseases, which are often clinically as-
ymptomatic during the first 5-6 years of life and can be
recognized only after a detailed and oriented neurologic
examination™. In addition to the well-known muscular
dystrophies, myocyte injury, necrosis induced by drugs
or toxins, and increased exercise are possible causes of
high CPK and hypertransaminasemia. Additionally, some
mitochondrial, endocrine and metabolic myopathies, and
gluten enteropathy are also causes of high CPK and hy-
pertransaminasemia. A serum elevation of CPK ranging
from 450 to 5000 U/L (normal upper limit: 150 U/L)
accompanying isolated asymptomatic hypertransamina-
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semia can also be a marker of a caveolinopathy, a group
of newly described and still poorly understood muscle
diseases that affect the limb-girdle, distal muscles, and
heart. A diagnosis may be particularly challenging in pedi-

atric patients that are only mildly syrnptornatic[%

First, second, and third line investigations
The evaluation of patients with confirmed hypertransam-
inasemia should include first (and eventually second and
third) line investigations (Table 2). If the patient’s history
or physical examination suggests a particular disease, se-
lected first-line investigations should already be part of
the retesting panel. However, some authors suggest that
first-line exams for hepatocellular causes of liver disease
should be performed without the need to confirm hyper-
transaminasemia in patients with increased serum levels
of ALT > 3-5 x ULN, Historically, a hypertransamina-
semia duration of approximately 6 mo has been arbitrari-
ly used to determine chronic liver disease. However, it is
unwise to wait for 6 mo before investigating a possible
cause of liver damage, as some hepatopathies, such as
autoimmune liver disease or Wilson’s disease, can become
rapidly life-threatening without appropriate treatment”,
In the case of protracted isolated AST elevation, the
possibility of macro-AST should be investigated by poly-
ethylene glycol and/or electrophotesis testing. Macro-
AST is a condition characterized by the presence in serum
of a macromolecular complex formed by association with
other plasma components [eg., immunoglobulin G (IgG)]
or by self-polymetization. Due to their large size, macro-
AST components cannot be filtered by renal glomeruli
and are retained in the plasma. The condition is benign,
but may cause diagnostic uncertainty and lead to useless,

. . . . . . 29]
mnvasive, expensive, and tlme—consurnmg testmg[ ].

Clinical recommendation

Aminotransferase levels should be retested upon finding
hypertransaminasemia in asymptomatic patients. At this
time, the levels of CPK (for muscular disease) and GGT
(for biliary involvement) should also be evaluated. An
accurate clinical history and physical examination are of
paramount importance for guiding an appropriate inves-
tigation and avoiding expensive and unnecessary tests.

MOST COMMON LIVER DISEASES

Non-alcoholic fatty liver disease

NAFLD is the most common cause of hypertransamina-
semia in children and adolescents!>'*'**"!. In clinical prac-
tice, NAFLD is usually suspected by the finding of hy-
pertransaminasemia and ultrasonographic fatty liver in an
obese child™". Although the ALT serum level is a useful
diagnostic tool, it is not a sensitive marker of NAFLD.
It is common to observe the entire histological spectrum
of NAFLD in patients with normal ALT levels**?. The
evaluation of both AST and ALT values is important be-
cause an increased AST/ALT ratio has been reported to
reflect a progressive and more serious condition [fibrotic
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Table 2 Retesting panel; first, second, and third line investigations in children with asymptomatic mild hypertransaminasemia

Retesting panel’ First line panel Second and third line panels

Liver function tests Etiology tests

ALT Conjugated and unconjugated bilirubin ~ Viral markers (HAV, HBV, HCV)  Urinary copper, molecular ATP B7 analysis

AST Protein electrophoresis Minor hepatotropic viruses serology HCV RNA, HBV DNA

CPK Serum albumin (e.g., EBV, CMV) Genetic and metabolic enlarged screening’ (“non-
GGT Prothrombin time and partial Ceruloplasmin, serum copper alcoholic fatty liver disease bin”)

ANA, SMA, LKM, LC1, anti-SLA,
total IgG Fecal elastase, steatocrit

Hepatic ultrasonography Serum ol antitrypsin Other hepatic imaging techniques (MRI, ERCP, CT, etc.)
If only AST elevation is confirmed: PEG EMA, tTgasi IgA, deamidated AGA Liver biopsy’

test and electrophoresis for macro-AST  IgA (<2 yr), total IgA Jejunal biopsy (after celiac disease serology)

thromboplastin time Sweat test

Blood cell count

'After at least one week off from exercise; *Genetic and metabolic enlarged screening: blood gases, lactic acid, serum ammonium concentrations, blood and
urinary amino acids, urinary reducing substances, urinary organic acids, transferrin isoforms, screening test for congenital disorders of glycosylation, o1 anti-
trypsin phenotype; *Modified from the reference of 28. ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; PEG: Polyethylene glycol; CPK:
Creatine kinase; GGT: Gamma-glutamy] transferase; HAV: Hepatitis A virus; HBV: Hepatitis B virus; HCV: Hepatitis C virus; EBV: Epstein-Barr virus; CMV:
Cytomegalovirus; ANA: Antinuclear antibodies; SMA: Smooth muscle antibodies; LKM: Anti-microsomal antibodies; LC1: Anti-liver cytosol antibodies type
1; SLA: Soluble liver antigen; IgG: Immunoglobulin G; EMA: Anti-endomysial antibodies; tTgasi: Anti-tissue transglutaminase antibodies; AGA: Anti-gliadin
antibodies; IgA: Immunoglobulin A; ATP B7: ATP binding protein 7; MRI: Magnetic resonance imaging; ERCP: Endoscopic retrograde cholangiopancreatog-
raphy; CT: Computed tomography.

Table 3 Fatty liver disease; possible causes in likely asymptomatic children and adolescents

General or systemic Genetic-metabolic causes Drugs/chemicals
Obesity Cystic fibrosis Ethanol

Metabolic syndrome Shwachman syndrome Ecstasy, cocaine, solvents
Obstructive sleep apnea Wilson's disease Nifedipine

Polycystic ovary syndrome Alpha 1-antitrypsin deficiency Diltiazem

Diabetes mellitus type 1 Fructosemia Estrogens

Thyroid disorders Cholesterol ester storage disease Corticosteroids
Hypothalamic-pituitary disorders ~ Glycogen storage disease (type I, VI and IX) Methotrexate
Inflammatory bowel disease Mitochondrial and peroxisomal defects Prednisolone

Celiac disease a- and B-oxidation defects Valproate

Protein calorie malnutrition Organic acidosis Vitamin

Rapid weight loss Abeta or hypobetalipoproteinemia Zidovudine and HIV treatments
Anorexia nervosa Porphyria cutanea tarda Solvents

Small intestinal bacterial overgrowth Homocystinuria Pesticides

Hepatitis C Familial hyperlipoproteinemias

Bile acids synthesis defects
Congenital disorders of glycosylation
Citrin deficiency

Turner syndrome

Modified from the references of 30 and 38. HIV: Human immunodeficiency virus.

non-alcoholic steatohepatitis (NASH)] B,

Due to the worldwide obesity epidemic, obesity may
be erroneously accepted as a normal condition even in
the presence of abnormal liver function tests”. Con-
versely, in the presence of obesity, all other conditions
associated with abnormal transaminase levels, such as
celiac disease™, Wilson’s disease™ autoimmune hepa-
titis””, or muscular diseases™, must be investigated and
excluded. In many of these diseases, prompt treatment
will avoid irreversible disease progression[38] (Table 3).

Abdominal ultrasound and liver function tests should
be performed as a first step in the diagnosis of possible
NAFLD in children™. Ultrasonography, however, detects
fat levels above 30% only. Waist circumference is a valid
surrogate marker of central obesity, which is closely cor-
related with liver involvement™). When pediatric NAFLD
is suspected, other liver diseases should be excluded
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based on an age-driven algorithm[”]. In obese children
and adolescents with disordered breathing during sleep,
sleep apnea syndrome should be viewed as a risk fac-
tor for NAFLD. Interestingly, weight loss, avoidance of
a sedentary life, and effective treatment of sleep apnea
syndromes resulted in a significant improvement of liver

enzyme levels™*.

Clinical recommendation: NAFLD and NASH are
diagnoses of exclusion even in obese children with hy-
pertransaminasemia. Other fatty liver causing diseases
should be investigated based on the patient’s age and
clinical features.

Viral infections

Serological markers of hepatitis viruses are part of the
first-line etiology investigation panel (Table 2). A positive
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history of blood or blood-detivative transfusion, tattoo-
ing, ingestion of potentially-contaminated food, and the
ethno-geographic origin of the patients give a clue as to
a possible infectious etiology. Although immigration and
international adoption from endemic areas are well-rec-
ognized risk factors, hepatitis B shows an emerging pre-
sentation of subclinical chronic hepatitis B in children™.

In countries where universal vaccination against HBV
has been introduced, a significantly-reduced rate of HBV
infection in children and mother-to-infant transmission
has been observed. However, international adoption and
immigration maintain an ample reservoir of HBV infec-
tion. Although significantly less infectious than HBYV,
HCV infection remains a widespread problem in the ab-
sence of an effective vaccine. In Western countries, peri-
natal transmission is currently the primary mode of HCV
spread in children, which accounts for approximately
65% of cases!™". Although hypertransaminasemia may
suggest HCV infection, adult™ and pediatric HCV car-

. 746
riers™

may have normal or fluctuating aminotransferase
levels even in the presence of serious liver damage.
Among the conditions falling within the category of
adult cryptogenic hypertransaminasemia is a new entity
called “occult” HCV infection. Said entity is chatacterized
by fluctuating serum levels of HCV RNA, while the virus
genome and its replicative intermediate RNA-negative
strand are detectable in the liver and in peripheral blood
mononuclear cells with or without antibodies to HCV'*".
Similarly, “occult” HBV infection has been recognized
in patients with cryptogenic hepatitis B surface antigen
(HBsAg)-negative chronic liver disease™”, Intrahepatic
replicative activity (HBV covalently closed circular DNA
and pregenomic RNA) has recently been described in
adults with occult hepatitis B infection. HBV occult
infection seems to be relatively frequent in immunized
children born to HBsAg-positive mothers. HBsAg nega-
tivity is not sufficient for excluding the presence of HBV
DNA. These findings emphasize the importance of con-
sidering occult HBV infection in hypo-endemic arcas'”,
In pediatric patients, hepatitis A virus infection may
be followed by up to 1 year intermittent hypertransamina-
semia due to relapsing viremia, which does not evolve to
chronic liver damage™”. Other hepatotropic viruses are a
frequent cause of liver disease. Epstein-Bart virus and/ot
cytomegalovirus should be excluded in patients with a his-
tory of fever, lymphadenopathy (mainly latero-cervical),
pharyngitis, asthenia, and/or hepatosplenomegaly. In
patients with paucisymptomatic immunodeficiency, cox-
sackievirus and adenovirus may be the cause of liver en-
zyme alteration. Gastrointestinal infection by rotavirus can
be accompanied by self-limiting hepatic and non-hepatic
transaminase elevation in 20% of infected patientsm
Currently minor, rather than major, hepatotropic vi-
ruses are a common cause of hypertransaminasemia in

i i . 121516
children in developed countries' >,

Clinical recommendation: Viral serological markers are
part of the first-line investigation panel.
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Toxic causes

An accurate medical history is crucial in determining the
possible role of toxin-induced hepatotoxicity in chil-
dren with hypertransaminasemiam. In adults, diagnostic
scores have been proposed and evaluated to define the
association between drugs and liver disease™". Alcohol
abuse can induce liver disease and hypertransaminasemia
even in childhood, especially in adolescents'”. Tt has
been suggested that elevated serum GGT levels, and/or
an AST/ALT ratio > 1, and/or an increase in mean
corpuscular volume may help in identifying excessive
drinking®”. Carbohydrate deficient transferrin is another
tool for identifying unhealthy occult drinking”™. Tf medi-
cation or alcohol are suspected causes of hypertrans-
aminasemia in an adolescent, aminotransferases should
be retested after 6-8 wk of controlled or monitored
abstinence””. In addition to prescribed or over-the-
counter medications and herbal remedies, illegal drugs or
substances of abuse should be considered in differential

diagnoses and be carefully investigatedﬁs’”].

Autoimmune liver disease

AIH is a progressive inflammatory liver disease without a
known etiology, and is characterized histologically by in-
terface hepatitis and serologically by high levels of trans-
aminases, IgG, and positive autoantibodies™. The exact
prevalence of autoimmune hepatitis is unknown, but it
is approximately one in 200000 in the general popula-
tion of the United States. Sometimes, the histology of
autoimmune hepatitis is associated with bile duct injury-
determining overlap syndrome or autoimmune sclerosing
cholangitis (ASC); this condition is different from primary
sclerosing cholangitis, which is characterized by inflam-
mation and fibrosis in the intrahepatic and/or extra-
hepatic bile load in the absence of interface hepatitis[éz’“].
It is important to perform a cholangiography in all children
with the histological features of autoimmune hepatitis, as
ASC is as prevalent as AIH in childhood, and thus only
cholangiography can differentiate between these condi-
tions”. There are two types of AIH classified according
to antibody profile: type 1 [anti-nuclear antibodies and
anti-smooth muscle antibodies (SMA)| and type 2 [anti-liver
kidney microsomal antibody (LKM1); and/or antibodies to
liver cytosol type 1 (anti-LC1)] I Anti-soluble liver antigen
(anti-SLA) antibodies can be positive in otherwise autoAb-
negative patients. These antibodies cannot be detected by
immunofluorescence, and require enzyme-linked immuno-
sorbent assay and immunoassays for identification. Type 2
may tend to be more severe and prevalent in children, ado-
lescents, and young adults than in the older population[(’o].
The absence of autoantibodies in a child with hypertrans-
aminasemia does not exclude the diagnosis of autoimmune
hepatitis. In fact, seronegative but empirically steroid-
responsive autoimmune hepatitis has been reported[“’og].
Conversely, the increase in serum gamma-globulins is not
universal in AIH. As for Wilson’ disease, the diagnosis of
autoimmune hepatitis may be difficult because it is not
based on specific markers. Consequently, a scoring system

May 14, 2013 | Volume 19 | Issue 18 |



has been devised™™" that gives positive predictive values

for females, the presence of other autoimmune diseases,
hypergammaglobulinemia, and positivity for ANA, SMA,
LKM1, LC1 and ASLA. It also gives negative scores for
viral markers and a positive history for drugs and alcohol
use. A simpler score based on only four items”"! has not
yet been fully validated in children. Primary biliary citrho-
sis is not observed during childhood, although very rare
cases of anti-mitochondrial autoantibody positivity have
been reported””.

AIH (and ASC) may present with only hypertransami-
nasemia, which can occur in children with apparent good
health. It should therefore be investigated with appropri-
ate examinations; if left untreated, cirrhosis may develop.

Clinical recommendation: Autoimmune hepatitis
should be rapidly identified in order to administer prompt
therapy and avoid cirrhotic evolution. Hypertransaminas-
emia and hypergammaglobulinemia may be the only find-
ings of seronegative autoimmune hepatitis. It is impor-
tant to perform a cholangiography in all children with the
histological features of autoimmune hepatitis because, in
childhood, autoimmune sclerosing cholangitis is as preva-
lent as autoimmune hepatitis.

Celiac disease and hypertransaminasemia

Celiac disease may be associated with liver involvement
in both adults and children. Isolated hypertransamina-
semia may be the first manifestation of clinically silent
celiac disease!™™. Tt is currently controversial™ as to
whether, in children less than 2 years old, AGA-IgA and
IgG should be tested, because of a diagnostic sensitivity
higher than that of anti-endomysium antibodies and anti-
transglutaminase antibodies at that age. Selective non-
responsiveness to HBV immunization in a hypertrans-
aminasemic child may be a clue to undiagnosed celiac
disease!™.

So-called “celiac hepatitis” is the most common hepa-
topathy in celiac patients and is characterized by a mod-
erate increase of transaminase levels usually associated
with minimal and non-specific liver lesions of the lobule
and portal tracts. A gluten-free diet generally results in
normalization of the liver enzymes and repair of histo-
logical damage. Due to high disease prevalence, patients
with a known diagnosis of celiac disease and persistent
hypertransaminasemia should be tested for other possible
causes of liver damage before ascribing liver function
test abnormalities to celiac disease. Co-existing causes of
hepatopathy have been reported'”. Celiac disease may
present as hepatic steatosis in obese children with hyper-
transaminasemia resistant to weight loss. In such cases,
the addition of a gluten-free diet is necessary to resolve
their liver abnormalities™,

Celiac disease can be associated with a variety of
autoimmune liver diseases, including AIH, autoimmune
cholangitis, and overlap syndromes, with a frequency of
AIH peaking at 2.9% in celiac disease children less than
10 years old"™. Autoimmune hepatic involvement can ei-
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ther precede or follow the diagnosis of celiac disease. It is
necessary to diagnose AIH associated with celiac disease
promptly, because it is not responsive to a gluten-free diet
alone and requires long-term associated immunosuppres-

sive therapyps].

Wilson’s disease and hypertransaminasemia

The prevalence of Wilson’s disease is estimated at one
in 30000 in most populations (Table 4). The prevalence
is as high as one in 10000 in China, Japan, and Sar-
dinia™. Tt may present at any age. Usually, the onset of
symptomatic liver disease is at approximately 12 years
of age[go]. It is only during adolescence or eatly adult life
that patients usually present with complicating neurolog-
ical and psychiatric manifestations. The most important
laboratory diagnostic clues are hypoceruloplasminemia
(< 20 mg/dL in 85%-95% cases), increased free serum
coppet, increased intrahepatic copper (> 250 pg/g dry
weight), and increased basal and post-penicillamine chal-
lenge urinary copper excretion®*, These findings are not
specific if considered individually, and several conditions
may be responsible for false negative and false positive
results. Therefore, a score (the “Ferenci score”), which
takes into account the Kayser-Fleischer ring, neuropsy-
chiatric symptoms, the occurrence of Coombs negative
hemolytic anemia, increased urinary copper, decreased
serum ceruloplasmin, increased copper content of he-
patocytes, and the presence of causative mutations, has
been devised to distinguish between an unlikely/prob-
able/highly-likely diagnosis of Wilson’s disease”™". More
recently, a new cut-off value for urinary copper excretion
in asymptomatic children with Wilson’s disease has been
suggested. The new value of 40 pg/24 h replaces the
previously-used 100 ug/24 h™* The post-penicillamine
challenge urinary copper estimation has been reported to
be poorly sensitive in asymptomatic children™. A mo-
lecular diagnosis and/or haplotype analysis of the region
surrounding ATP7B on chromosome 13 should be con-
sidered in children with enigmatic liver disease, especially
those with features of NAFLD™ . Wilson’s disease-like
hypoceruloplasminemic liver disease has been recently
described in congenital disorders of glycosylation (CDG)
type X"**** Non-Wilsonian high urinary copper excre-
tion has been reported in pediatric nodular regenerative
hyperplasia.

Clinical recommendation: The criteria adopted for the
diagnosis of Wilson’s disease are non-specific if con-
sidered individually. The Ferenci score will distinguish
between unlikely, probable, and highly-likely diagnoses
of Wilson’s disease. New pediatric cut-off values and the
real value of post-penicillamine urinary test in asymp-
tomatic cases need careful consideration.

OTHER DISEASES

Disorders, such as inborn errors of metabolism and/or
congenital conditions affecting the liver, are much more
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Table 4 Clinical and laboratory findings for orienting diagnosis of some genetic metabolic liver diseases

Clinical/laboratory findings Possible genetic-metabolic cause Prevalence Liver involvement
Pancreatic failure, hematological disorders Shwachman syndrome 1:50000 44!
Asymptomatic, hemolysis Wilson's disease 1:30000 +++
Previous neonatal cholestasis, hepatomegaly Alpha 1 antitrypsin deficiency 1:7000 +++
Hypoglycemia, hepatomegaly Glycogen storage disease (type I, VI and IX) From 1:100000 to 1:1000000 +++
Fructose refusal, hepatomegaly Hereditary fructose intolerance 1:20000 +++
Lethargy, increased serum ammonia levels Urea cycle defects 1:30000 (all disorders) Sisis
Lethargy, increased serum ammonia levels Urea cycle defects 1:30000 (all disorders) Sisis
Chubby face, fatty liver, specific serum amino acids pattern Citrin deficiency 1:20000 in East Asia ++
Failure to thrive, lactic acidosis Mitochondrial diseases 1:8500 (all disorders) 1
Failure to thrive, ketoacidosis, hypoglycemia Organic acidosis 1:1000 (all disorders) +
Mild coagulopathy, clinical phenotype Congenital disorders of glycosylation From 1:10000 to 1:100000 +
Short stature, female gender, karyotype Turner syndrome 1:2000 +
Failure to thrive, positive sweat test Cystic fibrosis 1:2500 +

"First 1-2 yr of life; +: Possible; ++: Frequent; +++: Almost always.

common in pediatric patients than in adults (Table 3).
These diseases are rare when considered individually, but
represent a large group if considered collectively. It is
difficult to establish their incidences; in most cases, they
are relatively asymptomatic and may therefore remain
undiagnosed[gsl. Although many etiologies present in the
neonatal period with cholestasis or acute illness, several
may become manifest only later in infancy or child-
hood. Extreme care is required to avoid misdiagnosing
these cases. This is particularly true if the patients have
NAFLD-like symptoms that risk being considered part
of the NASH syndrome™. Laboratory investigations for
genetic metabolic diseases that may often be responsible
for a NAFLD-like fatty liver picture should be guided by
age and clinical/family history (Table 4). We will comment
only on the most relevant metabolic liver diseases and
refer the reader to a series of comprehensive reviews for
specific information regarding the less common ones™"”".

Hepatic derangement with severe, but self-limiting,
hypertransaminasemia and variable histological patterns
may be the sole initial evident manifestation of Shwach-
man-Diamond syndrome (incidence: 1:50000 worldwide).
The mechanisms that can contribute to liver damage in
these patients are not known!!. Citrin deficiency (inci-
dence: 1:20000 in East Asia), a condition now also recog-
nized in Western countries, may present with a pattern of
neonatal cholestasis and increased levels of blood citrul-
line, or NAFLD in children and adolescents”. Heredi-
tary fructose intolerance (incidence: 1:20000 worldwide)
typically occurs with a pattern of early-onset cholestasis
during weaning, However, it may present later in patients
who spontaneously follow a low fructose diet because of
instinctive fructose refusal/dislike or avoidance. In these
cases, medical observation may be dictated by the inci-
dental finding of hypertransaminasemia, hepatomegaly,
and/or bright liver by ultrasound observation. Feeding
history is crucial for the diagnosis, which is confirmed
by molecular analysis of gene mutations””. Mitochon-
drial diseases are often multisystem, but some cases may
present with exclusive or prevalent mild liver involve-
ment [eg., mitochondrial DNA depletion syndrome due
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to deoxyguanosine kinase (DGUOK, OMIM 251880)].
Some congenital disorders of glycosylation (incidence:
1:50000-1:100000) may present as chronic isolated hyper-
transaminasemia. Children with clinically asymptomatic,
cryptogenic hypertransaminasemia with liver steatosis-
fibrosis and mild coagulopathy should be screened for
CDG", Congenital hepatic fibrosis (CHE, incidence:
unknown) is a developmental disorder of the porto-
biliary system. It is one of the fibropolycystic diseases,
which include Caroli disease, autosomal dominant poly-
cystic kidney disease, and autosomal recessive polycystic
kidney disease. Clinically, it is characterized by non- cir-
rhotic portal hypertension, and rarely complicated by
(porto-) pulmonary hypertension and hepatopulmonary
syndrome. Hepatocellular function is relatively well-
preserved, unless cholangitic episodes are present. He-
reditary familial hemochromatosis (incidence: 1:20000
worldwide) most often presents after the transition to
maturity, and is well-discussed in studies on adult patients
and outside the scope of this article. Alpha 1-antitrypsin
deficiency (incidence: 1:7000) presents clinical symptoms
only in a minority of affected people. In infancy, the
most common presentation is cholestasis. During child-
hood, it may present with minimally symptomatic disease
that becomes significant liver disease only in 10%-15%
of patients, often after several years of a near-normal
quality of life, and may progress to decompensated liver
disease™. Glycogenosis types VI and IX may be associ-
ated with elevated ALT and a soft hepatomegaly that is
often not discernible at clinical examination, but without
the gross metabolic abnormalities that are typically ob-
served in the other types of glycogenosis. Cystic fibrosis
rarely has a prevalent or exclusive hepatic presentation[95
Nodular regenerative hyperplasia is an infrequently-iden-
tified liver disease characterized by non-fibrotic nodular
hepatocyte regeneration, secondary portal hypertension,
and mild stable abnormalities of liver function tests. In
adults, it is usually associated with malignant prothrom-
botic or rheumatological conditions. These associations
are rarely encountered in pediatric practice. The diagnosis
1s sometimes suggested by minimal histological changes
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History gr subtle thS'Ca,l signs <« ‘ Asymptomatic mild hypertransaminasemia ‘ﬁ» History of medication or drug/alcohol
suggestive of specific etiology: abuse: discontinuate and re-valuate
go to specific test ¢
Retesting panel Increased AST . Think to extrahepatic origin + PEG,
‘ Increased CPK values ‘ <«—— | AST; ALT; GGT; CPK only electrophoresis for MacroAST
v v v
Repeat at least one week off Persisting increased AST, ALT, with Normalization on . Observe and recommend at least
from exercise or without GGT elevation retesting one further testing as outpatient
v
' ' First line panel: CB, UB, serum protein, PE, PT, aPTT, blood cells Increased y glob, decreased ol
‘ Normalization ‘ ‘ Persisting ‘ count, ceruloplasmin (> 3 yr). Major or minor hepatotropic globulin, decreased PLTs, + hard
viruses, celiac disease serology if historically or clinically | liver, + splenomegaly, + decreased
v v suggested PT, + decreased ceruloplasmin
Exclude Hepatobiliary ultrasonography v
Observe . 1 1
myopathies Think AIH, a1 ATD, Wilson
Normal GGT Increased GGT with or without
y v US biliary tree abnormalities
Overweight/obesity | <—[ US bright liver | [ US bright liver v
) present absent Exclude biliary disease:
Exclude obesity related v v bile acids, MRI-ERCP-pANCA

fatty liver Not overweight
v N

Revaluation after

Second line etiology tests, exclude: AIH, celiac disease, major or
minor hepatotropic viruses, Wilson, a1 antitrypsin, cystic fibrosis,
other metabolic diseases according to age and physical examination

prescription of 10%
weight loss

l

v

Persisting
hypertransaminasemia

No diagnosis:
cryptogenic hepatitis?

If all negative: think occult
viral hepatitis. Test HBV

<

or bright liver

v

DNA, HCV RNA

Think pharmacological
treatment if still obese

Consider liver biopsy

Figure 1 Diagnostic algorithm for the diagnosis of pediatric mild chronic asymptomatic hypertransaminasemia. Modified from the reference of 28. ALT:
Alanine aminotransferase; AST: Aspartate aminotransferase; CB: Conjugated bilirubin; UB: Unconjugated bilirubin; CPK: Creatine kinase; GGT: Gamma-glutamyl
transferase; PE: Pulmonary embolism; PEG: Polyethylene glycol; PT: Prothrombin time; PTT: Partial thromboplastin time; US: Ultrasound; MRI: Magnetic resonance
imaging; ERCP: Endoscopic retrograde cholangiopancreatography; pANCA: Perinuclear anti-neutrophil cytoplasmic antibodies; HBV: Hepatitis B virus; HCV: Hepatitis

C virus; AlH: Autoimmune hepatitis; o1 ATD: o.1-antitrypsin deficiency.

(¢.2., sinusoidal dilation)™,

TRANSAMINITIS AND CRYPTOGENIC
HEPATITIS

The term “transaminitis” was coined to describe overall
liver enzyme leakage without hepatotoxic consequences
in adult patients receiving drug therapy of any type. Hy-
pertransaminasemia is due to an unknown effect of the
drug (eg., changes in hepatocellular membranes due to
lipid lowering) or underlying conditions (z.e., fatty liver) o,
Childhood “cryptogenic” hepatitis appears to be a symp-
tomless disease characterized by isolated hypertransami-
nasemia that onsets during the first 4 years of life, and
mild to moderate histologic liver lesions. Although the
frequency of spontaneous remissions is low, childhood
chronic cryptogenic hepatitis appears, in the short-term,
to be a non-progressive disease. This diagnosis can only
be attempted once all other known causes of liver disease
are excluded"™",

DISCUSSION AND CONCLUSION

Given the large number of pediatric conditions that may
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be responsible for isolated persistent hypertransaminas-
emia, one can conclude that even asymptomatic children
should undergo an intensive liver work-up. Based on
the possibility of a fluctuating pattern, it seems reason-
able to repeat ALT and AST testing to confirm hyper-
transaminasemia, rather than embarking on expensive
investigations that may prove to be useless. An enzyme
panel costs approximately $30, whereas tests to identify
only some of the most common causes of elevated liver
enzymes (such as serology for hepatitis B and C infection
and ultrasonography for NAFLD) cost approximately
$400"". Howevert, the cost-benefit considerations of
a stepwise diagnostic approach »s a simultanecous (and
timesaving) testing approach in children should not deter
from the need to avoid repeated vein punctures, which is
often a traumatic experience. As seen in patients with a
fever of unknown origin, in asymptomatic children with
cryptogenic hypertransaminasemia, ordering investiga-
tions as screening procedures in the hope that something
abnormal will be identified might have a number of dis-
advantages. These disadvantages include: possible adverse
reactions or complications, loss of the patient’s faith in
the medical staff, high testing costs, and a soporific effect
on the doctor’s diagnostic mental activities””,

The prescription of a “retesting panel”, which in-
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cludes the determination of GGT and CPK in addition
to aminotransferase levels, has the advantage of confirm-
ing the persistence of the abnormality, helping to rule
out, at least in part, cholestatic hepatopathies and myopa-
thies, and guiding the subsequent diagnostic steps that
are shown in Figure 1. Testing serum bile acids and chol-
angiography are other means to better assess cholestasis.
If reassessment of physical and anamnestic findings sug-
gests specific etiologies, these should be checked in the
initial enzyme retesting panel (e.g., viral serologies or hep-
atorenal ultrasonography for viral hepatitis and NAFLD,
respectively). In the presence of even subtle symptoms
or signs (e.g., jaundice, ascites, pruritus, hepatomegaly,
and/or splenomegaly), complete testing to identify the
possible cause of liver disease should be included in the
initial retesting,

The first line panel in asymptomatic hypertransami-
nasemic patients should consist of liver ultrasonography,
liver function tests, and a number of investigations for
the most frequent etiologies. Second and third line inves-
tigations are justified either by the inconclusive first line
panel ot to explore specific plausible conditions. Liver bi-
opsy is part of these panels, but its exact timing and role
BS990 Tt has been shown

that in those patients with negative etiological investiga-

remains a controversial issue

tions, a liver biopsy will most likely not add further useful
information""”, and considering that a percutaneous
liver biopsy samples only 1:50000 of the liver, sampling
error is an obvious limitation which can lead to misdiag-
nosis and staging inaccuracies"”. The competence of the
pediatric liver disease pathologist is paramount. Steatosis
of the liver in a non-obese individual may suggest a met-
abolic/genetic hepatopathy[14’38].

In conclusion, here we provide an overview of pe-
diatric persistent hypertransaminasemia and list a series
of metabolic, genetic, gastrointestinal, and extrahepatic
causes that should be taken into account in clinical prac-
tice. The number of these etiologies constitutes a wider
field of what one usually considers in adulthood. Impor-
tantly, information detived from the combination of the
patient’s history, physical examination, and basic labora-
tory data are necessary to reach a timely and correct di-
agnosis. We also provide a stepwise approach that should
always be guided by clinical scenarios.
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Abstract

AIM: To retrospectively review the results of over-the-
scope clip (OTSC) use in our hospital and to examine
the feasibility of using the OTSC to treat perforations
after endoscopic submucosal dissection (ESD).

METHODS: We enrolled 23 patients who presented
with gastrointestinal (GI) bleeding, fistulae and perfo-
rations and were treated with OTSCs (Ovesco Endos-
copy GmbH, Tuebingen, Germany) between November
2011 and September 2012. Maximum lesion size was
defined as lesion diameter. The number of OTSCs to
be used per patient was not decided until the lesion
was completely closed. We used a twin grasper (Ovesco
Endoscopy GmbH, Tuebingen, Germany) as a grasping
device for all the patients. A 9 mm OTSC was chosen
for use in the esophagus and colon, and a 10 mm de-
vice was used for the stomach, duodenum and rectum.
The overall success rate and complications were evalu-
ated, with a particular emphasis on patients who had
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undergone ESD due to adenocarcinoma. In technical
successful cases we included not only complete closing
by using OTSCs, but also partial closing where com-
plete closure with OTSCs is almost difficult. In overall
clinical successful cases we included only complete
closing by using only OTSCs perfectly. All the OTSCs
were placed by 2 experienced endoscopists. The sites
closed after ESD included not only the perforation site
but also all defective ulcers sites.

RESULTS: A total of 23 patients [mean age 77 years
(range 64-98 years)] underwent OTSC placement dur-
ing the study period. The indications for OTSC place-
ment were GI bleeding (7 = 9), perforation (7 = 10),
fistula (7 = 4) and the prevention of post-ESD duode-
nal artificial ulcer perforation (7 = 1). One patient had
a perforation caused by a glycerin enema, after which
a fistula formed. Lesion closure using the OTSC alone
was successful in 19 out of 23 patients, and overall suc-
cess rate was 82.6%. A large lesion size (greater than
20 mm) and a delayed diagnosis (more than 1 wk) were
the major contributing factors for the overall unsuc-
cessful clinical cases. The location of the unsuccessful
lesion was in the stomach. The median operation time
in the successful cases was 18 min, and the average
observation time was 67 d. During the observation
period, none of the patients experienced any compli-
cations associated with OTSC placement. In addition,
we successfully used the OTSC to close the perforation
site after ESD in 6 patients. This was a single-center,
retrospective study with a small sample size.

CONCLUSION: The OTSC is effective for treating GI
bleeding, fistulae as well as perforations, and the OTSC
technique proofed effective treatment for perforation
after ESD.

© 2013 Baishideng. All rights reserved.
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ing; Endoscopic submucosal dissection complications;
Gastrointestinal fistulae; Gastrointestinal perforation

Core tip: We have reported our experiences with the
over-the-scope clip (OTSC) and the outcomes of several
cases in Japan. The aims of the present study were
to retrospectively review the results of OTSC use in
our hospital and to examine the feasibility of using the
OTSC to completely close perforations after endoscopic
submucosal dissection for early gastrointestinal cancers.
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INTRODUCTION

Historically, the standard treatment for gastrointestinal
(GI) perforations has been surgery. Recent, invasive
endoscopic treatments, such as endoscopic submucosal
dissection (ESD) and natural orifice transluminal en-
doscopic surgery (NOTES), have provided alternative
approaches to surgery. Our recent attempts to develop
a new device, such as a full-thickness suturing device,
constitute progress in the development of NOTES!" ™.
In addition, several devices are currently available for
endoscopic managementb’ﬂ. However, there is little con-
venient, safety and perfect device for complication of
endoscopic treatment' ™. Since its introduction, the over-
the-scope clip (OTSC) (Ovesco Endoscopy GmbH, Tue-
bingen, Germany) has been used to treat GI bleeding,
fistulae and perforations in the United States and several
European countries. Reports describing the use and value
of OTSCs have primarily consisted of animal studies and
clinical cases” ™. Retrospective studies have demonstrated
the feasibility and the preliminary safety of the OTSC for
the treatment of GI bleeding and fistulae, as well as for
the closure of acute GI perforations“s’m. The OTSC was
approved by the Japanese Drug Administration and was
made commercially available in November 2011. We have
reported on our expetiences with the OTSC and the out-
comes of several cases involving its use since this device

became available in Japan. Here, we retrospectively report
the results of using the OTSC in our hospital. We also
describe the potential use of the OTSC to completely
close perforations after ESD for eatly GI cancers.

MATERIALS AND METHODS

We retrospectively analyzed our database of all 23 pa-
tients who underwent OTSC placement (Ovesco Endos-
copy GmbH, Tuebingen, Germany) in our hospital from
November 2011 to September 2012, as summarized in
Table 1. The indications for OTSC placement were GI
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bleeding, perforations, fistulaec and the prevention of
post-ESD duodenal artificial ulcer perforation. ESD were
performed because of dissection of adenocarcinoma.
Maximum lesion size was defined as lesion diameter, not
lesion surface area. The number of OTSCs to be used
per patient was not decided until the lesion was com-
pletely closed. We used a twin grasper (Ovesco Endos-
copy GmbH, Tuebingen, Germany) as a grasping device
for all the patients. A 9-mm OTSC was chosen for use in
the esophagus and colon, and a 10-mm device was used
for the stomach, duodenum and rectum. Clinical success
was defined by the results of a computed tomography
scan and a blood analysis. Cases considered to be failures
were those requiring hemostasis to control GI bleeding.
In technical successful cases we included not only com-
plete closing by using OTSCs, but also partial closing
where complete closure with OTSCs is almost difficult.
In overall clinical successful cases we included only com-
plete closing by using only OTSCs perfectly.

