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Abstract

Throughout our lifetime, the intestine changes. Some
alterations in its form and function may be genetically
determined, and some are the result of adaptation to
diet, temperature, or stress. The critical period pro-
gramming of the intestine can be modified, such as
from subtle differences in the types and ratios of n3:m6
fatty acids in the diet of the pregnant mother, or in the
diet of the weanlings. This early forced adaptation may
persist in later life, such as the unwanted increased
intestinal absorption of sugars, fatty acids and choles-
terol. Thus, the ontogeny, early growth and develop-
ment of the intestine is important for the adult gastro-
enterologist to appreciate, because of the potential for
these early life events to affect the responsiveness of
the intestine to physiological or pathological challenges
in later life.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

The molecular mechanisms of fetal development of the
intestine have been explored using transgenic and knock-
out mice, with the suggestion of the importance of Wat,
bone morphogenetic protein (BMP), PTEN/PI3K and
Notch signalingm. After midgestation, the stratified cuboi-
dal intestinal epithelium, detived from endoderm, begins
to form villi as a result of epithelial-mesenchymal interac-
tions”, Wnt and Indian hedgehog signaling interact to
stimulate proliferation and to act as a morphogen, in turn
acting on BMP signals in the mesenchyme to influence
morphogenesis during the development of the intestine!™.
The cellular differentiation along the crypt-villus axis is
maintained by Wnt pathway target genes'™”. Unphos-
phorylated active PTEN in turn controls the activation of
the lipid kinase PI3 kinase pathway, where the PDK1 and
especially the PKB (Akt) serlThr kinases act as the main
effecter kinases of this proliferative pathway',

These complex processes are integrated to produce
functionally important alterations during late intrauterine
and early postnatal life of intestinal morphology and
function, to prepare the infant for early feeding on high-
fat milk, and then weaning onto lower fat-but higher
carbohydrate-containing solid foods. Understanding
these ontogenic events helps to understand the early age-
dependent approach to nutritional disease state.

February 21, 2010 | Volume 16 | Issue 7 |
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INTESTINAL MORPHOLOGY

At the time of birth, the human small intestine is
morphologically and biochemically more mature than
that of other mammals. Of interest though, since
rodents are born at a more immature stage than humans,
at least some of the brush border membrane (BBM)
enzymatic maturation that occurs prenatally in humans
only occurs after birth in rodents. This makes the rodent
a useful model to better understand the process of
intestinal maturation that occurs in premature infants.

The maturity of the small intestine is reflective of the
length of the gestational period, with the developments
of the human small intestine being largely completed in
utero by the end of the first trimester'’. Despite tem-
poral differences in the ontogeny of the small intestine
between species, the processes involved in the develop-
ment of the small intestine remain similar. Thus, the hu-
man intestine goes through each of the stages that occur
in rodents, so that animal studies may be used to better
understand the development of the human intestine.

Development of the small intestine is comprised of
three stages: (1) morphogenesis and cell proliferation, (2)
cell differentiation, and (3) functional maturation'. Gas-
trulation is the process by which the primitive gut tube
is formed. This consists of the endoderm, the precursor
to the epithelial lining of the gastrointestinal (GI) tract,
surrounded by mesenchyme. In humans, this process be-
gins at three weeks gestation!”,

In the embryo, the GI system is one of the first to
polarize by forming an entry and exit to the systems

along the anterior and posterior axis. The hox genes are
nuclear transcription factors that activate genes that en-
code secretory proteins. The hox genes play an important
role in the formation of distinct regions of the brain
and skeleton”. Through epithelial-mesenchyme interac-
tions, these proteins may also be involved in determining
anterior-posterior patterning in the fetal gut. Similarly,
Sonic hedgehog and Indian hedgehog pathways mediate
epithelial-mesenchymal interactions at early stages of gut
formation”,

Next, there is a transition into columnar epithelium,
with the development of polarized enterocytes, and the
formation of the BBM and basolateral membrane (BLM)
of the enterocyte. The formation of nascent villi and
microvilli occurs simultaneously, with cellular prolifera-
tion detectable along the villi. In humans, formation of
the villus is initiated at 9-10 wk gestation, and proceeds
in a cranial-caudal direction”. Villus and microvillus
formation account for the approximate 100 000-fold
increase in the intestinal surface area observed from the
early first trimester period to birth"”,

The development of intestinal crypts then follows
in humans, but in rodents, crypts do not develop until
after birth"), The human fetus and the neonatal rat have
transient villus-like structures in the proximal colon with
properties similar to enterocytes, including the expres-
sion of BBM enzymes and transporters“l'ml. In later life,
when premalignant changes occur in the colon in the
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form of development of colonic adenomatous polyps,
the villous structure may recur. Interestingly, CaCOxz cells
derived from human colon cancer cells develop villi and
villous functions, and are a good cell culture model for
the assessment of, for example, intestinal absorption and
metabolism.

The cells of the intestinal mucosa (the antagonists,
enteroendoctine cells, Paneth and goblet cells) are com-
partmentalized within the crypt-villus unit. All four of
the differentiated cell types of the intestinal mucosa
are derived from one or more multipotent stem cells
located in each intestinal crypt[m. As cells move out of
the crypt and up the villus or deeper into the crypts,
“...differentiation occurs as progeny of the transit cell
population migrate in vertically coherent bands...”".
Fibroblast growth factor receptor 3 (FGFR-3) is highly
expressed in the undifferentiated crypt epithelial cells in
the developing intestine, and FGFR-3 signaling through
B-catenin/Tcf-4-dependent and independent pathways
may regulate crypt epithelial stem cell expansion and
crypt morphogenesis by the process of crypt bifurcation
or fission'”. Other growth factors such as Wnt(s) and
FGF2 may cross talk with the B-catenin signaling path-
way'',

Cellular proliferation occurs in the crypts, differenti-
ated cells populate the villi, and the dynamic balance
between proliferation and differentiation is balanced
by apoptosis of the senescent cells. Hepatocyte nuclear
factor 4 oo (HNF4a) belongs to the family of nuclear re-
ceptor transcription factors found in the liver, pancreas,
kidney, and intestinal tract" """, HNF4¢ may instruct ...
cells to become specific to the intestinal epithelium™",
as well as upregulating genes during epithelial cell differ-
entiation such as Apo A-IV, intestinal alkaline phospha-
tase, liver and intestinal fatty acid binding proteinspoﬂ

Bile acids regulate their own synthesis” . The luminal
concentration of bile acids and the bile acid pool are low
in the preterm and term infant, and rise as the animal
ageleS’Z()J. These initially low values are associated with
malabsorption of lipidsm]. The size of the bile acid pool
increases with the activity of cholesterol 7a-hydroxylase
(Cyp7al) and oxysterol 7a-hydroxylase (Cyp7bl) by
mechanisms that are independent of the farnesyl X recep-
tor (FXR), and the short heterodimeric pathway (SHP) e,

Increased bile acid absorption by the ileal apical
sodium-dependent bile acid cotransporter (ASBT) also
contributes to the expansion of the bile acid pool.

In mouse models of necrotizing enterocolitis (NEC)*",
the preinflammatory transcription factor NF-kf3 medi-
ates this intestinal injury as the result of platelet activating
factor (PAF) converting p105 into p50. The p50 further
upregulates proinflammatory cytokines which lead to a
systemic inflammatory response and acute bowel injurym].

Peroxisome proliferator-activated receptor-j (PPARj)
is a nuclear receptor which associates with retinoid X
receptor to “...supptress proliferation and promote dif-
ferentiation of intestinal epithelial cells...”, and to de-
crease the size of the proliferative zone of the intestinal
cryptspo’nj. The thiazolidinedione drugs are PPAR] ago-
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nists which reduce cholera lexin mediated chloride secre-
tion through the reduced expression of the apical CFTR
channels, KCNQ1 K" channels as well as Na'-K'-2CI
cotransporter-1 proteins in the BLM",

In addition to the enterocytes, four other small in-
testinal mucosal cell types develop: goblet cells, entero-
endocrine cells, Paneth cells, and M cells. M cells are as-
sociated with Peyer’s patches, and are detected by 17 wk
of gestation[34]. In the human intestine, all epithelial cell
types known to occur in the adult are present by the end
of the first trimester” ", The intestinal epithelium is able
to maintain the differentiation programs of each lineage,
depending on the location of the cells along the crypt-
villous and proximal-distal gradients[35’36].

The regulation of GI development is complex, and
involves a host of growth and transcription factors. Re-
ceptors for epidermal growth factor (EGF), transform-
ing growth factor B (TGFp), insulin-like growth factor
I (IGF-1I), hepatocyte growth factor (HGF), and
GLP-2 are present in fetal human intestine””””. Human
fetal cortisone levels in the blood increase late in gesta-
tion”. Corticosterone (a glucocorticoid similar to corti-
sol) is thought to be the main factor involved in rat small
intestinal maturation™*",

Studies investigating the development of human fetal
small intestine xenografted to SCID mice demonstrate
that the transplanted intestine normally undergoes dif-
ferentiation in the absence of luminal and hormonal
factors™"!. This finding, in conjunction with the obser-
vation that villus formation in rodents is autonomous'™,
suggests that intestinal development may be “hard-
wired”, i.e. is regulated largely by intrinsic factors, with
extrinsic factors playing only a secondary role. Indeed,
several transcription factors including N-ye, HNF3[3
and Cdx-2 have been identified as potential intrinsic fac-
tors implicated in GI development. N-myc gene knock-
out animals demonstrate defects in GI developmentm].
Homologous null mutants of HNF3f are lethal, as
many structures, including the gut tube do not develop
normally[46’47j. Cdx-2 expression is detected at the time
of morphogenesis in mouse intestine, and is a known
regulator of the expression of the small intestinal BBM
enzymes sucrase-isomaltase (SI)™.