All the OTSCs wete placed by 2 expetienced endos-
copists. The sites closed after ESD included not only the
perforation site but also all defect ulcers.

We obtained written, informed consent related to the
use of OTSCs from all the patients.

Institution participating in the study
Kagawa University Hospital, Kagawa, Japan, participated
in the study.

RESULTS

A total of 23 patients [mean age 77 years (range 64-98
years)| underwent OTSC placement during the study pe-
riod. Of the 23 patients, 14 were male (60%) and 9 were
female (40%). The indications for OTSC placement were
GI bleeding (# = 9), perforation (» = 10), fistula (z = 4)
and the prevention of post-ESD duodenal artificial ulcer
petforation (# = 1). One patient had a perforation caused
by a glycerin enema, after which a fistula formed. The
petforations that were observed included iatrogenic perfo-
rations (# = 8) and hemorrhagic peptic ulcers (z = 2). The
iatrogenic perforations included post-ESD artificial ulcer
petforations (# = 0), a perforation by a local steroid injec-
tion into an ulcer following ESD to prevent gastric steno-
sis (7 = 1), an esophageal perforation by a nasogastric tube
(n = 1) (Figure 1) and a rectal perforation by a glycerin
enema (7 = 1). The fistulae included rectal fistulae (7 = 2),
a stomach-to-skin fistulae following percutaneous endo-
scopic gastronomy (PEG) tube removal (# = 1) (Figure 2)
and a stomach-to-brachial tube fistula (7 = 1) (Figure 3).
The mean maximum size of the lesions was 23.1 mm
(range 5 to 50 mm). The lesions were located in the
esophagus (# = 1), the stomach (» = 10), the duodenum
(n = 5), the sigmoid colon (7 = 3) and the rectum (# = 4).
The time required for the procedure was measured from
the time that the OTSC was applied to the time that it
was released in the lesion. The median operation time for
the successful cases was 18 min (range 5 to 51 min). The
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Figure 1 Esophageal perforation caused by a nasogastric tube. A: Dur-
ing the insertion of a nasogastric tube, the tip of the tube perforated the lower
esophagus; B: The wound was successfully closed with a single over-the-scope
clip, and there was no leakage.

numbers of OTSC devices used per session were one
(n = 11 patients), two (# = 8 patients) and three (# = 2
patients). The post-OTSC placement mean observation
period was 67 d (range 8-210 d).

The technical success rate for OTSC placement was
91.3% (21/23). The OTSC was successfully and safely
released in all the cases except for 2, in which we did
not release the OTSC because the ulcer was extremely
stiff due to being a chronic hemorrhagic gastric ulcer.
We could not include the entire thickness of the mucosa
of these ulcers within the applicator cap. Ultimately, we
stopped the bleeding by reapplying the hemostatic forceps
(Coagrasper, FD-410LR, Olympus, Tokyo, Japan). The
overall clinical success rate using the OTSC alone was
82.6% (19/23). A large lesion size (greater than 20 mm)
and a delayed diagnosis (more than 1 wk) were the major
contributing factors in the overall unsuccessful clinical
cases. The location of the unsuccessful lesion was in the
stomach (Table 2). In 2 patients, we were unable to place
the OTSC on the refractory peptic ulcer. In 1 patient, a
perforation occurred because of a local steroid injection
into the artificial ulcer after ESD to prevent stenosis. We
could not place the OTSC correctly because the wound
was large and the ulcer was exceptionally stiff. In another
patient, who was suffering from a gastrobrachial fistula
(Figure 3), we were able to place only one OTSC, but not
the additional OTSCs necessaty for the complete closure
of the fistula.
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Figure 2 Gastrocutaneous fistula that occurred after percutaneous endo-
scopic gastronomy removal. A: After the removal of a gastrostomy tube, the
patient was able to eat orally, but a gastrocutaneous fistula was diagnosed; B:
The wound was slightly hardened, but was successfully closed with a single over-
the-scope clip.

There was no adjunct therapy used for OTSC place-
ment in the 19 overall clinical success cases. In the two
technical failure cases, we used coagulation forceps for
additional hemostasis. All the patients were hospitalized
for observation after the OTSC placement. The median
hospital stay was 9 d (range 6-21 d).

Complications

During the observation period, none of the patients
experienced any complications associated with OTSC
placement.

DISCUSSION

The development of new NOTES devices has intro-
duced advanced therapeutic techniques that can be used
in minimally invasive treatments' ", including various
full-thickness suturing devices that are applied in clinical
practice. One of these devices is the OTSC system, the
clinical utility of which has been reported in Europe and
the Unites States. The OTSC system shows great poten-
tial for use in endoscopic treatments that require speed
and simplicity™""". This system received a pharmaceuti-
cal license in Japan in November 2011. Although animal
experiments and clinical studies have been performed
in Burope and the United States, few clinical cases
have been reported in Japan™'¥, We used the OTSC in
NOTES animal experiments prior to its approval for
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Figure 3 A gastric tube bronchial fistula following a subtotal esophagec-
tomy for esophageal cancer. A: A gastric tube bronchial fistula occurred after
a subtotal esophagectomy for esophageal cancer. Bronchial embolization was
performed, but it failed to close the fistula; B: The authors attempted to close
the fistula using over-the-scope clip (OTSC) but were unsuccessful. Although 1
OTSC was placed, mucosal hardening (resulting from the prolonged duration of
the untreated ulcer) prevented the placement of the additional OTSCs required
for closure; C: A chest-abdominal computed tomography scan revealed a gas-
trobronchial fistula (arrow).

humans. Recognizing its potential for use in Japan, we
began using the OTSC clinically immediately after the
pharmaceutical license was granted. We have employed
this device in 23 patients within a short period in our
hospital, with an overall success rate of 82%. Animal and
clinical studies of the OTSC have demonstrated that gas-
tric, duodenal or colonic perforations up to 15 mm in di-
ameter can be completely closed with a single OTSC. For
perforations up to 20 mm in diameter, closure can also be
achieved using some OTSCs, which indicates that there
is sufficient working space for the unobstructed use of
the endoscope during NOTES"", There are reports that
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Table 2 Relationship between each characters and overall

clinical success rate 7 (%)

Patients  Overall clinical success

Location

Esophagus 1 1 (100)

Stomach 10 6 (60)

Duodenum 5 5 (100)

Colon 3 3 (100)

Rectum 4 4 (100)
Primary disease

GI bleeding 9 7(77)

Chronic fistulae 4 3 (75)

Perforation 11 10 (90)
Maximum lesion size (mm)

<20 9 9 (100)

20-30 8 6 (75)

>30 6 4 (66)
Time from diagnosis (wk)

<1 18 18 (100)

1-4 3 0(0)

>4 2 1 (50)

full-thickness closures of defects 18-27 mm in diameter
can be performed using OTSC; howevet, it is difficult to
completely close defects > 30 mm in diameter”.

In the present series, OTSC closure was successful for
wounds with a maximum diameter of < 30 mm but un-
successful in 1 case of refractory GI bleeding and 1 case
of gastrobronchial fistula (Figure 3). Even in cases with
a maximum wound diameter of > 30 mm, we placed the
OTSC successfully because the tissue was well extensible
and not hardened. In our clinical experience, unsuc-
cessful OTSC closure had a chronic course and OTSC
failures were due to chronic fibrotic changes and scarring
at the perforation site. Specifically, we used OTSCs in 4
chronic patients and failed to close the perforation site in
3 of them (75%). It appears that wound closure with the
OTSC is suitable for wounds with easy extensibility of
the surrounding tissues; such lesions have little fibrosis
and can be easily grasped by the twin grasper. Consider-
ing that successful closure was also achieved in cases with
a rectal fistula < 20 mm in diameter or a gastrocutane-
ous fistula after PEG removal (Figure 2), we believe that
OTSC use should be considered when surgery is the
only remaining option, provided that the lesion (even if
presumably hardened) is < 30 mm in diameter and can
be sucked into the cap to lift the mucosa. In addition,
the success of the OTSC closutes in 4 cases with lesions
> 30 mm suggests that this device can be used in acute
cases with good extensibility of surrounding mucosa.

ESD was developed for en bloc removal of large gas-
tric cancer, which decrease the risk of local recurrence,
and specimens can be accurately evaluated by histologi-
cal examination'”, However, the procedure is associated
with a high incident of complication with bleeding and
perforation[zofzz]. Now, bleeding has been good controlled
with new hemostatic forceps and clips[2 . We also used
the OTSC for the complete wound closure of post-
ESD perforations in the stomachs of 2 patients who had
undergone ESD for early gastric cancer. In both cases,
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Figure 4 latrogenic perforation after endoscopic submucosal dissection
for early gastric cancer in the greater curvature of the stomach. A: A post-
endoscopic submucosal dissection ulcer was found in the greater curvature of
the stomach. An examination by retroflex view revealed that the muscle layer
was separated and perforated; B: The wound was successfully closed using
an over-the-scope clip (OTSC). An upper endoscopy performed 2 mo after the
closure revealed no displacement of the OTSC or complications, such as ulcer-
ation or deformation.

the lesions were located in the greater curvature of the
stomach (Figure 4). Because it is anatomically thinner
than other parts of the stomach, the greater curvature
of the stomach is considered to be easy to perforate™ .
In addition, because the knife is applied vertically to the
mucosa during ESD, it is difficult to perform the proce-
dure while maintaining an appropriate dissection depth
into the submucosal layer. The endoscope must also be
retroflexed”. These limitations have led to several cases
in which our attempts to create a partial closure of an
ulcer base using conventional clips caused the further ex-
tensive separation of the muscle layer and the subsequent
need for surgery. In such cases, complete closure using
the OTSC is thus preferred for a post-ESD ulcer in the
greater curvature of the stomach, even if perforation is
suspected.

The use of duodenal ESD is controversial among
Japanese endoscopists because the narrow lumen of the
duodenum makes it difficult to perform the procedure,
and the base of a post-ESD duodenal ulcer is continu-
ously exposed to bile, causing an increased incidence of
delayed perforation compared with other ESD sites™ ™.
Nevertheless, duodenal surgery is highly invasive because
of the anatomical position. ESD should be preferentially
performed instead of surgery if clinically indicated. The
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Figure 5 Bleeding from an anastomotic ulcer caused by a sigmoidectomy
for sigmoid cancer. A: Bleeding was observed from the anastomotic site after
surgery for sigmoid colon cancer; B: The wound was successfully closed using
an over-the-scope clip; C: The postoperative course has been uneventful, with
no rebleeding.

Japan Gastroenterological Endoscopy Society reported in
April 2009 that the complete closure of a post-ESD duo-
denal ulcer using conventional clips helps prevent delayed
perforation. However, conventional clips are too small
and do not provide sufficient grip strength to achieve the
complete closure of an ulcer base. Therefore, the OTSC,
which is larger and provides greater grip strength, is rec-
ommended for the complete closure of post-ESD duo-
denal ulcers™.

At our hospital, patient 11 (Table 1) experienced a
small perforation of a post-ESD ulcer that formed in the
duodenal bulb, and the OTSC was used for its closure. In
patient 12 (Table 1), the lesion occurred in the descend-
ing portion of the duodenum and was exposed to bile,
indicating an increased risk of delayed perforation. Thus,
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the ulcer was closed using the OTSC, which helped pre-
vent perforation and bleeding,

We experienced 2 cases of OTSC closure for post-
ESD ulcers in the colon. In both cases, the lesions were
located in the sigmoid colon, with post-ESD perfora-
tions requiring complete wound closure. The wound was
> 30 mm in diameter in both cases and was successfully
closed using the OTSC.

We experienced 9 cases of GI bleeding that were
treated with OTSCs. Widely used hemostatic procedures,
such as hemostatic clips and local injections, are econom-
ically advantageous but sometimes fail to achieve com-
plete primary hemostasis. The use of coagulation hemo-
stasis with hemostatic forceps is also increasing because
the reliable coagulation of exposed vessels under direct
visualization can minimize the risk of rebleeding. How-
ever, the application of coagulation hemostasis to a deep
ulcer or a thin wall of the duodenum is associated with
a risk of perforation. For patients who do not tolerate
surgery well and are in shock due to rebleeding or who
do not respond to conventional treatment, the use of the
OTSC should be considered. Based on these criteria, we
applied OTSCs to the 9 patients with GI bleeding and
achieved complete hemostasis in 7 of them. The remain-
ing 2 patients with failed hemostasis using the OTSC
system had a personal status = 3 and could not tolerate
open abdominal surgery. One of the patients had a large
ulcer (50 mm in diameter) to which hemostasis with he-
mostatic forceps was applied. However, the patient expe-
rienced 2 episodes of shock due to bleeding from other
sites of neovascularization. During the third episode of
bleeding, ulcer closure with the OTSC was attempted but
was unsuccessful due to a hardened ulcer base. Hemosta-
sis with hemostatic forceps was again performed, after
which no rebleeding was observed.

Hemostatic treatment of an anastomotic ulcer using
the OTSC for was successful in 1 patient with a duodenal
lesion and for 2 patients with lesions in the sigmoid co-
lon (Figure 5). The aggressive treatment of bleeding with
hemostatic forceps may cause perforations because anas-
tomotic sites are usually thin and fragile. We consider the
OTSC to be an effective tool for the treatment of lesions
at anastomotic sites.

Regarding safety and complications, none of our
patients treated with the OTSC reported any complica-
tions. Assessments petformed 7 d after closutre using the
OTSC also revealed no displacements of the OTSC or
tissue necrosis at the wound sites. Endoscopic examina-
tions tevealed OTSC losses in 2 cases: 1 occurred 1 mo
after OTSC placement for duodenal lesions, and the
other occurred 2 mo after OTSC placement for colonic
lesions. No associated complications were observed in ei-
ther case. Other possible complications include mucosal
damage caused by the teeth of the OTSC protruding out
of the hood top during insertion. Therefore, special care
should be taken when the OTSC is inserted into physi-
ologically narrow sites, such as the esophageal entrance,
pyloric ring or anal ring, There have been no reports of
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OTSCs causing mucosal deformation or stenosis of the
gastrointestinem. However, we must consider the possibil-
ity that a failure to extract the fibrotic mucosa may result
in the tissue being crushed by the twin grasper during the
extraction of hardened tissue.

Based on our 23 cases and those reported in the liter-
ature, we consider OTSC to be a highly useful device that
can be safely utilized in the treatment of GI perforations,
fistulae and refractory bleeding. However, OTSC is not
suitable for the closure of chronic lesions with hard, se-
verely fibrotic wounds because it is difficult to draw such
a lesion into the top of the device. However, we have
used the OTSC to close post-ESD perforations with a
100% success rate. Although our sample size was small,
we believe that the OTSC is a viable treatment option for
post-ESD perforation.

COMMENTS

Background

Recently, over-the-scope clip (OTSC) devices have been used for gastrointesti-
nal (Gl) bleeding, fistulae and perforations in the United States and several Eu-
ropean countries. OTSC devices became pharmaceutically licensed in Japan in
August 2011. The authors have reported their experiences with the OTSC and
the outcomes of several cases in Japan. The aims of the present study were to
retrospectively review the results of OTSC use in the authors’ hospital and to
examine the feasibility of using the OTSC to completely close perforations after
endoscopic submucosal dissection (ESD) for early Gl cancers.

Research frontiers

Historically, the standard treatment for Gl perforations has been surgery. Re-
cently, invasive endoscopic treatments, such as ESD and natural orifice trans-
luminal endoscopic surgery (NOTES), have provided alternative approaches to
surgery. However, the devices used to treat complications following endoscopic
treatments are less convenient and not as safe. OTSCs have been used to
treat Gl bleeding, fistulae and perforations in several countries. In this study, the
authors retrospectively report the results of using the OTSC in their hospital.
They also discuss the potential use of the OTSC to completely close perfora-
tions after ESD for early Gl cancers.

Innovations and breakthroughs

This is the first retrospective study of the OTSC in Japan, and it includes more
cases of post-ESD perforation closure compared with other published reports
on OTSC. All the post-ESD perforation closure cases in the present study were
successes. Thus, the authors consider OTSC to be a possible tool for the treat-
ment of perforations after ESD.

Applications

Based on the present 23 cases and those reported in the literature, the authors
assert that the OTSC is useful and safe for the treatment of Gl perforations,
fistulae and refractory bleeding.

Terminology

ESD is the only nonsurgical, endoscopic method of treating early Gl cancers;
NOTES, a fusion of flexible endoscopy and operative techniques, is a less inva-
sive form of treatment than surgery.

Peer review

The OTSC is an interesting and novel device that enhances the armamen-
tarium of therapeutic gastroenterologists. This report illustrates the use of this
novel device, which facilitates interventions that were previously impossible to
perform endoscopically.
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Abstract

AIM: To examine the effect of a-lipoic acid (LA) on mild
portal endotoxemia-induced steatohepatitis and associ-
ated pancreatic abnormalities in fructose-fed rats.

METHODS: Rats were randomly assigned into two
groups with a regular or 60% fructose-enriched diet
for 8 wk. After fructose feeding for 4 wk, rats were
further divided into four subgroups: with intraportal
saline (Fev), with intraportal saline plus administration
of LA (Fev +1a), with lipopolysaccharide (LPS) infusion
(Feres), and with LPS infusion plus administration of LA
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(Feres + 1a). Rats were treated with LPS using intraportal
infusion while LA was administered orally. Metabolite
levels, superoxide levels, inflammatory markers, malo-
ndialdehyde content, glutathione content and toll-like
receptor 4 (7LR4) gene expression were all measured
using standard biochemical techniques. Pancreatic
insulin secretion was evaluated by a hyperglycemic
clamp technique. Histology of liver and pancreas tis-
sues were evaluated using hematoxylin and eosin
staining and immunohistochemistry.

RESULTS: Fructose-induced elevation in plasma C-re-
active protein, amylase, superoxide, white blood cell
count as well as in hepatic and pancreatic contents of
malondialdehyde, tumor necrosis factor alpha and in-
terleukin-6 were increased in animals treated with LPS
and reversed with LA administration. The augmented
hepatic gene expression of 7LR4 in fructose-fed rats
was further increased in those with intraportal LPS
infusion, which was partially reversed by LA adminis-
tration. Pathological examination showed inflamma-
tory changes and leukocyte infiltration in hepatic and
pancreatic islets of animals treated with LPS but were
rarely observed in those with LA treatment. In addi-
tion to affects on the liver, impaired pancreatic insulin
secretion seen in fructose-fed rats was deteriorated in
with LPS treatment and partially reversed with LA ad-
ministration.

CONCLUSION: These data suggest LA could significant-
ly suppress mild portal-endotoxemia but not fructose-
induced liver and pancreatic abnormalities in a rodent
model for metabolic syndrome.

© 2013 Baishideng. All rights reserved.

Key words: Lipoic acid; Oxidative stress; Steatohepati-
tis; Portal endotoxemia; Insulin secretion; Fructose

Core tip: a-lipoic acid (LA), a potent antioxidant and
also an inducer of endogenous antioxidants has been
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reported to protect the liver and pancreas from injury.
Our observations suggest that LA could significantly
suppress inflammatory change of steatosis induced by
low-dose intraportal lipopolysaccharide infusion and
associated deterioration of insulin secretion in this
metabolic syndrome rodent model. In addition, our
data suggest that hepatic toll-like receptor 4 signaling
might not only play a significant role in chronic fruc-
tosefeeding-induced hepatic steatosis but also in its
subacute inflammatory change induced by mild portal
endotoxemia and associated extrahepatic disorders.

Tian YF, He CT, Chen YT, Hsieh PS. Lipoic acid suppresses por-
tal endotoxemia-induced steatohepatitis and pancreatic inflam-
mation in rats. World J Gastroenterol 2013; 19(18): 2761-2771
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v19/i18/2761.htm DOI: http://dx.doi.org/10.3748/wjg.v19.
i18.2761

INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is currently
the most common liver disease in the world". NAFLD
is mainly associated with obesity, diabetes, hyperlipidemia
and insulin resistance, which are the main characters
of metabolic syndrome“’zj. The development of liver
inflammation in NAFLD, defined as non-alcoholic ste-
atohepatitis (NASH), isone of the crucial steps in caus-
ing liver-related morbidity and mortalitym. Morteover, a
pathological link between portal endotoxemia and NASH
and also alcoholic liver disease has been speculated in
several animal and human studies"”. For instance, ge-
netically obese fatty/fatty rats and 0b/0b mice showed
increased sensitivity to endotoxin hepatotoxicity, quickly
developing steatohepatitis after exposure to low doses of
lipopolysaccharide (I.PS)”. These studies implicate that
portal endotoxemia might significantly contribute to the
pathogenesis of chronic hepatic inflammation, especially
in NAFLD.

The release of liver-derived acute-phase proteins and
inflammatory cytokines under chronic liver injury signifi-
cantly contributes to the extrahepatic effect of inflamed
liver and the pathogenesis of metabolic syndromep’wj.
We have shown that mild portal endotoxemia induced
by low-dose intraportal LPS infusion could significantly
cause chronic hepatic and pancreatic inflammation, and
impair pancreatic insulin secretion in rats"". Furthermore,
low-dose intraportal LPS infusion could also accelerate
the process of NAFLD to NASH in fructose-fed rats,
an animal model of metabolic syndrome with NAFLD"Y,
However, the possible underlying mechanisms behind the
detrimental effects of mild portal endotoxemia on liver
and pancreas remain unclear.

Chronic stress such as portal endotoxemia has been
documented to activate hepatic Kupffer cells and cause
the release of reactive oxygen species, potentially induc-
ing inflammatory changes in the liver and impairing
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B2, a-lipoic acid (LA) is a potent an-
13,14

pancreatic functions
tioxidant and an inducer of endogenous antioxidants
It also has a protective effect on hepatic and pancreatic
injury“5’181. In this study, we sought to test the potential
therapeutic effect of LA on mild portal endotoxemia and
fructose-induced inflammatory changes of fatty liver and
impaired pancreatic insulin secretion in rats.

MATERIALS AND METHODS

Animals

Male Sprague-Dawley rats aged five to six weeks were
purchased from the National Laboratory Animal Breed-
ing and Research Center (Taipei, Taiwan). The rats wete
housed in an animal center certified by Association of As-
sessment and Accreditation of Laboratory Animal Care.
All animals were handled according to the guidelines and
manual of the institutional animal care and use commit-
tee of this institute. Rats weighing 250-300 g were ran-
domly assigned into six groups: (1) two control groups:
on regular chow diets for 4 wk and then separated into
those combined with or without intraportal vehicle (saline)
infusion (Cev #5 C) for another 4 wk; (2) four experimental
groups: on high-fructose enriched diet (60% of the calo-
ries from fructose, TD89247, Teklad Primer Labs, Madi-
son, WI) for 4 wk and thereafter (Fpv), those combined
with intraportal vehicle or low-dose LPS infusion (Feres),
cotreated with vehicle or LA (a-LA in saline, pH 7.8, Sig-
ma Co. Germany, 60 mg/kg per day, oral gavage)for ad-
ditional 4 wk (Fpv + 1A and Feres + 1a respectively)m]. In the
time-course study, blood samples were taken by tail bleed-
ing method after overnight fasting. At the end of week 8,
one set of rats from the above grouping (» = 6 pet group)
was used for an 7z vivo hyperglycemic clamp study. The
second set (7 = 6 per group) was euthanized by overdose
pentobarbital injection (100 mg/kg, intraperitoneal) im-
mediately after overnight fasting and blood sampling by

cardiac puncture was carried out for the measurement
of plasma C-reactive protein (CRP), superoxide, white
blood cell (WBC) count and endotoxin levels. Tissue
samples were dissected for further analysis. The liver and
pancreas dissected from the third set of rats (# = 6 per
group) were fixed by perfusion with 4% paraformade-
hyde. The tissues were embedded in paraffin for further
staining. Notably, the metabolic and hemodynamic pa-
rameters and histopathological examination of group
Cev were similar to those without intraportal vehicle in-
fusion (data not shown). The group Crv was used as the
only control group on regular chow diet in the following
result section.

Intraportal infusion

A laparotomy was performed under anesthesia (sodium
pentobatbital 25 mg/kg, intrapetitoneal injection) in rats
with intraportal infusion. A catheter (PE-5 tubing, 0.008
inch inner diameter X 0.020 inch outer diameter, SCI mi-
cro medical grade polyethylene; Scientific Commodities
Inc., Lake Havasu City, AZ, United States) was inserted
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into the distal end of a colic vein and the tip of the cath-
eter was placed about 3 mm distal to the point at which
the catheterized vein enters portal vein. After insertion,
the catheters were filled with LPS-saline solution or saline
alone and were connected to osmotic mini-pumps (model
2004, Alzet corporation, Cupertino, CA, United States)
filled with LPS, 0.42 ng/kg per minute or saline as shown
in our previous study™. Three days before the surgery, a
safe dosage of LLA was orally administered once per day
for 4 wk**.

Hyperglycemic clamp

In one set of rats, vascular catheters were placed in the
left femoral artery and right femoral vein under anesthe-
sia and their proximal ends were placed in subcutaneous
pockets under scapular area at the end of week 8. The
hyperglycemic clamp experiment was performed after
recovery for 3 to 4 d, as described elsewhere”". The
insulin secretions of the first and second phases were
indicated by the incremental plasma insulin values during
time 0-10 and 10-240 min in the glucose clamp period,
respectively.

Plasma metabolic parameters

The WBC count was determined by using a Bright-Line-
hemocytometer (Hausser Scientific, Horsham, PA, United
States). Whole blood glucose levels were measured by the
glucose oxidase method. Plasma and tissue triglyceride
levels were determined by using appropriate enzymatic
colorimetric method (Randox Laboratories, Antrium,
United Kingdom). Plasma insulin levels were determined
by commercial rat enzyme-linked immuno sorbent assay
(ELISA) kits (Mercodia AB, Uppsala, Sweden). Serum as-
partate aminotransferase (AST) and alanine aminotransfer-
ase (ALT), albumin and amylase levels were measured by
Randox reagent kits (Randox Laboratories Antrim, United
Kingdom). CRP levels were measured by a commercial rat
ELISA kit (Alpha Diagnostic, San Antonio, TX, United
States). Arterial plasma endotoxin level was assayed by
using the limulus amoebocyte lysate test (Kinetic-QLC;
Whittaker Bioproducts, Walkersville, MD, United States).

Plasma superoxide levels

A lucigenin-dependent chemiluminescence assay (Sigma
Chemical Co. St. Louis, MO, United States) was used to
quantify plasma superoxide levels with the MLA-GOLDS
chemiluminescence analyzing system (Tohoku Electronic
Industrial Co., Sendai, Japan) as described previouslym.
The total amount of chemiluminescence was calculated by
integrating the area under the curve and subtracting it from
the background level during the 10 min counting period.

Tissue tumor necrosis factor alpha and interleukin-6
contents

Tissues were prepared as described previously[zs]. The
supernatant was subjected to tumor necrosis factor alpha
(INF-a) and interleukin-6 (IL-6) assays using commer-
cial rat ELISA kits (R and D Systems, Minneapolis, MN,
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United States).

Tissue malondialdehyde content

Lipid oxidation of the liver and pancreas was detected by
a commercial malondialdehyde (MDA) assay kit (Cayman
Chemical Co., Ann Arbor, MI, United States). In brief,
MDA, the breakdown product of oxidative degradation
of lipids, reacted with thiobarbituric acid (IBAR) to form
MDA-TBAR, and its levels were expressed as nmol/g
protein.

Tissue glutathione content

The total glutathione in the liver was measured by us-
ing commercial glutathione assay kit (Cayman Chemical
Co., Ann Arbor, MI, United States). In brief, the liver
was homogenized in RIPA buffer (0.5 mol/L Tris-HCI,
pH 7.4, 1.5 mol/L NaCl, 2.5% deoxycholic acid, 10%
NP-40, 10 mmol/L. EDTA) by using a Polytron homog-
enizer to obtain tissue lysates and centrifuged at 10000 g
for 10 min. Subsequently, the supernatant was collected
and added HPOs (v/v = 1/1) to deproteinize. The gluta-
thione (GSH) content of deproteinized supernatant of
liver (50 L) was measured by the reductive rate of 5,5-di-
thio-bis-2-nitrobenzoic acid to 5-thio-2-nitrobenzoic acid
according to the instructions with absorption at 405 nm.
The GSH level was expressed as pmol/g protein.

Toll-like receptor 4 gene expression in the liver and
pancreas

RNA was extracted from the liver and pancreas of ex-
perimental rats using Trizol (Ambion, Austin, TX, United
States) at the end of the study. TagMan gene expression
assay kits for toll-like receptor 4 (TLR4) (Rn00569848_m1)
and the TATA box binding protein (Rn01455648_m1)
were used in conjunction with a universal master mix in a
7500 real-time polymerase chain reaction system (Applied
Biosystems, Foster City, CA, United States). Gene expres-
sion was normalized to the TATA box binding protein
expression level measured in each sample and expressed
as fold increases or decreases from control values for each
gene of interest.

Hematoxylin and eosin stain

The third set of rats (# = 5-6 pet group) was grouping as
the hyperglycemic clamp experiment. The perfused liver
and pancreas were then fixed in 5% zinc-formalin solu-
tion and embedded in paraffin. These tissue slices were
then prepared for staining with hematoxylin and eosin
(HE) (liver, pancreas) to evaluate pathological changes.

Immune cell immunohistochemistry and scoring

Tissue samples were fixed in formalin, and cut into 4 pm
sections. Immunohistochemistry was performed on an
automated stainer (Autostainer; Dako, Glostrup, Den-
mark). Then, sections were incubated with anti-CD68 an-
tibody (ED1 mouse anti-rat CDG68, Serotec, 1:100, Mot-
phoSys UK Ltd., Oxford, United Kingdom), followed by
incubation with goat anti-mouse secondary antibody and
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Table 1 Metabolic and hemodynamic parameters during pump infusion period in rats

Pump infusion (wk) Cev Fev Fev s+ 1A Feips Feies + 1A
Body weight (g) 4 349 +19 383+8 351 +29 358+6 371+6
8 4517 474 + 8 445 + 29 436 £ 11 423 +7
Glucose (mmol/L) 4 59+03 59+0.1 6.62+1.2 6.08 £0.1 6.1+£0.1
8 59+0.2 6.4+0.2 78+0.7 6.76 £ 0.2 6.43 £0.1
Insulin (ng/mL) 4 05+0.1 0.7+0.1 0.7+0.1 0.6 £0.1 0.6 £0.1
8 0.6+0.1 25+0.6" 22+0.3° 1.9+05" 24+04°
TG (mg/dL) 4 58 +4 180 + 14° 185 +13° 185 + 24° 163 +16°
8 52+4 324 +38° 286 + 22° 308 + 24° 249 + 44°
AST (U/L) 4 65+5 76 +1 82+6 70+2 77 £2
8 58 +4 72+2 736 68 +2 70+2
ALT (U/L) 4 53+2 57+1 56+ 0 52+1 51+2
8 56 + 2 49+1 44+ 6 46+1 51+1
Albumin (mmol/L) 4 40+1 35+1 371 35+0 36+0
8 41+1 35+0 34+1 35+0 35+0
CRP (ug/mL) 8 397 +£10 504 +10° 555 + 39 583 +13° 529 + 22°
Amylase (U/L) 8 1278 +138 1750 + 23" 1753 + 58 2149 + 31° 1744 £ 16°
Superoxide (count/min) 8 1337 £ 68 3169 + 24° 3860 + 52 6069 + 60° 3234 +33°
WBC count (/ mms) 8 14168 £586 20290 +390° 22622 + 630 24357 £1008° 21442 + 767°
Plasma endotoxin (EU/mL) 8 <0.02 <0.02 <0.02 <0.02 <0.02

Rats were on regular (C) or high-fructose enriched diet (F) for 4 wk and then further divided into those with intraportal infusion of
saline or lipopolysaccharides (LPS), combined with vehicle or a lipoic acid (LA) for additional 4 wk (Cev, Fev, Fev+1a, Feups, Fries+1a).

Values are expressed as mean + SE, nn = 6 per group. "P < 0.05 vs Crv; P < 0.05 vs Frv; °P < 0.05 vs Frres for each corresponding time

point. TG: Triglycerides; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; CRP: C-reactive protein; WBC: White

blood cell.

20

Hepatic triglycerides (mg/g)

Cev Fev Fev+ 1A Feres FeLes + 1A

Figure 1 Effects of o-lipoic acid on hepatic triglyceride contents. Hepatic
triglyceride levels were measured from the blood of each group of fructose-
fed rats and the control group. Values are expressed as mean + SE, n = 6 per
group, °P < 0.05 vs Cev. C: Regular diet; F: High-fructose enriched diet; LA:
Lipoic acid; LPS: Lipopolysaccharides.

visualized with HRP substrate (REAL EnVision Detec-
tion System; Dako).

A total of 100 % 25 islets per experimental group were
blindly scored for CD68-positive cells around the periph-
ery and/or within islets from five or six different animals
by two investigators. Islet area was measured as the area
of islet capsule in pancreatic section with HE stain and
computed using AxioVision LE 4.8.2.0 software.

Statistical analysis
Statistical analysis was performed according to the re-
peated measurements of one-way analysis of variance fol-
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lowed by Bonferroni test. A probability of P < 0.05 was
taken to indicate a significant difference between means.
Values are expressed as mean * SE.

RESULTS

Metabolic and hemodynamic parameters

We first measured the effect of fructose feeding and LPS
treatment on rats with and without LPS infusion. After
high-fructose feeding for 4 wk, fasting plasma insulin
levels in fructose-fed groups were significantly increased
as compared with controls, but not different among
fructose-fed groups. Plasma CRP, amylase, superoxide
and white blood cells were also significantly increased in
fructose-fed rats and further increased after intraportal
LPS infusion for 4 wk. The above LPS-induced responses
were suppressed in those co-treated with LA to levels
similar to those in fructose-fed untreated controls. On the
other hand, there were no significant differences in fasting
plasma glucose, AST, ALT, albumin and endotoxin con-
centrations among experimental groups (Table 1).

Triglyceride contents, oxidative parameters and
inflammatory parameters in hepatic tissue

To measure the liver response to our conditions, we
measured triglyceride levels, oxidative parameters, and
inflammatory parameters. Fructose feeding resulted in el-
evated triglyceride levels in all groups when compared to
the control groups. Administration of LLA had no effect
on these levels (Figure 1). As shown in Figure 2A, MDA
levels in the liver were significantly increased in fructose-
fed rats as compared with controls and further elevated
in animals treated with LPS. However, the increase of
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Figure 2 Effect of a-lipoic acid on portal endotoxemia-induced changes in hepatic oxidative and inflammatory markers. The following parameters were mea-
sured from liver of each group of fructose-fed rats and the control group: (A) Malondialdehyde (MDA) content; (B) Glutathione (GSH) content; (C) Toll-like receptor 4
(TLR4) gene expression; (D) Tumor necrosis factor alpha (TNF-o) protein; and (E) Interleukin-6 (IL-6) protein. Values are expressed as mean + SE, n = 6 per group.
P <0.05 vs Cry; °P < 0.05 vs Fey; °P < 0.05 vs Feies. C: Regular diet; F: High-fructose enriched diet; LA: Lipoic acid; LPS: Lipopolysaccharides.

hepatic MDA contents in fructose-fed rats following intra-
portal LPS infusion was significantly reversed in those with
LA administration. Liver GSH levels were significantly
decreased following LPS infusion, but were significantly re-
versed in those treated with LA (Figure 2B). Additionally,
the enhanced hepatic TLLR4 gene expression by chronic
high-fructose feeding was further increased in those with
intraportal LPS infusion. LA administration suppressed
the augmentation of TL.R4 gene expression induced only
by mild portal endotoxemia and not by high-fructose
feeding (Figure 2C). The significant increase of TNF-o
and IL-6 protein levels in the liver of LPS-infused rats
was reflective of the hepatic inflammatory response.
These levels were significantly suppressed with LA treat-
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ment (Figure 2D and E). LPS infusion had no effect on
triglyceride levels, but did have an effect on MDA, GSH,
TLR4, TNF-a and IL-6. LA administration significantly
reversed these effects.

Histopathological changes in the liver

Following analysis of the liver response to our treat-
ments, we sought to examine the liver for histopathologi-
cal changes. Not surprisingly, steatosis was noted in fruc-
tose-fed groups but was not different between groups.
On the other hand, the infiltration of monocytes in liver
was markedly exhibited in LPS-treated animals (Figure
3D), a phenotype not seen in any other treatment group
(Figure 3A-C), and alleviated by the administration of LA
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Figure 3 Histopathologi-
cal examination of liver in
rats with regular or high-
fructose feeding. Lipid ac-
cumulation in: (A) Cev rats; (B)
Fev rats; (C)Fev+1a; (D) Fies;
and (E) Feies +1a rats. CD-68
positive cell infiltration in: (F)
Cev rats; (G) Fev rats; (H) Fev
+1a; (1) Frees; and (J) Frips +1a
rats. Slides were stained with
hematoxylin and eosin (A-E)
and immunostained with an
anti-CD68 antibody (F-J).
Arrows indicate CD68 posi-
tive cells. C: Regular diet; F:
High-fructose enriched diet;
LA: Lipoic acid; LPS: Lipo-
polysaccharides; CV: Central
vein.
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Figure 4 Effect of a-lipoic acid on portal endotoxemia-induced changes in the pancreas. The pancreata from experimental animals were harvested and tested
for: (A) Malondialdehyde (MDA) content; (B) Tumor necrosis factor alpha (TNF-o) protein level; and (C) Interleukin-6 (IL-6) protein level. Values are expressed as mean
+ SE, n =6 per group. P < 0.05 vs Cev; °P < 0.05 vs Fev; °P < 0.05 vs Fries. C: Regular diet; F: High-fructose enriched diet; LA: Lipoic acid; LPS: Lipopolysaccharides.

(Figure 3E). Accordingly, immunohistochemical staining
showed that the observed CDG68-positive cell infiltration
was observed in areas around the central vein in LPS in-
fused animals (Figure 3I), but significantly attenuated in
those with LA administration (Figure 3J). Therefore, LPS
treatment resulted in marked histopathological changes
in the liver of fructose-fed animals, a phenotype that was
reversed by the administration of LA.

Content of MDA and inflammatory markers in the
pancreas

To measure the pancreas response to our conditions, we
tested for MDA, TNF-q, and I1.-6 levels. Fructose feed-
ing increased all three parameters, while fructose feeding
with infusion of LPS significantly increased each (Figure
4A-C). Administration of LA resulted in each parameter
returning back to original fructose-fed levels. TI.R4 gene
expression was not detected in pancreas in experimental
groups. Therefore, immunological markers including
TNF-q and 1L-6, but not TLR4, are increased upon fruc-
tose feeding and LPS infusion, a phenotype that can be
reversed with administration of LA.

Histopathologic changes in the pancreatic islets
We then examined the histopathological response to our
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treatments in the pancreas. Following LPS treatment,
pancreatic islets exhibited damage that was attenuated
with LA administration (Figure 5, top panels). Consis-
tently, the frequency and CD68-positive cell infiltration in
fructose-fed animals was only slightly increased as com-
pared to controls. However, they were markedly increased
in following LPS infusion and attenuated with LA admin-
istration (Figure 5, bottom panels). Quantitation of this
data shows the frequency of CDG68-positive islets and
numbers of CDG68-positive cells/islet in fructose-fed rats
were further elevated following LPS infusion and partially
suppressed in those with LA administration.

Glucose-stimulated insulin secretion

Hyperglycemic clamp is the gold-standard method to
evaluate glucose-stimulated insulin secretion 7 vive”"
Plasma glucose levels were not different during the basal
period and maintained similar hyperglycemia during the
clamp periods among experimental groups (Figure 6A).
Increases in plasma insulin levels from baseline in fruc-
tose-fed animals were significantly lower than those in
controls and further decreased in those infused with LPS
under similar hyperglycemic conditions (Figure 6B). The
diminished glucose-stimulated insulin secretion shown in
fructose-fed controls was not significantly changed with
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Figure 5 Histopathologicalexamination of pancreatic islets. A: Tissue samples from each subset of animals were analyzed by hematoxylin and eosin (HE)
staining (a-Crv, b-Fev, c-Fev +1a, d-Fries, e-Feies +1a) and immunostaining with an antibody against CD68 (f-Cev, g-Fev, h-Fpv + L, i-Feips, j-Feies +1a); This data was then
quantitated as (B) percentage of islets infiltrated and (C) number of CD68+ cells per islet. Arrows indicated CD68-positive cells. I: Islet. A total of 100 + 25 islets per
experimental group were blindly scored for CD68-positive cells around the periphery and/or within islets from 5 to 6 different animals. Islet area was measured by the
area of islet capsule in pancreatic section with HE stain and computed using AxioVision LE 4.8.2.0 software. Values are expressed as mean + SE, n = 6 per group.
Line bar: 50 pum. °P < 0.05 vs Cev; °P < 0.05 vs Fry; °P < 0.05 vs Feies. C: Regular diet; F: High-fructose enriched diet; LA: Lipoic acid; LPS: Lipopolysaccharides.

LA administration. However, intraportal LPS infusion
significantly impaired the glucose-stimulated insulin secte-
tion shown in fructose-fed controls, which was signifi-
cantly reversed in those with LA treatment (Figure 6B). In
addition, the first-phase insulin secretion (0-10 min post
glucose treatment) and the second-phase insulin secretion
(10-240 min post glucose treatment) were significantly
lower in fructose-fed animals when compared with con-
trols. This was further exacerbated following intraportal
LPS infusion, a phenotype that was partially reversed
when treated with LA (Figure 6C).

DISCUSSION

Nonalcoholic steatohepatitis is not only highly correlated
with the development of metabolic syndrome and type
2 diabetes mellitus, but is also a crucial factor in progres-
sion to cirrhosis and hepatocellular carcinoma®. In ad-
dition, mild portal endotoxemia has been speculated as a
crucial risk factor to induce hepatic inflammation in the
state of steatosis and impaired pancreatic f§ cell func-
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tion'”. This study explored the potential therapeutic role
of the potent antioxidant o-LA in liver disease and asso-
ciated pancreatic abnormalities. Using the animal model
for metabolic steathohepatitis, fructose-fed rats, we found
administration of LA reversed mild portal endotoxemia-
induced inflammation. Further, portal endotoxemia also
decreased glucose-stimulated insulin secretion, a pheno-
type that was reversed following LA treatment.

LA has been reported to scavenge free radicals, che-
late metals and restore intracellular GSH, all factors as-
sociated with increasing age'”. In addition, it is used as
a therapeutic agent in several liver-related diseases such
alcohol-induced liver damage®” and fatty liver disease!"”
through multiple mechanisms. Our observations further
establish LA as a therapeutic for liver disease. Specifically,
our animal model shows LA improves endotoxin-induced
hepatic disorders in addition to its established role as a
treatment for chronic high-fructose feeding. These anti-
oxidant and anti-inflammatory characteristics may be in
the ability of LLA to restore tissue GSH-dependent anti-
oxidant defenses during portal endotoxin attack.

May 14, 2013 | Volume 19 | Issue 18 |



A 22 - ® Cev
O Fev
20 -
v Fevea
18 & A Feies
FeLes + LA
g 16 L n +
g 14|
E
o 12
wn
8
S 10 +
(U]
8 |
6 L
4 L
2 | | | | | | )
-50 0 50 100 150 200 250 300
t/min
C 100 [ — Y
=3 Fev
zzz) Fev+1a
—~ 80 T l == Feres
GEJ a gxxxy Feies + 1a
3 % a
3 60 a
<
g %%
©
% a,e
= 40 -
= R
2 b ae
S )
2, C [ %%
w0
0203 BRXH

0-10 min 10-240 min

Tian YF et a/. Lipoic acid and steatohepatitis

B 35 @ Cev

O Fev

30 v Frvsia

A Feies D
- 251w Foeseia a
=
g 20 -
= —

g 15 - c
<10t - e
5l e

0k
-50 0 50 100 150 200 250 300

t/min

Figure 6 Effect of a-lipoic acid on plasma glucose and insulin levels. A hyperglycemic clamp technique was used to evaluate glucose-stimulated insulin secre-
tion. A: Plasma glucose levels during the clamp period; B: Change in insulin levels during clamp period; C: The insulin level averages during the first phase (0-10 min)
and the second phase (10-240 min) of the clamp period. Values are expressed as mean + SE, n = 6 per group. *P < 0.05 vs Cev; °P < 0.05 vs Fry; °P < 0.05 vs Fries. C:
Regular diet; F: High-fructose enriched diet; LA: Lipoic acid; LPS: Lipopolysaccharides.

Furthermore, these data show LA administration sig-
nificantly suppressed the augmented TI.R4 gene expres-
sion induced by mild portal endotoxemia but not chronic
fructose feeding. Hepatic TLR4 is activated by gut-
derived LPS and attributed to the pathogenesis of liver
inflammation™. In addition, TLR4 signaling is involved
in the development of fructose-induced steatosis in
mice™ and also required for liver steatosis, inflammation
and a fibrogenic response after chronic alcohol treatment
in TLR4 transgenic miceP. In addition to LPS, other
potential agents including saturated fatty acids (Z.e., palmi-
tate) and alarmins (4.e., HMGB1) have also been shown
to stimulate the inflammatory response in a TLR4-de-
pendent manner”"*, Hepatic TL.R4 signaling occurs not
only in Kupffer cells but also in hepatic non-immune cell
populations including hepatocytes, biliary epithelial cells,
endothelial cells and hepatic stellate cells™. In brief, these
observations implicate TLR4-mediated inflammatory sig-
naling in hepatic cell populations ate crucially involved in
the development of NAFLD, affected individually by diet
components and portal endotoxemia.

Our observations showed that LA not only signifi-
cantly improved the inflammatory changes in fructose-
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induced NASH but also diminished the detrimental
inflammatory response of the pancreas. Consistent with
our results, LA has a protective effect on cholecystokinin-
octapeptide induced acute pancreatitis in rats'”. LA was
reported to have a dose-related cytoprotective effect on
hydrogen peroxide-induced oxidative stress on pancre-
atic beta cells. On the other hand, LA could also ditectly
suppress insulin secretion in pancreatic beta cells at high
concentrations by inducing AMP-activated protein kinase
activation™. Taken together, data from these studies
combined with our observations implicate a beneficial ef-
fect of LA on impaired pancreatic insulin secretion. This
effect might be attributed to its anti-oxidative and anti-in-
flammatory actions on mild portal endotoxemia-induced
liver inflammation and subsequent pancreatic damage,
but not its direct effect on pancreatic beta cell secretion.
Nevertheless, the selected dose of intraportal LPS in-
fusion was based on evaluating its effects on the mortality
rate and systemic endotoxin levels during 4-wk infusion
period in our previous study'. Consistently, this low-
dose LPS infusion caused subacute hepatic inflammation
that could be almost completely be cleared by Kupffer
cells once it passed through the liver, so that the arterial
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plasma endotoxin levels were not different among experi-
mental groups.

The present study showed that administration of LA
could protect liver from LPS-induced oxidative stress and
inflammation while reversing the subsequent impairment
of the pancreas in rats with fructose-associated fatty liver
disease. However, LA had no effect on oxidative stress
induced by high-fructose feeding. Clinical implications of
this observation suggest both the suppression of portal
endotoxemia-induced oxidative stress and dietary inter-
ventions are crucial for improving symptoms of NASH.

Although both oxidative stress induced by low-dose
intraportal LPS infusion and high-fructose feeding have
been demonstrated to contribute to the development of
steatohepititis in fructose-fed rats, the possible involve-
ment of TLR4 signaling in individual hepatic cell popula-
tions remain elusive in the present study.

In conclusion, the present study demonstrates that
LA can significantly reduce intraportal LPS-induced liver
inflammation and associated deterioration of insulin
secretion function in this metabolic syndrome rodent
model. In addition, it is also implicated that hepatic TLR4
signaling might not only play a significant role in chronic-
fructose-feeding induced hepatic steatosis but also in its
subacute inflaimmatory change induced by mild portal
endotoxemia and associated extrahepatic disorders in this
model.
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COMMENTS

Background

a-lipoic acid (LA), a potent antioxidant and also an inducer of endogenous anti-
oxidants has been reported to protect the liver and pancreas from injury.
Research frontiers

Chronic stress such as portal endotoxemia has been documented to activate
hepatic Kupffer cells and cause the release of reactive oxygen species, po-
tentially inducing inflammatory changes in the liver and impairing pancreatic
functions. The potential therapeutic effect of LA on mild portal endotoxemia and
fructose-induced inflammatory changes of fatty liver and impaired pancreatic
insulin secretion in rats remain controversial.

Innovations and breakthroughs

LA has been documented to have a protective effect on hepatopancreatic dam-
age. However, the effect of LA on lipopolysaccharide-induced non-alcoholic
steatohepatitis (NASH) remains unclear. The present result in this manuscript
has a significant contribution to clarify this issue.

Applications

The present study implicates that LA might suppress inflammatory change of
steatosis and associated deterioration of insulin secretion in the patients with
metabolic syndrome.

Terminology

Alpha LA is a potent antioxidant and an inducer of endogenous antioxidants. It
also has a protective effect on hepatic and pancreatic injury.

Peer review

The authors found that LA quenches inflammation and oxidative stress, lead-
ing to attenuation of NASH. So far a few reports describe the effect of LA on
lipopolysaccharide-induced NASH. The manuscript represents a major effort to
fill the gap.
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Abstract

AIM: To identify the downstream regulated genes of
GAECI oncogene in esophageal squamous cell carci-
noma and their clinicopathological significance.

METHODS: The anti-proliferative effect of knocking
down the expression of GAECI oncogene was stud-
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ied by using the RNA interference (RNAI) approach
through transfecting the GAECI-overexpressed esoph-
ageal carcinoma cell line KYSE150 with the pSilencer
vector cloned with a GAECI-targeted sequence, fol-
lowed by MTS cell proliferation assay and cell cycle
analysis using flow cytometry. RNA was then extracted
from the parental, pSilencer-GAECI-targeted sequence
transfected and pSilencer negative control vector
transfected KYSE150 cells for further analysis of differ-
ent patterns in gene expression. Genes differentially
expressed with suppressed GAECI expression were
then determined using Human Genome U133 Plus 2.0
cDNA microarray analysis by comparing with the pa-
rental cells and normalized with the pSilencer negative
control vector transfected cells. The most prominently
regulated genes were then studied by immunohisto-
chemical staining using tissue microarrays to deter-
mine their clinicopathological correlations in esopha-
geal squamous cell carcinoma by statistical analyses.

RESULTS: The RNAi approach of knocking down gene
expression showed the effective suppression of GAEC!
expression in esophageal squamous cell carcinoma cell
line KYSE150 that resulted in the inhibition of cell prolif-
eration and increase of apoptotic population. cDNA mi-
croarray analysis for identifying differentially expressed
genes detected the greatest levels of downregulation
of calpain 10 (CAPN10) and upregulation of trinucleo-
tide repeat containing 6C (7VRC6C) transcripts when
GAECI expression was suppressed. At the tissue level,
the high level expression of calpain 10 protein was sig-
nificantly associated with longer patient survival (month)
of esophageal squamous cell carcinoma compared to
the patients with low level of calpain 10 expression
(37.73 £ 16.33 vs 12.62 + 12.44, P = 0.032). No sig-
nificant correction was observed among the TNRC6C
protein expression level and the clinocopathologcial
features of esophageal squamous cell carcinoma.

CONCLUSION: GAECI regulates the expression of
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CAPN10 and TNRC6C downstream. Calpain 10 expres-
sion is a potential prognostic marker in patients with
esophageal squamous cell carcinoma.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION

Esophageal squamous cell carcinoma (ESCC) has a mul-
tifactorial etiology which involves environmental and/or
genetic factors' . The incidence of ESCC also shows
matked variation in its geographic distribution and occurs
at relatively high frequency in Asian regions including
China®. Current modalities of therapy for this disease
offer relatively poor survival and cure rates'”, thus more
investigations at the molecular level are essential for a
better understanding the molecular pathogenesis of this
disease and for making further improvements in diagno-
sis and treatment of ESCC.

Gene amplification and overexpression have been
suggested as the major genomic aberrations involved in
the pathogenesis of ESCC™", We previously employed
the method of comparative DNA fingerprinting using
inter-simple sequence repeat polymerase chain reaction
(ISSR-PCR) and revealed that amplifications or deletions
of chromosomal sequences are common events in both
the preneoplastic lesions and carcinomas'”’. An analysis
of the frequency of amplification or loss of individual
ISSR-PCR profile bands led to the identification of a
novel expressed sequence tag database entry of a cDNA
clone from a chromosome 7 placental cDNA library™,
Morteovert, the ISSR-PCR fragment also showed 98% ho-
mology to a Homo sapiens chromosome 7 P1-derived ar-
tificial chromosome clone (approximately 125 kb) which
has been mapped to chromosome band 7q22". The
amplification of chromosomal segment 7¢22 has been
implicated in many types of cancer. Reported examples
include ESCC", breast carcinoma"] pancreatic carci-
noma'”?, renal-cell carcinomas"” and T-cell leukemia.
Thus, further investigation on the newly identified ES-
CC-related genomic and expressed sequences mapped to
chromosomal region 7q22 can be a fruitful approach for
identifying new candidate genes crucial to the disease. We
subsequently identified and characterized the role of a
novel oncogene GAECT which is located at 7q22 region,
encodes a nuclear protein and shows a high frequency
of gene amplification and overexpression in ESCC cell
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lines and primary tumors'” as well as in colorectal ad-

enocarcinoma'’. Overexpression of GAECT in 3T3
mouse fibroblasts caused increased cell proliferation, foci
formation and colony formation in soft agar, comparable
to H-ras overexpression. Further, injection of GAECT-
transfected 3T3 cells into athymic nude mice formed un-
differentiated sarcoma 7 vive, providing the first evidence
about the oncogenic nature of GAECT™. An increased
GAECT DNA copy number was also reported in 79% of
colorectal adenocarcinomas and the copy numbers were
significantly different among colorectal adenocatrcinomas,
adenomas, and non-neoplastic colorectal tissues!'.

In this report, GAECT was further characterized by
identifying the downstream partners using cDNA micro-
array analysis on GAECT-suppressed human esophageal
carcinoma cell line KYSE150 which shows GAECT
overexpression. The prominently downstream-regulated
genes were then studied by immunohistochemistry on
a tissue microarray (TMA) of ESCC to determine their
clinicopathological significance.

MATERIALS AND METHODS

ESCC specimens and cell lines

One hundred and thirty-two paired non-tumor and
tumor fresh tissue samples were collected after esopha-
gectomy with patients’ consent at the Department of
Surgery, Queen Mary Hospital, Hong Kong from 2001 to
2006. They were collected consecutively from esophagec-
tomy specimens performed on patients who had received
no prior treatment directed to the primary ESCC. The
histopathological features were reported by specialist
pathologists of the Department of Pathology, Queen
Mary Hospital, Hong Kong. The clinicopathological
parameters of the patients were collected prospectively
and they included age, gender, tumor-node-metastasis
pathological stages and histological grades. The actuarial
survival rate of the patients was calculated from the date
of surgical resection of the ESCC to the date of death
or last follow-up. Management was by a pre-agreed stan-
dardized multidisciplinary protocol supervised by a senior
specialist surgeon. The ESCC cell line KYSE150 is of
Japanese origin. It was purchased from DSMZ (Braun-
schweig, Germany) and cultured as described"”. The
non-tumor esophageal epithelial cell line NE1 was used
as the control to confirm the overexpression of GAECT
in KYSE150 and was cultured as previously described'"”.

Preparation of small interfering RNA expression vector

A vector based RNA interference (RNAi) approach
was used for suppressing the expression of GAECT in
KYSE150 ESCC cells. The pSilencer2.1-U6 neo vec-
tor (Ambion) was used to express the siRNA which
is specific for targeting GAECT expression. The
pSilencer2.1-U6 neo Negative Control vector (Ambion)
was used as the negative control which expressed a hair-
pin small interfering RNA (siRNA) with limited homol-
ogy to any known sequences in the human, mouse and
rat genomes. The siRNA target sequence of GAECT
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and the insert sequence were determined by the pro-
grams siRNA Target Finder and Insert Design Tool
for the pSilencer™ Vectors (Ambion). The top strand
of the insert sequence (P3-4) is 5-GATCCGAAGT-
GGCTTCTGGATTAATTCAAGAGATTAATC-
CAGAAGCCACTTCTTTTTTGGAAA-3" and the
bottom strand is 5>~ AGCTTTTCCAAAAAAGAAGT-
GGCTTCTGGATTAATCTCTTGAATTAATC-
CAGAAGCCACTTCG-3". The top and bottom strands
were annealed and cloned into the pSilencer2.1-U6 neo
vector according to the manufacturer’s instruction. The
vectors were transfected into the KYSE150 cells as pre-
viously described!” using FuGene HD (Roche Diagnos-
tics GmbH) with G418 selection.

RNA extraction and reverse transcription-polymerase
chain reaction analysis

RNA was extracted from the parental, pSilencer-P3-4 and
pSilencer-negative control vectors transfected KYSE150
cells using the RNeasy mini Kit (Qiagen) after 2 mo se-
lection under G418. About 2 ng DNA-free RNA from
each sample was used for the multiplex semi-quantitative
reverse transcription-polymerase chain reaction (RT-PCR)
analysis with (-actin as the internal control to show the
expression level of GAECT as previously described"”.
Densitometry analysis was performed to compare the in-
tensity of the PCR products after agarose gel electropho-
resis under UV using Quantity-One program (Bio-Rad).

Cell proliferation assay

The cell proliferation of the patrental, pSilencer-P3-4 and
pSilencer-negative control vectors transfected KYSE150
cells was determined by MTS assay using the CellTiter 96
Aqueous One Solution (Promega) as previously described!”.

Cell cycle analysis

The parental, pSilencer-P3-4 and pSilencer-negative con-
trol vectors transfected KYSE150 cells were resuspend-
ed in 500 L 1 X phosphate buffered saline and fixed with
500 L. 70% ethanol. The cells were then suspended in 1
mL PI (20 ug/mL)/Triton X-100 (0.1% v/v) staining so-
lution with RNase A (200 ug/mL) and then analyzed by
the BD FACSCalibur flow cytometer. Different fractions
of cell cycles were analyzed using the Modfit LT software
(Verity Software House).

c¢DNA microarray analysis

The differentially expressed genes of the pSilencer-P3-4
vector transfected KYSE150 cells with suppressed
GAECT expression were identified using cDNA microat-
ray analysis by making comparisons between the parental
cells, pSilencer-negative control vectors transfected cells,
and pcDNA3.1-GAECT transfected cells with GAECT
overexpression' . The cDNA microarray analysis and
the associated quality control using Human Genome
U133 Plus 2.0 arrays (Affymetrix) were performed in the
Genome Research Centre of the University of Hong
Kong according to the Affymetrix’s protocol. Briefly, to-
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tal RNA was extracted from 2 X 10° cells of each sample
using RNeasy mini Kit (Qiagen). The RNA integrity
was measured by the ratio of 28S/18S ribosomal RNA
using Agilent 2100 Bioanalyzer. One microgram total
RNA from each soutrce was then reverse transcribed to
the first-stranded cDNA by using oligo-dT linked-T7
RNA polymerase promoter sequence and the double-
stranded cDNA was synthesized by using RT Kit (Invi-
trogen). The biotin labelled-cRNA was produced by 7
vitro transcription kit (Invitrogen) and purified by RNeasy
mini columns (Qiagen). About 15 pug denatured cRNA
was hybridized to each Human Genome U133 Plus 2.0
array (Affymetrix) and then stained with a streptavidin-
phycoerythrin conjugate and the signals were detected
with GeneArray scanner (Agilent). The microarray signals
were analyzed by using Agilent Genespring GX and Af-
fymetrix GeneChip Operating Softwares. The signal of
each differentially expressed gene in the pSilencer-P3-4
transfected cells was determined by comparing with the
parental cells and normalized with the pSilencer-negative
control vector transfected cells. The threshold level of
the corresponding up- or down-regulated genes with
transfected pcDNA3.1-GAECT vector is = 2 folds.

Tissue microarray and immunohistochemical staining

A TMA containing the 132 paired non-tumor esopha-
geal epithelia and ESCC specimens were constructed as
described previously™”. The archival paraffin-embedded
ESCC tissues were used under the ethical guidelines in
the Department of Pathology of The University of Hong
Kong, Immunohisto-chemical staining on the TMA sec-
tions was petformed using the calpain 10 (0.03 mg/ml;
Sigma-Aldrich) rabbit polyclonal antibody and TINRC6C
(1 mg/mL; Abnova) mouse monoclonal antibody using
the previously described methodologym]. The dilution
factors for the calpain 10 and TINRC6C antibodies were
1:50 and 1:150 respectively. The percentage of tumor
cells positively stained formed the basis of grading as
follows: Grade 0: less than 5%, Grade I : 5% to less than
25%, Grade II: 25% to less than 50% and Grade III:
more than 50%. For each tissue sample, the tissue core
with the highest grade was selected for subsequent statis-
tical analysis. The high expression group combined those
tumors with Grade II or I, and the low expression
group combined those tumors with Grade O or I .

Statistical analysis

The Student’s 7 test was used to evaluate the statistical
significance of the differences in calpain 10 and TIN-
RC6C expression between tumor and non-tumor tissues.
The y° test and 7 test were used to examine the statistical
significance of the correlations between calpain 10 and
TINRC6C expression with clinicopathological parameters.
Kaplan-Meier plots and Cox multi-variant analysis were
produced for overall patient survival, and statistical sig-
nificance was evaluated by using Wilcoxon’s signed-rank
test. Statistical analysis were performed using SPSS Ver.
20.0 (SPSS, Chicago, 1L, United States). Differences were
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Figure 1 Expression level of GAEC1 in KYSE150 cells. A: Multiplex reverse transcription-polymerase chain reaction (RT-PCR) analysis showed the overexpres-
sion of GAEC1 in KYSE150 compared with the non-tumor esophageal epithelial cell line NE1; B: Multiplex RT-PCR analysis demonstrated the down-regulation of
GAECT expression in KYSE150 cells transfected with pSilencer P3-4 vector compared with the parental cells and those transfected with pSilencer control vector. The
amount of RNA in each lane was normalized with the amplification of B-actin. M: 100 bp ladder marker; Hz0: Water control.
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Figure 2 MTS cell proliferation assays for esophageal squamous cell car-
cinoma cell line KYSE150. Cells were transfected with pSilencer vector cloned
with the P3-4 sequence (pSilencer P3-4) or control vector (pSilencer-ve). MTS
assays were then performed every 24 h for 3 d on each type of transfected
cells and the parental cells. The respective MTS activities on each day were
compared with the corresponding activities of day 1. Representative data from
3 independent experiments are shown.

considered statistically significant when the relevant P
values were < (0.05.

RESULTS

The overexpression of GAECT in KYSE150 over NE1
was confirmed by multiplex semi-quantitative RT-PCR
and densitometry analysis (Figure 1A). The expression
level of GAECT in pSilencer-P3-4 transfected KYSE150
cells was also determined by comparing with the parental

and pSilencer-negative control vector transfected cells us-
ing densitometry measurement. The results indicated that
the pSilencer-P3-4 transfected KYSE150 cells showed a
down-regulation of GAECT expression compared with
the parental cells and the control. The comparison of the
band intensities among the samples by densitometry mea-
surement showed that the GAECT expression level was
down-regulated in the pSilencer-P3-4 transfected cells by
about three folds (Figure 1B).

To assess the effect on cell proliferation with sup-
pressed GAECT expression, a comparison was made
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between the MTS activities generated from the parental
cells and the cells transfected with the pSilencer-negative
control vector. The results indicated that the KYSE150
cells with down-regulated GAECT showed an obvious
reduction in proliferation rate compared with the paren-
tal and control-vector transfected cells (Figure 2). Fur-
ther analysis on the cell cycle related changes using flow
cytometry demonstrated an approximately 50% increase
in apoptotic population with suppressed GAECT ex-
pression, compared with the parental and control-vector
transfected cells (Figure 3).

To identify the downstream candidate genes which are
regulated by the suppressed GAECT expression, cDNA
microarray analysis was performed using the Human Ge-
nome U133 Plus 2.0 array (Affymetrix) which comprises
of more than 47000 transctipts and variants in each chip.
The results of the identified lists of more than 5-fold
down-regulated (total 10 genes) and more than 3-fold up-
regulated (total 9 genes) targets were shown in Table 1
respectively. All the listed genes were selected based on
more than 2-fold expression signals of the correspond-
ing up- or down-regulation of the respective genes when
the cells were transfected with the pcDNA3.1-GAECT
vector and no significant fold change was detected with
transfected pSilencer-negative control vector compared
with parental cells. With suppressed GAECT expression,
calpain 10 (CAPNT0) was identified to have the highest
level (> 15 folds) of down-regulation (Table 1), while tri-
nucleotide repeat containing 6C (INRC6C) was shown to
have the highest level (> 7 folds) of up-regulation (Table
1). These two GAECT-regulated target genes with the
greatest changes in expression level were followed up by
the immunohistochemical analysis using the ESCC tissue
microarray.

The expression of CAPN70 and TNRC6C proteins
in TMA sections sampling 132 paired tumor and non-
tumor tissues from ESCC specimens was investigated
using immunohistochemistry. Fourteen out of 132 tu-
mors (10.61%) were found to belong to the high expres-
sion group of CAPNT0 expression. However, TNRC6C
did not show any significant expression signals in all the
ESCC cases analyzed except eight non-tumor esopha-
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Figure 3 Flow cytometry analyses for KYSE150 cells. KYSE150 transfected with pSilencer cloned with P3-4 sequence demonstrated an increased apoptotic
population by approximately 50% (C) compared with the parental cells (A) and cells transfected with pSilencer-ve control vector (B).

Table 1 List of more than 5-fold and 3-fold down-regulated genes induced by stable GAEC7 knowndown in KYSE150 cells com-

pared with the parental cells

Probe set ID Gene title Down-regulation with Up-regulation with pSilencer-ve control
transfected transfected
pSilencer P3-4 pcDNA3.1-GAECT
221040_at Calpain 10 15.3033010 21643467 1.0476209
1561417_x_at  Not assigned 12.1628650 2.0130675 1.1347373
1562828_at Not assigned 9.9816000 2.6808436 11661105
229929_at splA/ryanodine receptor domain and SOCS box containing 4 8.3420770 2.2365010 1.1751518
235209_at Chromosome 8 open reading frame 84 7.6294910 2.1356385 1.1450081
220090_at Cornulin 7.6125007 2.3401918 1.1664450
242713_at Not assigned 7.3507795 2.0578532 1.1959343
224499 _s_at  Activation-induced cytidine deaminase 5.8917794 3.3146940 1.1664389
229543_at Not assigned 5.3493247 2.0206234 1.0065930
242064_at Sidekick homolog 2 (chicken) 5.0322995 2.8469403 1.0170712
1561041_at Trinucleotide repeat containing 6C 7.5979643 2.1234870 1.0152589
216787 _at Not assigned 5.3369575 2.2657390 1.1658608
206725_x_at  Bone morphogenetic protein 1 4.8828310 2.7046654 1.1015952
206276_at Lymphocyte antigen 6 complex, locus D 4.7652740 2.7379642 1.0686288
1560482_at Not assigned 4.2348604 3.0122058 1.1875614
211362_s_at  Serpin peptidase inhibitor, clade B (ovalbumin), member 13 4.0584164 2.4208739 1.0186443
216491_x_at  Immunoglobulin heavy constant mu 3.4819565 2.8060850 1.0186309
238415_at Not assigned 3.2034543 2.9523630 1.0138865
241028_at RPGRIP1-like 3.0331728 23752263 1.0001514

All the listed genes were selected based on more than 2-fold of the corresponding up-regulation when GAECI was overexpressed with transfected

pcDNA3.1-GAEC1 vector and no significant fold change with transfected pSilencer-negative control vector compared with parental cells.

geal tissues which also served as the positive controls.
Representative examples of immunohistochemical stain-
ing of CAPN70 and TNRC6C are shown in Figure 4.
Correlation between expression level of CAPN70 and
clinicopathological features are summarized in Table 2.
There was no significant correlation of any clinicopatho-
logical features with the expression level of CAPNTO0.
The median survival of patients with high expression
level of CAPNT70 was 38 mo whereas that of low ex-
pression level was 13 mo, and the survival range is from
0.72 to 65.15 mo. The difference was significant on both
univariant and multi-variant analysis (P = 0.032 and 0.035
respectively; Figure 5).

DISCUSSION

Our previous study reported the oncogenic role of
GAECT in esophageal carcinogenesis and high expres-
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sion level of GAECT caused malignant transformation
of normal cells'”. High DNA copy number of GAECT
was also observed in colorectal adenocarcinoma and sig-
nificant difference was reported in cancer sub-sites and
tumor types'”. From our previous study'”, however, no
significant correlation was observed between GAECT
amplification and clinicopathological parameters and
prognosis in ESCC tumors, and thus the DNA amplifi-
cation study of GAECT is not included in this report.
In the present study, an attempt was made to investigate
the downstream- regulated genes when GAECT expres-
sion was suppressed in an ESCC cell line KYSE150. Our
group also investigated the ESCC cell lines which showed
overexpression of GAECT as we reported previously' ™.
KYSE150 showed the more stable and consistent overex-
pression with time compared among the ESCC cell lines.
Reduction of proliferation rate and increase in apoptotic
population were observed in association with reduced
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Figure 4 Immunohistochemical staining of CAPN10. A: In normal esophageal epithelial tissue showing weak CAPN10 staining; B: esophageal squamous cell car-
cinoma (ESCC) tissue showing strong CAPN10 staining; C: ESCC tissue showing weak CAPN10 staining in tumor. CAPN10 was mainly localized in the cytoplasm of

the cancer cells (original magnification, x100).
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Figure 5 Overall 5-year survival rates as determined by the expression
level of CAPN10 in esophageal squamous cell carcinoma patients. Low
expression group of CAPN10 in ESCC patients showed a significantly lower
5-year survival rate than those of high expression group.

GAECT expression in ESCC cells. Thus our study is
the first report to demonstrate the significance of sup-
pressing GAECT as a target of reducing the malignant
properties of ESCC. In order to assess whether the tu-
mors are more proliferative, the use of other histological
markers for assessing proliferation, such as Ki-67"" and
AgNOR[Zu, in parallel to CAPNT70 is suggested in future
studies to determine whether the CAPN70 level is associ-
ated with progression of the disease. Similar targeting ap-
proach against potential oncogenes is now being explored
intensively in the direction of gene therapy for vatious
types of cancers””. Examples include the suppression
of MTAT in esophageal carcinoma™, alpha-actinin-4 in
oral carcinoma®, osteopontin in colon carcinoma®™ and
EGFR in hepatocellular carcinoma™. The application
of RNAI approach has been recognized as having high
potential for the clinical application of targeted cancer
therapy””. 'To date, clinical trials at different stages were
reported and they targeted against various oncogenic
components in various cancers, including metastatic
melanoma, liver cancer, chronic myelogenous leukemia,
pancreatic cancer and colon cancer™. Moreover, the
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Table 2 Relationship between CAPN170 expression and clini-

copathological features

Characteristics Patients Low High P value
expression expression
Age, yr (mean + SD) 132 65.64 +10.55 63.50£13.39 0.572
Gender 0.086
Male 102 94 8
Female 30 24 6
TNM stage 0.762
0/1/10 18 15 9
m/v 83 72 11
Tumor depth 0.729
T1-3 79 67 12
T4 22 20 2
Lymph node metastasis 0.363
NO 32 26 6
N1 69 61 8
Distant metastasis 1
MO 66 57 9
M1 35 30 5
Differentiation 0.459
Well 16 15 1
Moderate 59 51
Poor 26 21 5

RNAI approach for targeting specifically on transforming
growth factor-f§ has been developed as a “cancer vac-
cine” against ovarian cancer”. Thus our present study
offers a new direction for exploring the application of
RNAi-based method for suppressing the oncogenic
target GAECT as a novel gene therapy approach in our
future investigations.