The exogenous expression of Cdx-2 in a rat intes-
tinal cell line induces the differentiation of goblet and
absorptive cells from crypt cells. This suggests a possible
role of Cdx-2 in the ontogeny of the GI tract. Several
other signaling pathways (including the Notch, Wnt/
-catenin and BMP pathways) are also thought to play
a role in patterning the gut during development, and in
regulating epithelial differentiation through epithelial-
mesenchymal interactions'””, What then is the impor-
tance of the extracellular matrix (ECM)?

Indeed, in addition to regulation by transcriptional
factors, intestinal development may be controlled
through interactions with components of the ECM.
Developmental changes in E-cadherins and integrins
have been described” " suggesting that the ECM
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may influence the ontogeny of epithelial cells. Cultures
of human fetal enterocytes demonstrate enhanced dif-
ferentiation, when they are grown on components of
the ECM"”. This suggests that a permissive rather than
an instructive role may be attributed to the ECM in GI
development. Indeed, when major components of the
ECM have been deleted, in mice, they show no changes
in GI morphogenesis, indicating that these components
are not essential for GI development in this model™".

FUNCTIONAL DEVELOPMENT

The functional development of the BBM enzyme
activity has been well characterized” ™",

BBM SI is first detected in the human fetus in the
first trimester, but is not seen until weaning in the rat™,
Both rat and human fetal small intestine demonstrate
detectable BBM lactase-phlorizin hydrolase (LPH)
activity, but LPH expression before and after birth varies
depending on the species{s()]. In humans, BBM enzyme
activity has been correlated to morphogenesis, with the
development of enzyme activity being associated with the

formation of enterocytes™. Proximal-to-distal gradients
of enzyme activity along the length of the small intestine
are established eatly in gestation. In addition, crypt-villous
gradients are evident, with LPH activity being highest at
the villous tip, and SI activity maximal in the mid-villous

. [61]
reglon .

LPH

The eatliest ingested nutrient in mammals is, of course,
milk. The major carbohydrate in milk is disaccharide
lactose. Lactose is cleaved by BBM LPH into glucose
and galactose. LPH is therefore a crucial enzyme for
neonates who are solely dependent on their mother’s
milk for nourishment.

Human LPH is first detected in the proximal small
intestine at 8-9 wk of gestation, but later extends along
the length of the small intestine®”. In contrast, rat LPH
is very low until 24 wk gestation, when its activity be-
gins to increase. A rise in LPH activity in rodents occurs
only late in the third trimester. In the human fetal jeju-
num, LPH activity correlated with the abundance of its
mRNA consistent with the proposal that LPH activity
is regulated transcriptionally® . Nuclear transcrip-
tion factors that have been shown to interact with the
LPH promoter element CE-LPH1 include CDX-Z[()(’],
HOXC11"", GATAG™, and HNF1"",

Once weaning has occurred in nearly all species of
mammals, both LPH activity and mRNA abundance
decline™ ™. Even in humans, the vast majority of the
wotld’s population experiences a decline in LPH activity
sometime during childhood or adolescence. These lower
values of LPH activity are 5%-10% of those values seen
in early childhood"”". In contrast, in geographical regions
such as Western Europe and North America, where for
thousands of years dairy cattle were raised as a continuing
source of milk, LPH activity persists throughout adult-
hood™ ™. unless an adverse process affects the small
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intestine. This is known as secondary lactose deficiency (i.e.
the decline in LPH activity is secondary to a disease). The
decline in LPH activity in eatly life in characteristic loca-
tions is primary, i.e. genetically determined. Thus, if an
adult with northern European ancestry presents with new
onset milk intolerance, lactose deficiency is suspected, and
an underlying condition such as celiac disease or inflam-
matory bowel disease is looked for.

In humans, the correlation between mRNA abun-
dance and activity of LPH suggest that transcriptional
and post-transcriptional mechanisms are involved in the
development of hypolactasiam. Post-translational mecha-
nisms may also be involved in the decline in LPH activity,
through the modulation of functional protein along the
villus. Glycosylation of the protein results in the 225 kDa
form, however, the mature BBM LPH enzyme represents
a cleavage product of this glycosylated precursor[59’73’74].
The initial cleavage occurs intracellularly in a post-Golgi
compartmentm. This yields a protein which lacks LPH
activity. Once LPH is inserted in enterocyte BBM, LPH is
once again cleaved, but this time by extracellular trypsin,
and this yields the mature and active 145 kDa form of the
LPH and it is cleaved”".

SI

SI is a bifunctional enterocyte BBM disaccharidase with
sucrase, isomaltase and maltase activity. Sucrase hydrolyzes
sucrose into glucose and fructose. In humans, SI is first
detected at 9-10 wk gestation, and gradually increases until
just prior to birth, when a marked increase in SI occurs.
After birth, there is a rapid decline in SI levels to values
comparable to those found in eatly gestation. Sucrase is
not normally a part of the infant’s diet, so it is not clear
why SI activity is so high in the human fetus.

Fetal human SI protein is in the proSI form from
15-30 wk gestation, but after 30 wk most of the protein
consists of sucrase and isomaltase subunits' . Enteroki-
nase activity, which activates proteases that cleave proSI,
appears at 26 wk, and coincides with the appearance of
the sucrase and isomaltase subunits.

SI is transiently expressed in the colon of both
humans and rodents' """ in association with the ap-
pearance of small intestinal-like morphology. The obser-
vation that SI is expressed in colorectal cancer cells sug-
gests that the factors that normally repress SI expression
in the colon may be lost in cancer cells.

In mice, low levels of SI mRNA abundance are de-
tectable in the small intestine”. However, rat studies
show that there is no BBM SI activity from birth until
Weaningﬁa. Thus, even between different types of rodents
there are variations in BBM SI development. At weaning,
a dramatic increase in SI activity occurs, with adult rat lev-
els being rapidly established. Expression of SI mRNA and
protein is first detected in cells located at the crypt-villous
junction, suggesting that the enterocytes containing SI are
programmed in crypts. As these enterocytes migrate up
the villus, the entire villus ultimately becomes populated
with cells expressing SI. SI expression first appears in the
proximal small intestine, and then proceeds distally to the
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ileum. This is a genetically programmed event that is not
significantly affected by the animals’ diet™™. Premature
SI induction can be induced by precocious stress, gluco-
corticosteroids, insulin, or thyroxinemw’go].

There is a correlaton between fetal SI activity and
mRNA abundance, suggesting control at the level of
either mRNA transcription or stabilityls”. A number of
regulatory elements (including SIF1, SIF2, and SIF3) have
been identified within the promoter region of the ST gene,
and are important for transcriptional induction. CDX-2
binds to the SIF1 element and transactivates the ST gene
promoter”. CSX-2 appears to be the major regulator of
SI transcription. A number of other potential transcrip-
tion factors have been identified, such as HOXC11, which
like CDX-2, bind to the SIF1 element of the SI pro-
moter””. HNF1g, interacts with the SIF3 element and to
a lesser extent SIF2, to activate SI transcriprionlszj. GATA
zinc-finger transcription factors interact with a region of
the SI promoter upstream of the SIF1 element.

Glycosylation of the SI protein occurs in the endo-
plasmic reticulum (ER) and in the Golgi apparatus, yield-
ing a 245 kDa protein[83]. Once the protein is inserted
into the BBM, the post-translational processing is by the
cleavage of the molecule into two subunits which oc-
curs via trypsin digestion in the intestinal lumen™. The
SI subunits remain associated by hydrostatic bonds. De-
fects in post-translational processing are thought to be
responsible for inherited SI deficiency in humans'™

Glucose transport
The ontogeny of intestinal nutrient transport is largely
dependent on the species that is studied. In all mammals,
sugar transporter protein does not appear until the
intestine differentiates and forms crypts, villi and
microvilli. The time at which this process occurs differs
between species (please see above), and may be affected
by the length of the gestational period. Differentiation
of the mucosa alone, however, is not solely responsible
for triggering the appearance of transporters, as many of
them do not appear until after birth, or even after weaning.

Much of the research on the ontogeny of intesti-
nal transport comes from rodent studies. Rodents are
considered to be altricial, meaning that they are born
“premature” as compared to humans. Indeed, many of
the postnatal changes in the intestine seen in rats occurs
parentally in humans, making neonatal rodents an ideal
model for premature infants"™. The pig is also a useful
model of ontogeny, due to the similarities between the
pig and the human small intestine™

The intestinal transport of nutrients, such as glucose,
is first detected in the fetal small intestine of mammals,
including humans®”. Both placental nutrients®™™ as well
as the swallowing of amniotic fluid™ contribute to fetal
nutrient acquisition. In fact, the volumes of amniotic
fluid which are swallowed in humans 7z ufero at term atre
estimated to be approximately 500 mIL/d"”". Taste buds
are detected early in gestation[gzl, and early experiments
have shown that human fetal swallowing increases trans-
amniotic saccharin infusion, and decreases following the
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infusion of noxious substance”. Injection of galactose
into the amniotic fluid of fetal rabbits increases intesti-
nal mucosal weights, as well as the uptake of glucose™.
Thus, even fetal rabbits are able to up-regulate intestinal
transport capacity in response to nutrients. The impoz-
tance of fetal swallowing in the development of the GI
tact is also highlighted by experiments in which fetal
sheep underwent esophageal ligation to prevent amniotic
fluid from reaching the small intestine’™. A decrease in
small intestinal villous height, intestinal weight and body
weight resulted.