Calpain 10 (CAPNT70) is a member of the mitochon-
drial calpain systemm]. Mitochondrial calpain system
has been shown to promote caspase-independent pro-
grammed cell death »iz the apoptotic inducing factor-
mediated mechanism™ and its expression has been
correlated to insulin-stimulated glucose uptake™ and
type 2 diabetes™. However, the correlation and func-
tional roles of CAPNT0 in tumorigenesis are still not
fully understood, although CAPN70 has been linked to
laryngeal”"!, colorectal™ and pancreatic cancers®. In the
present study, the RNAi-based suppression of GAECT
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in KYSE150 resulted in the suppression of CAPNT0
expression (approximately 15-fold compared with the
parental cells). For those ESCC tumors belonging to the
CAPNT10 low expression group, the 5-year survival rate is
significantly lower than those belonging to the CAPNT70
high expression group. From the study of Moreno-
Luna ez al™"', CAPNT10 genotype 12 was reported to be
related with a worse prognosis in laryngeal cancer, which
is similar to our present study which is newly described
in ESCC. Our observation from the low CAPN70 ex-
pression group implied the possibility that the oncogene
GAECT overexpression within this group might involve
more prominently at the initial stage of molecular carci-
nogenesis, so that the expression level of CAPNT0 was
lower in ESCC at the time of operation. Similar pattern
of oncogenic expression happening at the earlier stage of
carcinogenesis was also observed from fibroblast growth
factor-2 in melanoma®™ and KILF4 in cutaneous squa-
mous epithelial neoplasiam]. The verification of this hy-
pothesis can be followed up with the future development
of GAECT-specific antibody, which is still unavailable
in market, for the future analysis of GAECT expression
in various stages in ESCC. This important finding also
paves the path for the further investigation for the roles
of CAPNT0 in the molecular pathogenesis of esophageal
carcinoma. Moreover, in the present study, no significant
correlation of any other clinicopathological features
with the expression level of CAPN70 was found, but
CAPNI10 predicted the poor survival of ESCC patients.
Similar results were also reported previously in which the
overexpression of a chemokine CXCL72 in ovarian can-
cet™and a protein Rad51 for homologous recombina-
tion in ESCC"" also showed a cotrelation to the survival
of patients, but no correlation to other clinicopathologi-
cal features was found. The level of CAPNT0 is also not
associated with local lymph node and distant metastasis
in the ESCC cases, implying the possibility that GAECT
expression may not be relevant to the control of metasta-
sis in ESCC.

TINRC6C has been reported to be the miRNA reg-
ulation-related genes and their mutation was correlated
to cancer development through deregulating the miRNA
regulation™. TNRC6C was also shown in the present
study to undergo up-regulation with the suppression of
GAECT expression by the RNAi approach, but there
was no significant expression of TINRC6C in the ESCC
cases studied. This may be due to the down-regulation of
TNRC6C in ESCC by other unknown mechanisms which
are subjected to further investigation. Future study of
TINRC6C mutation in ESCC is required to investigate the
possible roles of TINRC6C in carcinogenesis. Moreover,
among the down-regulated genes identified by cDNA
microarray with suppressed GAECT expression, activa-
tion-induced cytidine deaminase (AID) was reported to
show overexpression in Barrett’s esophagus and Barrett’s
adenocarcinoma™, but there was no investigation on the
roles of AID in molecular pathogenesis in ESCC. AID
has been shown to induce somatic mutations in host
genes and implicated in the carcinogenesis of lungw,
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colorectal™ and gastric cancers'*”. Therefore, our find-
ings provide a new evidence for prompting future study
on the role of AID in the development of ESCC.

In conclusion, the suppression of GAECT expres-
sion resulted in reduced tumor cell proliferation, increased
apoptotic population in ESCC cells and also regulated
CAPN70 and TNRC6C expression. The low expression
of CAPNT0 predicted the poor survival of ESCC patients.
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COMMENTS

Background

Esophageal squamous cell carcinoma (ESCC) has a multifactorial etiology
which involves environmental and/or genetic factors. More investigations at the
molecular level are essential for a better understanding the molecular patho-
genesis of this disease. Authors subsequently identified and characterized the
role of a novel oncogene GAEC1 which is located at 7g22 region. In this report,
GAEC1 was further characterized by identifying the downstream partners. The
prominently downstream-regulated genes were then studied by immunohisto-
chemistry on ESCC tissues to determine their clinicopathological significance.
Research frontiers

The anti-proliferative effect of knocking-down the expression of GAECT in
ESCC cells was studied. The research hotspot is to find out the target genes
which are most regulated by GAEC1 and to determine their clinicopathological
significance in ESCC.

Innovations and breakthroughs

The RNA interference (RNAi) approach showed effective suppression of
GAEC1 expression in ESCC cells to inhibit cell proliferation and increase apop-
tosis. cDNA microarray analysis for differentially expressed genes identified the
greatest levels of downregulation of calpain 10 (CAPN10) and upregulation of
trinucleotide repeat containing 6C when GAEC1 expression was suppressed.
High level expression of calpain 10 was significantly associated with longer pa-
tient survival. This is the first study to explore the regulatory roles of GAEC1 on
the downstream targets and to report the association of CAPN10 to the survival
of ESCC patients.

Applications

This study suggested that the potential use of CAPN10 as a prognostic marker
to predict the survival of ESCC patients after operation. The findings of the pres-
ent study pave the path for the future related studies in other human cancers.

Terminology

Squamous cell carcinoma: It is a cancer of a kind of epithelial cell called squa-
mous cell. Squamous cells also occur in the lining of the digestive tract, such
as the esophagus; Oncogene: An oncogene is a gene that has the potential to
cause cancer. In tumor cells, they are often mutated or expressed at high levels.

Peer review

This is a good study in which the authors employed GAEC1 RNAI to knockdown
the expression of GAEC1, investigated its effects on GAEC1-overexpressed
esophageal carcinoma cell line KYSE150, and then explored the possible mech-
anisms. The study design is reasonable, statistical methods are appropriate.
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Abstract

AIM: To investigate role of putative mitogen-activated
protein kinase activator with WD40 repeats (MAWD)/
MAWD binding protein (MAWBP) in gastric cancer (GC).

METHODS: MAWBP and MAWD mRNA expression
level was examined by real-time reverse transcriptase-
polymerase chain reaction and semi-quantitative poly-
merase chain reaction in six GC cell lines. Western
blotting was used to examine the protein expression
levels. We developed GC cells that stably overexpressed
MAWBP and MAWD, and downregulated expression
by RNA interference assay. Proliferation and migration
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of these GC cells were analyzed by 3-(4,5-dimethyl-
2-thiazolyl)-2,5-diphenyl tetrazolium bromide (MTT),
soft agar, tumorigenicity, migration and transwell as-
says. The effect of expression of MAWBP and MAWD on
transforming growth factor (TGF)-B1-induced epithelial-
mesenchymal transition (EMT) was examined by trans-
fection of MAWBP and MAWD into GC cells. We detect-
ed the levels of EMT markers E-cadherin, N-cadherin
and Snail in GC cells overexpressing MAWBP and MAWD
by Western blotting. The effect of MAWBP and MAWD
on TGF-B signal was detected by analysis of phosphor-
ylation level and nuclear translocation of Smad3 using
Western blotting and immunofluorescence.

RESULTS: Among the GC cell lines, expression of en-
dogenous MAWBP and MAWD was lowest in SGC7901
cells and highest in BGC823 cells. MAWBP and MAWD
were stably overexpressed in SGC7901 cells and knocked
down in BGC823 cells. MAWBP and MAWD inhibited GC
cell proliferation /n vitro and in vivo. MTT assay showed
that overexpression of MAWBP and MAWD suppressed
growth of SGC7901 cells (P < 0.001), while knockdown
of these genes promoted growth of BGC823 cells (P <
0.001). Soft agar colony formation experiments showed
that overexpression of MAWBP and MAWD alone or to-
gether reduced colony formation compared with vector
group in SGC7901 (86.25 + 8.43, 12.75 + 4.49, 30 %
6.41 vs 336.75 + 22.55, P < 0.001), and knocked-down
MAWBP and MAWD demonstrated opposite effects
(131.25 + 16.54, 88.75 = 11.12, 341.75 + 22.23 vs
30.25 + 8.07, P < 0.001). Tumorigenicity experiments
revealed that overexpressed MAWBP and MAWD inhibit-
ed GC cell proliferation /n vivo (P < 0.001). MAWBP and
MAWD also inhibited GC cell invasion. Transwell assay
showed that the number of traverse cells of MAWBP,
MAWD and coexpression group were more than that in
vector group (84 £ 16.57, 98.33 £ 9.8, 29 + 16.39 s
298 + 11.86, P < 0.001). Coexpression of MAWBP and
MAWD significantly decreased the cells traversing the
matrix membrane. Conversely, knocked-down MAWBP
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and MAWD correspondingly promoted invasion of GC
cells (100.67 + 14.57, 72.66 = 8.51, 330.67 + 20.55
vs 27 £ 11.53, P < 0.001). More importantly, coex-
pression of MAWBP and MAWD promoted EMT. Cells
that coexpressed MAWBP and MAWD displayed a peb-
ble-like shape and tight cell-cell adhesion, while vec-
tor cells showed a classical mesenchymal phenotype.
Western blotting showed that expression of E-cadherin
was increased, and expression of N-cadherin and Snail
was decreased when cells coexpressed MAWBP and
MAWD and were treated with TGF-B1. Nuclear trans-
location of p-Smad3 was reduced by attenuating its
phosphorylation.

CONCLUSION: Coexpression of MAWBP and MAWD
inhibited EMT, and EMT-aided malignant cell progres-
sion was suppressed.

© 2013 Baishideng. All rights reserved.

Key words: Gastric cancer; Mitogen-activated protein
kinase activator with WD40 repeats binding protein;
Mitogen-activated protein kinase activator with WD40
repeats; Invasion; Transforming growth factor-B; Epi-
thelial-mesenchymal transition

Core tip: Our previous study revealed that mitogen-
activated protein kinase activator with WD40 repeats
(MAWD) and MAWD binding protein (MAWBP), acting
as a complex, were differentially expressed in gastric
cancer (GC) tissues compared with that in normal
gastric tissues. The present study provided direct evi-
dence that MAWBP and MAWD inhibited proliferation
and migration of GC cells. Importantly, interaction of
MAWBP and MAWD influenced expression of epithelial-
mesenchymal transition (EMT) markers induced by
transforming growth factor (TGF)-p1 in GC cells. It in-
dicated that coexpression of MAWBP and MAWD inhib-
ited TGF-B1-induced EMT, thus suppressing EMT-aided
GC malignant progression.

Li DM, Zhang J, Li WM, Cui JT, Pan YM, Liu SQ, Xing R, Lu
YY. MAWBP and MAWD inhibit proliferation and invasion in
gastric cancer. World J Gastroenterol 2013; 19(18): 2781-2792
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v19/i18/2781.htm DOI: http://dx.doi.org/10.3748/wjg.v19.
118.2781

INTRODUCTION

Gastric cancer (GC) is the second most common cause

of cancer death worldwide and is especially common in
China". Multiple factors are involved in the development
of GC carcinogenesis. Molecular genetic studies have
addressed accumulation of multiple genes and proteins
alteration involved in GC developmentp’ﬂ. Investigation
of GC biomarkers has focused on discovering differ-
ential protein signatures and has explored their biology
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mechanisms. The genes involved include activation of
c-mye, erbB-2, c-met, and korast oncogenes and inactiva-
tion of tumor suppressor genes p53, APC, E-cadherin and
RUNX3™,

Our laboratory previously found (using 2D gel elec-
trophoresis and mass spectrometry) that expression of
mitogen-activated protein kinase activator with WD40
repeats (MAWD) and MAWD binding protein (MAWBP)
were differentially expressed in GC tissues. MAWD in-
teracts with MAWBP and forms complexes in GC cell
lines"", which suggests that these proteins are involved in
GC carcinogenesis. Combined analysis of MAWBP and
MAWD expression would provide useful information in
uncovering their roles in GC.

The proteins MAWBP and MAWD were discovered
in 2000 and 2001, respectively>"”. MAWD is widely ex-
pressed in many tissues and sequence analysis has indicat-
ed that MAWD contains a WD40 repeat domain. Datta
et al' have shown that MAWD-homolog protein setine-
threonine kinase receptor-associated protein (STRAP) re-
cruits Smad?7, forming a complex that increases inhibition
of transforming growth factor (TGF)-f signaling. Iri-
yama ez al'” tried to detect MAWD-related protein using
a conventional two-hybrid technique and found MAWBP
had an affinity for MAWD. The effects of MAWD in
cancer have been reported in breast, colon and lung
cancer but views about its role in cancer are divergent”sl.
However, there is no current report on the function of
MAWD in GC, and little is known about MAWBP other
than its affinity for MAWD.

We hypothesize that MAWBP and MAWD interac-
tions have a key role in GC tumorigenesis, and therefore
investigated their biological function in GC cell lines. We
found that these two proteins inhibited cell proliferation,
and coexpression of MAWBP and MAWD obviously sup-
pressed migration as well as invasive behavior of GC cells.
Recent evidence implies that epithelial-mesenchymal tran-
sition (EMT) contributes to cancer progression, invasion
and metastasis in various cancers'*'". TGF-f is the main
and best-characterized inducer of EMT during embryo-
genesis and cancer pathogenesis"”. MAWBP and MAWD
are involved in the TGF-f signaling pathway¥, We further
sought to determine whether coexpression of MAWBP
and MAWD could inhibit TGF-f1-induced EMT.

The canonical EMT program is characterized by
complex proteome changes, leading to loss of epithelial
markers such as E-cadherin, and expression of mes-
enchymal markers such as vimentin and N-cadherin"”.
Transcriptional regulator Snail is also activated in EMT.
TGF-p signaling regulates expression of Snail, SOX2 and
SOX4™".

In this study, we analyzed the effect of MAWBP
and MAWD on expression of E-cadherin, N-cadherin
and Snail. We further demonstrated the relationship of
this effect with TGF-f signalling pathway via detection
of the phosphorylation level and nuclear translocation
of Smad3. Our findings suggest that coexpression of
MAWBP and MAWD inhibits TGF-B1-induced EMT
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and suppresses EMT-aided GC cell invasion.

MATERIALS AND METHODS

Cell lines and cell culture

GC cell lines BGC823, MGC803, SGC7901, AGS, N87
and MKN45 were cultured in Dulbecco’s Modified
Eagle’s Medium (DMEM; Gibco BRL, Gaithersburg,
MD, United States), supplemented with 5% fetal bovine
serum (FBS). All cell lines we[zrf:2 2r]naintained at 37 C in 5%

CO:2 as previously described™ ™.

Plasmid construction

We constructed MAWBP and MAWD expression plas-
mids using pcDNA3.1B(-). Total RNA was extracted from
19-wk-old fetal liver. MAWBP and MAWD cDNA was
produced by reverse-transcriptase polymerase chain reac-
tion (RT-PCR). The reaction was initiated by 5-min incu-
bation at 94 “C; 35 cycles of 94 C for 45 s, 56 C for 45 s,
72 °C for 60 s; and terminated after a 10-min extension at
72 °C. Products were purified by gel extraction. Recombi-
nant plasmids were transferred into Escherichia coli DH5a,
and identified by restriction enzymes digestion and se-
quencing analysis. Then, we constructed MAWBP and
MAWD short hairpin RNA (shRNA) plasmids. Oligo-
nucleotides were annealed and ligated to pSilencer3.1-H1-
Neo. All of the primers are shown on Table 1.

Real-time PCR

Total RNA was extracted using Trizol (Invitrogen, Carls-
bad, CA, United States), and subjected (5 pg) to RT-PCR
(Table 1). The internal control, B-actin, was processed
with all specimens simultaneously. Real-time PCR was
performed using Applied Biosystem 7500 Real-Time
PCR System (Foster City, CA, United States). Data were
analyzed using the relative standard curve method.

Western blotting

Proteins were extracted from cells for western blotting,
Proteins (50 pg) were separated on sodium dodecyl sul-
fate polyacrylamide gel electrophoresis and transferred to
polyvinyl difluoride membranes (Bio-Rad, Hercules, CA,
United States). Immunoreactivity was tested with anti-
MAWD (1:500, our laboratory), anti-MAWBP (1:500, our
laboratory) M E-cadherin (1:500, BD, Franklin Lakes, NJ,
United States), N-cadherin (1:500, BD), Snail (1:500, Cell
Signaling, Danvers, MA, United States), diluted in block-
ing buffer at 4 ‘C overnight. The signal was detected by
Super Signal West Dura Extended Duration Substrate
(Thermo Scientific, Rockford, IL, United States).

Transfection studies

SGC7901 cells were transfected with overexpression plas-
mids, while BGC823 cells were transfected with shRNA
plasmids. Cells were cultured at 60%-70% confluence in
35-mm plates and were transfected using Lipofectamine
2000 (Invitrogen). Except that mono-plasmids and empty
vector were transfected into GC cells, overexpressed
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Table 1 List of oligonucleotide primers

Target gene Primer ID Sequence (5'-3")
MAWBP (132bp)  Forward GGGTCTGCACACGCTGTTC
Reverse TAATGTCAACCCTTCCGTCT
MAWD (162 bp) Forward GGGACAGGATAAACTTTAGC
Reverse AGCATGATCCCAAAGTCGAAC
MAWBP (867 bp) Forward AACTTGGTCGACCAGCTTGCAAGG
AAAATG
Reverse ATAACTCGAGCTAGGCTGTCAGTGT
GCC
MAWD (1053 bp) Forward CGCGGATCCATGGCAATGAGACAG
ACG
Reverse CCCAAGCTTTCAGGCCTTAACATCA
GG
pB-actin (510 bp) Forward CGGGAAATCGTGCGTGACATT
Reverse CTAGAAGCATTTGCGGTGGAC
B-actin (150 bp) Forward TTAGTTGCGTTACACCCTTTC
Reverse ACCTTCACCGTTCCAGTTT

MAWD (shRNA) Ps-F1 GATCCGCTTATGGACGATCTATTGC
TTCAAGAGAGCAATAGATCGTCCAT
AAGTTTTTTGGAAA
Ps-R1 ~ AGCTTTTCCAAAAAACTTATGGACG
ATCTATTGCTCTCTTGAAGCAATAG
ATCGTCCATAAGCG
GATCCGTAGCACGCTCACGTTTGTC
TTCAAGAGAGACAAACGTGAGCGT
GCTATTTTTTGGAAAAGC
Ps-R1  AGCTTGGCGTAATCATGGTCATAGC
TGTTTCCTGTGTGAAATTGTTATCCG
CTCACAATTCCACACA

MAWBP (shRNA)  Ps-Fl

MAWD: Mitogen-activated protein kinase activator with WD40 repeats;
MAWBP: MAWD binding protein; shRNA: Short hairpin RNA.

plasmids of MAWBP and MAWD were cotransfected
into SGC7901 cells. shRNA plasmids of MAWBP and
MAWD were cotransfected into BGC823 cells. At 48 h
post-transfection, cells were seeded for 21 d in selection
medium containing 400 pg/mL G418, to screen for stable
clones. The efficacy of transfection was identified by RT-
PCR and Western blotting;

3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl tetrazolium
bromide assay

Stable transfected cells (1 X 10%) in 200 uL. DMEM supple-
mented with 5% FBS were seeded in duplicate into each
well of 96-well culture plates, and 10 pl. 3-(4,5-Dimethyl-
2-thiazolyl)-2,5-diphenyl tetrazolium bromide (MTT, Gen-
View, Jacksonville, FL, United States) (5 mg/mL) was
added at 0, 24, 48, 72 and 96 h. The MTT was removed
after 4 h incubation, and 100 pl. dimethylsulfoxide (Am-
resco, Solon, OH, United States) was pipetted into each
well and incubated for 30 min. Absorbance was measured
at 570 nm using an iMark Microplate Reader (Bio-Rad,
Hercules, CA, United States).

Soft agar colony formation assay

Cells (3 x 10%) were trypsinized and resuspended in 4
ml. 0.3% agar in DMEM containing 10% FBS, and over-
laid with 0.6% agar in 60-mm culture dishes. The dishes
were incubated routinely for 21 d. Colonies were stained
with 0.2% p-iodonitrotetrazolium violet, photographed,
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and counted.

Tumorigenicity assay in nude mice

Animal experiments were carried out in strict accordance
with the recommendations in the Guide for the Care and
Use of Laboratory Animals of the Ethics Committee of
Peking University. All efforts were made to minimize suf-
fering. Transfected cells were resuspended in 1X Hank’s
Buffer at a concentration of 5 X 10° cells /mL. A 100-pL
suspension was injected subcutaneously into the left doz-
sal flank of 15 5-wk-old female nude mice, and the right
side was inoculated with GC cells transfected by vector
alone as a control. The mice were checked every 3 d for
tumor appearance, and the large (a) and small (b) diam-
eters of the palpable tumors were recorded for tumor
volume calculation according to a X b* X 0.5.

Wound healing assay

Cells were cultured at 80%-90% confluence in 60-mm
dishes. Cells were scratched with a pipette tip to produce
a straight line. The detached cells were washed three
times with phosphate buffered solution (PBS) and incu-
bated for a further 24 h. The scratched gap was inspected
at 0, 2, 4, 6, 12 and 24 h. Photographs were taken at X
200 magnification, using a TS100 inverted microscope
(Nikon, Tokyo, Japan).

Transwell assay

The invasion assay was performed using a BD Matrigel
Invasion Chamber. Cells (1 X 10°) were suspended in
serum-free DMEM and seeded on matrix membranes.
DMEM supplemented with 10% FBS was used as a che-
moattractant. After 48 h incubation, cells were fixed with
methanol and stained with crystal violet for 20 min. Cells
that penetrated the membrane were counted.

Immunofluorescence

Cells were grown on glass slides, washed with PBS, fixed
in methanol for 10 min, and processed for immunofluo-
rescence. Cells were exposed to anti-p-Smad3 overnight
at 4 'C, incubated for 1 h with rhodamine-conjugated
anti-rabbit secondary antibodies, and nuclei were stained
with 4’,6-diamidino-2-phenylindole. Cells were studied
with a confocal fluorescence imaging microscope (TCS-
SP5; Leica, Mannheim, Germany).

Analysis of TGF-3 pathway responses

Cells were starved for 24 h, and then incubated in 5%
FBS-DMEM containing 2 or 4 ng/mL TGF-p for 24 or
48 h. Plasminogen activator inhibitor (PAI)-1 promoter
assays were used to select the optimum TGF-f condi-
tions. Transfected cells were cultured in 5% FBS-DMEM
containing 4 ng/mL TGF-B for 24 h. PhosphoSafe Ex-
traction Reagent (Merck, San Diego, CA, United States)
was used to extract phosphoprotein. P-Smad3 (1:1000,
Abcam, Cambridge, United Kingdom) and p-Smad2
(1:500, Millipore, Temecula, CA, United States) were
analyzed by western blotting as described above. Smad2
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(1:500, Biowotld, Boston, MA, United States) and Smad3
(1:500, Bioworld) were detected at the same time. We
then separated the cytosolic and nuclear fractions accord-
ing to the protocol of the Nuclear-Cytosol Extraction
Kit (Applygen Technologies Inc., Beijing, China) and
detected p-Smad3 levels. Nuclear translocation ability of
p-Smad3 (1:50) was analyzed by confocal microscopy as
described above.

Ethics
The study has been examined and approved ethically by
the Ethics Committee of Beijing Cancer Hospital.

Statistical analysis

Statistical analysis used SPSS version 16.0. Student’s # test
and analysis of variance were used for data measurement.
Quantitative values were presented as mean + SD. Differ-
ences with P < 0.05 were considered statistically significant.

RESULTS

MAWBP and MAWD inhibited proliferation and
tumorigenicity of GC cells

BGC823, MGC803, SGC7901, AGS, N87 and MKN45
GC cell lines were used to detect MAWBP and MAWD
expression, which was found to differ between the cell
types. RT-PCR and real-time PCR revealed low levels of
endogenous MAWBP and MAWD mRNA in SGC7901
cells but high levels in BGC823 cells, and Western blot-
ting confirmed these results (Figure 1). These two cell
lines were selected for the following experiments.

To investigate further biological function of MAWBP
and MAWD in GC cells, MAWBP-pcDNA3.1 and
MAWD-pcDNA3.1, alone or in combination, and empty
vector were transfected into SGC7901 cells, in which
these two proteins were expressed at a lower level com-
pared with other GC cells. G418-resistant clones were
isolated, which were stably transfected cells. These cells
were termed as MAWBP, MAWD, MAWBP/D (MAWBP
and MAWD cotransfected cells) and vectot, respectively.
shRNA plasmid MAWBP-pSilencer3.1 and MAWD-
pSilencer3.1, alone or in combination, and empty vector
were transfected into BGC823 cells, in which they were
expressed at a higher level compared with other GC cells.
The stably transfected cells were termed as sh-MAWBP,
sh-MAWD, sh-MAWBP/D (MAWBP and MAWD co-
downregulated groups) and sh-vector, respectively. We
analyzed MAWBP and MAWD expression at the mRINA
and protein levels by semi-quantitative RT-PCR and
Western blotting, respectively.

In the MTT assay, cell growth in the overexpressed
group was suppressed in the MAWBP, MAWD and
MAWBP/D groups, compared with the vector group
(Figure 2A, P < 0.001). Knockdown of MAWBP and
MAWD in BGC823 cells using RNA interference (RNAI)
increased cell growth (Figure 2B, P < 0.001). The soft
agar assay in overexpressed cells showed reduced colony

formation for the MAWBP, MAWD, and MAWBP/D
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Figure 1 Analysis of expression of mitogen-activated protein kinase activator with WD40 repeats binding protein and mitogen-activated protein kinase ac-
tivator with WD40 repeats in six gastric cancer cell lines. A: mRNA expression for mitogen-activated protein kinase activator with WD40 repeats (MAWD)/MAWD
binding protein (MAWBP) in BGC823, MGC803, SGC7901, AGS, N87 and MKN45 six gastric cancer cell lines was detected by reverse transcription-polymerase chain
reaction (PCR). There was a low level of endogenous MAWBP and MAWD mRNA in SGC7901 cells, and a high level in BGC823 cells; B: Expression of MAWBP and
MAWD proteins was detected by Western blotting. The expression level was lower in SGC7901 cells than in the other cell lines. Expression of MAWBP and MAWD
was higher in BGC823 cells than in the other cells; C: mRNA expression for MAWBP and MAWD was detected by real-time PCR. There were lower levels of endog-
enous MAWD and MAWBP mRNA in SGC7901 cells, and higher levels in BGC823 cells. NTC: No template control.

groups for cell number and size compared with the vec-
tor group (Figure 2C, clones number: 86.25 * 8.43, 12.75
+ 4.49, 30 £ 6.41 »s 336.75 £ 22.55, P < 0.001). The
corresponding knockdown group demonstrated the op-
posite effects (Figure 2D, 131.25 £ 16.54, 88.75 £ 11.12,
341.75 + 22.23 »5 30.25 £ 8.07, P < 0.001). These results
suggested that expression of MAWBP and MAWD play
a role in inhibiting proliferation of GC cells.

In vive experiments, tumor growth appeared to be
slow in nude mice injected with MAWBP, MAWD, and
MAWBP/D compated with the control group. Tumors
from MAWD-transfected cells were smaller than those
from the other groups (Figure 2E and F, P < 0.001).

Co-expression of MAWBP and MAWD suppressed
migration and invasion of GC cells

To explore the potential role of MAWBP and MAWD in
GC metastasis and invasion, we evaluated the effects of
the stably transfected cells on migration and invasion us-
ing a wound healing assay and transwell invasive activity
assay, respectively. In the wound healing assay, the scratch
gap of vector transfected cells was almost closed at 24 h
in the overexpressed group. Cells with co-overexpression
of MAWBP and MAWD showed the slowest rate of
migration (Figure 3A). In the knockdown group, the
cells with combined downregulation of MAWBP and
MAWD expression migrated faster than the other cells.
Migration of sh-vector cells was slowest (Figure 3B). In
the transwell assay, there was significant difference in
the number of the cells traversing the matrix membrane
between the vector and other groups. Combined overex-
pression of MAWBP and MAWD decreased the invasive
ability of GC cells (Figure 4A). The number of traverse
cells of MAWBP, MAWD and co-expression group was
higher than that in the vector group (Figure 4C, 84 *
16.57,98.33 £ 9.8, 29 £ 16.39 »s 298 + 11.86, P < 0.001).
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Knockdown of expression of MAWBP and MAWD
increased the number of cells that traversed the matrix
membrane (Figure 4B). Cells with combined downregula-
tion of MAWBP and MAWD expression migrated faster
than the other cells (Figure 4B). Invasion of sh-vector
cells was slowest (Figure 4C, 100.67 £ 14.57, 72.66 £ 8.51,
330.67 + 20.55 »s 27 £ 11.53, P < 0.001). These data
showed that MAWBP and MAWD inhibited migration
and invasion of GC cells.

Co-expression of MAWBP and MAWD influenced
expression of EMT markers induced by TGF-31 in GC
cells

EMT contributes to cancer progression and metastasis.
TGF- is the main and best-characterized inducer of
EMT. We sought to determine whether co-expression of
MAWBP and MAWD inhibited TGF-B1-induced EMT,
thus suppressing migration and transwell behavior of
GC cells. We detected a relationship between the expres-
sion of MAWBP and MAWD and the EMT markets in-
duced by TGF-B1, such as E-cadherin, N-cadherin, and
transcription factor Snail. We established the optimum
TGF-B1 concentration and treatment time to stimulate
cells. We used the expression of TGF-f§ reporter gene
PAI-1 to indicate that the optimum TGF-B1 concentra-
tion and treatment time was 4 ng/mlL for 24 h (Figure
5A). We stimulated GC cells that overexpressed MAWBP
and MAWD with TGF-B1, and observed their morpholo-
gy. We found that cells that overexpressed both MAWBP
and MAWD displayed a pebble-like shape and tight cell-
cell adhesion, while vector-treated cells showed a clas-
sical mesenchymal phenotype (Figure 5B). That means
that co-expression of MAWBP and MAWD inhibited
morphological changes of TGF-fB1-induced EMT. We
next detected expression of E-cadherin, N-cadherin and

Snail in cells overexpressing MAWBP and MAWD. Ex-
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Figure 2 Effect of mitogen-activated protein kinase activator with WD40 repeats binding protein and mitogen-activated protein kinase activator with WD40
repeats on proliferation and tumorigenicity of gastric cancer cells. A: 3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl tetrazolium bromide assay showed that growth of
SGC7901 cells overexpressing mitogen-activated protein kinase activator with WD40 repeats (MAWD)/MAWD binding protein (MAWBP) was markedly inhibited; B:
In BGC823 cells with inhibition of expression of MAWBP and MAWD, cell growth was inversely increased; C: In soft agar assay, colonies of cells with overexpression
of MAWBP, MAWD and MAWBP/D were reduced in number and size compared with cells transfected with vectors alone (original magnification of clones: x100); D:
Knockdown group demonstrated the opposite effects. There was an increase in the number and size of sh-MAWBP, sh-MAWD, sh-MAWBP/D cells compared with
cells transfected with vectors alone; E: Nude mouse xenografts. Tumors induced by MAWBP, MAWD and MAWBP/D cotransfected cells were smaller than those of
the vector group; F: Xenograft weight. The average tumor weight were calculated from five nude mice in every group. Data are presented as the mean + SD from
three independent experiments. °P < 0.01 vs vector group.
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Figure 3 Effect of mitogen-activated protein kinase activator with WD40 repeats binding protein and mitogen-activated protein kinase activator with WD40
repeats on migration of gastric cancer cells. A: Wound healing assay showed that migration of vector-transfected cells was faster than that of cells overexpressing
mitogen-activated protein kinase activator with WD40 repeats (MAWD)/MAWD binding protein (MAWBP). The scratch gap in vector group was almost closed at 24 h.
The migration of MAWBP/D cotransfected cells was slowest; B: Cells with combined downregulation of MAWBP and MAWD expression migrated faster than the other
cells. Migration of sh-vector cells was slowest (original magnification, x100).
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Figure 4 Effect of mitogen-activated protein kinase activator with WD40 repeats binding protein and mitogen-activated protein kinase activator with WD40
repeats on invasive ability of gastric cancer cells. A: Transwell assay showed that invasive ability of mitogen-activated protein kinase activator (MAWD) with WD40
repeats binding protein (MAWBP)/D cotransfected cells was weakest, with the lowest number of cells to cross the matrix membranes. Vector-transfected cells mi-
grated farthest; B: Knockdown of MAWBP and MAWD increased the invasive ability of gastric cancer (GC) cells (original magnification: x100); C: Number of cells that
traverse the matrix membrane in the different groups. Data are presented as the mean % SD from three independent experiments. °P < 0.01 vs vector group.
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Figure 5 Effect of mitogen-activated protein kinase activator with WD40 repeats binding protein and mitogen-activated protein kinase activator with WD40
repeats on expression of biomarkers specific for epithelial-mesenchymal transition induced by transforming growth factor-31. A: According to the expres-
sion of transforming growth factor (TGF)-p downstream reporter gene plasminogen activator inhibitor (PAI)-1, the optimum TGF-B1 concentration and time were con-
firmed as 4 ng/mL for 24 h; B: SGC7901 cells overexpressing mitogen-activated protein kinase activator with WD40 repeats (MAWD)/MAWD binding protein (MVAWBP)
were stimulated by 4 ng/mL TGF-B1 for 24 h. Cells that overexpressed both MAWBP and MAWD displayed a pebble-like shape, while vector cells showed a classical
mesenchymal phenotype (original magnification, x400); C: Expression of E-cadherin was strongest in the MAWBP/D cotransfection group and weakest in the vector

group, using Western blotting. Snail and N-cadherin were inversely associated with E-cadherin expression.

pression of E-cadherin was strongest in the MAWBP/D
group and weakest in the vector group. N-cadherin and
Snail expression was inversely associated with E-cadherin
expression (Figure 5C). Collectively, these data demon-
strated that MAWBP and MAWD wetre involved in TGF-
B1-induced EMT through upregulating E-cadherin and
downregulating N-cadherin and Snail in GC cells.

Co-expression of MAWBP and MAWD suppressed
phosphorylation and nuclear translocation of p-Smad3
Following MAWBP and MAWD overexpression in cells
stimulated with TGF-B1, the level of p-Smad3 was low-
est in the MAWBP/D group and highest in the vector
group (Figure 6A). The level of p-Smad2 was also lower
in the MAWBP/D group. Furthermore, we separated
the proteins in the cytoplasm and nucleus and found that
p-Smad3 in the nucleus had the lowest level, as shown by
Western blotting (Figure 6B) and confocal microscopy
(Figure 6C). That means that the nuclear translocation
capability of p-Smad3 in cotransfected cells was weakest.
These results imply that the MAWBP/D complex sup-
pressed TGF-f3 signaling by inhibiting downstream phos-
phorylation.

DISCUSSION

From the outset of this study, we analyzed the biologi-
cal function of MAWBP and MAWD in GC cell lines.
We found that MAWBP and MAWD inhibited prolifera-
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tion and migration of GC cells. Importantly, combined
overexpression of MAWBP and MAWD in GC cells sup-
pressed TGF-B1-induced EMT by attenuating phosphor-
ylation of Smad3 and reducing its nuclear translocation.

In a previous study, we reported proteomic data ac-
quired from screening protein profiles from GC tissues,
including MAWBP and MAWD, and showed that they
formed a complex in GC cells by co-immunoprecipita-

"' MAWD has been reported to have divergent effects
in cancer. Some researchers have suggested that MAWD
promotes cancer development. Matsuda ¢ a/'” found that
MAWD was overexpressed in 45.6% (21/46) of human
breast tumor tissues, and promoted anchorage-indepen-
dent cell growth. Kim ¢z a/'” reported MAWD upregula-
tion in 50.8% (30/59) of adenomas and 70.7% (87/123)
of colorectal cancers. Halder ¢/ a/*) found that STRAP
was upregulated in 60% (12/20) of colon and 78% (11/14)
of lung carcinomas. However, other researchers have
found that MAWD suppressed development of malignant
cells. Buess ¢ al”” reported complete or partial allelic loss
of MAWD in 45.2% (75/166) of colorectal cancer pa-
tients. Jung e7 a” found that MAWD was a binding part-
ner of NM23-H1, creating a complex that interacted with
and potentiated p53. Dong ¢ a/™” detected chromosomal
deletions in prostate cancer that overlapped MAWD gene
locations. Zhao et al”” reported that MAWBP was down-
regulated in ulcerative colitis. The function of MAWBP
and MAWD in GC has not been reported.