Prenatal intestinal transporters are critical for the
development of the fetus, as an estimated 10%-15% of
fetal protein requirements in rhesus monkeys are met
through nutrients that are present in the amniotic flu-
id™. The presence of growth factors released from the
Gl tract may also be important, as gastric infusion of
epidermal growth factor (EGF) reversed the weight loss
seen following esophageal ligation[%].

Once the epithelium lining the small intestine dif-
ferentiates into columnar cells at 9-10 wk of gestation,
transport BBM proteins including SGLT1 are ex-
pressedm. Significant levels of SGLT1 mRNA are also
detected in fetal tissue, suggesting that carrier-mediated
transport of glucose may be occurring[%]. Dramatic
increases in the site density of SGLT1 ate observed in
fetal pigs between 74% of term and birth"™. Between 17
and 30 wk gestation in humans, the duodenal-ileal gradi-
ent of glucose absorption is established””. In rats, glu-
cose transport and SGLT1 protein and mRNA increase
at weaning to levels higher than those seen in suckling
or in adult animals""""", Curiously, phloridzin does not
block glucose transport by SGLT1 in suckling and ma-
ture animals to the same extent that it does in weanlings.
This may suggest the presence of an age-specific alter-
native mechanism of glucose transport, or an age-related
difference in the phloridzin binding site on SGLT1.

Kinetic analysis of glucose uptake rates in BBM
vesicles from human fetal tissue suggests the presence
of two transport systems. In addition to SGLT1, a low
affinity, high capacity system is detected in the proximal
small intestine'". This may represent GLUT2, which
has been described in the BBM of adult rats exposed to
high luminal sugar concentrations'’

Human and rat fetal small intestine also express
GLUT1 (as do erythrocytes and brain tissue), which ap-
pears ecarlier than GLUT2, and decreases gradually dur-
ing fetal life!"*>*. Although the mechanism of this de-
velopmental regulation is unknown, GLUT1 may be in-
volved in early cell growth proliferation. Intestinal BLM
GLUT2 mRNA is expressed at high levels at birth"",
and GLUT?2 transports glucose and fructose. In fact,
GLUT2 mRNA is detected in fetal rats as early as day
16 following conception, even before intestinal villi are
formed""”. GLUT2 mRNA increases after weaning, and
subsequently decreases to adult levels"”". GLUT? in the
developing intestine is regulated by luminal glucose and
fructose!"”. Luminal perfusion of 20 d old rat pups’ in-
testine with fructose or glucose (100 mmol/L) increases
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GLUT2 mRNA. This enhancing effect of luminal glu-
cose or fructose was blocked by the transcription inhibi-
tor actinomycin D, but was not affected by the protein
synthesis inhibitor cycloheximide. GLUT2 mRNA was
also increased in bypassed intestinal loops, suggesting
that systemic factors are involved in its regulation. Inter-
estingly, GLUT2 mRNA abundance was even higher in
the bypassed loop than in the section that was perfused,
suggesting a possible compensatory mechanism due to
perceived starvation.

Sugar uptake increases with the gestational age of
the animal, and typically peaks immediately after birth,
when the intestine takes over the burden of nutrient ac-
quisition from the placenta. Studies done on pigs using
the everted sleeve method demonstrate that the maximal
transport rate (Vmax) for D-glucose was highest im-
mediately after birth, with a subsequent decrease in the
value of Vmax associated with the onset of sucklinglsq.
In contrast, in newborn pigs the onset of suckling ap-
pears to stimulate increases in BLM GLUT?2 density"".
It is not known if GLUT2 activity protein or mRNA can
be modified by sugars in the intestinal tract of humans.

At birth, all enterocytes appear to have the capability
to transport nutrients. As a result, uptake occurs in
enterocytes from all along the villus, rather than just
from the upper third, such as occurs in older rats'".
This may contribute to the higher rate of sugar uptake.
Soon after birth, the gradient of increasing transport as
one moves from the crypt to the villus is established""”.
This may be responsible for the reduced uptake capacity
of the intestine observed postnatally. The “dilution” of
fetal enterocytes with new immature cells that do not
express transporters may be responsible for this effect.
Indeed, the subsequent age-related decline in transport
observed in chickens was attributed to reductions in the
site density of SGLT1"",

Developmental changes in the intestinal transport of
nutrients may also be non-specific (for example, changes
in mucosal surface area, proliferation and migration
of enterocytes, or changes in intestinal permeability).
Indeed, the subsequent age-related decline in transport
observed in chickens was attributed to reductions in the
site density of SGLT1"",

Studies on human premature neonates have used the
urinary excretion of D-xylose and 3-O-methyl-glucose as
measures as passive and active carrier-mediated mono-
saccharide absorption of these sugars, respectively, when
compared to those born before 28 wk gestationm”. The
replacement of rat fetal enterocytes along the villus re-
quires up to 2 wk, as compared to the 24-48 h required
for the replacement of adult enterocytes. Non-specific
changes are responsible for ontogenic alterations in mu-
cosal weight, surface area and transport capacity. Postna-
tal development of enterocytes results in increases in the
surface area of microvilli and the BLM""*'". Reduced
turnover rates result in longer lifetimes of enterocytes,
resulting in slower replacement of cells.

Reductions in BBM fluidity occur in post-weaning
rabbits, in association with increases in the cholesterol-
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to-phospholipid ratio in the BBM"*'" 1n general, re-
ductions in fluidity result in reductions in permeability.
Human neonates show decreases in intestinal permeabil-
ity within the first 30 d of life, as assessed by lactulose/

. . . 116
mannitol urinary excretion!,

Fructose transport

Although SGLT1 and GLUT2 are expressed in en-
terocytes both in the fetus and at birth, the expression
of BBM GLUTS5 is only detected in post-weaning
rats!"""" " This contrasts with what is seen in pigs[sé]
and lambs"™. In rats, GLUTS5 protein and mRNA abun-
dance parallel fructose transport, and therefore remain
low throughout the suckling phase. GLUT5 protein and
mRNA also remain low throughout weaning in rats, with
higher levels detected in the post-weaning phase when
fructose may first appear in the rat' """ This increase
in GLUT5 mRNA and protein coincides with the rise in
fructose uptake seen at this period. Although there is a
temporal association between the introduction of dietary
fructose and the appearance of GLUTS5, the expression
of the transporter is “hard wired”” and occurs at this time
even in the absence of dietary stimuli"*'. However, the
precocious introduction of fructose into the diet of 22 d
old rat pups stimulates fructose transport and GLUT5
mRNA expressionllzu. Jiang ez al'* showed that luminal
petfusions of high concentrations (100 mmol/L) of fruc-
tose resulted in increases in GLUT5 mRNA and activity.
This developmental reprogramming of fructose transport
required de novo mRNA and protein synthesis, as both acti-
nomycin D and cycloheximide (inhibitors of transcription
and translation, respectively) abolished the effect.

In humans, the introduction of solid foods and fruit
juice containing fructose at earlier stages of infancy,
coupled with the increased use of fructose as a sweetener
in dietary products, has resulted in increased exposure to
fructose during infancy. Fructose has been implicated as the
major cause of “toddler’s diarrhea”, largely because it is a
late onset transporter that increases postnatally in human
infants"?. The infant intestine may not be equipped to
absorb high amounts of fructose, resulting in fructose
malabsorption. Fructose may then enter the colon, and
the high osmolarity may cause osmotic diarrhea. Even
in adults, the incidence of fructose intolerance may be
increasing: in a recent study malabsorption may be over
70% in persons with persistent, unexplained, non-specific
GI symptomsl124]. The dose of fructose used in this study
was approximately equivalent to the amount of fructose
found in two cans of pop.

Amino acid transport

Amino acid (AA) transporters appear prenatally in the
intestines of chickens, rats, rabbits, and humans, and
these transporters increase dramatically in the first days
after birth"”!. In rats, rabbits, and pigs, the highest rates
of BBM AA and peptide uptake are seen at birth, with
decreases during suckling and post-weaning!*'*. In
rats, BBM AA transporters are expressed prenatally at
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the same time or shortly after SGLT1"?\. In 17-20 wk
gestation human fetal small intestine, all of the AA
transport systems studied (neutral, acidic, basic, and
imino) were found to be functional, with a proximal-
distal gradient established shortly after cypt-villus forma-
tion"”. In human fetuses, AA transport occurs at 14 wk
gestation, with glucose transport at 18 wk, and fatty acid
absorption at 24 wk gestationm”

AA transporters, including NBAT (which transports
cationic and neutral AA) and EAACT (which transports
glutamate), are expressed in suckling rats' . The intestinal
absorption of peptides occurs »iz PepT1, which is distri-
buted throughout the small intestine. The distribution of
these transporters in suckling rats parallels that seen in
adult animals. NBAT mRNA is highest in the proximal
small intestine, while EAAC1 mRNA was highest in
the more distal regions. While a marked crypt-villous
gradient was found for PEPT1 and NBAT, EAACI1
immunoreactivity is confined to the lower third of the
villus and to the crypts. Thus, the EAACI transporter
of glutamate is the first AA transporter with decreased
expression during epithelial cell differentiation" .

There are developmental changes in AA and peptide
transport. The ontogeny of AA transport is complicated
due to the major species differences, and by the large
number of AA transport systems, and the fact that
some AA are essential or non-essential, depending on
the age of the animal. Also protein requirements change
throughout the lifespan of an animal, necessitating
variations in either intake or uptake of protein or AA.
For example, intestinal proline uptake per mg of tissue
is maximal at birth in rats, decreases at the end of the
suckling phase, and decreases further in older animals.
This decline matches both the dietary protein levels
and protein requirements' . In addition, the decline
in uptake of essential AA is greater than that for non-
essential AA"”. This may be because young animals
have a disproportionate need for essential AA in early
life, due to their rapid growth at this age.

There are also different patterns of uptake for indi-
vidual AA. For example, in cats, the basic AA transport
declines more steeply than does neutral AA transport. In
humans, lysine and phenylalanine transport appears later
than does the transport of alanine, leucine, taurine and
valine”. In rats, uptake declines at a similar rate with age
from proline, methionine and lysine; however the decline
in leucine uptake occurs twice as quickly“zgl. Finally, in
rats as transition occurs at weaning when the uptake of
glucose, fructose, and lysine increase, this is coupled with
decreases in proline and leucine uptake[m]. It is unknown
why there are such complicated patterns of changes in
AA uptake in early life.

Macromolecule transport

The uptake of macromolecules across the intestinal
epithelial barrier is an important route by which immu-
noglobulins, growth factors and antigens are absorbed.
This route of entry is especially important in neonates,
who rely on it to obtain important immune factors from
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maternal colostrum or milk. Most species (including
rats, mice, and humans) are born hypoglobulinemic, and
absorb IgG from maternal milk through proximal small
intestine absorption ™',

The transport of macromolecules across the BBM
may occur by receptor-mediated or non-specific trans-
cytosis. The transport of macromolecules is facilitated
by the presence of protease inhibitors in the maternal
colostrum. Rodent studies demonstrate specific intestinal
receptors that bind to the Fc portion of IgG[m]. These
receptors are transcriptionally regulated, and are present
in highest amounts in the duodenum'”. In humans, IeG
is transferred from the placenta to the fetus in the third
trimester of pregnancy, with receptors for IgG being
detected in the intestine of both the fetus and the neonate.
Macromolecular movement across the BBM persists after
birth, and then gradually decreases' ™. The initially high
permeability of the intestine declines after birth, leading
to a process commonly referred to as “gut closure”. The
time at which gut closure occurs and macromolecular
transport ceases varies between species, with a rapid
decrease in transport observed in pigs within the first few
postnatal days, and a similar decrease seen around 21 d
after birth in rats and rabbits'". In humans, the exact
time that gut closure occurs is unknown, but intrinsic
features as well as growth factors, hormones and breast
milk may play a role in regulating this process. The decline
in permeability may also be related to changes in the
thickness and viscosity of the mucus gel layer which coats
the BBM. The intervillus mucus gel is increased in weaned
as compared to suckling rats. This would potentially
increase the effective resistance of the unstirred water
layer, and thereby contribute to the dectrease in the uptake
of macromolecules.

In human infants, uptake of macromolecules or
lactoalbumin declines with advancing postconceptual
and postnatal agemg]. The ability of the neonatal intestine
to adapt to the presence or absence of luminal stimuli
is apparent from studies demonstrating a delay in spon-
taneous closure of the intestine if breastfeeding is post-
poned beyond the first 30 h of life!"*".

Pancreatic enzymes

The higher fecal fat losses in preterm infants compared
with term infants is thought to be attributable to lower
pancreatic and intestinal lipase activities. Despite the
presence of lipase in breast milk and of lipases in the
newborn tongue and stomach, micellar absorption of
lipids appears later when pancreatic lipase and bile acid
concentrations increasel .

The human exocrine pancreas is functionally im-
mature at birth, with substantial development occurring
after birth. Proteolytic enzymes are detected eatly in the
human fetus (20-25 wk gestation), with each enzyme
developing in a unique manner. Trypsin increases during
fetal life, to reach 90% of childhood levels at term*”.
In contrast, at birth chymotrypsin and carboxypeptidase
B levels are less than 60% and 25% of childhood levels,
respectively. Despite the differences in the temporal de-
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velopment of proteolytic enzymes, protein digestion in
the preterm neonate is adequate, and may be supported
by the early development of gastric pepsin and mucosal
peptidases' .

Pancreatic amylase activity is negligible in the hu-
man fetus, and is not detectable until one month after
birth!" . Salivary amylase is detected at 20 wk gestation,
and while levels are low at birth, they increase to adult
levels by the third month following birth*!. Amylase is
also present in human milk, and may aid in the digestion
of starch contained in weaning foods""!. The reduced
levels of amylase activity may reflect the low levels of
starch in the neonatal diet. At weaning, an increase in
amylase activity is detected"*. While this may be influ-
enced by the appearance of starch in the infant’s diet,
animal studies demonstrate a persistent increase in amy-
lase activity in rats subjected to prolonged nursing“w.
This suggests the presence of an inherent genetic pro-
gram for the expression of amylase activity, not neces-
sarily related to the starch content of the diet.

Pancreatic lipase activity in humans is detectable at
32 wk gestation. It remains low at birth, and increases
10 wk after birth!""". Lingual and gastric lipases, how-
ever, are detected at 26 wk gestationmg]. At birth these
lipases are able to hydrolyze 60%-70% of ingested fat,
even in the absence of pancreatic lipase*”. Lipase and
esterase activity is present in human milk, and contrib-
utes to the increased fat absorption observed in breast-
fed infants™". Low lipolytic activity may be the rate-
limiting step in the development of efficient fat absorp-
tion" """ Authors propose that it is the ability to take
up long chain fatty acids (LCFA) from the lumen that is
the rate-limiting step ™.

The ontogeny of the intestine is “hard wired”, and
occurs even in the absence of luminal and hormonal fac-
tors'""*. Still, a number of studies have demonstrated that
variations in maternal diets, as well as weaning diets, can
influence the ontogeny of the intestine!™* ", “Critical pe-
riod programming” is a phenomenon by which a biologi-
cal mechanism is irreversibly turned on or off once during
a lifetime in response to prevailing conditions at a critical
stage“m. This concept, which has also been referred to as
“metabolic programming” or “irnprinting””sg’w()], has been
used to explain associations between prenatal/neonatal
environment events, alterations in growth and develop-
ment, and later pathophysiology" """ Early exposure to
a diet high in fructose during the suckling-weaning transi-
tion may contribute to modest dyslipidemia later in life!"*.,
Intestinal sugar uptake is also prone to critical period pro-
gramming''®’

The role of dietary lipids in the programming of
intestinal nutrient transport has been studied!"**>1 191,
Thomson e a/'*" demonstrated that feeding eight-week
old rabbits a low cholesterol diet for two weeks reduced
intestinal glucose uptake, and that this effect persisted
for at least ten weeks after the animals returned to eat-
ing a normal diet. The response to diet depended on the
duration of feeding, the age of the animals, and whether
or not there was previous exposure to the diet. In this
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study, effects on sugar transport were not explained by
changes in food intake, body weight or intestinal weight.
Furthermore, persistent changes were seen in the active
transport of glucose, galactose, leucine and bile acids,
while changes in the passive uptake of lipids were re-
versible.

When the ratio of polyunsaturated to saturated fatty
acids in the diet of weanling rats is altered, diets en-
riched in saturated fatty acids increase hexose uptake,
and these alterations were fast, progressive and irrevers-
ible!™. Feeding the same diets to pregnant and lactating
rats resulted in similar increases in sugar uptake in their
weanling offspringlmﬁj. Curiously, these changes were
not seen in the suckling offspring, suggesting that the
mechanisms responsible for adaptation may not be fully
developed in these animals. Perin ez al' confirmed that
the weanling intestine was capable of adaptation, by con-
tinuing to feed the offspring of pregnant dams the same
diet for three weeks post-weaning. Persistent alterations
in sugar uptake were seen in response to variations in
dietary lipids, once again emphasizing the importance of
early exposure in the programming of intestinal nutrient
transport. In addition to the differences between suck-
ling and weanling offspring, the pattern of adaptation
also appeared to differ between the jejunum and ileum.

Further studies went on to characterize the effect of
diets enriched with arachidonic acid, docohexanoic acid
and diets with different ratios of n6 to n3 fatty acids on
intestinal nutrient transport[m]. As in the previous study
by Perin ef al'™ these maternal diets critically influenced
the ontogeny of the intestine, with many of the changes
in transport being irreversible. Furthermore, responsive-
ness to later dietary challenges depended on early-life
feeding experiences, once again emphasizing the impoz-
tance of eatly dietary exposure to the development and
later adaptability of intestinal transport of nutrients.

Lipid and bile acid transport

Studies using human fetal jejunal explants (14-20 wk
gestation) maintained in serum-free organ culture
demonstrated increases in chylomicron, VLDL and HDL,
paralleled by increases in triglycerides and cholesterol
eaters. This demonstrates the ability of the fetal intestine
to absorb fat in conjunction with ontogenic increases
in lipid and lipoprotein synthesis"*". Apolipoprotein B
synthesis is developmentally regulated: fetal intestine
synthesizes only apoB-100 at 11 wk, but both apo-48 and
apo-B100 are synthesized at 16 wk, with apoB-46 being
predominant in the mature intestine.