In the present study, we investigated the biological

May 14, 2013 | Volume 19 | Issue 18 |
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Figure 6 Combination of mitogen-activated protein kinase activator with WD40 repeats binding protein and mitogen-activated protein kinase activator with
WD40 repeats inhibited the transforming growth factor-f3 pathway. A: The level of p-Smad3 was lowest in the mitogen-activated protein kinase activator (MAWD)
with WD40 repeats binding protein (MAWBP)/D cotransfected group and highest in the vector group. p-Smad2 was also lower in the MAWBP/D group; B, C: Nuclear
translocation capability of p-Smad3 in cotransfected cells was weakest that means the activity of transforming growth factor (TGF)-p pathway in co-expression group

was inhibited. DAPI: 4’,6-diamidino-2-phenylindole.

role of MAWBP and MAWD in GC. We first investi-
gated expression levels of MAWBP and MAWD in six
GC cell lines at the RNA and protein levels. We found
that expression was lowest in SGC7901 cells and highest
in BGC823 cells. Thus, we selected SGC7901 for over-
expression of MAWBP and MAWD and BGC823 for
RNAI assay, and constructed the eukaryotic expression
plasmid and RNAi plasmid for these two proteins for cell
transfection. We generated MAWBP/D-cotransfected
cells to establish whether one complements the function
of the other. We found that MAWBP and MAWD acted
as tumor suppressors. Our results showed that overex-
pression of MAWBP and MAWD suppressed growth of
SGC7901 cells. Knockdown of their expression enhanced
proliferation of BGC823 cells. The suppressive ability
of MAWD was more pronounced than that of MAWBP.
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Interestingly, the results from the migration and transwell
assays indicated that combined overexpression of these
two proteins more obviously limited migration and inva-
sive behavior of GC cells. The cotransfected cells showed
mixed characteristics for proliferation and migration,
meaning that MAWBP and MAWD had a synergetic role
in regulating migration and invasion of GC cells.

EMT is thought to be a key step in the progression
of tumors toward invasion and metastasis™. EMT is a
cellular process during which epithelial polarized cells be-
come motile mesenchymal-appearing cells. This process
can lead to loss of epithelial markers - especially E-cad-
herin - and expression of mesenchymal markers such as
vimentin and N-cadherin™. E-cadherin is a cell-adhesion
protein that is regulated by transcription factors including
Snail and Slug. Snail act as a repressor and blocks E-cad-
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herin transcription, and has emerged as an essential regu-
lator of physiological and pathological EMT processesw
It has been shown that TGF-f induces changes in cell
morphology that are consistent with the acquisition of
the EMT phenotypem.

In this study, we sought to determine whether co-
expression of MAWBP and MAWD inhibited TGF-B1-
induced EMT, thus suppressing migration and transwell
behavior of GC cells. We stimulated GC cells with over-
expression of MAWBP and MAWD with TGF-B1 and
detected the expression level of epithelial and mesen-
chymal markers and transcription factors. We found that
E-cadherin was upregulated in the co-expression group
and N-cadherin and Snail expression was inversely as-
sociated with E-cadherin expression. This revealed that
MAWBP and MAWD had a synergetic function in inhib-
iting TGF-B1-induced EMT.

TGF-B1 stimulation induces upregulation of Snail
and induces EMT in Smad-dependent signaling””.
MAWD was found to recruit Smad7 and form a com-
plex that inhibited TGF-f signaling. To confirm whether
the MAWBP and MAWD complex further suppressed
TGF-B1 and decreased Snail expression, we evaluated
TGF- activity in MAWBP and MAWD overexpressed
cells. Phosphorylation of effector molecules is often es-
sential for downstream receptor kinase signalingm. Thus,
we detected the phosphorylation level and nuclear trans-
location of p-Smad2 and p-Smad3 to indicate TGF-f
activity. We found that the level of p-Smad3 was lowest
in the combined overexpression group and highest in
the vector group. Nuclear translocation of p-Smad3 was
weakest in cells with combined overexpression. These
results imply that the MAWBP/D complex suppresses
TGF-f signaling, and therefore downregulates Snail level
and inhibits EMT.

All together, the present study demonstrates that
MAWBP and MAWD have a suppressive role in progres-
sion of tumor growth and invasion of GC. Co-expres-
sion of MAWBP and MAWD inhibits TGF-B1-induced
EMT, which suppresses EMT-assisted GC cell malignant
progression. In future research, we should attempt to
find the mechanisms mediating MAWBP and MAWD
expression in GC. MAWBP and MAWD interaction do-
mains will be predicted by biological information analysis
and tested in cell assays.
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Background

Gastric cancer (GC) is the second most common cause of cancer death world-
wide. GC incidence in Asian countries, particularly in East Asia, is significantly
higher than that in other parts of the world. GC creates a serious public health
problem. Early diagnosis is important for therapy and prognosis of patients.
Therefore, investigation of sensitive biomarkers and analysis of their function
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are important.

Research frontiers

During the past decade, a great effort has been made to define better the
biological profile of GC. Molecular genetic studies have investigated the accu-
mulation of mutations and alterations in proteins involved in GC. These include
activation of c-myc, erbB-2, c-met, and k-ras oncogenes and inactivation of
tumor suppressor genes p53, APC, E-cadherin and RUNX3. Their previous
study found that mitogen-activated protein kinase activator with WD40 repeats
(MAWD) and MAWD binding protein (MAWBP) were differentially expressed
and interacted in GC.

Innovations and breakthroughs

The present study provided direct evidence that MAWBP and MAWD inhibited
proliferation and migration of GC cells. Importantly, interaction of MAWBP and
MAWD influenced expression of epithelial-mesenchymal transition (EMT) mark-
ers induced by transforming growth factor (TGF)-B1 in GC cells. It also reduced
nuclear translocation of p-Smad3. This means that co-expression of MAWBP
and MAWD inhibits TGF-B1-induced EMT and suppresses EMT-aided GC ma-
lignant progression.

Applications

The authors found that interaction between MAWBP and MAWD could shed
new light on the carcinogenic mechanisms of GC. MAWBP and MAWD as bio-
markers might be diagnostic and therapeutic targets for GC.

Terminology

MAWD is a protein that is evolutionarily conserved and is widely expressed in
many tissues. Sequence analysis indicates that the protein structure of MAWD
contains a WD40 repeat domain. WD repeat proteins help to assemble mac-
romolecular complexes, such as shown for the B-subunit of G proteins. The
homologous protein of MAWD, serine-threonine kinase receptor-associated
protein recruits Smad7 to the activated type I receptor and forms a complex.
MAWBP is a MAWD binding protein. EMT is the morphological and molecular
changes that occur when epithelial cells lose their characteristics, gain mesen-
chymal properties and become motile, which is a key event in tumor invasion
and metastasis.

Peer review

The authors analyzed MAWD and MAWBP in a series of GC cell lines. They
found that co-expression of both genes is potentially involved in the suppres-
sion of migration and invasion in their selected cell lines. This study was a
straightforward continuation of the authors’ own work and they have recently
reported differential expression of both genes in GC tissues. Now, they have
analyzed the functional consequences of suppression or overexpression of both
genes in an in vitro setting.
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Abstract

AIM: To evaluate the long-term eradication of hepatitis
C virus (HCV) infection and liver-related complications
in chronically infected patients that have achieved sus-
tained virological response.

METHODS: One hundred and fifty subjects with chronic
hepatitis C (CHC) or cirrhosis and sustained virological
response (SVR) between the years of 1989 and 2008
were enrolled in a long-term clinical follow-up study
at the Gastrointestinal and Liver Unit of the University
Hospital of Naples “Federico 11”. At the beginning of
the study, the diagnosis of HCV infection was made
on the basis of serum positivity for antibodies to HCV
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and detection of HCV RNA transcripts, while a diagno-
sis of chronic hepatitis was formulated using imaging
techniques and/or a liver biopsy. SVR was achieved by
interferon-based therapy, both conventional and pe-
gylated, with and without ribavirin treatment. The pa-
tients were evaluated for follow-up at a median length
of 8.6 years, but ranged from 2-19.9 years. Among
them, 137 patients had pre-treatment CHC and 13 had
cirrhosis. The patients were followed with clinical, bio-
chemical, virological, and ultrasound assessments on a
given schedule. Finally, a group of 27 patients under-
went a liver biopsy at the beginning of the study and
transient elastography at their final visit to evaluate
changes in liver fibrosis.

RESULTS: The median follow-up was 8.6 years (range
2-19.9 years). HCV RNA remained undetectable in all
patients, even in patients who eventually developed
liver-related complications, indicating no risk of HCV
recurrence. Three liver-related complications were
observed: two cases of hepatocellular carcinoma and
one case of bleeding from esophageal varices result-
ing in an incidence rate of 0.23%/person per year.
Further, all three complications took place in patients
diagnosed with cirrhosis before treatment began. Only
one death due to liver-related causes occurred, result-
ing in a mortality rate of 0.077% person per year. This
amounts to a 99.33% survival rate in our cohort of pa-
tients after therapy for HCV infection. Finally, of the 27
patients who underwent a liver biopsy at the beginning
of the study, a reduction in liver fibrosis was observed
in 70.3% of the cases; only three cases registering val-
ues of liver stiffness indicative of significant fibrosis.

CONCLUSION: Patients with CHC and SVR show an
excellent prognosis with no risk of recurrence and a
very low rate of mortality. Our data indicate that virus-
eradication following interferon treatment can last up
to 20 years.

May 14, 2013 | Volume 19 | Issue 18 |



Morisco F et a/. Long-term efficacy of HCV anti-viral therapy

© 2013 Baishideng. All rights reserved.

Key words: Antiviral therapy; Cirrhosis; Hepatitis C vi-
rus; Sustained virological response; Fibrosis

Core tip: This study represents one of the longest follow-
up studies on the natural history of successfully treated
chronically hepatitis C virus (HCV) infected individuals.
The outcome of the study was very positive, as it re-
vealed an extremely high survival rate, an extremely low
rate of liver complications, and a significant reduction
in liver fibrosis in patients who have achieved sustained
virological response (SVR). All of the patients without
cirrhosis before starting the treatment showed no signs
of evolution or decompensation over the years of obser-
vation, proving that SVR positively changes the natural
history in individuals with HCV-infection.
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INTRODUCTION
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Hepatitis C virus (HCV) infection represents a serious
challenge to global health, with an estimated 170 million

carriers wotldwide!". A significant complication in chroni-

cally infected individuals is the development of liver
inflammation and fibrosis, which may progress to liver
citrhosis and hepatocellular carcinoma (HCC

)[zfm]

For nearly 20 years, interferon-based therapy has been

the standard therapy for chronic hepatitis C (CHC), with
the optimal treatment of the combination of pegylated-
interferon and ribavirin dating back ten years. The pri-
mary goal of HCV treatment is to achieve a sustained vi-
rological response (SVR). SVR is defined by undetectable

11

HCV RNA levels 24 wk after completing treatment' .
The achievement of the SVR in patients with CHC rep-
resents a milestone because it has been associated with
the eradication of the infection, improvement in liver
histology, improvement in quality of life, and reduced

risk of cirrhosis and hepatocellular carcinoma'”"”. Short

term SVR in patients with chronic HCV-infection is well
established, however, knowledge regarding long-term
SVR remains to be elucidated. There are limited long-
term studies observing chronically infected patients who
have achieved SVR, all with a limited number of pa-

tients' ', Further, studies that do have a large cohort of
patients have a fairly short follow-up period" ™. Finally,

the data gathered thus far lack real world examples as data
gathered by subjects with SVR are usually limited to those
participating in pivotal clinical trials.

The aim of this study was to evaluate the long-term
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outcomes of patients who obtain a SVR after antiviral
therapy, regardless of the type treatment, in a monocen-
tric cohort of patients representing a real world popula-
tion with CHC during the last 20 years.

MATERIALS AND METHODS

Patients

From January 1989 to April 2008, 150 HCV-positive pa-
tients who achieved SVR after interferon-based therapy
at the Gastroenterology Unit of the University of Naples
“Federico II” were enrolled in this cohort study. There
were 100 men and 50 women (mean age, 56.37 = 12.05
years; range 22-67 years). The main characteristics of our
study population at baseline are reported in Table 1.

In this cohort, 137/150 (91.3%) patients had chronic
hepatitis and 13 had liver cirrhosis. Before treatment, 21
patients had normal alanine transaminase (ALT) values
and 129/150 (86%) had elevated ALT values ranging be-
tween 1.2 and 15.87 times the upper normal limit. A histo-
logical examination was petformed in 103/150 (68.6%) of
patients at baseline, while 47/150 (31.3%) patients refused
the biopsy procedure and 27 patients showed comorbidi-
ties (Table 1). Nine patients had a diagnosis of arterial hy-
pertension and two had an incomplete right bundle branch
block. One patient had a medical history of previous an-
gina pectoris and another suffered from a previous myo-
cardial infarction, however, there was no cardiologic con-
traindication at the time the therapy started. Seven patients
had thyroid disease; two patients had type I diabetes; two
had gastroesophageal reflux disease, and two had a co-
infection of hepatitis B. One patient had a history of non-
Hodgkin lymphoma that had been in remission for five
years since the time the antiviral therapy started.

Modality of diagnosis

The diagnosis of HCV infection was made on the basis
of serum positivity for antibodies to HCV and detec-
tion of HCV RNA transcripts. The diagnosis of chronic
hepatitis was formulated by a histological assessment
and scored according to the internationally accepted
criteria”. The liver biopsy was not performed if the pa-
tients refused the procedure or had evidence of clinical,
biochemical, ultrasound and endoscopic signs of liver
cirrhosis. Transient elastography (TE), a non-invasive
method of quantifying fibrosis developed as an alterna-
tive to liver biopsy, was carried out using FibroScan.
Ultrasound elastography analyzes ultrasound frequency
waves related to the elasticity (deforming capacity) of the
liver. The methodology is simple, highly reproducible and
can be completed in ten minutes. The diagnostic accuracy
of TE is not as high as a liver biopsy, which remains the
gold standard for evaluation of fibrosis. Nonetheless,
in this context, TE is both highly sensitive and specific
(79%-83% and 83%-89%, respectively)™.

Therapy schedules

All patients were treated with interferon-based therapy,
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Table 1 Baseline characteristics of 150 chronically infected

hepatitis C virus patients with sustained virological response

Patients 150
Gender
Male 100
Female 50
Patients with histological assessment” 103
Mild hepatitis (G0-G4) 52
Moderate hepatitis (G5-G9) 44
Severe hepatitis (G10-G18) 5
Staging S0-S1 44
Staging S2 25
Staging S3 10
Staging 54-S5 9
Cirrhosis S6 2
Genotype
la 14
1b 75
2 54
3 5
4 2
Comorbidity
Cardiovascular diseases 13
Thyroid diseases 7
Crohn’s disease 1
GERD 2
Diabetes mellitus type 2 2
HBV co-infection 2

GERD: Gastroesophageal reflux disease; HBV: Hepatitis B virus.

either in mono-therapy or in combination with ribavirin.
Sixty-six subjects received conventional interferon mono-
therapy. Twenty-five patients were treated with convention-
al interferon plus ribavirin and 59 patients were treated with
pegylated interferon plus ribavirin. Conventional interferon
was used at doses ranging between 3 and 6 MU every 2 d
for a mean period of 49 & 3.12 wk. The treatment regimen
with pegylated interferon was carried out by international
guideline recommendations and method indicated in the
relevant product data sheets (Pegasys” 180 ug once weekly,
subcutaneously; Pegintron” 1.5 pg/kg per week, subcu-
taneously; ribavirin 800, 1000 or 1200 mg/week orally,
depending on body weight and virus genotype). The mean
duration of the therapy was 47 = 13 wk.

Follow-up

All patients were followed and analyzed for clinical,
biochemical, virological and ultrasound parameters. All
assessments were performed every 6 mo for the first
two years of observation. In patients with cirrhosis at
baseline, we continued to perform sequential clinical,
biochemical and ultrasound follow-up every 6 mo, while
the same panel of tests was conducted once a year in
patients without cirrhosis. HCV RNA assessment was
performed once per year during follow-up for all pa-
tients and whenever a decompensation or a progression
of the liver disease occurred. At each medical visit, life-
sign assessments and potential therapy-adverse effects
were investigated. Biochemical evaluations measuring
haemocrome (blood count), transaminases, bilirubin,
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alkaline phosphatase and renal function were performed.
All patients underwent abdominal ultrasound every 6 mo.
If a new space-occupying lesion was suspected, it was
first analyzed by ultrasonography to determine if it was
unquestionably benign (eg., cysts or hemangioma). If
necessary, the lesion was further examined by computed
tomography, magnetic resonance imaging, arteriography,
or liver biopsy. In a group of 27 patients with liver biopsy
at baseline, liver stiffness was assessed during the last
visit. During this follow-up, cirrhotics were considered
to have progression if they showed any of the following
findings: ascites, bleeding varices, hepatic encephalopathy
and HCC. The diagnosis of HCC was formulated using
imaging techniques and/or biopsy, according to the Bat-
celona Clinical Liver Cancer standardized staging system
for hepatocellular carcinoma®".

Laboratory analysis

Serum was collected for detection of HCV RNA once
per year after SVR was obtained. Qualitative detection
of HCV-RNA was performed by a standardized quali-
tative assay, Cobas AmpliPrep/Cobas Tagman (CAP/
CTM). This assay is based on the reverse transcription-
polymerase chain reaction (RT-PCR) method, followed by
HCV RNA real-time fluorescent detection from 850 pL
of serum. HCV RNA concentration was read in IU/ml..
The CAP/CTM assay has a sensitivity of 15 IU/mlL, with
a linear quantification range of 43-6.9 X 10" TU/mL..

RESULTS
Follow-up

The median duration of follow-up was 8.6 years (range
2-19.9 years). One hundred and fifteen/150 (76.6%) pa-
tients were followed for more than 4 years. Fifty-two/150
(34.6%) patients were followed for more than 10 years.

Virological outcomes

Zero of the 150 patients had a recurrence of HCV infec-
tion during the follow-up period. HCV RNA was evaluat-
ed in all patients with CAP/CTM assay, using at least four
blood samples taken in different times (including the last
sample available for each patient). No patient had detect-
able HCV-RNA in serum by RT-PCR in any sample, even
in the patients who developed liver-related complications.

Survival and complication rates

The results from this study indicate the risk of liver-
related death was only 0.67%, as only one patient died
from liver-related causes. In addition, liver-related com-
plications were observed in only three patients with a
global complication incidence rate of 2%, while the com-
plication incidence/person per year was 0.08%. These
three complications included two patients with HCCs
and one patient experiencing bleeding from esophageal
varices. All three patients who developed complications
had pre-treatment cirrhosis. Both patients who developed
HCC were males, aged 61 developing the complication
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Table 2 Liver fibrosis with paired assessment at baseline vs the end of follow-up

Baseline

End of follow-up

Patients METAVIR score Corresponding value of LS (21) (kPa) Mean value (range) of LS (kPa) Mean follow-up (yr) Patients with fibrosis regression

1 FO <6

18 F1 6.5+1.1
6 F2 73114
0 F3 10.2+1.9
1 F4 15+4.1
1 Clinical cirrhosis 10.3

59 10.6 0
54 (28-63) 9.48 13
6.2 (4.0-8.8) 6.02 4
6.8 83 1

19.9 1 0

LS: Liver stiffness.

five years after follow-up, and aged 65 developing the
complication nine years after follow-up, respectively.
The 65-year-old male eventually died from liver-related
complications. A 66-year-old female patient developed
esophageal 17 bleeding years after the follow-up.

Regression of liver fibrosis

During the final visit, we performed TE on 27 patients
who underwent a liver biopsy at baseline. The histological
staging at baseline and the mean values of liver stiffness
at the end of follow-up are reported in Table 2. Only in
three cases were the values of liver stiffness higher than
7.3 kPa, the threshold indicative of significant fibrosis (F2
according to Metavir score). None of the patients had a
liver stiffness score higher than 14.5 kPa, suggestive of
cirrhosis. We observed regression of the fibrosis in 19/27
patients (70% of the cases).

DISCUSSION

The aim of this study was to assess the long-term effect
of antiviral treatment in a large cohort of patients chron-
ically infected with hepatitis C who had achieved SVR.
This is one of the largest and longest studies on the natu-
ral history of successfully treated patients with chronic
HCYV infection in a real world setting. In the majority of
the cases reported in the literature, the median follow-
up duration is less than 5 years. In our study however, we
observed 50 patients for up to 10 years and 21 patients
for up to 15 years, with the median duration of the fol-
low-up being 8.6 years. Overall, the clinical outcome of
this study was very positive, indicating that prognosis in
patients who obtained SVR is extremely promising,

The overall hepatic complication rate in our popu-
lation was only 2%; a figure that is in agreement with
other studies. Veldt e a/*’ reported 3 cases of HCC in a
population of 142 patients (2%) with SVR and a baseline
fibrosis score that ranged between 4 and 6 according
to the Ishak index"”. Turner ez ai” reported 2 cases of
HCC in a population of 152 patients (1.3%) with SVR
and no cirrhosis. Tkeda ef a/” reported 30 cases of HCC
in a population of 1097 patients (2.7%), of which 97 had
cirrhosis and obtained SVR; but it was a retrospective,
multicentric study with a median follow-up of 4.6 years.
The high survival rate observed in our study (99.3%) is
very consistent with values observed by George e# al™
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(99.4%) and Tmazeki ez al™ (99.97%).

We could not detect HCV-specific RNA transcripts
in any of the patients at each follow-up, confirming that
a durable SVR can be achieved with both conventional
and pegylated interferon treatment' ), Although a low
rate of HCV-recurrence detected through RT-PCR assays
has been reported, these data are in agreement with more
recent studies on the topicmm. The sensitivity of labo-
ratory assays for HCV RNA detection has significantly
increased throughout the years, and we can hypothesize
that low serum levels of HCV RNA may not have been
detected by a low sensitivity assay in the past, leading to a
misclassification of SVR subjects. In fact, 5%, 9.7%, and
8% rates of HCV recurrence have been observed in pre-
vious studies” . In our study, HCV RNA was assessed
through the most sensitive assay available (RT-PCR with
sensitivity < 50 TU/mL). This sensitivity adds validity to
our hypothesis that the hepatic complications observed in
patients in our study were not directly related to ongoing
HCYV replication, but rather other complicating factors.

Of the 27 patients where fibrosis was evaluated, no pa-
tient with pre-treatment chronic hepatitis showed progres-
sion to cirrhosis, including those with advanced fibrosis
(Ishak score 3-4/6). Moreovet, a regression of fibrosis was
reported in 70% of the cases. These results correlate well
with the work by Poynard ez a/” showing that SVR (re-
gardless of the therapy with which it is obtained) not only
stops liver damage progression, but can also induce its re-
gression. In this cohort, 1904 patients with CHC and SVR
and with paired pre-treatment and post-treatment biopsies
were observed; 86% of patients showed an improve-
ment in fibrosis stage while 12% showed no change, even
when the mean time between biopsies was only 20 mo®™
Our data also comply with two recent studies with mean
follow-up times of 5 and 6.5 years reporting 83% and
61% rates of fibrosis regression, respectivelym’w]. In these
studies, the regression of fibrosis was assessed through
liver biopsy. Although a liver biopsy is considered the gold
standard; it does have limitations including sampling er-
rors and interpretation of results influenced by intra- and
inter-observer variation, implying that distinguishing real
changes in fibrosis, longitudinally, is a difficult task”". El-
lis ez al™ suggested that the most convincing evidence for
regression of liver fibrosis derives from large-scale studies
on post-treatment natural history. In fact, long-term fol-
low-up studies indicate that regression of liver fibrosis is
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associated with improved clinical outcomes, strengthening
the perception that histological regression is a real phe-
nomenon. Even though there is no universal parameter to
define fibrosis regression, it is suggested that a long term
assessment of clear clinical outcomes combined with non-
invasive testing for fibrosis could help with the interpreta-
tion of the results"™.

In conclusion, our study documents that progression
of liver damage and HCV infection relapse are virtually
non-existent in patients with chronic hepatitis C infec-
tion who have achieved sustained virological response.
Further, patients with pre-treatment evidence of cirrhosis
show a rate of complications that cannot be neglected,
but are hypothesized to occur due to complicating factors
separate from HCV infection.
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Abstract

AIM: To examine the long-term therapeutic efficacies
of endoscopic cauterization for gastric vascular ectasia,
according to the type of lesion.

METHODS: Thirty-eight patients with hemorrhagic
gastric vascular ectasia (VE) were treated by endo-
scopic cauterization: 13 by heater probe coagulation-
and 25 by argon plasma coagulation. Depending on
the number of lesions, 14 and 24 patients were clas-
sified into localized VE (< 10; LVE) and extensive VE
(> 10; EVE), respectively. The patients were followed-
up by repeated endoscopic examinations after the
therapy, and the incidences of VE recurrence and re-
bleeding from the lesions were evaluated.

RESULTS: Although the VE lesions disappeared initially
in all the patients after the therapy, the recurrence of
VE developed in 25 patients (66%) over a mid-term ob-
servation period of 32 mo, and re-bleeding occurred in
15 patients (39%). The recurrence of VE was found in
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all patients with EVE, with re-bleeding occurring in 14
patients (58%). In contrast, only 1 patient (7%) with
LVE showed recurrence of the lesions and complicating
hemorrhage. Both the cumulative recurrence-free rates
and cumulative re-bleeding-free rates were significantly
lower in the EVE group than in the LVE group (P < 0.001
and P < 0.001, respectively). Moreover, the cumulative
re-bleeding-free rate in the EVE group was 47.6% at 1
year and 25.4% at 2 years in patients with chronic re-
nal failure, which were significantly lower than the rates
in the patients without chronic renal failure (83.3% and
74.1%, respectively) (P < 0.05).

CONCLUSION: The recurrence of VE and re-bleeding
from the lesions was more frequent in the patients with
EVE, especially in those with complicating renal failure.

© 2013 Baishideng. All rights reserved.

Key words: Gastric vascular ectasia; Heater probe co-
agulation; Argon plasma coagulation; Renal failure;
Recurrence

Core tip: The aim of this study was to examine the
long-term therapeutic efficacies of endoscopic cau-
terization for gastric vascular ectasia (VE), according
to the type of lesion. Depending on the number of le-
sions, 14 and 24 patients were classified into localized
vascular ectasia (< 10) and extensive VE (> 10; EVE),
respectively. The incidences of VE recurrence and re-
bleeding from the lesions were evaluated. The recur-
rence of VE and re-bleeding from the lesions was more
frequent in the patients with EVE, especially in those
with complicating renal failure, even after the initial
successful arrest of bleeding and disappearance of the
lesions by the endoscopic therapy.

Imai Y, Mizuno Y, Yoshino K, Watanabe K, Sugawara K, Mo-
toya D, Oka M, Mochida S. Long-term efficacy of endoscopic
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INTRODUCTION

Vascular ectasia (VE) of the stomach has been recog-
nized as a rare cause of hemorrhage from the upper
gastrointestinal tract!™. Patients may present with either
evidence of chronic occult bleeding, Ze., iron deficiency
anemia, or with acute hematemesis or melena. VE is a
term that encompasses a broad spectrum of lesions vi-
sualized on endoscopic examination, including angiodys-
plasia, watermelon stomach, diffuse antral VE (DAVE)
and telangiectasis associated with Osler-Weber-Rendu
disease™. In general, angiodysplasia is defined as VE with
a limited number of red flat spots or reticulated vascular
areas in the gastric mucosa on endoscopic examination.
In contrast, gastric antral VE (GAVE) is diagnosed as
watermelon stomach when the lesions are visualized as
stripes radiating outwards from the pylorus and as DAVE
in cases with diffuse red spots in the gastric antrum.

Various therapeutic procedures have been employed
for hemorrhagic gastric VE. Surgical resection of the
stomach is the most curative therapeutic procedure, but it
is a highly invasive procedure that maybe associated with
high mortality, especially in elderly patients with underly-
ing diseases such as metabolic syndrome. Thus, endo-
scopic cauterization has generally been performed for the
treatment of gastric VE. Several types of coagulation pro-
cedures may be employed for endoscopic cautetization,
including heater probe coagulation', laser coagulation”
and argon plasma coagulation"', and these devices have
been reported to be useful for the temporary arrest of
bleeding from any type of gastric VE. However, the long-
term prognosis of patients undergoing endoscopic cauter-
ization has to be elucidated. In the present paper, we ex-
amined the long-term therapeutic efficacies of endoscopic
cauterization, including the recurrence rate of the lesions
and the rates of re-bleeding, in patients with hemorrhag-
ing from gastric VE, according to the type of lesion.

MATERIALS AND METHODS

Patients

The subjects included 42 patients with gastrointestinal
bleeding from gastric VE lesions, which were diagnosed
by gastrointestinal endoscopic examination between Oc-
tober 1996 and December 2007. Among them, 4 patients,
who moved to a different institution for follow-up fol-
lowing discharge from our hospital after the successful
arrest of bleeding from the VE, were excluded from the
analysis. The remaining 38 patients consisted of 21 men
and 17 women, with a median age of 69 years (range,
48-85 years). Twenty patients (53%) had undetlying liver
cirrhosis, and 15 patients (39%) were undergoing mainte-
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nance hemodialysis for chronic renal failure.

On endoscopic examination, bleeding from the gas-
tric VE lesions was observed in 21 patients (55%). In the
remaining 17 patients, other gastrointestinal lesions that
could serve as the possible source of the bleeding were
not detectable by the endoscopic examinations, including
small intestinal endoscopy, despite the patient presenting
with hematemesis or melena. The patients were classified
into 2 groups: 14 patients with < 10 VE lesions (local-
ized VE, the LVE group) and 24 patients with > 10 VE
lesions (extensive VE, the EVE group). The LVE group
comprised 9 patients with a single lesion and 5 patients
with multiple lesions (range, 3 to 10 lesions), including
one patient with Osler-Weber-Rendu disease showing 3
lesions in the stomach. In contrast, the EVE group con-
sisted of 5 patients with watermelon stomach and 19 pa-
tients with DAVE, including one patient with radiation-
induced DAVE.

All patients were treated by endoscopic cauterization.
Thereafter, follow-up endoscopic examinations were pet-
formed at intervals ranging from 1 to 6 mo, depending on
the clinical features of each patient, and the rate of the
recurrence of VE with or without re-bleeding from the
lesions was evaluated. The recutrence of VE was defined
as the presence of > 10 lesions in the EVE group, and
of at least one lesion in the LVE group. The diagnosis of
re-bleeding was conducted when the patients showed he-
matemesis or melena and/or hemorrhagic features of the
gastric VE lesions on endoscopic examination irrespec-
tive of the number of lesions. Fifteen and twenty patients
received treatment with a proton pump inhibitor and He-
receptor antagonist, respectively, during the observation
period. Written informed consent for the endoscopic
procedures was obtained from all the patients. This study
was retrospectively performed with the approval of the
Institutional Review Board of the Hospital.

Endoscopic cauterization therapies

Thirteen patients seen between October 1996 and March
2000 were treated by heater probe coagulation, and
twenty-five patients seen after April 2000 were treated by
argon plasma coagulation. The therapies were repeated
until the VE lesions completely disappeared from the
stomach following the arrest of hemorrhaging. Heater
probe coagulation was performed using a heater probe
unit (Olympus Co., Tokyo, Japan) at 15 J for patients with
bleeding VE and/or those with VE lesions with a diam-
eter of > 3 mm and at 10 J for those with non-bleeding
VE lesions with a diameter of < 3 mm. Argon plasma
coagulation was performed using a high-frequency gen-
erator (Erbotorm ICC200; ERBE, Tubingen, Germany)
with an automatically regulated argon source (APC300;
ERBE) and a flexible APC probe (ERBE) with a high-
frequency output at 60 W. Argon gas was delivered at a
flow rate of between 1.0 and 2.0 I./min.

Statistical analysis
The differences in the characteristics between the 2 groups
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Table 1 Demographic and clinical features of the patients

with gastrointestinal bleeding caused by gastric vascular ectasia

Total Groups® P value
LVE EVE

No. of patients 38 14 24
Sex: male/female' 21/17 9/5 12/12 NS
Age, yr (medium) 69 67.5 72 NS
Bleeding from lesions at 21 6 15 NS
examination'
Cauterization®

Method : HPC/ APC! 13/25 6/8 7/17 NS

No. of treatment sessions 23+16 11+03 3.0+1.6 <0.0001

(mean + SD)
Observation period, mo 32 68.5 29.5 <0.01
(medium)
Medication during observation'
Proton pump inhibitors 15 4 11 NS
Ha-receptor antagonists 20 9 11
None 3 1 2
Underlying diseases’
Chronic renal failure 15 3] 12 NS
Liver cirrhosis 20 5) 15 NS

"Number of the patients; *Localized vascular ectasia (LVE) denotes local-
ized vascular ectasia and extensive vascular ectasia (EVE) denotes exten-
sive vascular ectasia; *Heater probe coagulation (HPC) denotes heater
probe coagulation and argon plasma coagulation (APC) denotes argon
plasma coagulation. NS: Not significant.

were analyzed by Mann-Whitney’s U test, Fisher’s exact
test and the 5 test. The cumulative recurrence-free and
rebleeding-free rates were analyzed by the Kaplan-Meier
method. Factors associated with the type of VE and the
treatment methods were compared by the log-rank test.
P values of less than 0.05 were considered to be statisti-
cally significant.

RESULTS

Demographic and clinical features of the patients in the

LVE and EVE groups

As shown in Table 1, there were no significant differenc-
es in the sex distribution or age of the patients between
the LVE and EVE groups. Hemorrhaging from the VE
lesions was observed in 43% (6/14) and 63% (15/24) of
the patients in the LVE and EVE groups, respectively.
Additionally, 21% (3/14) and 36% (5/14) of the patients
in the LVE group and 50% (12/24) and 63% (15/24)
of the patients in the EVE group had underlying liver
cirthosis and chronic renal failure, respectively, but the
prevalences of the 2 underlying diseases were not signifi-
cantly different between the two groups.

Therapeutic efficacies of the endoscopic coagulation
procedures

Among the 21 patients in whom active bleeding from the
VE lesions was observed, heater probe coagulation was
performed in 3 LVE and 4 EVE patients, and argon plas-
ma coagulation in 3 LVE and 11 EVE patients. Hemosta-
sis was obtained in all patients after either endoscopic co-
agulation procedure. Although the VE lesions diminished
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Table 2 Long-term efficacies of endoscopic cauterization

therapies in the patients with gastrointestinal bleeding caused
by gastric vascular ectasia 7 (%)

Groups Recurrence rate Re-bleeding rate

LVE 1(7.1) 1(7.1)
Without CRF 0 (0.0) 0(0.0)
With CRF 1(33.3) 1(33.3)

EVE 24 (100.0) 14 (58.3)
Without CRF 12 (100.0) 6 (50.0)
With CRF 12 (100.0) 8 (66.7)

LVE: Localized vascular ectasia, EVE: Extensive vascular ectasia; CRF:
Chronic renal failure.

after the procedures in all patients, the number of treat-
ment sessions required for the complete disappearance
of the lesions in the stomach differed between the LVE
and EVE groups (Table 1). A single treatment session
was sufficient to achieve the complete disappearance of
the VE lesions in all the patients of the LVE group, ex-
cept one, who required 2 sessions of heater probe coagu-
lation. In contrast, the patients in the EVE group needed
a mean of 3.0 treatment sessions (range, 2-7 treatment
sessions) for the complete disappearance of the lesions.
No complications of the endoscopic coagulation treat-
ments were encountered in either treatment group.

In all patients, the recurrence of VE and of re-bleed-
ing was examined by repeated follow-up endoscopic ex-
aminations for more than 6 mo after the final session of
endoscopic cautetization therapy; the median observation
period was 32 mo (range, 6-139 mo). As shown in Table 1,
however, the observation periods were significantly lon-
ger in the LVE group than in the EVE group (P < 0.01).
The medications prescribed for the patients during the
observation period were similar between the two groups.
The endoscopic examination revealed recurrence of the
VE in 25 of 38 patients (66%), and re-bleeding from the
recurrent gastric VE lesions in 15 of these patients (39%)
over a median observation period of 5 mo (range, 2-70
mo) after the final session of the coagulation therapy.
Particularly in the EVE group, the VE recurred in all the
patients, and re-bleeding from the recurrent lesions de-
veloped in 14 of these patients (58%) (Table 2). No pa-
tients in the EVE group developed re-bleeding with the
re-appearance of < 10 VE lesions. All of the patients
showing re-bleeding in the EVE group had underlying
diseases: 8 with chronic renal failure, 5 with liver cirrho-
sis and 1 with radiation-induced mucosal damage of the
gastrointestinal tract. In contrast, in the LVE group, the
recurrence of the gastric VE was found in only 1 patient
(7%), who had a single lesion that was found before the
first session of argon plasma coagulation therapy. This
patient also had underlying renal failure and was under
long-term maintenance hemodialysis. Consequently, re-
bleeding from the recurrent VE lesions developed in
60% (9/15) of the patients with chronic renal failure,
which was significantly higher than the percentage in the
patients without chronic renal failure (26%; 6/23) (P =
0.036).
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Figure 1 Long-term outcomes of the patients with hemorrhaging gastric
vascular ectasia treated by endoscopic cauterization, depending on the
number of lesions. A: Cumulative recurrence-free rates; B: Cumulative re-bleed-
ing-free rates. Both rates were significantly higher in the localized vascular ectasia
(LVE) group than in the extensive vascular ectasia (EVE) group (P < 0.001).
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Figure 2 Cumulative re-bleeding-free rates in the patients with extensive
vascular ectasia treated by endoscopic cauterization. The rates were sig-
nificantly higher in the patients without chronic renal failure (CRF) than in those
with CRF (P < 0.05). EVE: Extensive vascular ectasia.