Pinocytosis of lipid globules is important after
birth. The immature rat intestine is also able to absorb
fatty acids and cholesterol"®, Triglycerides (T'G) are di-
gested by gastric and lingual lipases into fatty acids and
2-monoacylglycerols, and their uptake is higher in the
immature intestine than in adults®'*”. Fatty acid bind-
ing proteins on the BBM are present in adults' . Lipid
uptake is thought to be passive in sucklings (Meddings
and Theisen, 1989). Once taken up into the enterocytes,
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lipids are resynthesized into TG, phospholipids (PL) and
cholesterol esters (CE)!"",

Bile acids include solubilizing lipids in the intestinal lu-
men, which facilitate their diffusion through the intestinal
unstirred water layer external to the BBM. Intestinal bile
acid uptake is an important step in the enterohepatic cir-
culation of bile acids (recently reviewed in Kullak-Ublick
et al'™, and this uptake is therefore important in the over-
all process of lipid absorption. Bile acid transporters are
curiously absent during suckling when fat intake is high
and when bile acid secretion and recycling would be ex-
pected to be maximal. It is speculated that the malabsorp-
tion may allow bile acids to enter the colon and affect the
development of the enteric flora. It is likely that passive
absorption of bile acids during the suckling period may be
the mechanism by which bile acids are recirculated" ™.

Sodium-dependent bile acid transporters in the BBM
or cytosol are detected in the rat at weaning ™", Abrupt
increases in bile acid transport at weaning occur in rat
and human ileum, and are due to parallel increases in the

steady state mRNA abundance and transporter num-
ber[175,17 ]

CONCLUSION

Thus, the ontogeny, early growth and development of
the intestine is important for the adult gastroenterologist
to appreciate, because of the potential for these early life
events to affect the responsiveness of the intestine to
physiological or pathological challenges in later life.
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Abstract

In our examination of the distribution of abdominal fat,
dietary intake and biochemical data in patients with
nonalcoholic fatty liver disease (NAFLD), non-obese
NAFLD patients without insulin resistance presented a
characteristic pattern of dietary intake. Dietary choles-
terol intake was superabundant in non-obese patients
compared with obese patients, although total energy
and carbohydrate intake was not excessive. Namely,
excess cholesterol intake appears to be one of the
main factors associated with NAFLD development and
liver injury. Therefore, the control of dietary cholesterol
intake may lead to an improvement in NAFLD, and the
NPC1L1 inhibitor ezetimibe might be a promising treat-
ment for NAFLD. We review one pathogenic aspect of
lipid metabolism dysregulation in NAFLD and survey
new strategies for NAFLD treatment based on the
modification of cholesterol metabolism.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD), which encom-
passes a broad spectrum of liver disorders ranging from
simple hepatic steatosis to steatohepatitis and cirrhosis, is
currently the most common cause of chronic liver disease
and abnormal liver function tests in Western countties.
The development of hepatic steatosis is considered to
be associated with an excess intake of calories, visceral
obesity and insulin resistance, which result in an increased
release of free fatty acids from adipocytes and increased
rates of fatty acid synthesis in the liver?. However, the
mechanisms involved in the pathogenesis of NAFLD
in humans have not been thoroughly investigated.
Because of the associated triglyceride accumulation in
hepatocytes, NAFLD has been mainly investigated as a
lipogenic disorder. Indeed, fatty acid overload because of
the acceleration of de novo synthesis and cellular uptake
results in mitochondrial dysfunction, oxidative stress
and impaired VLDL formation, which lead to disease
progression“’zl. These changes related to lipid metabolism
were positively linked to transcriptomic and metabolomic
profiles in rats with NAFLD induced by a high fat
diet”. Tn addition, from our analyses of the expression
profile of fatty acid metabolism-associated genes in
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biopsy samples from NAFLD liver, a similar expression
pattern was seen, which indicated that the expression of
sterol regulatory element-binding protein-1c (SREBP-
1c), a positive regulator of fatty acid synthesis, was still
upregulated and the expression of AMP-activated protein
kinase, a negative regulator of fatty acid synthesis, was
down-regulated despite the increased uptake of free
fatty acids and intracellular accumulation of fatty acids
and triglycerides™”. These results suggest a breakdown
of the feedback regulation from the increased level of
intracellular fatty acids. Recently, it has been considered
that cholesterol metabolism has a significant role in
the pathogenesis of NAFLD. In the examination of
cholesterol metabolism-associated genes, despite chole-
sterol overload in hepatocytes, de novo synthesis of
cholesterol is still activated in the NAFLD liver, meaning
that cholesterol metabolism is dysregulated in NAFLD".
This review focuses on the intrahepatic cholesterol dysre-
gulation in NAFLD and potential emerging therapies for
NAFLD.

To understand the nature of NAFLD, a nutritional
approach provided helpful information. Among NAFLD
patients, a large percentage of patients have obesity with
insulin resistance, however, many non-obese individuals

12, Considering visceral fat and

are also included
insulin resistance, which are evident in obese patients,
the distribution of abdominal fat, dietary intake and
biochemical data were compared between obese (BMI
> 25 kg/m’) and non-obese patients (BMI < 25 kg/m’)
to identify potential nutritional factors that affect
NAFLD"". Visceral fat and dietary intake of total
energy and carbohydrates were at overtly higher levels
in the obese group as a matter of course. In contrast, in
non-obese patients, dietary cholesterol was significantly
higher and dietary polyunsaturated fatty acids (PUFA)
were significantly lower than those in obese patients.
Mean concentrations of serum total cholesterol, LLDI.-
cholesterol and triglycerides were near the upper limit of
the normal range, and serum levels of adipocytokines
were not in the abnormal range in either group.

Namely, superabundant dietary cholesterol and
decreased dietary PUFA intake may contribute to
NAFLD development without the presence of obesity
or insulin resistance. These findings are supported by
some animal models fed a high-cholesterol diet, which
show hepatic steatosis without obesity!"”"". However,
these animals had obvious hypercholesterolemia in
contrast to NAFLD patients. This might be because
the dietary cholesterol levels are considerably higher
(0.2%-1.25%) in animal models than in our examined
NAFLD patients. Furthermore, in these patients, hyper-
cholesterolemia might be masked by the overwork of
hepatocytes, resulting in cholesterol overload in tissues.
Cholesterol supply and fatty acid synthesis are associated
on a stream of the liver X receptor oo (LXRa)-SREBP-
1c pathway. In hepatocytes, LXRa, is a key regulator of
cholesterol and fatty acid metabolism, and its endogenous
agonistic ligands are oxysterols, which are metabolites
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of cholesterol. Surplus cholesterol produces increased
levels of oxysterols, resulting in activation of the
LXRa-SREBP-1c¢ pathway and enhancement of fatty
acid synthesis. Furthermore, upregulation of LXRa
expression was more noticeable in non-obese than in
obese NAFLD patientsm. Also, in the study of PUFA,
patients with NAFLD were found to have lower levels
of hepatic n-3 and n-6 PUFA, and n-3 PUFA dietary
intake had therapeutic effects on fatty liver in patients
with NAFLD"**. n-3 PUFAs, such as eicosapentaenoic
acid, which function as suppressors of SREBP-1c, are
considered to reduce hepatic levels of triglycerides.
However, clinically, a drug containing eicosapentaenoic
acid does not have a high enough efficacy in many cases
to overcome NAFLD (our own data).

Until now, investigations of therapeutic interventions
have largely focused on agents that modify oxidative stress
and insulin sensitivity, but clearly, an effective therapy
for NAFLD has not been proven. If excess cholesterol
plays a key role in the onset and progression of NAFLD,
the control of dietary cholesterol intake should be a
beneficial treatment strategy. Niemann-Pick C1 like 1
(NPC1L1), found in the proximal jejunum and canalicular
aspect of hepatocytes, is essential for the absorption/
reabsorption of cholesterol from the intestines and liver.
Accordingly, the NPC1L1 inhibitor ezetimibe is expected
to decrease intracellular cholesterol levels and to down-
regulate/inactivate the LXRa-SREBP-1¢ pathway, and
may be a suitable candidate for NAFLD treatment. In
animal models, knocking out NPC1L1 or treatment
with a NPC1L1 inhibitor provides resistance against
steatosis”*”. Clinically, we encountered and reported a
patient with NAFLD in whom ezetimibe clearly provided
an improvement against liver injury and steatosis™”. In a
clinical study, to reduce cholesterol load, ezetimibe was
administered (10 mg/d, orally) to non-obese NAFLD
patients (# = 12) without any other treatments and
any lifestyle modifications (unpublished data). In fact,
ezetimibe was effective for liver injury because significant
improvements were seen in serum aminotransferase levels,
with 75% of subjects normalizing their transaminases.
Six months after the treatment, alanine aminotransferase
levels decreased by nearly 60% on average. However,
a steatotic appearance remained as determined by liver
echotexture in many of the patients (9/12) after 12 mo of
treatment, indicating that a significant attenuation of fat
content was not necessarily found. Of note, suppression
of dietary cholesterol absorption may be a feasible option
to successfully treat NAFLD, particularly in non-obese
patients.

Considering the above findings, cholesterol-modi-
fying treatments are favorable for NAFLD patients, and
ezetimibe is expected to show a prompt clinical effect on
laboratory findings for at least non-obese patients. Hence,
the following should be examined and determined: (1)
Are HMG-CoA reductase (HMGR) inhibitors (statins),
which suppress de novo cholesterol synthesis, effective for
NAFLD as well as ezetimibe? In recent reports, some
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24-26 .
I, However, statins,

affirm but some deny the effect'
with the exception of pravastatin, have generally shown
promising results with improved serum aminotransferase
levels. Combination therapy with an HMGR inhibitor
plus ezetimibe might be more effective than monotherapy,
although several cases of hepatic injury as an adverse effect
have been reported in patients with pre-existing chronic
liver disease” " (2) Is the control of cholesterol levels also
effective in obese NAFLD patients with insulin resistance?
Because dietary cholesterol intake was also significantly
higher in obese patients than in normal individuals"”,
ezetimibe is possibly effective for obese patients. However,
in obese patients, it is difficult to remove the impact of
other factors such as lifestyle modifications and other
baseline agents; therefore, a study in obese patients requires
circumspection; (3) Does the control of cholesterol levels
improve steatosis in long-term observations? In the studies
of NAFLD treatment by statins, a consistent opinion has
not been drawn on the matter of the improving effect
in hepatic steatosism’zﬂ; (4) Further studies are required
to determine whether cholesterol modifications are
effective for both types of NAFLD, simple steatosis and
steatohepatitis; and (5) Does the control of cholesterol
levels show an additive therapeutic effect with any other
treatments such as antioxidants, hepatoprotective agents or
insulin sensitizers?

CONCLUSION

According to our nutritional examinations, increased
cholesterol intake may be one of the main causes of
an increase in the prevalence of NAFLD. Therefore,
as a potential treatment, cholesterol-lowering agents
look promising. Indeed, several recent studies endorse
the clinical indication of statin therapy for NAFLD.
Ezetimibe has recently been viewed as an alternative
to statin therapy in patients with hypercholesterolemia.
Ezetimibe targets the cholesterol absorption/reabsorption
step, and accordingly ezetimibe may be a suitable
treatment for NAFLD. Larger trials are needed to confirm
whether ezetimibe or statins are really efficacious as
monotherapeutic agents and, to maximize clinical benefits
while minimizing side effects, further trials may be
required to investigate the best combination partners for
the treatment of NAFLD.
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Abstract

Sigmoid diverticulitis is a common disease which car-
ries both a significant morbidity and a societal econom-
ic burden. This review article analyzes the current data
regarding management of sigmoid diverticulitis in its
variable clinical presentations. Wide-spectrum antibiot-
ics are the standard of care for uncomplicated diver-
ticulitis. Recently published data indicate that sigmoid
diverticulitis does not mandate surgical management
after the second episode of uncomplicated disease as
previously recommended. Rather, a more individualized
approach, taking into account frequency, severity of
the attacks and their impact on quality of life, should
guide the indication for surgery. On the other hand,
complicated diverticular disease still requires surgical
treatment in patients with acceptable comorbidity risk
and remains a life-threatening condition in the case of
free peritoneal perforation. Laparoscopic surgery is in-
creasingly accepted as the surgical approach of choice
for most presentations of the disease and has also
been proposed in the treatment of generalized perito-
nitis. There is not sufficient evidence supporting any
changes in the approach to management in younger
patients. Conversely, the available evidence suggests
that surgery should be indicated after one attack of
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uncomplicated disease in immunocompromised indi-
viduals. Uncommon clinical presentations of sigmoid
diverticulitis and their possible association with inflam-
matory bowel disease are also discussed.
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INTRODUCTION

Sigmoid diverticulitis is a common disease of the West-
ern World and results in a significant number of hospital
admissions!! with considerable societal costs due to loss
of productivity. The prevalence of diverticula in the sig-
moid increases proportionally with aging and only rarely
results in the inflammation referred to as sigmoid diver-
ticulitis. Sigmoid diverticula may cause significant bleed-
ing which is generally unrelated to diverticular inflamma-
tion and is generally referred to as diverticular bleeding
ot bleeding diverticulosis. Bleeding caused by diverticula
will therefore not be included in this review article. The
spectrum of sigmoid diverticulitis ranges from a single
episode of mild sigmoid inflammation amenable to
outpatient treatment to a life-threatening generalized
peritonitis caused by acute diverticular perforation which
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requires urgent surgical intervention.

The aim of this review article is to analyze the clinical
presentation, treatment modalities for the various forms
of sigmoid diverticulitis, the indications for elective and
urgent surgery and the postoperative and functional
outcomes reported in the literature.

RISK FACTORS AND PREVENTIVE
STRATEGIES

There are few studies which present evidence of a causal
relationship with preventable factors. The data obtained
from a prospective cohort of 47228 male health pro-
fessionals who were free from diverticular disease in
1986 has been fundamental in providing evidence-based
outcomes. Obesity is significantly associated with an
increased incidence of both diverticular bleeding and
diverticulitis, which have often been considered together
in the studies from this large dataset. The relative risk
of diverticulitis was found to be between 1.5 and 2, de-
pending on whether body mass index (BMI), waist cit-
cumference or waist to hip ratio were considered”. Cot-
respondingly, physical activity, particularly if vigorous, is
associated with decreased incidence of sigmoid divertic-
ulitis and diverticular bleedingm. A diet with an increased
fiber intake, particularly cellulose, is also significantly
associated with a decreased risk of diverticular disease'”.
On the other hand, the presumed correlation between
incidence of sigmoid diverticulitis and the consumption
of nut, corn and popcorn has not been confirmed when
analyzing this large prospective cohort of men®. With
respect to the use of medications, the regular and con-
sistent use of nonsteroidal antiinflammatory drugs and
acetaminophen is associated with symptoms of severe
diverticular disease, particularly bleedingm.

CLINICAL PRESENTATION AND
DIAGNOSIS

Sigmoid diverticulitis generally presents with abdominal
pain, typically located in the left lower quadrant and as-
sociated with a variable degree of peritoneal irritation,
which can range from none to generalized peritonitis.
Localized peritoneal reaction with guarding and rebound
tenderness may be noted. Fever and elevation of the
white blood cell count can aid in the diagnosis when
present. A redundant sigmoid colon may reach the right
lower quadrant, and sigmoid diverticulitis under these
circumstances may resemble acute appendicitis. In cases
of complicated diverticulitis a stricture may lead to ob-
structive symptoms with nausea and vomiting as the
most noticeable symptoms. On the other hand, a history
of recurrent urinary tract infection, dysuria with or with-
out urgency, pneumaturia and fecaluria can suggest a
colovesical fistula. When a patient reports passing stools
per vagina, insertion of a vaginal speculum can reveal a
fistulous opening at the vaginal apex, thus confirming a
colovaginal fistula. A previous history of hysterectomy
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is a valuable clinical clue to the correct diagnosis as co-
lovaginal and colovesical fistulas are rare in females with
their uterus in place, as the uterus becomes a screen
interposed between the inflamed colon and the bladder
and vagina. Less commonly, sigmoid diverticulitis can
involve other surrounding structures and cause coloen-
teric, colouterine or colocutaneous fistulas.

A full colonoscopy should be typically avoided dur-
ing an episode of acute diverticulitis because of an
increased risk of perforation. In select cases and expe-
rienced hands, a gentle flexible sigmoidoscopy can pro-
vide additional information and help rule out alternative
diagnoses such as cancer, inflammatory bowel disease,
or ischemic colitis. Computed tomography (CT) is the
most commonly used imaging modality to determine the
diagnosis of sigmoid diverticulitis. In this respect, CT
has supplanted barium enema and gastrografin enema
in the routine evaluation of the sigmoid colon'™. It can
also help establish a differential diagnosis with other
conditions which might exhibit similar symptoms such
as gynecologic or urinary tract disorders. Irritable bowel
syndrome and diverticulitis may present with similar
symptoms and physical findings. It is therefore impot-
tant to confirm the diagnosis of sigmoid diverticulitis by
imaging before recommending surgery.

CLASSIFICATIONS OF SIGMOID
DIVERTICULITIS AND IMPLICATIONS
FOR MANAGEMENT

It is appropriate to classify sigmoid diverticulitis into dif-
ferent categories as the morbidity and mortality of this
condition are greatly variable. Traditionally, the Hinchey
classification has been used to subdivide sigmoid diver-
ticulitis into subgroups based on the degree and extent
of the abdominal and pelvic disease identified at the time
of surgery and associated with perforated diverticular
disease of the colon. Of note, Hinchey credited Hughes
for the development of an earlier, similar classification in
1963". The Hinchey classification, developed before the
advent of routine CT imaging, remains the most widely
used classification and a few updated modifications have
therefore been proposed in recent years (Table 1). In fact,
the original Hinchey classification might not be the most
practical classification to help in the contemporary man-
agement of at least some cases of diverticular disease. For
example, the Hinchey classification separates a pericolic
abscess (Hinchey 1) from a distant abscess (Hinchey 2).
However, larger pericolic abscesses and similarly sized
distant abscesses might carry similar morbidity and re-
quire similar management. In these cases, more important
factors in the clinical management of this complication
of diverticular disease might instead be the abscess size,
location in the pelvis or mesocolon and also the ability to
percutaneously drain the abscess regardless of its vicinity
to the sigmoid, and therefore maximize the feasibility of
a subsequent one-stage operation. In this respect, some
proposed modifications of the Hinchey classification spe-
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Original Hinchey classification

Sher'”, Kohler modification''"!

Wasvary modification™*! Kaiser modification

7111

I a phlegmon

1 b pericolic abscess
Pelvic abscess

I a confined pericolic
inflammation-phlegmon

I b confined pericolic abscess
Pelvic, distant intrabdominal or
retroperitoneal abscess

Stage I  Pericolic abscess confined by the Pericolic abscess
mesentery of the colon
Stage II  Pelvic abscess resulting from a local II A distant abscess amenable to
perforation of a pericolic abscess percutaneous drainage
II B complex abscess associated
with/without fistula
Stage I Generalized peritonitis resulting from Generalized purulent peritonitis
rupture of pericolic/ pelvic abscess into
the general peritoneal cavity
Stage IV Fecal peritonitis results from the free Fecal peritonitis

perforation of a diverticulum

Purulent peritonitis Generalized purulent peritonitis

Fecal peritonitis Fecal peritonitis

'"This modification also includes stage 0, defined as mild clinical diverticulitis.