Kaplan-Meier analysis revealed that the cumulative
recurrence-free rates of the patients with VE were 29.2%
and 0% at 1 and 3 years, respectively, after the endoscopic
coagulation therapy in the EVE group (Figure 1A), and
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Figure 3 Long-term outcomes of the patients with hemorrhaging gastric
vascular ectasia treated by endoscopic cauterization, depending on the
type of procedure. A: Cumulative recurrence-free rates; B: Cumulative re-
bleeding-free rates. Both the rates were comparable between the patients
treated by heater probe coagulation (HPC) and those treated by argon plasma
coagulation (APC).

the cumulative re-bleeding-free rates in these patients were
65.9%, 40.8% and 20.4% at 1, 3 and 5 years, respectively,
after the therapy (Figure 1B). Both the recurrence-free
rates and re-bleeding-free rates were significantly lower
in the EVE group than in the LVE group. Moreover, the
cumulative re-bleeding-free rate in the EVE group was
47.6% at 1 year and 25.4% at 2 years after the therapy in
patients with chronic renal failure, which were significantly
lower than the rates in the patients without chronic renal
failure (83.3% and 74.1%, respectively) (Figure 2). There
were no significant differences in either the recurrence-
free rates or re-bleeding-free rates between the patients
treated by heater probe coagulation and those treated by
argon plasma coagulation, as shown in Figure 3.

DISCUSSION

In the present study, we examined the long-term progno-
sis of 38 patients with hemorrhagic gastric VE treated by
endoscopic coagulation procedures, with a medium ob-
servation period of 32 mo after the therapies. Although
both heater probe coagulation and argon plasma coagu-
lation were useful to achieve the arrest of bleeding and

May 14, 2013 | Volume 19 | Issue 18 |



Imai Y et a/. Endoscopic coagulation for gastric vascular ectasia

disappearance of the VE lesions, the recurrence of VE
and re-bleeding from the recurrent lesions wete noted in
66% and 39% of the patients, respectively. Additionally,
we found that the recurrence of VE and/or re-bleeding
from the recurrent lesions were more frequent in patients
with EVE, especially those with underlying chronic renal
failure undergoing maintenance hemodialysis, than in
those with LVE. We also found that neither the lesion
recurrence rate nor the re-bleeding rate differed signifi-
cantly between the patients treated by heater probe co-
agulation and those treated by argon plasma coagulation,
although the number of patients evaluated in the study
was relatively small.

In Japan, endoscopic laser therapy has not been
widely employed for the treatment of VE in the gastroin-
testinal tract because of the high risk of severe complica-
tions, such as perforationlsj. Thus, endoscopic cauteriza-
tion either with heater probe coagulation or argon plasma
coagulation is the standard therapeutic strategy used for
gastric VE with or without bleeding. However, few stud-
ies have been performed to determine the long-term
outcomes of such therapies. Olmos ¢ a/"” reported that
argon plasma coagulation was effective for the preven-
tion of recurrent bleeding from VE in the gastrointesti-
nal tract. Although they showed that re-bleeding did not
occur from recurrent lesions in 83% of the patients over
a median observation petiods of 18 mo, only 10 patients
with hemorrhaging gastric VE were included in their
study after the exclusion of patients with chronic renal
failure, liver cirrhosis and GAVE, including patients with
the lesions caused by radiation. Moreover, Zushi ez al'™"
examined the outcomes in 16 patients with liver cirrhosis
with hemorrhagic GAVE treated by endoscopic cautet-
ization and reported that 25% of the patients showed re-
bleeding from recurrent lesions. In their study, however,
the mean observation period was only 10 mo, which is
too short to evaluate the long-term outcomes of therapy
in these patients. In contrast, Nakamura ¢z @/ evaluated
the long-term efficacy of argon plasma coagulation in
22 patients with GAVE and reported that the cumula-
tive re-bleeding rates at 1, 2 and 3 years after the therapy
were 50.3%, 64.5% and 64.5%, respectively, over a mean
observation period of 23.5 mo. Herrera ¢ al'” examined
the therapeutic efficacy of argon plasma coagulation in
patients with VE depending on the type of lesion, and
reported that there were no cases of re-bleeding from
recurrent lesions among the patients with LVE. Our
results regarding the EVE group were in line with those
reported by Nakamura ez 2/"” but not with those by Her-
rera ¢ al'", in which re-bleeding after the therapies de-
veloped only in 1 of 8 patients with GAVE. In our study,
re-bleeding from recurrent VE was especially frequent in
patients with EVE and in those with chronic renal failure
undergoing maintenance hemodialysis, whereas underly-
ing diseases such as chronic renal failure were found only
in 3 patients with GAVE in the study by Herrera e /.
These differences in the clinical features of the patients
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may have produced the discrepancies in the results by
Herrera ¢ al'”, those by Nakamura ¢ 2/ and those in
the present study.

Both LVE and EVE have been reported to develop
at a high frequency in association with chronic renal fail-
ure!"™. Clouse ef al” reported that 18 of 30 patients (60%)
with hemorrhagic angiodysplasia had underlying renal
failure, with 10 of these patients (33%) under long-term
maintenance hemodialysis and/or who underwent renal
transplantation. The present study demonstrated that en-
doscopic cauterization did not provide satisfactory long-
term outcomes in patients with EVE complicated with
chronic renal failure, even after the successful initial arrest
of bleeding had been achieved by the endoscopic cau-
terization therapy. Notably, the VE developed again after
the therapies in all of the patients with EVE, even in the
absence of underlying chronic renal failure, followed by
re-bleeding from the recurrent lesions in half of these
patients, with a cumulative re-bleeding rate of approxi-
mately 40% at 3 years. These observations prompted us
to postulate that the etiology and the clinical characteris-
tics may be different between the LVE and EVE groups,
and also between VE patients with and without chronic
renal failure. Based on the findings, careful endoscopic
follow-up after the initial successful cauterization therapy
is required for patients with EVE, regardless of the pres-
ence/absence of undetlying diseases, including chronic
renal failure.

With respect to the endoscopic cauterization pro-
cedures available, argon plasma coagulation has been
employed more frequently compared with heater probe
coagulation for the treatment of gastric VE in Japan.
Similarly, at our institution, almost all patients seen af-
ter the year 2000 have been treated by argon plasma
coagulation. As shown in Figure 3, both the cumulative
recurrence and re-bleeding rates were equivalent between
patients with gastric VE treated by argon plasma coagula-
tion and those treated by heater probe coagulation. The
limitation of our evaluation is that it is a retrospective
and single cohort study. A randomized controlled study
would be required to confirm our results. Additionally,
the safety, including the frequency of complications,
convenience of instrument handling, and number of ses-
sions required for the treatment, has been reported to not
be significantly different between the patients treated by
the two procedureslw’zzj. Thus, the criteria for the selec-
tion of either procedure for patients with gastric ectasia
need to be established in the future. Recently, endoscopic
band ligation was shown to be useful for the treatment
of GAVE®™, Wells ¢z a/* reported that endoscopic
band ligation was supetior to thermal therapies, includ-
ing argon plasma coagulation, in terms of the therapeutic
efficacy to arrest bleeding, the volume of blood transfu-
sion needed after the procedure and the duration of hos-
pitalization in 22 patients with GAVE. Sato e# al”” also
reported the superiority of endoscopic band ligation-
compared with argon plasma coagulation for GAVE as-
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sociated with liver diseases. Moreover, a novel endoscopic
ablation method, the HALO™ system, has been reported
to be useful for the treatment of GAVE in a few patients.
A large-scale study would be required to compare the ef-
ficacy and safety of these novel procedures with those of
argon plasma coagulation and heater probe coagulation.

In conclusion, the recurrence of VE and re-bleeding
from the lesions was frequent in patients with EVE,
especially in those with underlying chronic renal failure
after the initial successful control of the bleeding and
disappearance of the lesions by endoscopic cautetization.
Therefore, careful observation by endoscopy is important
for these patients even after initial successful therapy.

COMMENTS

Background

Vascular ectasia (VE) of the stomach has been recognized as a rare cause of
hemorrhage from the upper gastrointestinal tract. Endoscopic coagulation has
been reported to be useful for the temporary arrest of bleeding from any type
of gastric VE. However, the long-term prognosis of patients undergoing endo-
scopic coagulation has not yet been elucidated.

Innovations and breakthroughs
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VE is a term encompassing a broad spectrum of lesions visualized on endo-
scopic examination, including angiodysplasia, watermelon stomach and diffuse
antral VE. In this study, VE lesions were classified into 2 subtypes: localized VE
with << 10 VE lesions and extensive VE with > 10 VE lesions.

Peer review

This is a paper on the treatment of VE of the stomach with some novel findings.
The cohort is large and well described. It is worth publishing to demonstrate the
novel finding of worse outcomes in those patients with chronic renal failure.

REFERENCES

1 Wheeler MH, Smith PM, Cotton PB, Evans DM, Lawrie BW.
Abnormal blood vessels in the gastric antrum: a cause of
upper-gastrointestinal bleeding. Dig Dis Sci 1979; 24: 155-158
[PMID: 311727]

2 Jabbari M, Cherry R, Lough JO, Daly DS, Kinnear DG, Gore-
sky CA. Gastric antral vascular ectasia: the watermelon stom-
ach. Gastroenterology 1984; 87: 1165-1170 [PMID: 6332757]

3 Clouse RE, Costigan DJ, Mills BA, Zuckerman GR. Angio-
dysplasia as a cause of upper gastrointestinal bleeding. Arch
Intern Med 1985; 145: 458-461 [PMID: 3872107 DOI: 10.1001/
archinte.1985.00360030098019]

4  Jensen DM. Current diagnosis and treatment of severe ob-
scure GI hemorrhage. Gastrointest Endosc 2003; 58: 256-266
[PMID: 12872101 DOI: 10.1067 / mge.2003.332]

5 Clouse RE. Vascular lesions: ectasias, tumours and malfor-
mations. In: Yamada T, editor. Textbook of Gastroenterol-
ogy. 3rd ed. Philadelphia: Lippincott Williams and Wilkins,
1999: 2564-2582

6  Petrini JL, Johnston JH. Heat probe treatment for antral
vascular ectasia. Gastrointest Endosc 1989; 35: 324-328 [PMID:
2788591]

7 Gostout CJ, Ahlquist DA, Radford CM, Viggiano TR, Bow-
yer BA, Balm RK. Endoscopic laser therapy for watermelon

(4 9

Boishidengs  WIG | www.wjgnet.com

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

stomach. Gastroenterology 1989; 96: 1462-1465 [PMID: 2785467]
Naveau S, Aubert A, Poynard T, Chaput JC. Long-term
results of treatment of vascular malformations of the gastro-
intestinal tract by neodymium YAG laser photocoagulation.
Dig Dis Sci 1990; 35: 821-826 [PMID: 2364836 DOI: 10.1007/
BF01536794]

Sargeant IR, Loizou LA, Rampton D, Tulloch M, Bown SG.
Laser ablation of upper gastrointestinal vascular ectasias:
long term results. Gut 1993; 34: 470-475 [PMID: 8491392 DOI:
10.1136/ gut.34.4.470]

Pavey DA, Craig PI. Endoscopic therapy for upper-GI vas-
cular ectasias. Gastrointest Endosc 2004; 59: 233-238 [PMID:
14745397]

Wahab PJ, Mulder CJ, den Hartog G, Thies JE. Argon plas-
ma coagulation in flexible gastrointestinal endoscopy: pilot
experiences. Endoscopy 1997; 29: 176-181 [PMID: 9201466]
Yusoff I, Brennan F, Ormonde D, Laurence B. Argon
plasma coagulation for treatment of watermelon stomach.
Endoscopy 2002; 34: 407-410 [PMID: 11972274]

Olmos JA, Marcolongo M, Pogorelsky V, Varela E, Davolos
JR. Argon plasma coagulation for prevention of recurrent
bleeding from GI angiodysplasias. Gastrointest Endosc 2004;
60: 881-886 [PMID: 15605001]

Zushi S, Imai Y, Fukuda K, Yabuta T, Tsujino S, Yamada T,
Kurokawa M. Endoscopic coagulation therapy is useful for
improving encephalopathy in cirrhotic patients with gastric
antral vascular ectasia. Digest Endosc 2005; 17: 32-35 [DOIL:
10.1111/j.1443-1661.2005.00426.x]

Nakamura S, Mitsunaga A, Konishi H, Oi I, Shiratori K, Su-
zuki S. Long-term follow up of gastric antral vascular ecta-
sia treated by argon plasma coagulation. Digest Endosc 2006;
18: 128-133 [DOI: 10.1111/].0915-5635.2006.00592.x]

Lecleire S, Ben-Soussan E, Antonietti M, Goria O, Riachi G,
Lerebours E, Ducrotté P. Bleeding gastric vascular ectasia
treated by argon plasma coagulation: a comparison between
patients with and without cirrhosis. Gastrointest Endosc 2008;
67: 219-225 [PMID: 18226684 DOI: 10.1016/j.gie.2007.10.016]
Herrera S, Bordas JM, Llach J, Gines A, Pellisé M, Fernan-
dez-Esparrach G, Mondelo F, Mata A, Cardenas A, Castells
A. The beneficial effects of argon plasma coagulation in the
management of different types of gastric vascular ectasia
lesions in patients admitted for GI hemorrhage. Gastrointest
Endosc 2008; 68: 440-446 [PMID: 18423466]

Cunningham JT. Gastric telangiectasias in chronic hemo-
dialysis patients: a report of six cases. Gastroenterology 1981;
81: 1131-1133 [PMID: 6974673]

Protell RL, Rubin CE, Auth DC, Silverstein FE, Terou F,
Dennis M, Piercey JR. The heater probe: a new endoscopic
method for stopping massive gastrointestinal bleeding. Gas-
troenterology 1978; 74: 257-262 [PMID: 620899]

Imai Y, Kinoshita M, Asakura Y, Kakinuma T, Arai S, Shi-
moji K, Sasaki K, Yabe S, Ota S, Fujiwara K. Usefulness of
heater probe therapy for non-ulcer lesion. Prog Dig Endosc
1999; 54: 40-42

Grund KE, Storek D, Farin G. Endoscopic argon plasma co-
agulation (APC) first clinical experiences in flexible endosco-
py- Endosc Surg Allied Technol 1994; 2: 42-46 [PMID: 8081915]
Asakura Y, Imai Y, Arai S, Kinoshita M, Kakinuma T, Kakoi K,
Rai F, Eguchi Y, Fujiwara K, Ota S. Efficacy of argon plasma
coagulation for bleeding gastroduodenal ulcers. Digest Endosc
2002; 14: 99-102 [DOI: 10.1046/}.1443-1661.2002.00186.x]
Sinha SK, Udawat HP, Varma S, Lal A, Rana SS, Bhasin DK.
Watermelon stomach treated with endoscopic band ligation.
Gastrointest Endosc 2006; 64: 1028-1031 [PMID: 17140926]
Kumar R, Mohindra S, Pruthi HS. Endoscopic band ligation:
a novel therapy for bleeding gastric antral vascular ectasia.
Endoscopy 2007; 39 Suppl 1: E56-E57 [PMID: 17323279]
Wells CD, Harrison ME, Gurudu SR, Crowell MD, Byrne
TJ, Depetris G, Sharma VK. Treatment of gastric antral

May 14, 2013 | Volume 19 | Issue 18 |



26

Imai Y et a/. Endoscopic coagulation for gastric vascular ectasia

vascular ectasia (watermelon stomach) with endoscopic
band ligation. Gastrointest Endosc 2008; 68: 231-236 [PMID:
18533150 DOI: 10.1016/j.gie.2008.02.021]

Sato T, Yamazaki K, Akaike J. Endoscopic band ligation ver-
sus argon plasma coagulation for gastric antral vascular ecta-
sia associated with liver diseases. Dig Endosc 2012; 24: 237-242

(4 9

TR
JBaishideng®

WJG | www.wjgnet.com

27

[PMID: 22725108 DOI: 10.1111/j.1443-1661.2011.01221.x]
Gross SA, Al-Haddad M, Gill KR, Schore AN, Wallace MB.
Endoscopic mucosal ablation for the treatment of gastric an-
tral vascular ectasia with the HALO90 system: a pilot study.
Gastrointest Endosc 2008; 67: 324-327 [PMID: 18226696 DOI:
10.1016/j.gie.2007.09.020]

P- Reviewer Selinger CP  S- Editor Gou SX L- Editor A
E- Editor LiJY

May 14, 2013 | Volume 19 | Issue 18 |



W J

World Journal of
Gastroenterology

Online Submissions: http:/ /www.wjgnet.com/esps/
wjg@wijgnet.com
doi:10.3748 / wjg.v19.i18.2806

World | Gastroenterol 2013 May 14; 19(18): 2806-2810
ISSN 1007-9327 (print) ISSN 2219-2840 (online)
© 2013 Baishideng. All rights reserved.

BRIEF ARTICLE

Extremely high prevalence of Helicobacter pylori infection

in Bhutan

Ratha-korn Vilaichone, Varocha Mahachai, Seiji Shiota, Tomohisa Uchida, Thawee Ratanachu-ek,
Lotay Tshering, Nguyen Lam Tung, Toshio Fujioka, Masatsugu Moriyama, Yoshio Yamaoka

Ratha-korn Vilaichone, Gastroenterology Unit, Department of
Medicine, Thammasat University Hospital, Pathumthani 12120,
Thailand

Varocha Mahachai, GI and Liver Center, Bangkok Medical
Center, Bangkok 10310, Thailand

Seiji Shiota, Yoshio Yamaoka, Department of Environmental
and Preventive Medicine, Oita University Faculty of Medicine,
Yufu 879-5593, Japan

Tomohisa Uchida, Nguyen Lam Tung, Masatsugu Moriyama,
Department of Molecular Pathology, Oita University Faculty of
Medicine, Yufu 879-5593, Japan

Thawee Ratanachu-ek, Department of Surgery, Rajavithi Hos-
pital, Bangkok 10400, Thailand

Lotay Tshering, Department of Surgery, Jigme Dorji Wangchuk
National Referral Hospital, Thimphu, Bhutan

Nguyen Lam Tung, Department of Gastroenterology, 108 Hos-
pital, Hanoi 12771, Vietnam

Toshio Fujioka, Department of Gastroenterology, Oita Univer-
sity Faculty of Medicine, Yufu 879-5593, Japan

Yoshio Yamaoka, Department of Gastroenterology and Hepatol-
ogy, Baylor College of Medicine and Michael DeBakey Veterans
Affairs Medical Center, Houston, TX 77030, United States
Author contributions: Vilaichone R and Yamaoka Y made con-
tribution to study design, acquisition of data, analysis and inter-
pretation of data; Mahachai V made contribution to study design,
acquisition of data, analysis and interpretation of data, final ap-
proval of the manuscript to be published; Shiota S and Tung NL
made contribution to analysis and interpretation of data; Uchida T,
Ratanachu-ek T and Tshering L made contribution to acquisition
of data; Fujioka T and Moriyama M made contribution to revis-
ing the manuscript for important intellectual content.

Supported by A Grant from the grants-in-Aid for Scientific
Research from the Ministry of Education, Culture, Sports, Sci-
ence and Technology of Japan, No. 23790798; A Grant from the
National Research University Project of the Thailand Office of
Higher Education Commission; The National Institutes of Health
(DK62813) and the grants-in-Aid for Scientific Research from
the Ministry of Education, Culture, Sports, Science and Technol-
ogy of Japan, No. 22390085 and No. 22659087
Correspondence to: Varocha Mahachai, MD, FRCP(C), FACG,
AGAF, Professor and Director, GI and Liver Center, Bangkok
Medical Center, New Petchburi Road, Bangkapi, Huay Khwang,
Bangkok 10310, Thailand. vilaichone@yahoo.com

Telephone: +66-2-3103401  Fax: +66-2-7551953

(4 9

Boishidengs  WIG | www.wjgnet.com

Received: November 16,2012 Revised: February 13, 2013
Accepted: February 28, 2013
Published online: May 14, 2013

Abstract

AIM: To revealed the prevalence of Helicobacter pylori
(H. pylori) infection in the Bhutanese population.

METHODS: We recruited a total of 372 volunteers
(214 females and 158 males; mean age of 39.6 + 14.9
years) from three Bhutanese cities (Thimphu, Punaka,
and Wangdue). The status of H. pylori infection was
determined based on five different tests: the rapid
urease test (CLO test), culture, histology, immunohis-
tochemistry (IHC), and serum anti H. py/ori-antibody.

RESULTS: The serological test showed a significantly
higher positive rate compared with the CLO test, cul-
ture, histology and IHC (P < 0.001, P < 0.001, » = 0.01,
and P = 0.01, respectively). When the subjects were
considered to be H. pylori positive in the case of at least
one test showing a positive result, the overall preva-
lence of H. pylori infection in Bhutan was 73.4%. The
prevalence of H. pylori infection significantly decreased
with age (P < 0.01). The prevalence of H. pylori infec-
tion was lower in Thimphu than in Punakha and Wang-
due (P = 0.001 and 0.06, respectively). The preva-
lence of H. pylori infection was significantly higher in
patients with peptic ulcers than in those with gastritis
(91.4% vs 71.3%, P = 0.003).

CONCLUSION: The high incidence of gastric cancer
in Bhutan may be attributed to the high prevalence of
H. pylori infection.

© 2013 Baishideng. All rights reserved.
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Core tip: The high prevalence of Helicobacter pylori
(H. pylori) infection in Bhutan may contribute to the
high incidence of peptic ulcers and gastric cancer. The
prevalence of H. pylori infection in the capital city,
Thimphu, was significantly lower than that of other
rural areas. Therefore, performing eradication therapy
of H. pylori and improving the sanitary conditions to
decrease the rate of H. pylori infection in Bhutan can
contribute to decreasing H. pylori-related diseases
such as peptic ulcers and gastric cancer.

Vilaichone R, Mahachai V, Shiota S, Uchida T, Ratanachu-ek
T, Tshering L, Tung NL, Fujioka T, Moriyama M, Yamaoka Y.
Extremely high prevalence of Helicobacter pylori infection in
Bhutan. World J Gastroenterol 2013; 19(18): 2806-2810 Avail-
able from: URL: http://www.wjgnet.com/1007-9327/full/v19/
118/2806.htm DOI: http://dx.doi.org/10.3748/wjg.v19.118.2806

INTRODUCTION

Helicobacter pylori (H. pylori) is a spiral, Gram-negative
bacterium that chronically colonizes the human stomach
and is currently recognized to play a causative role in the
pathogenesis of various gastroduodenal diseases, includ-
ing gastritis, peptic ulcers, gastric cancer, and mucosa-
associated lymphoid tissue lymphoma“’zJ. Infection with
H. pylori almost always results in chronic gastritis, but only
a small population of infected patients develop more se-
vere diseases, such as peptic ulcers and gastric cancer™.
In Asia, gastric cancer is still a significant health problem,
and the incidence of gastric cancer geographically var-
ies greatly. Based on the age-standardized incidence rate
(ASR) of gastric cancer, Asian countties can be catego-
rized as high-risk (e.g., Japan, South Korea and China),
intermediate-risk (e.g., Vietnam) or low-risk (e.g., Thailand
and Indonesia) countries for gastric cancer'’, Although
the association between H. pylori infection and gastric
cancer has been well-established™”, a high prevalence
of H. pylori infection is not always associated with a high
incidence of gastric cancer. For example, despite the high
infection rate in India, the incidence of gastric cancer
there is low, which is known as an “Asian enigma”m.

Bhutan is a small landlocked country in South Asia,
located at the eastern end of the Himalayas and bor-
dered on the South, East and West by India and on the
North by China. The ASR of gastric cancer in Bhutan
was reported to be 24.2/100000, which is relatively high
among Asian countries'’. Although several studies fo-
cused on the prevalence of H. pylori infection have been
conducted in many countries with different socioeco-
nomic, cultural, and racial groupslg’lol, the prevalence of
H. pylori infection in Bhutan has not been investigated
yet. In this study, we first disclosed the infection rate of
H. pylori in Bhutan, and the findings from this study can
be used as baseline epidemiological data for further re-
search to understand the epidemiology of H. pylori infec-
tion in Bhutan and other Asian counttries.
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Figure 1 Geographic location in Bhutan.

MATERIALS AND METHODS
Study population

We recruited a total of 372 volunteers with dyspeptic
symptoms (214 females and 158 males; mean age of
39.6 * 14.9 years) during four days (December 6 to 9) in
December 2010. The survey was conducted in Thimphu
(n = 194), the capital city, and in two other cities within
a 200 km radius of the capital, Punakha (» = 119) and
Wangdue (7 = 59) (Figure 1). Written informed consent
was obtained from all participants, and the protocol
was approved by the Ethics Committee of Jigme Dorji
Wangchuk National Referral Hospital, Bhutan.

During each endoscopy session, four gastric biopsy
specimens were obtained (three from the antrum and
one from the corpus). The three specimens from the an-
trum were used for H. pylori culture, rapid urease test and
histological examination. The specimen from the corpus
was used for histological examination. Peptic ulcers and
gastric cancer were identified by endoscopy, and gastric
cancer was further confirmed by histopathology. Gastri-
tis was defined as H. pylori gastritis in the absence of a
peptic ulcer or gastric malignancy.

Status of H. pylori infection

To maximize the diagnostic accuracy, 5 different methods
were combined for the diagnosis of H. pylori infection,
including culture, histology, immunohistochemistry (IHC),
the rapid urease test and serum H. pylori antibody. For the
H. pylori culture, one biopsy specimen from the antrum
was homogenized in saline and inoculated onto Mueller
Hinton II Agar medium (Becton Dickinson, NJ, United
States) supplemented with 7% horse blood without anti-
biotics. The plates were incubated for up to 10 d at 37 C
under microaerophilic conditions (10% Oz, 5% COz and
85% N2). H. pylori was identified on the basis of colony
morphology, Gram staining and positive reactions for
oxidase, catalase, and urease. Isolated strains were stored
at -80 C in Brucella Broth (Difco, NJ, United States) con-
taining 10% dimethylsulfoxide and 10% horse serum. For
histology, all biopsy materials were fixed in 10% buffered
formalin for 24 h and then embedded in paraffin. Serial
sections were stained with hematoxylin and eosin and with
May-Giemsa stain. The state of the gastric mucosa was
evaluated according to the updated Sydney system!". The
degree of the bacterial load was classified into four grades:
0, “normal’; 1, “mild”; 2, “moderate”; and 3, “marked”. A
bacterial load grade greater than or equal to 1 was defined
as H. pylori positive. H. pylori seropositivity was evaluated
with a commercially available ELISA kit (Eiken Co., Ltd.,
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Table 1 Prevalence of Helicobacter pylori infection in each diagnostic test n (%)

Diagnostic test Age (yr) Total (n = 372)
< 29 (n = 107) 30-39 (n = 96) 40-49 (n = 80) 50-59 (» = 45) = 60 (n = 44)
Serum 80 (74.8) 80 (83.3) 47 (58.8) 30 (66.7) 24 (54.5) 261 (70.2)
CLO 68 (63.6) 59 (61.5) 35 (43.8) 24 (53.3) 17 (38.6) 203 (54.6)
Culture 72 (67.3) 61 (63.5) 38 (47.5) 23 (51.1) 16 (36.4) 210 (56.5)
Histology 77 (72.0) 64 (66.7) 41 (51.3) 28 (62.2) 19 (43.2) 229 (61.6)
THC 77 (72.0) 64 (66.7) 41 (51.3) 28 (62.2) 19 (43.2) 229 (61.6)
Final 86 (80.4) 80 (83.3) 49 (61.3) 32 (71.1) 26 (59.1) 273 (73.4)

CLO: The rapid urease test; IHC: Immunohistochemistry.

Tokyo, Japan) according to the manufacturer’s instruc-
tions. Patients were considered to be H. pylori-negative
when all five tests were negative, and a H. pylori-positive
status required at least one positive test result.

Immunohistochemistry

IHC was performed as described previouslym}. Briefly,
after antigen retrieval and inactivation of endogenous
peroxidase activity, tissue sections were incubated with
the a-H. pylori Ab (DAKO, Denmark) overnight at 4 C.
After washing, the sections were incubated with biotinyl-
ated goat anti-rabbit IgG (Nichirei Co., Japan), followed
by incubation with a solution of avidin-conjugated
horseradish peroxidase (Vectastain Elite ABC kit; Vec-
tor Laboratories Inc., Burlingame, CA, United States).
Peroxidase activity was detected using a H202/diamino-
benzidine substrate solution. For all cases, we performed
Giemsa staining using a serial section to identify the
presence of H. pylori. If the H. pylori identified by Gi-
emsa staining was found to be positively immunostained,
we judged the case to be positive.

Statistical analysis

The statistical analysis were conducted using the chi-
squate test to compare discrete variables and Cochran-
Armitage analysis to compare the prevalence of H. pylori
infection. Differences in the prevalence in each group
were analyzed using the Mantel-Haenszel method. To
match age and sex, multiple backward stepwise logistic
regression analyses were used to examine the associations
of peptic ulcers with the main predictor variables. The
predictor variables for peptic ulcers were age, sex and H.
pylori status. For each variable, the OR and 95%CI were
calculated. Differences at P < 0.05 were regarded as statis-
tically significant. The data analysis was performed using
JMP® 9 statistical software (SAS Institute Inc., Cary, NC,
United States) and SPSS version 19 (SPSS Inc., Chicago,
1L, United States).

RESULTS

A total of 372 subjects were recruited, comprising 107
who were < 29 years old, 96 who were 30-39 years old, 80
who were 40-49 years old, 45 who were 50-59 years old,
and 44 who were = 60 years old. Table 1 shows the H. py-
lori-positive rate for each test. The serological test showed
a significantly higher positive rate compared with the CLO
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test, culture, histology and IHC (P < 0.001, P < 0.001, P
= 0.01, and P = 0.01, respectively). The prevalence of H.
pylori infection by the serological test was as follows: 74.8%
(80/107) for the < 29 years old group, 83.3% (80/96) for
the 30-39 years old group, 58.8% (47/80) for the 40-49
years old group, 66.7% (30/45) for the 50-59 years old
group, and 54.5% (24/44) for the = 60 years old group.
When the subjects were considered to be H. pylori positive
in the case of at least one positive test, the prevalence of
H. pylori was 80.4% (86/107) for the < 29 years old group,
83.3% (80/96) for the 30-39 years old group, 61.3% (49/80)
for the 40-49 years old group, 71.1% (32/45) for the 50-59
years old group, and 59.1% (26/44) for the = 60 yeats old
group; thus, the prevalence was significantly decreased with
age (P < 0.01). This phenomenon was significant in the
Thimphu area. Because the number of subjects older than
50 years old in Punakha and Wangdue was too small for
the statistical analysis, this trend was not observed in these
two areas. Overall, the prevalence of H. pylori infection in
Bhutan was 73.4% (273/372). Figute 2 shows the preva-
lence of H. pylori infection according to the various range
age groups. There was no significant difference between
men and women (data not shown).

The prevalence of H. pylori infection in the three
cities was analyzed by the Mantel-Haenszel method to
adjust for age. It differed among the three cities, with the
highest in Punakha (102/119, 85.7%), followed by Wang-
due (44/59, 74.5%) and Thimphu (127/194, 65.4%). The
prevalence of H. pylori infection was significantly lower in
Thimphu than in Punakha even after the adjustment for
age (P = 0.001). Although there was no significant differ-
ence, the prevalence tended to be lower in Thimphu than
in Wangdue even after the adjustment for age (P = 0.06).

In the endoscopic diagnosis, gastritis was the most
common finding (307/372, 82.5%). Gastric and duode-
nal ulcers were found in 25 (6.7%) and 22 (5.9%) cases,
respectively. Gastric cancer was found in 5 cases (1.3%).
Duodenal erosion, duodenal tumor, and reflux esopha-
gitis were found at 5, 1 and 7 cases, respectively. Table 2
shows the prevalence H. pylori infection in each diagno-
sis. A high infection rate was detected among patients
with gastric ulcers (92.0%) and duodenal ulcers (90.9%).
In addition, 71.3% of the subjects with gastritis were H.
pylori-positive. When gastric and duodenal ulcers were
defined as peptic ulcers, the prevalence of H. pylori infec-
tion in peptic ulcers was significantly higher than that in
gastritis (91.4% vs 71.3%, P = 0.003). The percentage of
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Figure 2 Prevalence of Helicobacter pylori infection by age group in Bhutan.

men was also significantly higher in patients with peptic
ulcers than in those with gastritis (72.3% o5 37.1%, P <
0.001). Multiple logistic analysis after adjusting for age
and gender showed that H. pylori-positivity in addition
to male gender was significantly associated with peptic

ulcers (OR = 3.89, 95%CI: 1.33-11.33).

DISCUSSION

We first revealed that the prevalence of H. pylori in Bhu-
tan was 73.4%. In contrast with developed countries,
H. pylori infections occur earlier in life and with a higher
frequency in the developing wortld®. The prevalence of
infection with H. pylori infection exceeds 50% by 5 years
of age, and by adulthood, infection rates exceeding 90%
are not unusual in developing countries!”. Although
the prevalence of infection has dropped significantly
in many parts of North America, Western Europe and
Asia, no such decline has been noted in the developing
world™, The present study showed that a high preva-
lence was detected in younger age groups and that the
prevalence significantly decreased with age in Bhutan.
The decrease in the H. pylori infection rate with age
might be due to the overuse of antibiotics in Bhutan.
Antibiotics are frequently used in any infectious diseases
in Bhutan (Dr. Lotay, personal communication). Even
under these conditions, the prevalence of H. pylori infec-
tion was relatively high in all age groups.

Several clinical tests have been developed to diagnose
H. pylori infection. However, there is still no established
“gold standard” for the diagnosis of H. pylori, and thus
the combination of two or mote tests should be applied
to determine the accurate prevalence of infection. In
this study, we combined 5 different tests and considered
H. pylori-positivity to be at least one positive test among
the five tests. In this study, the serological test showed
the highest positive rate compared with the other 4 tests.
Although the serological test is widely used in epide-
miological studies and not affected by local changes in
the stomach that could lead to false-negatives, as in the
other tests, this test cannot distinguish between current
and past infections because H. pylori IgGs persist even

. . : 9
after the disappearance of this bacterium™'¥. Therefore,
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Table 2 Prevalence of Helicobacter pylori infection in each
diagnosis 7 (%)

Diseases n Positive
Gastritis 307 219 (71.3)
Gastric ulcer 25 23 (92.0)
Duodenal ulcer 22 20 (90.9)
Gastric cancer 5 3 (60.0)
Duodenal erosion 5 3 (60.0)
Duodenal tumor 1 1 (100.0)
Reflux esophagitis 7 4 (57.1)

results that are positive in the serological test and nega-
tive in the endoscopic tests may indicate a past infection.
Culture from biopsy specimens has the potential of lead-
ing to a high sensitivity, given that only one bacterium
can multiply and provide billions of bacteria. However,
both strict transport conditions and careful handling in
the laboratory are necessary' . Histopathological posi-
tivity depends on the density of H. pylori biopsy sites;
thus, these tests can occasionally show false negative re-
sults'"" In addition, the histological diagnosis of H. pylori
infection is very much dependent on the expertise of the
pathologists. The rapid urease test, such as the CLO test,
can be useful as a rapid diagnostic method. However,
these results can also be affected by the bacterial load"".
A high proportion of the elderly population develops
gastric atrophy and intestinal metaplasia, which can lead
to a hostile environment for H. pylori and thus fewer bac-
teria and potentially a negative result. A detailed study in
histological scoring is necessary for further study. More-
over, endoscopic tests, including the CLO test, culture
and histological examination, can be affected in bleeding
patients with peptic ulcers"”. However, although the rea-
son is not clear, all peptic ulcer cases in our study were
not in the active bleeding phase, indicating that we do
not need to consider any effects of bleeding.

The lowest infection rate was found in Thimphu, which
is the capital city of Bhutan. The prevalence of H. pylori
infection in Thimphu was significantly lower than that of
the rural cities of Punakha and Wangdue. In Thimphu,
the sanitary conditions are better than those of Punakha
and Wangdue, which supports the possibility that sanitary
conditions may be important factors for H. pylori infection.
In fact, the prevalence of H. pylori infection was very low
in individuals less than 10 years old (ze., approximately 5%0)
and increased with age in ]apanll5j. Overall, it was higher
among individuals born before 1950 and lower in those
born thereafter. There was a rapid change in the sanitary
conditions and standard of living in Japan after World War
I, and clean public water systems were introduced in Ja-
pan in the 1950s. Therefore, sanitary conditions, such as a
full equipment rate of water and sewage, are considered to
be important factors for H. pylori infection”,

The prevalence of H. pylori in patients with peptic
ulcers was significantly higher than that in patients with
gastritis, which is consistent with previous reports[w’lg].
This observation suggests that H. pylori infection is a risk
factor for the development of peptic ulcers and gastric
cancet, even in Bhutan. In addition, we found 5 gastric
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cancer patients among the 372 volunteers. The ASR of
gastric cancer in Bhutan was reported to be 24.2/100000
based on the small number in the registry (114 cases) in
2008". This observation supports the high incidence of
gastric cancer in Bhutan.

In conclusion, the high incidence of gastric cancer in
Bhutan may be attributed to the high prevalence of H.
pylori infection. Therefore, the eradication therapy of H.
Pylori can contribute to a decrease in H. pylori-related dis-
eases, such as peptic ulcers and gastric cancer. However,
we should be cautious regarding eradication therapy in
Bhutan. Even when eradication therapy for H. pylori has
succeeded, the infection frequently recurs in patients in de-
veloping countries, where there is a high prevalence of H.
Pylori infection”. Such repeat infections are either due to
a recurrence of the original infection or reinfection with a
new strain. Improving the sanitary conditions to decrease
the prevalence of H. pylori in Bhutan is important.
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Abstract

AIM: To evaluate whether preoperative mean corpus-
cular volume (MCV) is a prognostic indicator in patients
with resectable esophageal squamous cell carcinoma
(ESCQC).

METHODS: A total of 298 consecutive, prospectively
enrolled patients with histologically diagnosed ESCC
who underwent surgery with curative intent from 2001
to 2011 were retrospectively evaluated. Patients were
excluded if they had previous malignant disease, dis-
tant metastasis at the time of primary treatment, a
history of neoadjuvant treatment, had undergone non-
radical resection, or had died of a non-tumor-associated
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cause. Survival status was verified in September 2011.
Pathological staging was performed based on the 2010
American Joint Committee on Cancer criteria. Preopera-
tive MCV was obtained from blood counts performed
routinely within 7 d prior to surgery. Receiver operating
characteristic (ROC) curve analysis was used to deter-
mine a cutoff for preoperative MCV.

RESULTS: The 298 patients consisted of 230 males
and 68 females, with a median follow-up of 30.1 mo.
ROC analysis showed an optimal cutoff for preoperative
MCV of 95.6 fl. Fifty-nine patients (19.8%) had high (>
95.6 fl) and 239 (80.2%) had low (< 95.6 fl) preopera-
tive MCV. Preoperative MCV was significantly associated
with gender (P = 0.003), body mass index (P = 0.017),
and preoperative red blood cell count (P < 0.001). The
predicted 1-, 3- and 5-year overall survival (OS) rates
were 72%, 60% and 52%, respectively. Median OS was
significantly longer in patients with low than with high
preoperative MCV (27.5 mo vs 19.4 mo, P < 0.001).
Multivariate analysis showed that advanced pT (P =
0.018) and pN (P < 0.001) stages, upper thoracic loca-
tion (P = 0.010), lower preoperative albumin concen-
tration (P = 0.002), and high preoperative MCV (P =
0.001) were negative prognostic factors in patients with
ESCC. Preoperative MCV also stratified OS in patients
with T3, N1-N3, G2-G3 and stage III tumors.

CONCLUSION: Preoperative MCV is a prognostic fac-
tor in patients with ESCC.

© 2013 Baishideng. All rights reserved.

Key words: Preoperative markers; Mean corpuscular
volume; Prognosis; Resectable; Esophageal neoplasms

Core tip: Elevated mean corpuscular volume (MCV) has
been shown to predict the risk of esophageal squamous
cell carcinoma (ESCC). We hypothesized that pretreat-
ment MCV could predict prognosis. In analyzing 298
patients with ESCC, we found that the optimal cut-off
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for preoperative MCV was 95.6 fl. Multivariate analysis
showed that high (> 95.6 fl) preoperative MCV was a
negative prognostic factor, along with advanced stage,
upper thoracic location and lower preoperative albu-
min, in patients with ESCC. Median overall survival was
significantly longer in patients with low (< 95.6 fl) than
high preoperative MCV (27.5 mo vs 19.5 mo, P < 0.001).

Zheng YZ, Dai SQ, Li W, Cao X, Li Y, Zhang LJ, Fu JH, Wang
JY. Prognostic value of preoperative mean corpuscular volume
in esophageal squamous cell carcinoma. World J Gastroenterol
2013; 19(18): 2811-2817 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v19/i18/2811.htm DOI: http://dx.doi.
org/10.3748/wjg.v19.118.2811

INTRODUCTION

Elevated mean corpuscular volume (MCV) has long been
recognized as a biomarker for alcoholic and folate defi-
cient patients“"%]. Although the nature of the relationship
between them remains unclear, recent reports suggested
that alcohol-induced folate deficiency can lead to mac-
rocytosisw. In addition, MCV was found to be higher in
Asian heavy drinkers with inactive aldehyde dehydroge-
nase-2 (ALDH2)™ and to be a marker for alcohol abuse
with inactive heterozygous ALDH2"* suggesting that
acetaldehyde is an important contributor to macrocytosis.

Alcohol abuse, and acetaldehyde and folate deficiency,
all indicative of poor physical condition, were found to
increase susceptibility to esophageal carcinoma™ ' as
was macrocytosisw’m. In addition, patients with more ad-
vanced malignancies frequently present with more severe
hematological anomalies"*"”. These findings led us to
hypothesize that pretreatment MCV may predict the prog-
nosis of patients with esophageal carcinoma. We there-
fore analyzed the association between preoperative MCV
and different clinicopathological parameters, as well as the
prognostic significance of preoperative MCV in patients
with esophageal squamous cell carcinoma (ESCC).

MATERIALS AND METHODS

Patients selection

This study was a retrospective analysis of a prospectively
collected database (2001-2011) of 298 consecutive pa-
tients with histologically diagnosed ESCC who underwent
surgery with curative intent at the Cancer Center of Sun
Yat-Sen University, Guangzhou, China. Patients with
previous malighancy, distant metastasis, neoadjuvant treat-
ment, non-radical resection (R1/R2), or non-tumor-asso-
ciated death were excluded. Tumors were pathologically
staged using the American Joint Committee on Cancer
(2010) staging system. Patients were followed-up in the
outpatient clinic every 3-6 mo during the first 3 years and
every 12 mo thereafter. Demography and clinical details
wete extracted from the database (Table 1). Survival status
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was verified in September 2011 using the best available
methods. The study protocol was approved by the medi-
cal ethics committee of the Cancer Center of Sun Yat-Sen
University, which waived the requirement for informed
consent due to the retrospective nature of the study.

Preoperative MCV

Preoperative MCV was determined from preoperative blood
counts, performed routinely within 7 d prior to surgery,
using a Beckman Counter blood analyzer (version STKS,
Beckman Counter Inc., Fullerton, CA, United States). The
cut-off for preoperative MCV was defined by receiver op-
erating characteristic (ROC) curve analysis, with the point
maximizing the area under the curve being selected.

Statistical analysis

All statistical analysis were performed using the SPSS 19.0
software package (SPSS, Inc., Chicago, IL, United States).
The ROC curve was generated and analyzed using Med-
Calc statistical softwate package 11.0.1 (MedCalc Software
bvba, Mariakerke, Belgium). Correlations between preop-
erative MCV and clinicopathological characteristics were
assessed using the Pearson’s ;(2 test. Overall survival (OS)
was defined as the interval from the date of surgery to
the date of death, or last follow-up. Multivariate Cox re-
gression analysis was performed for all parameters found
to be significant by the univariate analysis. Survival was
analyzed using the Kaplan-Meier method, and differences
between curves were assessed by the Log-Rank test. Sta-
tistical significance was defined as a P value < 0.05.

RESULTS

Patient baseline characteristics and preoperative MCV
The 298 patients consisted of 230 males and 68 females,
with a median preoperative MCV of 91.0 fl (range:
01.4-112.4 fl). ROC curve analysis showed that the optimal
cut-off point maximizing (0.588) was 95.6 fl (P = 0.0123),
with a sensitivity of 0.867 and a specificity of 0.324. Using
this cut-off, 59 patients (19.8%) had high (> 95.6 fl) and
239 (80.2%) had low (< 95.6 fl) preoperative MCV. The
correlations between preoperative MCV and clinicopatho-
logic parameters are summatrized in Table 1. Preoperative
MCV was significantly associated with gender (P = 0.003),
body mass index (BMI) (P = 0.017), and preoperative red
blood cell (RBC) count (P < 0.001; Figure 1).

Survival and preoperative MCV
Over a median follow-up of 30.1 mo, 102 of the 298
patients (34.2%) died of cancer-related causes, whereas
the other 196 (65.8%) survived. The median survival time
was 25.8 mo (range: 1.6-116.1 mo), and the predicted 1-,
3- and 5-year OS rates after primary surgery were 72%,
60%, and 52% respectively. Median OS was significantly
longer in patients with low than high preoperative MCV
(27.5 mo »s 19.4 mo, P < 0.001; Figure 2).

To determine factors independently prognostic of pa-
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Table 1 Clinicopathological parameters and preoperative mean corpuscular volume 7 (%)

Characteristics Case numbers Preoperative MCV P value
Low High Pearson’s 7~ test

Age, yr (mean * SE) 58.2+9.2

<65 231 184 (79.7) 47 (203)

> 65 67 55(82.1) 12 (17.9) 0.660
Gender

Male 230 176 (76.5) 54 (23.5)

Female 68 63 (92.6) 5 (7.4) 0.003
BMI, kg/m’ (mean + SE) 22332

<20 65 46 (70.8)  19(29.2)

>20and < 25 180 144 (80.0) 36 (20.0)

>25 53 49 (92.5) 4(7.5) 0.017
Smoking index 440.1 £483.1

<400 171 141 (825) 30 (17.5)

> 400 127 98 (77.2) 29 (22.8) 0.257
Preoperative RBC, x 10"*/L (mean + SE) 45%06

<40 56 31(554) 25 (44.6)

>4.0 242 208 (86.0) 34 (14.0) <0.001
Preoperative albumin, g/L (mean * SE) 429+4.6

<43 149 115(77.2) 34 (22.8)

>43 149 124 (832)  25(16.8) 0.191
pT status, UICC™" (mean + SE)

T1 33 31(93.9) 2(6.1)

T2 52 44 (84.6) 8 (15.4)

T3 213 164 (77.0) 49 (23.0) 0.051

NO 138 116 (841)  22(15.9)

N1 89 67 (753)  22(24.7)

N2 51 42 (82.4) 9 (17.6)

N3 20 14 (70.0) 6 (30.0) 0.250
Histologic grade

Gl 94 71(755) 23 (24.5)

G2 156 127 (81.4) 29 (18.6)

G3 48 41 (85.4) 7 (14.6) 0.324
pTNM stage (UICC™)

Stage 37 32 (86.5) 5 (13.5)

Stage 1l 120 100 (83.3) 20 (16.7)

Stage II 141 107 (75.9) 34 (24.1) 0.191
Tumor location

Upper 48 37(771)  11(22.9)

Middle 150 125 (83.3) 25 (16.7)

Lower 100 77.(77.0) 23 (23.0) 0.393

"Normal limit of red blood cell count; *Mean value of preoperative hemoglobin. MCV: Mean corpuscular volume;
Low: Low preoperative MCV (< 95.6 fl); High: High preoperative MCV (> 95.6 fl); BMI: Body mass index; RBC:

Red blood cell; UICC: Union for International Cancer Control.

tient survival, we analyzed OS using a Cox proportional
hazards model. All parameters found to be potentially
significant in univariate analysis were included in a multi-
variate analysis. We found that pT status (P = 0.018), pN
status (P < 0.001), tumor location (P = 0.010), preopera-
tive albumin concentration (P = 0.002), and preoperative
MCV (P = 0.001) were significantly prognostic of sur-
vival in this patient cohort (Table 2). When we analyzed
the effect of preoperative MCV on OS in patients classi-
fied by clinicopathological factors, preoperative MCV was
predictive of OS in patients with T3 (P < 0.001), N1-N3
(P < 0.001), G2-G3 (P < 0.001), and stage Il (P = 0.001)
tumors (Figure 2 and Table 3).

DISCUSSION

Hematologic parameters have been reported to correlate
significantly with prognosis in patients with advanced

(49

TeA
JBaishideng®

WJG | www.wjgnet.com

2813

U518 MCV is considered a sensitive
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indicator of alcohol abuse and folate deficiency!>**".
Recently, MCV was found to be a biomarker for alcohol
abuse accompanied by inactive heterozygous ALDH2,
and also allowed for the prediction of ESCC risk™. To
our knowledge, however, no previous study has assessed
the relationship between MCV and the prognosis of pa-
tients with ESCC.

Using ROC curve analysis, we found that a cut-off
of 95.6 fl was a statistically significant predictor of OS.
Moreover, high (> 95.6 fI) MCV was significantly cor-
related with male gender, lower BMI, and RBC < 4 X
10"/L. Folate deficiency has been shown to inhibit red
cell maturation, as well as increasing erythrocyte fragility,
resulting in increased hemolysis and lower RBC count,
which consequently results in macrocytosis”™. Lower BMI
may accompany poor nutritional status, which was associ-
ated with elevated MCVP?, The significant correlation
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between high MCV and male gender may be related to
the association between macrocytosis and alcohol abuse,
since overdrinking is much more frequent in males than
in females®. Furthermore, MCV tended to be associated
with pT status (P = 0.051), consistent with findings show-
ing that preoperative MCV may provide a complementary
advantage in assessing tumor invasiveness'”!
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Although TNM stage is the best predictor of survival
in cancer patients, OS may differ widely in patients with
the same TNM stage tumors who receive the same treat-
ment, suggesting that other, as yet undetermined factors
may affect prognosis. Since preoperative hematologic pa-
rameters have been predictive of patient prognosis' ",
we performed univariate and multivariate analyses of
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Table 2 Univariate and multivariate Cox regression analysis for overall survival

Factors Univariate analysis Multivariate analysis
HR (95%Cl) P value' HR (95%Cl) P value'

Age, yr 1.007 (0.985-1.029) 0.527

Gender (male vs female) 0.744 (0.464-1.196)  0.222

Smoking index (< 400 vs > 400) 1.391 (0.940-2.060) 0.099 1.302 (0.874-1.940) 0.194
BMI, kg/m’ (< 20 vs > 20; < 25 vs > 25) 0.878 (0.638-1.207)  0.422

Preoperative MCV, fl (< 95.6 vs > 95.6) 2495 (1.644-3787) <0.001 2108 (1.372-3.241)  0.001
Preoperative RBC, x 10/L (< 4 vs > 4) 0.685 (0.433-1.082) 0105  0.835(0.507-1.350)  0.462
Preoperative albumin, g/L 0.954 (0.919-0.990) 0.012 0.938 (0.900-0.977) 0.002
pT status (pT1 vs pT2 and pT3) 1.641 (1.147-2.348) 0007 1589 (1.084-2.327)  0.018
PN status (pNO vs pN1, pN2 and pN3) 1.954 (1.603-2.382) <0.001  1.957 (1.602-2.392) < 0.001
Histologic grade (G1 vs G2 and G3) 0.961 (0.714-1.293)  0.791

Tumor location 0.798 (0.605-1.051) 0109  0.692 (0.522:0.916)  0.01

(upper thoracic vs middle thoracic and lower thoracic)

!Cox proportional hazards model. HR: Hazard ratio; BMI: Body mass index; MCV: Mean corpuscular volume; RBC:

Red blood cell.

Table 3 Comparison of prognosis in specified cohort strati-

fied by preoperative mean corpuscular volume

Variable Case numbers Overall survival (mo) P value
(mean + SE) Log-Rank test
All cohort <0.001
Low 239 33.7+24.7
High 59 258+24.2
pT status
T1-T2 0.075
Low 75 39.1+27.1
High 10 27.6+22.7
T3 <0.001
Low 164 31.2+232
High 49 254+24.7
PN status
NO 0.464
Low 116 40.0 £ 26.0
High 22 35.5+28.7
N1-N3 <0.001
Low 123 27.9+220
High 37 20.0+19.2
Histologic grade
Gl 0.211
Low 71 329+276
High 23 27.4+243
G2-G3 <0.001
Low 168 34.1+234
High 36 248+24.4
pTNM stage
Stage | 0.581
Low 32 37.9+271
High 5 37.6+32.6
Stage II 0.061
Low 100 39.6 £25.4
High 20 31.1+27.7
Stage III 0.001
Low 107 27.0+21.6
High 34 20.9+19.8

Low: Low preoperative mean corpuscular volume (< 95.6 fl); High: High
preoperative mean corpuscular volume (> 95.6 fI).

factors predictive of OS in patients with ESCC. We
found that pathological stage, tumor location, preopera-
tive albumin concentration, and preoperative MCV were
prognostic factors in our patient cohort.
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We also found that OS was significantly shorter in
patients with upper-thoracic cancer than those with
middle and lower-thoracic esophageal cancer. A study
of 605 patients with ESCC also found that median OS
was significantly shorter in patients with upper thoracic
cancer than in those with middle and lower thoracic tu-
mors (45.9 mo vs 82.2 and 93.8 mo; P < 0.001)*”. Due
to their anatomical location, carcinomas of the upper
thoracic esophagus often result in early invasion of adja-
cent structures and extensive lymph node metastasis"’
The prognostic significance of preoperative albumin
concentration may be due to it being a sensitive indicator
of nutrition, liver function, and metabolic response to
disease; thus patients with lower albumin concentrations
may present with poorer physical status, decreasing both
their response and tolerance to treatment”*. Similar
findings were reported in patients with adenocarcinoma
of the gastric cardia™.

Although we found that preoperative MCV was
prognostic in patients with ESCC, there is no evidence
that MCV has a direct effect on tumor progression or
patient prognosis. MCV, however, is a marker of internal
folate concentration. Folate acts to transfer one-carbon
moieties, thus playing a central role in DNA synthesis,
replication, repair, and methylationm. Folate deficiency
leads to aberrant DNA methylation, which has been re-
ported to be a predictor of clinical outcome in patients
with esophageal cancer™, A recent study of 125 ESCC
patients who underwent surgical resection showed that
median OS was significantly longer in patients with high
than with low/moderate folate intake (4.59 years »s 3.06
years; P = 0.007)™". Similar results were reported in pa-
tients with advanced gastric cancer who were treated with
chemotherapy™.

Another factor linking MCV with prognosis in ESCC
is macrocytosis, which may be an indicator of malnu-
trition, a negative prognostic factor in various human
cancers” . In addition, crystal osmotic pressure was
shown to be a major regulator of red cell volume in in-
ternal environments"’. Dysphagia, a frequently observed
symptom in patients with advanced esophageal cancer,
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restricts intake, thus reducing serum concentrations of
electrolytes, glucose, and amino acids. This, in turn, may
decrease crystal osmotic pressure, leading to red cell dila-
tion. Our finding, that preoperative MCV was related to
pT stage and BMI, was consistent with results suggesting
that increased MCV was associated with tumor invasive-
ness and nutritional status™"”. Thus, taken together, these
results suggest that preoperative MCV may be a marker
reflecting internal folate concentration, nutritional status,
and tumor invasiveness, thus comprehensively predict-
ing prognosis in patients with ESCC. MCV assays are
also convenient and inexpensive to perform, allowing for
wide clinical application and suggesting that they may be
crucial in preoperative assessment.

To further evaluate the prognostic significance of
preoperative MCV, we performed subgroup analysis in
patients with ESCC. We found that MCV resulted in the
stratification of OS in patients with T3, N1-N3, G2-G3,
and stage [l tumors, but not in patients with T1-T2,
NO, G1, ot stage I /Il tumors. These findings, however,
may be due to the small sample size of these subgroups.
Morteover, the relatively good prognosis in patients with
T1/2, N0, G1, and stage I /I tumors may mask the sig-
nificance of preoperative MCV.

This study has limitations and potential biases. Due to
its retrospective nature, records of alcohol consumption
by patients were incomplete and folic acid concentrations
were not tested in most patients. Furthermore, we could
not determine whether preoperative MCV was a better
predictor of OS than conventional prognostic factors.
Finally, our small sample size may reflect a selection bias
to some extent.

In conclusion, in patients with resectable ESCC, OS
was significantly longer in patients with low (< 95.6 fl)
than high (> 95.6 fl) preoperative MCV. Additional stud-

ies, however, are required to validate our results.

COMMENTS

Background

Surgical resection remains the treatment of choice for patients with localized
esophageal carcinoma. Routine preoperative blood tests of red blood cells,
white blood cells, and platelet counts can help estimate surgical risk. Significant
hematologic variations frequently observed in patients with advanced malignant
diseases may predict prognosis.

Research frontiers

Elevated mean corpuscular volume (MCV) has long been recognized as a bio-
marker for alcohol abuse and folate deficiency. In addition, MCV was reported
to be higher in Asian heavy drinkers with inactive aldehyde dehydrogenase-2
(ALDH2), and was found to be a marker of alcohol abuse in individuals with
inactive heterozygous ALDH2, suggesting that acetaldehyde may be an impor-
tant contributor to macrocytosis. A recent study showed that macrocytosis was
a risk factor for esophageal carcinoma.

Innovations and breakthroughs

The authors observed a correlation between macrocytosis and prognosis in
patients with esophageal carcinoma. Overall survival was significantly shorter
in patients with elevated MCV than those with lower MCV. Utilizing receiver
operating characteristic curve analysis, the authors determined an optimal cut-
off point for MCV, which was both reasonable and objective.

Applications
These results suggest that preoperative MCV may be used to predict prognosis
in patients with esophageal cancer. Routine blood tests should be performed
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shortly before surgery in these patients, and those with elevated MCV, espe-
cially greater than 95.6 fl, should be carefully evaluated to assess the risks and
feasibility of surgery.

Terminology

MCV, representing the mean volume of a single red blood cell, is determined
by indirect calculation. Clinically, this parameter is often used in the differential
diagnosis of various type of anemia.

Peer review

This is an article on an unusual topic. The value of MCV has been known up to
now as risk factor for esophageal carcinoma, but it is not known as prognostic
factor.
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Abstract

AIM: To assess CD163 expression in plasma and pe-
ripheral blood and analyze its association with disease
in acute-on-chronic hepatitis B liver failure (ACHBLF)
patients.

METHODS: A retrospective study was conducted from
January 1, 2011 to January 1, 2012. Forty patients
with ACHBLF (mean age 44.48 = 12.28 years, range
18-69 years), 40 patients with chronic hepatitis B (CHB)
(mean age 39.45 £ 12.22 years, range 21-57 years)
and 20 age- and sex-matched healthy controls (mean
age 38.35 £ 11.97 years, range 28-60 years) were in-
cluded in this study. Flow cytometry was used to ana-
lyze the frequency of CD163+ peripheral blood mono-
nuclear cells (PBMCs) and surface protein expression
of CD163. Real-time transcription-polymerase chain re-
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action was performed to assess relative CD163 mRNA
levels in PBMCs. Plasma soluble CD163 (sCD163) levels
were measured by enzyme-linked immunosorbent as-
say. Clinical variables were also recorded. Comparisons
between groups were analyzed by Kruskal-Wallis # test
and Mann-Whitney U test. Statistical analyses were
performed using SPSS 15.0 software and a P value <
0.05 was considered statistically significant.

RESULTS: Flow cytometry showed that the population
of CD163+ PBMCs was significantly greater in ACHBLF
patients than in CHB patients and healthy controls
(47.9645% =+ 17.1542%, 32.0975% =+ 11.0215% vs
17.9460% + 6.3618%, P < 0.0001). However, there
were no significant differences in mean fluorescence
intensity of CD163+ PBMCs within the three groups
(27.4975 = 11.3731, 25.8140 = 10.0649 vs 20.5050 +
6.2437, P = 0.0514). CD163 mRNA expression in ACH-
BLF patients was significantly increased compared with
CHB patients and healthy controls (1.41 x 10° + 2.18
x 107, 5.10 x 10+ 3.61 x 10°rs37.0 x 10™ £ 3.55
x 10, P = 0.02). Plasma sCD163 levels in patients
with ACHBLF were significantly increased compared
with CHB patients and healthy controls (4706.2175 +
1681.1096 ng/mL, 1089.7160 + 736.8395 ng/mL vs
435.9562 + 440.8329 ng/mL, P < 0.0001). In ACHBLF
patients, plasma sCD163 levels were significantly posi-
tively associated with model for end-stage liver disease
scores (r = 0.5075, P = 0.008), hepatitis B virus-DNA (r
= 0.6827, P < 0.0001), and negatively associated with
prothrombin activity (» = -0.3348, P = 0.0347), but
had no correlation with total bilirubin ( = 0.2551, P =
0.1122). Furthermore, sCD163 was obviously elevated
in non-surviving patients compared with surviving pa-
tients with ACHBLF (5344.9080 + 1589.5199 ng/mL vs
3641.7333 + 1264.5228 ng/mL, 2 = 0.0321).

CONCLUSION: CD163 and sCD163 may be related to
disease severity and prognosis in ACHBLF patients.

© 2013 Baishideng. All rights reserved.
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Core tip: This study included three groups, acute-on-
chronic hepatitis B liver failure (ACHBLF) patients,
chronic hepatitis B (CHB) patients and healthy controls.
Flow cytometry was used to analyze the frequency of
CD163+ peripheral blood mononuclear cells (PBMCs)
and surface protein expression of CD163. Real-time
transcription-polymerase chain reaction was performed
to assess relative CD163 mRNA levels in PBMCs. The
population of CD163+ PBMCs was significantly larger
in ACHBLF patients than in CHB patients and healthy
controls. CD163 mRNA expression in ACHBLF patients
was significantly increased compared with healthy
controls. Plasma soluble CD163 (sCD163) levels were
markedly increased and correlated with disease se-
verity and prognosis in ACHBLF patients. CD163 and
sCD163 may be useful biomarkers for ACHBLF.

Ye H, Wang LY, Zhao J, Wang K. Increased CD163 expression is
associated with acute-on-chronic hepatitis B liver failure. World
J Gastroenterol 2013; 19(18): 2818-2825 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v19/118/2818.htm DOI:
http://dx.doi.org/10.3748/wjg.v19.i18.2818

INTRODUCTION

Hepatitis B virus (HBV) infection is a major health prob-
lem wotldwide. It is thought to be one of the main causes
of liver-related chronic and acute diseases'". With severe
acute exacerbation of the disease, some chronic hepatitis
B (CHB) patients may progress to liver failure. We define
this progression as acute-on-chronic hepatitis B liver fail-
ure (ACHBLF), and constitutes about 70% of all acute-
on-chronic liver failure in areas with a high incidence of
hepatitis B”. ACHBLF has an extremely poor prognosis
due to a lack of understanding of its pathogenesis. Cur-
rently, clinical observations have shown that ACHBLF
may be related to strong immune responses. Therefore,
it is important to fully understand the course of the im-
mune pathogenesis of ACHBLE If we can identify effi-
cient markers which predict disease progression, this may
be of great help in the treatment of ACHBLF"

Innate immune cells such as macrophages can be ac-
tivated by acute and chronic inflammation and produce
various cytokines. These immunological cytokines induce

and cause liver tissue injury. Activated macrophages play
important roles in the production of these immune cyto-
kines. Monocytes and macrophages can be activated into
M1 and M2 subpopulations in response to different envi-
ronmental signals which are mainly derived from inflam-
matory diseases. Those of the M2 subpopulation inhibit
the inflammatory state! .,

CD163 is a member of a scavenger receptor fam-
ily and is expressed mainly on activated macrophages.
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It is a specific M2 macrophage marker. Soluble CD163
(sCD163) emerges from the shedding of CD163 from
the cell surface in the plasma'”. Tt is now evident that
sCD163 and CD163 are very useful as biomarkers of
macrophage activation in various inflammatory diseases.
It is strongly indicated that CDD163 and sCD163 may be
involved in the pathogenesis of liver failure. However,
the exact expression of CD163 and sCD163 in ACHBLF
patients has not been fully elucidated'".

This study aimed to evaluate petipheral blood CD163
and plasma sCD163 expression in macrophages from pa-
tients with ACHBLE

MATERIALS AND METHODS

Patients

Forty patients with ACHBLE, 40 patients with CHB and
20 healthy controls from Qilu Hospital of Shandong
University, were included in this retrospectively study.

Blood samples collected from January 2011 to January
2012 at the Department of Hepatology, Qilu Hospital
of Shandong University, were separated into plasma and
stored at -70 C until use.

Patients with CHB had more than twice the normal
alanine aminotransferase level. All groups were matched
for sex and age. ACHBLF patients had a history of
CHB, with plasma total bilirubin (TBIL = 85 ymol/L),
prothrombin activity (PTA) < 40%, and complications
such as hepatic encephalopathy (no less than grade II),
ascites or hepato-renal syndrome. According to the Asian
Pacific Association for the Study of the Liver guideline,
all ACHBLF patients received inpatient treatment. We
excluded patients who underwent liver transplantation,
had hepatocellular carcinoma or other metastatic liver
tumors or who had received immunotherapy or anti-viral
treatment within 6 mo. Patients with a history of alcohol
abuse, intravenous drug abuse, pregnancy, concomitant
chronic hepatitis C, human immune deficiency virus
infection or autoimmune hepatitis were also excluded.
Hepatitis B surface antigen in healthy controls (# = 20)
(age-, sex- and race-matched) was negative. Experiments
and procedures were conducted with the guidance of
the Helsinki Declaration of 1975"%, The study was ap-
proved by the local Ethical Committee of Qilu Hospital
of Shandong University. Prior to the collection of blood,
informed consent was obtained from each patient. The
characteristics of the enrolled subjects are summarized in

Table 1.

RNA extraction and real-time reverse-transcriptase
polymerase chain reaction

Six milliliters of peripheral venous blood were collected
from each subject and Ficoll-Paque Plus (GE Healthcare,
Uppsala, Sweden) was used for isolation of PBMCs. Total
RNA in PBMCs was extracted using Trizol (Invitrogen,
Carlsbad, CA, United States) according to the manu-
facturer’s instructions. Two micrograms of total RNA
were converted into cDNAs using the RevertAid™ First
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Table 1 Baseline characteristics of the subjects enrolled in
the present study

Patients ACHBLF CHB Healthy control
Cases 40 40 20

Age, yr 4448 +1228 3945+1222 3835+11.97
Sex (male/female) 23/17 26/14 12/8
HBeAg (+)/HBeAg (-) 19/21 28/12 NA
PTA, % 4536 £25.14 98.70+17.56 108.00 +13.56
TBIL, pmol/L 322.08 £166.00 33.39 £66.35 18.65 £ 6.55
HBV DNA, log10copies/mL 322.08 +166.00 3.20 +1.44 NA
Encephalopathy grade Il /IV  12.12% 0% 0%

Ascites 30.30% 0% 0%
Mortality 62.5% 0% 0%

ACHBLEF: Acute-on-chronic hepatitis B liver failure; CHB: Chronic hepati-
tis B; HBeAg: Hepatitis B e antigen; PTA: Prothrombin activity; TBIL: Total
bilirubin; HBV: Hepatitis B virus; NA: Not available.

Strand cDNA Synthesis Kit (Fermentas, Lithuania) and
real-time polymerase chain reaction (RT-PCR) was carried
out on a Lightcycler (Roche Diagnostics, Germany). RT-
PCR amplification mixtures (20 pl.) contained 75 ng tem-
plate cDNA, 10 pL. 2 9 SYBR” Premix Ex Taq™ (Takara,
Japan) and 200 nmol/L forward and reverse primer. The
real-time PCR reaction was performed as follows: the ini-
tial step was 95 C for 30 s, followed by 40 cycles at 95 'C
for 55, 60 C for 30 s and 72 °C for 30 s. B-actin was used
as the endogenous control for the normalization of RINA
quantity and quality differences in all samples.

The primers were as follows: CD163 forward
5-TCTGGCTTGACAGCGTTTC-3’; CD163 reverse
5-TGTGTTTGTTGCCTGGATT-3’; B-actin forward
5-CGGGAAATCGTGCGTGACATT-3’; B-actin reverse
5-GGAGTTGAAGGTAGTTTCGTGG-3’ (Fermentas,
Lithuania). Gene specific amplifications were demonstrat-
ed with melting curve data and gel-migration analyses.

Flow cytometric analysis

Freshly drawn peripheral whole blood samples of 200 pL
were stained with isotype-matched control antibody or
a relevant antibody (CD14, CD163) for 30 min at room
temperature in the dark. Anti-human CD163 PE, anti-
human CD14 APC and isotype-matched control antibody
were purchased from eBioscience (San Diego, CA, Unit-
ed States). Following incubation, erythrocytes were lysed
with RBC lysis buffer (Whole Blood Lysing Kit, R and
D Systems, United States). Finally, the cells were washed
three times, resuspended in 500 pl. of PBS containing
0.5% formaldehyde, and analyzed using a FACS Calibur
(BD Bioscience, PharMingen). The samples were ana-
lyzed with a Becton-Dickinson FACS Calibur machine.
Separate gates were established for the macrophages. The
amount of CD163 in peripheral blood was assessed using
flow cytometry (Coulter counter)™ " (Figure 1).

Determination of plasma levels of sCD163
SCD163 was determined by enzyme-linked immunosoz-

bent assay (ELISA) according to the manufacturer’s in-
structions (R and D, Minneapolis, MN, United States). All
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samples were analyzed in duplicate following the manu-
facturer’s protocol. The sensitivity of the assay was 0.1
ng/mL, and the intra-assay and intet-assay coefficients of
variation were less than 3% and 6%, respectively.

Clinical and laboratory parameters

Measurement of liver function tests: TBIL and hemato-
logical tests including PT'A were performed using stan-
dard methods in a clinical setting. Hepatitis B markers
were tested using a commercially available radioimmuno-
assay (Abbott). The level of HBV DNA was quantified
using a DNA assay (sensitivity > 500 copies/mL). Model
for end-stage liver disease (MELD) scores were calculat-
ed according to the Malinchoc formula: » = 9.57 X loge
[creatinine (mg/dL)] + 3.78 X loge [bilitubin (mg/dL)] +
11.2 X loge (INR) + 6.43 X (etiology: O if cholestatic or
alcoholic, 1 otherwise)"'".

Statistical analysis

Statistical analysis were performed using SPSS 15.0 soft-
ware (SPSS Inc., Chicago, 1L, United States). Compari-
sons between groups were analyzed by Kruskal-Wallis
H test and Mann-Whitney U test. The Spearman rank
correlation test was used for correlation analysis. All sta-
tistical analysis were two-sided, and a P value < 0.05 was
considered statistically significant.

RESULTS

Frequency of circulating CD163+ PBMCs and mean
fluorescence intensity

We determined the frequency of CD163+ PBMCs using
flow cytometry and found that in ACHBLF patients, the
frequency was markedly higher than that in the healthy
control group and CHB patients, respectively (Figure
2A). There was a significant difference in the frequency
of CD163+ PBMCs within the three groups (47.9645%
+ 17.1542%, 32.0975% + 11.0215% »s 17.9460% =+
6.3618%, P < 0.0001). We also evaluated the average
mean fluorescence intensity (MFI) of CD163+ PBMCs
using flow cytometric analysis. However, there were no
significant differences in MFI in CD163 + PBMCs within
the three groups (27.4975 = 11.3731, 25.8140 £ 10.0649
5 20.5050 * 6.2437, P = 0.0514) (Figure 2B).

Plasma levels of sCD163 in ACHBLF patients

We evaluated the plasma levels of sCD163 by ELISA.
The results showed that the levels of sCD163 in ACH-
BLF patients were markedly higher than those in CHB
patients and the healthy control group. Significant differ-
ences in plasma sCD163 were found within ACHBLF
patients, CHB patients and healthy controls (4706.2175
+ 1681.1096 ng/ml., 1089.7160 * 736.8395 ng/mL s
435.9562 *+ 440.8329 ng/mlL, P < 0.0001 ) (Figure 2C).

Increased mRNA expression of CD163 in PBMCs from

ACHBLF patients
We also determined the mRNA level of CD163 in PBMCs
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using RT-PCR. No significant differences in the mRNA
level of CD163 were found within the three groups (1.41
X 107 + 2.18 x 107, 5.10 X 10” + 3.61 X 10” o 37.0 X
10" £ 3,55 x 10", P = 0.02). The mRNA levels of CD163
in ACHBLF patients and CHB patients wete significantly
higher than those in healthy controls. No significant differ-
ence in the mRNA level of CD163 was observed in ACH-
BLF and CHB patients (P > 0.05) (Figure 2D).