Figure 1 Diverticulitis. A: Uncomplicated sigmoid diverticulitis with colonic thickening and straining at CT (arrow), also referred to as “mild” CT diverticulitis. Two
diverticula contain contrast medium without evidence of extravasation outside the sigmoid; B: “Severe” CT diverticulitis with extravasation of contrast and small
amount of extraluminal air (arrow). This patient was initially managed non-operatively and eventually required surgery for recurrent disease.

Moderate diverticulitis Severe diverticulitis

Localized sigmoid wall thickening
(> 5 mm)
Inflammation of pericolic fat

Same as mild diverticulitis plus
one of the following:
Abscess
Extraluminal air
Extraluminal contrast

cifically include the ability to percutaneously drain the ab-
scess' "', Furthermore, the Hinchey classification was de-
veloped based on the description of surgical findings and
was not specifically designed to evaluate cases of sigmoid
diverticulitis treated with antibiotics only. More recently,
CT scanning has become the imaging modality of choice
to diagnose sigmoid diverticulitis and has been proposed
as being the imaging modality providing the most im-
portant and valuable indication as to the likelihood that
medical treatment with antibiotics will fail. In this regard,
Ambrosetti ¢z al'® have proposed a CT-based classifica-
tion of sigmoid diverticulitis subdivided into “moderate
disease” or “mild disease” in the case of localized sigmoid
wall thickening (greater than 5 mm) and inflammation of
the pericolic fat (Figure 1A). On the other hand, the term
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“severe disease” is used instead in the case of abscess,
extraluminal air or extraluminal contrast extravasation

(Figure 1B and Table 2).

UNCOMPLICATED DIVERTICULITIS

When the inflammatory process is limited to the sigmoid
it is generally treated with antibiotics. If symptoms are
not severe and the patient is otherwise healthy and com-
pliant with medical treatment, wide spectrum antibiotic
treatment can be administered orally on an outpatient
basis and the patient followed with serial office visits. On
the other hand, if the patient is systemically ill, eldetly or
has significant comorbidities, a hospital admission and
treatment with intravenous antibiotics are warranted.
Even when hospital admission is necessary, the appro-
priateness of an initially conservative approach with an-
tibiotic management has been confirmed™ ", Most pa-
tients with uncomplicated sigmoid diverticulitis respond
to medical treatment and generally experience significant
decreases in their abdominal pain, temperature and white
blood cell count within the first 48 h after initiation of
antibiotic treatment! "',

In a minority of patients non-operative treatment fails,
and symptoms either persist or worsen. In these cases,

February 21, 2010 | Volume 16 | Issue 7 |



urgent or semi-urgent surgery may become necessary
during the same hospital stay. Among the remaining
patients who successfully recover from their first episode
of sigmoid diverticulitis, only a few eventually require
elective sigmoid resection for recurrent disease and even
more rarely are urgent operations necessary.

Following recovery from a new onset attack of un-
complicated diverticulitis the patient should undergo
colonoscopy, or alternatively a barium enema, to rule out
alternative diagnoses such as ischemic colitis, inflammatory
bowel disease or, most importantly, a carcinoma.

INDICATIONS FOR ELECTIVE SURGERY

The indications for elective operation for sigmoid di-
verticulitis are evolving, For several years the traditional
teaching has been that elective sigmoidectomy was war-
ranted after 2 attacks of uncomplicated diverticulitis.
This recommendation was based on the assumptions
that after 2 attacks there was not only a very high prob-
ability of recurrent attacks of uncomplicated diverticuli-
tis but also an increased risk of complicated diverticulitis
including free perforation causing diffuse peritonitis.
From this viewpoint surgery would therefore prevent
the risk of complicated diverticulitis with its inherently
increased morbidity and mortality. Recent studies have
questioned this hypothesis“‘)J and suggest instead that
most patients who have complicated diverticulitis experi-
ence this clinical presentation as their first manifestation
of diverticular disease™". Other studies based on deci-
sion analysis models have indicated that the preferred
timing of elective surgery to optimize life expectancy
should be after the third™ or fourth™ attack of uncom-
plicated diverticulitis. This changed view on the indica-
tions for elective surgery has reduced the overall number
of surgical procedures performed for diverticulitis. In
a study of 685390 hospital discharges for sigmoid di-
verticulitis, based on the Nationwide Inpatient Sample
during the period 1991-2005, the ratio of hospital dis-
charges for diverticulitis increased from 5.1 to 7.6 cases
per 1000 inpatients. However, the proportion of patients
who underwent surgery for uncomplicated diverticulitis
declined from 17.9% to 13.7% (P < 0.001). In spite of
these shifts, the percentage of patients with free perfora-
tion from diverticular disease remained stable through-
out the study period at 1.5%"Y. With the limitation of
a retrospective study based on administrative data, this
study with a large number of patients also confirms that
a less aggressive strategy for clective surgery did not re-
sult in any wortisome increase in the rate of presentation
with diffuse peritonitis from diverticular perforation.
Contemporary proponents of surgery after 2 attacks ar-
gue that earlier surgery favorably impacts patient symp-
toms””” and that an increased number of diverticulitis
attacks proportionally increases the conversion rates at
the time of elective laparoscopic sigmoidectomylzq.
Overall, the recent data from the literature defining
the natural history of uncomplicated diverticulitis has
contributed to reducing the emphasis on the rule of
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surgery after the second attack. As a result of this shift,
the most recent version of the Practice Parameters for
Diverticulitis from the American Society of Colon and
Rectal Surgery states that “the number of attacks of un-
complicated diverticulitis is not necessarily an overriding
factor in defining the appropriateness of surgery”?”’,

SURGICAL TREATMENT

The tenets of surgical treatment of diverticulitis are re-
section of the entire sigmoid and anastomosis between a
soft and pliable area of descending colon and the upper
rectum. The latter is generally recognized by the conflu-
ence of the teniae, which frequently occurs at the level of
the sacral promontory. Failure to completely remove the
sigmoid is associated with increased recurrence rates” .
Some surgeons have emphasized preservation of the in-
ferior mesenteric artery which might minimize the risk of
anastomotic leakagem, sexual dysfunction from intraop-
erative nerve injury”, and optimize functional results™.
Mobilization of the splenic flexure should be left to the
discretion of the operating surgeon and is generally not
necessary in the case of redundant left colon. The in-
volvement of the tissue surrounding the sigmoid colon by
the inflammatory process is variable. Often it is possible
to identify the ureters intraoperatively and the required
pelvic dissection can be limited to the upper rectum.
However, there may be cases of complicated diverticulitis
in which the extent and degree of inflammatory changes
warrant the use of ureteral stents and/or the creation of
a colorectal anastomosis in the more distal rectum. In
such cases a difficult, prolonged dissection with signifi-
cant blood loss may also justify the creation of a proximal
diverting stoma. With respect to the required extent of
resection, it is not necessary to remove the entire colonic
segment bearing diverticula, which may actually be im-
possible in some cases due to the extent and density of
diverticula throughout the colon. However, care should be
taken to prevent inclusion of any diverticula into a stapled
colorectal anastomosis. These principles are generally ac-
cepted and should apply equally to open or laparoscopic
surgery. On the other hand, the timing of surgery in rela-
tion to the last diverticulitis attack has been the subject of
controversy. The traditional practice entails a waiting pe-
riod of 4-6 wk after a diverticulitis attack before perform-
ing an elective operation. Alternatively, some surgeons
have suggested that eatly intervention for complicated di-
verticular disease may avoid the prolonged hospitalization
and possibly multiple hospital admissions related to the
traditional stepwise approach with initial antibiotic man-
agement and delayed elective surgerym]. It has also been
suggested that early surgery might obviate the creation of
a stoma with its associated possible complications™. In
addition, there is some evidence suggesting that an eatlier
timing of surgery, to within 30 d from the last diverticuli-
tis attack, is not associated with increased morbidity when
compared with operations performed between 30 and 60 d,
or after 60 d following the last attack™. However, other
investigators have reported less encouraging results. In the
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case of laparoscopic surgery early surgical intervention
has been associated with an increased convetsion rate due
to inflammation””. More importantly, a prospective study
evaluating early elective sigmoid resection, carried out
after 5-8 d of initial antibiotic treatment, has shown that
this approach was associated with increased morbidity
when compared with operations carried out 4-6 wk after
the initial hospita]jzation[37]. While the data regarding the
outcomes of early surgery following hospitalization for
sigmoid diverticulitis remains controversial, there does not
seem to be sufficiently consistent evidence at the moment
to justify any anticipation of elective surgery before the
traditional 4-6 wk waiting period.

INCREASED ROLE OF LAPAROSCOPIC
SURGERY

While open surgery continues to be performed, especially
in low volume centers and by low volume surgeons[38],
laparoscopic surgery is increasingly preferred in the elec-
tive treatment of sigmoid diverticulitis. Several single-
institutional seties have confirmed feasibility and safety of
the laparoscopic approaChBMZ]. Laparoscopic sigmoidec-
tomy is associated with reduced recovery time and return
to bowel function, reduced hospital stay, and at least in
some cases decreased morbiditymm and costs™*, Single-
institutional series by experienced surgeons have reported
conversion rates of as low as 2.8% and a median hospital
stay of 4 d™. Minimally invasive sigmoidectomy can be
performed using a straight laparoscopic technique or a

. . . M950
laparoscopic hand-assisted technlque[ !

A single-access
sigmoidectomy has also been recently described”". The
controversy persists as to whether the hand-assisted tech-
nique allows a reduction of operative times and conver-
sion rates while extending the benefits of laparoscopic
surgery to more difficult cases.