Increased plasma sCD163 levels in patients with
ACHBLF

To determine whether the increase in plasma levels of
sCD163 correlated with liver injury, we analyzed the plas-
ma levels of sCD163 in ACHBLF patients with clinical
and laboratory parameters which indicated liver function
or DNA replication in ACHBLE The results showed that
plasma levels of sCD163 were positively correlated with
MELD scote (r = 0.5075, P = 0.008), plasma HBV-DNA
levels (r = 0.6827, P < 0.0001) and negatively correlated
with PTA (r = -0.3348, P = 0.0347), but had no correla-
tion with TBIL (» = 0.2551, P = 0.1122) (Figure 3A-D).

Plasma levels of sCD163 influence disease progression
in ACHBLF patients

ACHBLF patients wete grouped into survivors and non-
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survivors after 3 mo of follow up. The plasma levels of
sCD163 were increased in non-survivors compared with
survivors (5344.9080 + 1589.5199 ng/ml »s 3641.7333 +
1264.5228 ng/mlL, P = 0.0321) (Figutre 3E).

DISCUSSION

Although sCD163 is thought to play an important role in
the pathogenesis of liver failure, this is the first study on
the frequency of CD163+ PBMCs and CD163 mRNA
level in ACHBLF patients"*"”. Increased plasma sCD163
levels were correlated with disease severity in ACHBLF
patients. These results strongly suggest that the role of
CD163 in the immune response might affect the progno-
sis of ACHBLE

CD163 is a scavenger receptor, and its expression has
been proved to be associated with inhibition of inflamma-
tion. Furthermore, during the innate immune response,
CD163 plays an important role in the host defense against
inflammation®***'. The soluble form of CD163 is also a
biomarker associated with inflammation"®. In the pres-
ent study, we first found that the frequency of CD163+
PBMCs and CD163 mRNA expression in PBMCs were
dramatically increased in ACHBLEF patients compated with
healthy controls. These results could be interpreted to-
gether with previous reports to suggest that CD163 might
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blood mononuclear cells (PBMCs) in acute-on-chronic hepatitis B liver failure (ACHBLF) patients was significantly higher than that in chronic hepatitis B (CHB) pa-
tients and healthy controls (P < 0.01); B: There were no significant differences in mean fluorescence intensity (MFI) of CD163+ PBMCs within the three groups (P >
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The mRNA levels of CD163 in ACHBLF patients and CHB patients were significantly higher than those in healthy controls (P < 0.01). Significant differences were cal-

culated using the Kruskal-Wallis H test and Mann-Whitney U test (*P < 0.05, °P < 0.01 between the two groups).

have a key position in the immunolesion of ACHBLE

There were no significant differences in MFI of
CD163+ PBMCs within the three groups. This result is
very interesting. From previous literature, which mainly
included randomly selected patients, CD163 was inversely
correlated with sCD163 plasma levels™. Lipopolysaccha-
ride and other pro-inflammatory cytokines induce shed-
ding of CD163 from the surface of isolated monocytes.
During infection, the expression of monocyte surface
CD163 decreases. In contrast, some studies have shown
that with chronic and acute inflammation, the expression
of surface CD163 increased. Through CD163 shedding,
decreased surface CD163 was followed by recovety and
induction of surface CD163 to higher levels™ ™. We
speculate that surface CD163 expression might vary ac-
cording to different inflammatory states in patients and
different stages of inflammation. More research is needed
to confirm this.

In this study, we observed that petipheral mRNA lev-
els of CD163 in ACHBLF patients wete high and there
was a significant difference between the three groups,
however, mRNA levels of CD163 in ACHBLF patients
were not significantly different to those in CHB patients.
During inflammation, we speculate that plasma sCD163
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levels might increase dramatically, but mRNA levels in-
crease slowly™ >,

In the present study, we found that plasma sCD163
levels were significantly increased in patients with ACH-
BLF compared to CHB patients and healthy controls.
Plasma sCD163 levels were positively associated with
HBYV DNA levels, MELD scores and were negatively
correlated with PTA. In addition, there were no asso-
ciations with TBIL. It was demonstrated that plasma
sCD163 correlated with the severity of ACHBLF™".

The MELD scoring system is widely accepted and is
used to predict prognosis in patients with liver failure. We
chose the MELD scoring system to evaluate the progno-
sis of ACHBLF patients over a three month period. The
results strongly indicated the potential role of plasma
sCD163 levels in forecasting the prognosis of ACHBLF
patients. Furthermore, plasma sCD163 levels were obvi-
ously elevated in ACHBLF patients who did not survive
compared with surviving ACHBLF patients"*'".

We found significant associations between plasma
sCD163 levels and HBV DNA in ACHBLF patients.
These results indicate that HBV may contribute to the
aggravated macrophage immune response besides activa-
tion of HBV™*, HBV might play a key role in promot-
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ing disease progression during host immune responses
caused by the infection in ACHBLF patients. The exact
role of HBV in CD163 immune response requires fur-
o [3436]
ther clarification™ .
The present study has limitations, and it would be
very interesting to determine the dynamic and histologic

expression of CD163 in a future study.
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In conclusion, our study demonstrated three major
findings. First, the population of CD163+ PBMCs was
significantly greater in ACHBLF patients than in CHB
patients and healthy controls. Second, CD163 mRNA ex-
pression in ACHBLF patients was significantly increased
compared with CHB patients and healthy controls. Third,
plasma sCD163 levels were markedly increased and cor-
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related with disease severity and prognosis in ACHBLF
patients. Our findings indicate that CD163 and sCD163
may serve as useful biomarkers and new therapeutic tar-

gets for ACHBLE
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Abstract

Right portal vein ligation (PVL) is a safe and widespread
procedure to induce controlateral liver hypertrophy for
the treatment of bilobar colorectal liver metastases. We
report a case of a 60-year-old man treated by both right
PVL and ligation of the glissonian branches of segment
4 for colorectal liver metastases surrounding the right
and median hepatic veins. After surgery, the patient
developed massive hepatic necrosis with secondary pul-
monary and renal insufficiency requiring transfer to the
intensive care unit. This so-called toxic liver syndrome
finally regressed after hemofiltration and positive oxy-
gen therapy. Diagnosis of acute congestion of the ligat-
ed lobe was suspected. The mechanism suspected was
an increase in arterial inflow secondary to portal vein
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ligation concomitant with a decrease in venous outflow
due to liver metastases encircling the right and median
hepatic vein. This is the first documented case of toxic
liver syndrome in a non-cirrhotic patient with favorable
issue, and a rare complication of PVL.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION

Portal vein embolization (PVL) was first used by Makuu-
chi et a"' to induce liver hypertrophy before major
hepatectomy in biliary cancers. The technique was then
applied to hepatocellular carcinoma and colorectal liver
metastases (CRLM) to decrease postoperative morbidity
and mortality™. PVL and portal vein embolization (PVE)
are generally safe with few side effects in non-cirrhotic
patients'. Suppression of the right portal flow causes
atrophy of the right lobe, and induces the production of
various growth factors and proinflammatory cytokines
that prepare hepatocytes for growth (for review, see™).
Whereas arterial ischemia can induce massive liver necro-
sis, the suppression of portal flow leads to progressive
apoptosis with minor consequences for liver function,
owing mainly to a compensatory increase in arterial blood
flow in the deprived lobe, a phenomenon called “hepatic
arterial buffer response (HABR)”". Here we report a
case of massive hepatic necrosis of both the right lobe
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Figure 1 Preoperative multidetector computed tomograph at portal
venous phase showing a large metastasis (arrowheads) encircling the
confluence of the right hepatic vein and middle hepatic vein, without any
thrombosis, and displacing the end of the left hepatic vein (asterisk). RHV:
Right hepatic vein; MHV: Middle hepatic vein; LHV: Left hepatic vein.

and segment 4 after PVL in a patient treated for CRLM,
with secondary cardiac, pulmonary and renal insufficiency
due to toxic liver syndrome.

CASE REPORT

A 60-year-old man was referred to our tertiary center for

treatment of metachronous bilobar colorectal liver me-
tastases. He had no medical history. Two years before he
had undergone right colectomy for stage II colon cancer
with no adjuvant anticancer therapy. During oncologic
follow-up, three CRLM were detected by multidetector
computed tomography scan: two in the right lobe, and
one large one encircling the right and middle hepatic
veins and displacing the left hepatic vein (Figure 1).
Neoadjuvant chemotherapy (six courses of FOLFOX
with cetuximab) was administered, with control imag-
ing showing objective response according to RECIST
criteria®. Radical resection required right hepatectomy
enlarged to segment 4 (right trisectionectomy accord-
ing to the Brisbane terminologym). To improve left lobe
hypertrophy, we decided to perform a two-stage surgical
procedure: first, right PVL with ligation of the glissonian
branches of segment 4, and assessment of resectability
using intraoperative liver ultrasonography (US) followed
by right trisectionectomy. At first stage laparotomy, the
liver was normal with no sign of chemotherapy-related
injury. CRLM were confined to the right lobe and did not
involve the left hepatic vein. A right PVL was performed
with ligation of the glissonian branches of segment 4.
The immediate postoperative course was marked by
a massive peak of transaminase and moderate liver insuf-
ficiency (Figure 2). The patient developed pulmonary and
renal insufficiency with oligoanuria necessitating transfer
to the intensive care unit (ICU) for non-invasive positive
pressure ventilation and hemofiltration. US of the hepatic
pedicle did not show any vascular thrombosis. Multide-
tector computed tomography (MD-CT) performed at
postoperative day (POD) 2 showed massive hepatic ne-
crosis of segment 4 and of a large part of the right hemi-
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Figure 2 Postoperative blood tests. A: Transaminases increased from
postoperative day 1, reached a peak at postoperative day 3, then returned
to normal value on postoperative day 7. Serum creatinin started to increase
after the peak of transaminases, as observed in the toxic liver syndrome, and
decreased after hemofiltration; B: Platelets decreased regularly as from the first
postoperative day. Total bilirubin increased from the first postoperative day and
reached a plateau around 100 pmol/L. Prothrombin time fell rapidly to 47% at
postoperative day 1 and thereafter increased progressively. ASAT: Aspartate
amino transferase; ALAT: Alanine amino transferase.

liver, hypertrophy of the left lobe and ascites (Figure 3).
Renal biopsy revealed acute tubular necrosis without any
particularity (Figure 4). Liver biopsy was not petrformed
because of relative liver insufficiency and ascites. The level
of transaminases started to decrease progressively from
POD 2, and hemofiltration was stopped after recovery
of renal function at POD 12. Finally, the patient was dis-
charged from ICU at POD 15. A liver abscess developed
in segment 8 near the necrotic area. Percutaneous drain-
age showed infected collection without biliary leak, with
favorable outcome after appropriate antibiotic treatment.
The patient was discharged from hospital after 52 d.

DISCUSSION

Portal vein occlusion by ligation or embolization is a
safe procedure widely used to induce liver hypertrophy
of the future remnant liver before major liver resection.
The mortality of this procedure is these procedures nil
and major morbidity is about 1%, In the event of post-
procedure symptoms, which occur in more than 50% of
patients, transaminase levels peak at a level less than three
times baseline 1 to 3 d after embolization and return to
baseline in 7-10 d"”. Fever and post-embolization syn-
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Figure 3 Postoperative day 2 non-enhanced multidetector computed Figure 4 Renal biopsy showing acute tubular necrosis: Tubules dilated
tomograph scan. Massive hepatic necrosis of the medial segment of the left with sometimes a low-lying epithelium and pleomorphic nuclei. The brush
lobe (segment 4, white arrowhead) and of a large part of the right lobe (black border of the proximal tubular cells is missing. The lumen of some tubules
arrowhead) are shown, with remarkable hypertrophy of the lateral segments of contains rare tubular cell necrosis (white arrows). There is a diffuse interstitial
the left lobe (red zone). Note also ascites (asterisk). edema (Masson'’s trichrome, x40).
drome, which are frequently observed after trans-arterial crosis of the right lobe with partial liver insufficiency. In
chemoembolization, are rare in PVE or PVL. Markers of out patient, massive hepatic necrosis caused renal, cardiac
liver insufficiency (bilirubin, prothombin time) are usually and respiratory dysfunction. This so-called “toxic liver
not affected. Hepatic necrosis of the ligated lobe has nev- syndrome (TLS)” was first described by Ringe ez al™ in
er been reported as a major complication'”, Despite hav- fulminant hepatic failure. Definition is based on complete
ing different courses within the liver, arterial and portal liver necrosis associated with cardiovascular shock, renal,
blood flow drain in a common terminal hepatic veinule!". and possibly respiratory failure requiring vasopressor
Thus, occlusion of a branch of the portal vein induces support, hemodialysis, and mechanical ventilation'”. The
an ipsilateral HABR that guarantees rapid normalization pathophysiology is still unclear but seems to involve toxic
of overall blood flow in the ligated lobe™. Flow in the metabolites released from the necrotic liver, such as cyto-
hepatic artery of the ligated lobe increases by more than kines or cardiosuppressive factors, known to play a role
3-fold for this compensatory effect_and is usually well in cardiac and pulmonary instability after liver ischemia-
tolerated as venous outflow can absorb the overflow!”, reperfusion syndrome”**", Furthermore, intra-abdominal
Hepatic necrosis involves the interruption of hepatic hypertension telated to an increase in the volume of the
arterial flow with secondary damage due to liver hypox- intra-abdominal organs and ascites can impair cardiac pre-
emia. Interestingly, portal arterialization by arterioportal load by reduced venous return and pulmonary function
shunting restores normal oxygen supply within the liver and by limitation of abdominal wall expansionm]. TLS is
and can prevent liver necrosis' . Hence, hypoxemia is invariably fatal, and all the studies on the topic have been
the main cause of liver necrosis and explains why portal published in the setting of two-stage liver transplanta-
vein obstruction alone cannot induce hepatic necrosis. In tion”**. To the best of our knowledge, there are no
contrast, impairment of venous outflow following com- documented cases of reversible TLS. The syndrome usu-
pression by liver tumors may be very deleterious in this ally develops following graft failure or acute rejection in
situation. Studies on venous drainage of right lobe grafts liver transplantation, but can also have traumatic, toxic
in living donor liver transplantation have demonstrated or postoperative causes' . Spontaneous evolution of
that non reconstruction of the middle hepatic vein can TLS is fatal mainly because of its association with liver
lead to congestion of the anterior sector, with possible failure!”. One approach is wo-stage liver transplantation,
severe liver dysfunction™'”, In such cases, assessment which consists in (1) removing the necrotic liver to avoid
of hepatic tissue oxygenation using near-infrared spec- toxic syndrome and stabilize the patient; and (2) restoring
trometry has confirmed congestion with hypoxemia of hepatic function with transplantarjonm. In our case, the
the antetior sector!”. As a consequence, portal veins can patient did not develop fatal complications, for at least
become the draining veins to ensure adequate venous two reasons. First, only a part of the liver was involved
outflow, vzz a mechanism of regurgitationm]. Finally, it by necrosis so that TLS was comparatively moderate.
can be speculated that compression of the right and me- Second, the remnant liver spared by necrosis was neither
dian hepatic veins by liver metastases silently reduced the cirrhotic nor fibrotic and was able to ensure sufficient
flow in these veins, with partial recovery of liver outflow hepatic function to minimize liver insufficiency, as dem-
through the portal system. PVL in this condition could onstrated by the rapid hypertrophy visualized on MD-
have induced acute congestion with secondaty necrosis CT. Taken together, these two factors may have limited
of the right liver. Congestion was probably worsened by the consequences of TLS and directly contributed to the
increased hepatic arterial inflow due to hepatic arterial patient’s favorable clinical evolution.
buffer response secondary to PVL. Portal vein ligation must be avoided when impaired
Acute congestion probably led to massive hepatic ne- venous return is suspected. There is the risk of massive
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hepatic necrosis occurring due to hepatic congestion and

secondary toxic liver syndrome, which can be fatal. This

is the first documented observation of a spontancously

reversible toxic liver syndrome with minor hepatic failure.
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Abstract

The differential diagnosis of acute abdomen is typi-
cally extremely broad in range, with vasculitis posing
a rare but potentially life-threatening cause of acute
abdomen. Here, we report a case of acute abdomen
with bowel wall thickening limited to jejunum, accom-
panied by unexplained renal dysfunction. Later, the
patient was diagnosed as having polyarteritis nodosa
based on surgically resected jejunal necrosis. Despite
aggressive treatment, including the use of steroid
pulse therapy and continuous hemodiafiltration, the
patient died. Although polyarteritis nodosa is extremely
rare in patients with acute abdomen, acute abdomen
is relatively common manifestation of that. And it is
reported that involvement of small intestine suggests
poorer prognosis. Our case highlights the importance
of vasculitis as a differential diagnosis of patients with
atypical acute abdomen. In this report, we not only
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review possible clues that might have led to an earlier
diagnosis in this case, but also attempt to draw some
lessons for treating similar cases in the future.

© 2013 Baishideng. All rights reserved.

Key words: Acute abdomen; Polyarteritis nodosa; Jeju-
nal necrosis

Core tip: Our case shows the importance of vasculitis,
including polyarteritis nodosa, as a differential diagno-
sis in case of acute abdomen. Here we provide compre-
hensive review of gastrointestinal organ involvement in
Polyarteritis nodosa, and concluded that gastrointesti-
nal lesions, especially small intestinal lesion, is relatively
common manifestation and that suggests high mortal-
ity. Then we draw two findings, bowel wall thickening
limited to jejunum and unexplained renal dysfunction,
as possible clues that might led us to earlier diagnosis
in this case. Additionally, we discuss possible relation-
ship between pathophysiology of intestinal ischemia
and radiological findings.

Hiraike Y, Kodaira M, Sano M, Terazawa Y, Yamagata S, Terada
S, Ohura M, Kuriki K. Polyarteritis nodosa diagnosed by surgi-
cally resected jejunal necrosis following acute abdomen. World
J Gastroenterol 2013; 19(18): 2830-2834 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v19/i18/2830.htm DOI:
http://dx.doi.org/10.3748/wjg.v19.118.2830

INTRODUCTION

Polyarteritis nodosa is a systemic vasculitis affecting me-
dium- and small-sized arteries”. The affected sites can
include the kidneys, gastrointestinal tract, heart, periph-
eral and central nervous system, and skin. Accurately

diagnosing the disease is difficult because there are no
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known markers, making biopsy a mandatory procedure.
Here we report the case of a patient with acute abdomen
diagnosed as polyarteritis nodosa based on surgically re-
sected jejunal necrosis.

CASE REPORT

A 70-year-old female with a history of diabetes mellitus,
hypertension, and gallbladder stone visited the emergency

department at our institution complaining of severe ab-
dominal pain. Upon examination, she appeared slightly
distressed; her temperature was 36.6 'C, blood pressure
153/101 mmHg, pulse 100 beats/min, and oxygen satu-
ration 98% on room air. Epigastric tenderness without
rebound or guarding tenderness, and pitting edema of all
extremities were noted. The laboratory findings were re-
matkable for elevated white blood cell count (20650/ulL),
C-reactive protein (8.62 mg/dL), and impaired renal
function (BUN 70.2 mg/dL, creatinine 2.63 mg/dL).
Urinalysis showed 1+ protein and 2+ occult blood. Al-
though her platelet count had fallen to 8.6 X 104/“L,
coagulation tests were normal. Serologies for hepatitis B
virus, hepatitis C virus, anti-nuclear antibodies, cytoplas-
mic-Anti-Neutrophil Cytoplasmic Antibodies (ANCA),
and perinuclear-ANCA were also negative. Abdominal
computed tomography (CT) without contrast showed
bowel wall thickening almost limited to jejunum, a stone at
the neck of gallbladder, and a moderate amount of ascites
surrounding the liver and the Douglas’s pouch (Figure 1).
Based on these findings, the patient was admitted to our
institution with a diagnosis of acute abdomen, and intra-
venous sulbactam/cefoperazone was started.

Although her abdominal pain improved spontaneously
after admission, her response to the antibiotic was mini-
mal and her inflammatory reaction remained high. On day
6 following admission, the patient complained of severe
abdominal pain. An emergent CT showed deterioration
of the edema in the jejunum and the ascites (Figure 1).
Although her antibiotic regimen was switched to imipe-
nem/cilastatin, no improvement was observed. In light
of these findings, an emergent laparotomy was carried
out with tentative diagnoses including a serious intestinal
infection refractory to antibiotics, a thrombosis or oc-
clusion of the mesenteric vasculatures, and an intestinal
lymphoma. Laparotomy findings included hemorrhagic
ascites measuring more than 2000 mL, and a swollen,
dark red jejunum. Twenty centimeters of the jejunum
was resected, and an end-to-end anastomosis was con-
ducted. The pathology was consistent with a diagnosis of
polyarteritis nodosa (Figure 2). The pathological finding
of a post-surgical skin lesion on her forearm was also
consistent with the diagnosis.

On day 17 following admission, steroid pulse therapy
(methylprednisolone 1000 mg/d for 3 d) was prescribed,
followed by a maintenance dose of steroids (60 mg/d for
8 d). Although her inflammatory reaction and renal func-
tion initially improved, the patient suffered a relapse of
disease activity and her general status deteriorated despite
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continuous hemodiafiltration and extensive use of anti-
biotics including ceftriaxone and ceftazidime. On day 32
following admission, an acute onset of left hemiparesis
was observed, with normal head CT findings (Figure 3).
At midnight of the same day, sudden respiratory arrest
occurred. Although cardiopulmonary resuscitation was
performed immediately after arrest, the patient died. An
autopsy was not performed. The clinical course is sum-
marized in Figure 4.

DISCUSSION

Polyarteritis nodosa is a type of vasculitis affecting me-
dium- and small-sized arteries. Epidemiologic studies of
polyarteritis nodosa have generally been difficult to inter-
pret because they have typically included patients with mi-
croscopic polyarteritis and other possible diseases as well.

Recent studies, however, have estimated the prevalence per
one million adults to be approximately 30 in France and
Sweden™. Possible symptoms of polyarteritis nodosa in-
clude weight loss, livedo reticularis, testicular pain, myalgias
or muscle weakness, mono- or polyneuropathy, hyperten-
sion, and renal dysfunction"’. Unfortunately, no definitive
diagnostic marker has ever been identified, and diagnosis
is most often confirmed by biopsy. The prognosis of
polyarteritis nodosa depends on the existence of serious
organ involvement; in this regard, Guillevin ez al” have es-
tablished 5 risk factors leading to higher rates of mortality.
These include proteinuria > 1 g/d [relative risk (RR) for
death was 3.0, renal insufficiency with serum creatinine >
1.58 mg/dL (RR = 1.806), gastrointestinal tract surgery (RR
= 2.83), cardiomyopathy (RR = 2.18), and central nervous
system involvement (RR = 1.76). When none of the 5
prognostic factors is present, the mortality rate at 5 years
1s 11.9%. However, when more than 3 factors are present,
the mortality rate is as high as 45.95%.

Although polyarteritis nodosa is extremely rare in
patients with an acute abdomen, acute abdomen is a
relatively common manifestation of polyarteritis nodosa.
Levine ef al reported that 24 of the 54 cases (44%)
they reviewed involved gastrointestinal lesions, and 13
required surgical intervention. Of the 24 cases presenting
a gastrointestinal lesion, the mortality rate proved higher
in the group requiring surgery (3/13, 23%) compared
to the group that received more conservative treatment
(1/11, 9%). The small intestine was reported to be in-
volved in 3 of the 9 cases with polyarteritis nodosa that
required abdominal surgery, 2 of the 3 patients died in
such cases, while just 1 of the 6 patients died when the
small intestine was sparedm. According to an investiga-
tion of autopsy summaries in Japan, the small intestine
is the most common site of gastrointestinal lesions and
it is involved in 12 of the 15 cases (80%), while the large
intestine is involved in 10 cases, liver and pancreas in 9
cases, gallbladder in 8 cases, stomach in 7 cases, tongue
and esophagus in 6 cases, mesenterium in 3 cases, and
appendix in 2 cases. In summary, the small intestine
1s often involved in polyarteritis nodosa with acute
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Figure 1 Abdominal computed tomography findings. A, B: On day 1 showed ascites and bowel wall thickening; C, D: On day 6, both of the ascites and the bowel

wall thickening, especially jejunum, had severely worsened.

Figure 2 Pathological specimen from the resected jejunum showing fibrinoid necrosis of the arterial wall and infiltration of inflammatory cells around the
arteries. A: Hematoxylin and eosin staining. B: Elastica van Gieson staining. Original magnification x100.

Figure 3 Head computed tomography, which revealed no clear evidence
consistent with left hemiparesis.
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abdomen and this situation suggests poot prognosis.

In the case of the 70-yeat-old female patient described
here, we needed 6 d before a laparotomy was carried out
and 16 d before a definitive diagnosis of polyarteritis no-
dosa could be made. Reviewing our case retrospectively,
there were some findings inconsistent with a typical in-
testinal infection. First, the findings were remarkable for
the presence of renal dysfunction with proteinuria and
microscopic hematuria. Second, her abdominal pain and
intestinal edema were so severe and resistant to antibiotics.
Additionally, in our case, bowel wall thickening was limited
to jejunum. We believe that such situation is very unlikely
and there is no typical etiology that could explain the
symptoms and findings. If we had considered these find-
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Figure 4 Clinical course of the patient. Cefoperazone/sulbactam (CPZ/SBT) was started at day 1 and switched to imipenem/cilastatin (IPM/CS) at day 7. Cef-
triaxone (CTRX) was started at day 26 and switched to ceftazidime (CAZ) at day 29. Steroid pulse therapy [methylprednisolone (mPSL) 1 g/d for 3 d] was started
at day 16, and changed to maintenance dose of mPSL (60 mg/d) at day 19, then that was switched to oral steroid (PSL 60 mg/d) at day 22. According to deteriora-
tion of general status, steroid was again administered intravenously since day 31. Continuous hemodiafiltration (CHDF) was performed from day 13 to day 15, and
intermittent blood transfusion was done at day 19, 21, 23 and 26. WBC: White blood cell; CRP: C-reactive protein.

ings more carefully, we might have suspected vasculitis, or
other connective tissue diseases as a differential diagnosis.
Nevertheless, since a biopsy remains indispensable for the
diagnosis of polyarteritis nodosa and the patient’s possible
biopsy site was limited to the intestine at that time, we
believe that a correct diagnosis was extremely difficult to
ascertain in her situation.

Following diagnosis, we performed steroid pulse thera-
py (methylprednisolone 1000 mg/d for 3 d), followed by a
maintenance dose of steroids (60 mg/d for 8 d). Although
her inflammatory reaction and renal function initially
improved after beginning pulse therapy, the patient subse-
quently worsened. Although repetitive steroid pulse ther-
apy or another type of immunosuppressive therapy might
have been effective in this case, as has been described in
the literature”, we unfortunately did not have sufficient
time to start such a treatment before the patient died.

Intestinal ischemia has generally been diagnosed by
CT, and bowel wall thickening is one of the most reported
findings in that situation'”. Recently, magnetic resonance
imaging (MRI) has begun to be regarded as an alternative
modality to detect intestinal ischemia. I vivo study with
animal model showed that bowel wall thickening was
absent from arterial mesenteric ischemia, and bowel wall
with reduced thickness resembling sheets of paper is
rather observed 2-4 h after the onset, when evaluated by
MRI", CT findings in our case are possibly late findings
after arterial occlusion, findings caused by reperfusion, or
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that suggestive of venous infarction. Advances in imaging
modality would further clarify the relationship between
pathophysiology of intestinal ischemia and radiological
findings.

At approximately 12 h before death, a left hemipa-
resis was observed in our patient, although a head CT
revealed no obvious findings. It is difficult to state the
cause of the patient’s left hemiparesis since she died be-
fore a more thorough investigation could be conducted,
but it is possible that it stemmed from complications of
polyarteritis nodosa, including brain infarction and poly-
neuropathy” ",

In conclusion, we have reported here a case of acute
abdomen diagnosed as polyarteritis nodosa based on
surgically resected jejunal necrosis. Vasculitis cannot be
ruled out as a differential diagnosis in cases of acute ab-
domen, especially if the patient exhibits atypical findings,
such as unexplained renal dysfunction or severe bowel
wall thickening limited to small intestine. Additionally, it
is worth noting that vasculitis cannot be ruled out even
though serum markers, including ANCA, are negative,
since there are no definitive diagnostic markers for poly-
arteritis nodosa.
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Abstract

Two cases of gastroendoscopy-associated Acinetobacter
baumannii (A. baumannii) bacteremia were discovered
at the study hospital. The first case was a 66-year-old
woman who underwent endoscopic retrograde cholan-
giopancreatography and endoscopic retrograde papillot-
omy, and then A. baumannii bacteremia occurred. The
second case was a 70-year-old female who underwent
endoscopic retrograde biliary drainage due to obstruc-
tion of intra-hepatic ducts, and bacteremia occurred
due to polymicrobes (Escherichia coli, viridans strep-
tococcus, and A. baumannii). After a literature review,
we suggest that correct gastroendoscopy technique
and skill in drainage procedures, as well as antibiotic
prophylaxis, are of paramount importance in minimizing
the risk of gastroendoscopy-associated bacteremia.
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Core tip: After a literature review, we suggest that cor-
rect gastroendoscopy technique and skill in drainage
procedures, as well as antibiotic prophylaxis, are of
paramount importance in minimizing the risk of gastro-
endoscopy-associated bacteremia. Gastroenterologists
should give more attention to gastroendoscopy-related
infections, and increased clinical alertness may be the
best way to reduce the impact from these types of in-
fections.

Chen CH, Wu SS, Huang CC. Two case reports of gastroendos-
copy-associated Acinetobacter baumannii bacteremia. World J
Gastroenterol 2013; 19(18): 2835-2840 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v19/i18/2835.htm DOI:
http://dx.doi.org/10.3748/wjg.v19.118.2835

INTRODUCTION

Gastroendoscopy is a commonly used procedure for di-

agnosis and therapy, such as in endoscopic retrograde
cholangiopancreatography (ERCP). Infection is one of
the most common morbidity complications of gastroen-
doscopy. Septic complications of ERCP include ascend-
ing cholangitis, liver abscess, acute cholecystitis, infected
pancreatic pseudocyst, infection following perforation of
a viscus, and, less commonly, endocarditis and endovascu-
litis"!. Bacteria can enter the biliary tract by hematogenous
or, more frequently, by a retrograde route, and the most
common organisms transmitted by ERCP are Escherichia
coli, Klebsiella species, and Enterobacter speciesm. Here we re-
port two interesting cases of gastroendoscopy-associated
Acinetobacter banmannii (A. banmannii)(GEaAb) bacteremia.
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CASE REPORT

Case 1

The patient was a 66-year-old woman who visited a gas-
troenterologist for complaints of right upper quadrant
pain and hunger pain. The initial impression was of a gall
bladder stone. An ERCP was performed, and it showed
a common bile duct of 16.1 mm in diameter and several
filling defects in the gall bladder; therefore, an endo-
scopic retrograde papillotomy (EPT) was executed over
the proximal portion of the bile duct, after which a gall-
stone was removed. The course of the procedure went
smoothly. She again began to feel right quadrant pain and
fever the next day, so she was admitted for further evalu-
ation and management. At admission, vital sign measure-
ments were: blood pressure, 100/90 mmHg; temperature,
38 °C; pulse rate, 110 beats/min; and respiratory tate, 20
breaths/min. The patient appeared acutely ill. The abdo-
men was distended and ovoid. There was radiation pain
and tenderness to her back, and abdominal fullness over
the right quadrant area (positive Murphy’s sign), but no
rebounding pain. Admission laboratory results revealed
the following: white blood cell count, 12700/ mm’; blood
creatinine level, 0.8 mg/dL; serum amylase, 815 IU/L;
serum bilirubin, 0.88 mg/dL; aspartate transaminase, 55
U/L; and alanine transaminase, 140 U/L. Abdominal
echography revealed peri-pancreatic fluid accumulation.
On the first day of admission, the patient was treated
with antibiotics (cefazolin 1 g every 8 h plus gentamicin
60 mg every 12 h) and adequate fluid hydration, after
initially remaining nil per os (NPO). A blood culture
revealed A. baumannii on the 4" admission day, and the
antibiotic treatment was switched to imipenem-cilastatin
500 mg every 6 h according to the antibiotics susceptibil-
ity test. Clinically, the source of A. baumannii was from
the biliary tract, and it could be related to the previous in-
vasive procedure. Because of persistent fever, an abdomi-
nal computed tomography was performed and showed a
pancreatic abscess; consequently, an echo-guided aspira-
tion was performed on the 5" admission day. The fever
gradually subsided and follow-up laboratory data showed
improvement. The total duration of parenteral imipen-
em-cilastatin usage was 21 d, after which antibiotic thera-
py was switched to oral levofloxacin 500 mg per os daily.
The patient was discharged on the 44" admission day and
was followed in the out-patient department (OPD). She
has recovered quite well.

Case 2

This patient was a 70-yeat-old female with liver cirrhosis
related to hepatitis C virus infection. At initial presenta-
tion, laboratory test results were as follows: serum biliru-
bin, 0.52 mg/dL; aspartate transaminase, 42 U/L; alfa-
fetoprotein, < 20 ng/ml; and hepatitis C virus-antibody
titer, positive. The abdominal computed tomography
scan showed multiple nodular hypervascular tumor stains
in both lobes of the liver, especially in the right lobe. He-
patocellular carcinoma was highly suspected. Transarterial
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chemo-embolization (TACE) of both sides of the liver
was performed, and she was regularly followed in the
OPD while she received TACE 6 times over the course
of 20 mo. Her follow-up laboratory tests showed a se-
rum bilirubin of 8.6 mg/dL, an aspartate transaminase
of 72 U/L, and an alkaline phosphatase of 371 U/L. An
abdominal echography exam revealed focal dilated intra-
hepatic ducts. Hence, an endoscopic retrograde biliary
drainage (ERBD) procedure was performed accordingly,
at which time a stent (11 Fr) was inserted into the intra-
hepatic ducts through the common bile duct. She began
to feel right quadrant pain and fever three days later, and
she was admitted under the impression of cholangitis.
At admission, vital signs included a blood pressure of
100/90 mmHg, a temperature of 38 'C, a pulse rate of
110 beats/min, and a respiratory rate of 20 breaths/min.
Murphy’s sign was positive. Admission laboratory results
revealed the following: white blood cell, 5600/ mmE; se-
rum total bilirubin, 27.65 mg/dL; serum direct bilirubin,
19.2 mg/dL; aspartate transaminase, 60 U/L; and alanine
transaminase, 140 U/L. The abdominal echography
showed left intra-hepatic duct dilatation. On the first day
of admission, the patient was treated with antibiotics
(cefazolin 1 g every 8 h plus gentamicin 60 mg every 12 h)
and adequate fluid hydration after initially being NPO.
Echo-guided percutaneous transhepatic cholangeal drain-
age was performed. Blood culture revealed polymicrobes
(Escherichia coli, viridans streptococeus, and A. banmannii) on
the 4" admission day, and treatment was changed to imi-
penem-cilastatin 500 mg every 6 h according to the an-
tibiotics susceptibility test. The fever gradually subsided.
Clinically, the soutrce of .A. baumannii was from the bili-
ary tract, and it could be related to the previous invasive
procedure. Follow-up laboratory data did not, however,
seem much improved. This patient expired due to severe
hepatic failure with multiple organ failure.

Evidence-based literature review and epidemiological
study

After noting those two GEaAb cases in our institute, we
conducted an evidence-based literature review (Table 1)%.
Notfleet’s study showed that 6% of patients who re-
ceived upper gastrointestinal endoscopic examinations
developed bacteremia, but only one of 447 patients ac-
quired Acinetobacter bacteremia, Maulaz’s study described
that the bacteremia incidence in cirrhotic patients who
received variceal ligation was 2.5%, and only one A¢/-
netobacter hvoffii infection was disclosed”. Only two case
reports described post-endoscopic retrograde cholan-
glopancreatography-associated Acinetobacter infection in
the United States National Library of Medicine National
Institutes of Health®”. Additionally, we performed a ret-
rospective cross-sectional epidemiological study in our in-
stitute to identify GEaAb bacteremia cases and elucidate
the possible sources of infection for a further five years
from the year of identifying these two patients. During
this period of five years, we disclosed 45 A. baumannii
bacteremia cases. Most of them resulted from hospital-
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Figure 1 Dendrogram and pulse-field gel electrophoresis patterns of SgrAl-digested chromosome DNA of 24 Acinetobacter baumannii isolates. #1, #2:
Nosocomial Acinetobacter baumannii (A. baumannii) strain isolated from the same period; @1: Environmental A. baumannii strain isolated from the endoscopic room;
01, 02: Outbreak A. baumannii strains; P: Clinical A. baumannii strains isolated from the numbered patient among 19 non-hospital-acquired A. baumannii bacteremia

patients.

and increased clinical alertness may be the best way to
reduce the impact from these types of infections.
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