In general, the benefits of laparoscopic surgery have
been confirmed by a large study based on data from the
Nationwide Inpatient Sample during the years 1998-2000,
which included 709 patients treated laparoscopically »s
17735 treated with the open technique. Laparoscopically
completed patients had a mean reduction of hospital stay
of almost 2 d and also reduction of postoperative mot-
bidity when compared to their open counterparts. An im-
portant limitation of this study was that, due to the nature
of the administrative database used, converted patients
were not analyzed combined with the cases completed
laparoscopically, which skews the results in favor of lapa-
roscopic surgery[sz], However, a more recent study using
the University Health System Consortium Database, in
which converted patients were appropriately included in
the laparoscopic group, confirmed a reduction in hospital
stay, overall postoperative morbidity and total hospital cost
in favor of laparoscopic sigmoidectomy for benign dis-
eases™ . In addition, there is further evidence of the ben-
efits of laparoscopic surgery emerging from a prospective
randomized trial, which has demonstrated reduction of
major complications after laparoscopic surgery when
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compared with open sigmoidectomy™. This multicenter,
randomized, double-blinded study accrued 104 patients in
5 centers from 2002 to 2006. Double-blinding was carried
out by covering the patient abdomen with a large dressing
at the time of surgery so that patients, as well as physi-
cians in charge of patients discharge, were unaware of the
surgical technique used. Eligible patients were randomized
to open s laparoscopic sigmoid resection. Patients were
similar with respect to gender, age, BMI, comorbidities,
indications for surgery and previous surgical procedures.
Conversion rate was 19% and mortality 1%. Laparoscopic
surgery tresulted in expected recovery benefits including
significant reduction of pain based on visual analog scores
and systemic analgesia requirements, decreased hospital
stay and improved quality of life based on short-term
SF-36 questionnaires. In addition, laparoscopic surgery
resulted in significant reduction of major complications,
defined as a composite inclusive of intrabdominal abscess,
anastomotic leakage, pulmonary embolism and myocar-
dial infarction. Major complications combined for a 25%
rate after open surgery »s 10% after laparoscopic proce-

Based on the data from the last decade, it is reasonable
to offer laparoscopic surgery in the surgical management
of sigmoid diverticulitis and expect at least the recovery
advantages reported after laparoscopic bowel resection.

RELATIONSHIP BETWEEN SURGICAL
VOLUME AND OUTCOMES

A number of studies have investigated possible differ-
ences in outcomes related to the experience of the opera-
tors. With respect to the use of laparoscopic surgery, there
is evidence that the volumes of both individual surgeons
and hospitals are directly proportional to the likelihood of
performing laparoscopic surgery for diverticular disease.
Using National Inpatient Sample Data based on over
55000 patients, high-volume surgeons were almost 9 times
more likely to perform laparoscopic surgery and high-
volume hospitals were over 3 times more likely to perform
laparoscopic surgery than their low-volume counterparts.
These differences remained statistically significant when
the data were stratified for age of the patient and timing
of surgery; elective vs nonelective™. Volume/outcome
studies have also been conducted within the subgroup
of patients treated with laparoscopic surgery. In the mul-
ticenter, observational, German study from the Laparo-
scopic Colorectal Surgery Study Group of 1545 patients,
the 52 participating institutions were divided into 3 groups
according to the number of cases performed; greater
than 100, between 30 and 100, and less than 30. While the
percentage of patients with complicated diverticulitis was
significantly increased in high-volume institutions (21%
vs 8% in low-volume centers), operating times in these
same institutions were shorter by approximately 30 min.
Intraoperative complications, conversion rates and post-
operative morbidity and mortality were numerically lowest
in the high-volume centers, but these differences were not
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Figure 2 Fistula. A: Colovesical fistula as indicated by the presence of air in the bladder. This patient had symptoms and other CT findings consistent with sigmoid
diverticulitis; B: Sigmoid diverticulitis and colovaginal fistula. This patient had undergone previous hysterectomy and complained of feculent discharge from her vagina.
CT scan indicated inflamed sigmoid with adherent small bowel loop (arrow). The small bowel loop could be successfully separated from the sigmoid at the time of
laparoscopic sigmoidectomy. There was no evidence of coloenteric fistula; Sigmoid diverticulitis with colocutaneous fistula (arrows) (C and D) (courtesy of Dr. Ravi
Pokala Kiran, Department of Colorectal Surgery, Digestive Disease Institute, Cleveland Clinic, Cleveland, Ohio, USA).

statistically signiﬁcantﬁs]. The results from this study seem
to indicate that experienced surgeons in high-volume
centers might be more facile at treating more complex
cases with laparoscopic surgery. However, even low-
volume centers can still achieve comparable postoperative
outcomes and should therefore not be discouraged from
performing laparoscopic surgery.

RESULTS OF SURGERY FOR
DIVERTICULITIS

Contemporary surgical treatment of diverticulitis following
the principles described above is considered curative with a
less than 5% recurrence rate” . A suspicion of recurrent
sigmoid diverticulitis following surgical resection should
be confirmed by CT scan of the abdomen and pelvis after
which antibiotic treatment should be initiated, as for a case
of primary uncomplicated sigmoid diverticulitis. It is im-
portant to preoperatively discuss with the patient that the
risk exists that surgery might not lead to resolution of the
patient’s complaints. When this is the case, an anastomotic
stenosis should be ruled out as a possible source of the
problem which can often be successtully treated””. How-
ever, persistent or recurrent symptoms can be more dif-
ficult to elucidate. At least one contemporary seties has re-
ported a 25% rate of persistent symptoms after surgerylsg],
which the authors felt could be only partially explained
by an overlap with irritable bowel syndrome. One of the
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limitations of the assessment of symptoms and functional
results after surgery is that sigmoid diverticulitis can cause
a significant impairment of quality of life before surgery,
a time at which quality of life is even more rarely assessed.
The functional results of surgery should therefore be
most accurately assessed when compated to the patient’s
preoperative status. A recent study has appropriately ad-
dressed this issue and reported a prospective evaluation of
functional outcomes after laparoscopic sigmoid colectomy.
A sample of 46 individuals underwent evaluation of their
quality of life using the gastrointestinal quality of life indi-
cator (GIQLI) administered before surgery and then at 3, 6,
and 12 mo postoperatively. The quality of life significantly
improved for the majority of the overall group, whereas
it declined in only 5 patients. Urinary and sexual function
were also tested using validated scores and did not change
as a result of surgery”'. When appropriately diagnosed by
CT scan, sigmoid diverticulitis requiring surgery should be
followed by improvement in symptoms and function in a
substantial majority of cases.

COMPLICATED DIVERTICULITIS

There are several complications which may be associ-
ated with diverticular inflammation. These include fistula
(Figure 2), phlegmon, stricture, abscess and free perfora-
tion. At times the definition of complicated disease may
depend on the individual clinical judgment, as uncompli-
cated and complicated diseases are a continuum of in-
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Figure 3 Sigmoid stricture (arrow) causing large bowel obstruction with
proximal colonic dilatation. Clinical and imaging findings at presentation
did not allow ruling out sigmoid carcinoma. This patient was treated with initial
Hartmann procedure and the pathology report revealed sigmoid diverticulitis.
He subsequently underwent Hartmann takedown after 3 mo.

creasingly severe inflammation which can cause a variable
degree of stricture, intramural abscess or phlegmon. In
the United States, complicated disease at presentation is
more common in African-American patients and in indi-
viduals who lack medical insurance, based on an analysis
from the Nationwide Inpatient Sample®™”.

In general, surgery is recommended for complicated
diverticulitis after the first episode as the risk of recur-
rent disease without surgery is very high. However, when
age or comorbidities prohibitively increase perioperative
risks, it may be appropriate to approach complicated di-
verticulitis with medical treatment alone'™’,

Laparoscopic surgery remains feasible also for compli-
cated diverticulitis”>*"* including cases with fistulas'® ",
The morbidity after laparoscopic surgery for complicated
diverticulitis might exceed that of uncomplicated disease,
but this has not been uniformly provenml

It remains controversial whether the act of conver-
sion, which is more likely for complicated diverticular
disease””, increases postoperative morbidity or not. It is
generally accepted that when a conversion is necessary,
an early conversion can minimize major complication so
that it causes only minor morbidity™™ or does not result
in any increased morbidity rate at all*”.

In general, a more selective use of laparoscopic sur-
gery for more straightforward, uncomplicated cases of
diverticular disease could minimize conversion rates and
therefore capitalize on the advantages derived from the
laparoscopic approach. On the other hand, a more liberal
use of laparoscopic surgery, including for complicated
cases in patients with a previous laparotomy, is likely to
result in increased conversion rates. However, this less
stringent patient selection could still offer the potential
benefits of laparoscopic surgery to an increasing number
of individuals requiring surgery for sigmoid diverticulitis
without adverse effects on long-term patient outcomes'*”

STRICTURE

Sigmoid diverticulitis can present in the form of a stric-

144

Jgn?s:iﬁmg"‘ WJG | www.wjgnet.com

810

Figure 4 On-table intraoperative colonic lavage (see explanation in text).

ture which may or may not be associated with typical
symptoms. In the case of stricture, the indications for
surgery may range from colonic obstruction requiring
acute surgical intervention to the inability to rule out
carcinoma as the cause of stricture (Figure 3). Sigmoid
strictures can cause significant dilatation in the proximal
colon, which can complicate the creation of a colorectal
anastomosis after sigmoid resection. A staged procedure
with sigmoidectomy and creation of a colostomy may
therefore become necessary. A possible option in the sut-
gical management of severe sigmoid stricture causing sig-
nificant fecal loading is a resection with on-table colonic
lavage and primary anastomosis (Figure 4). This is carried
out by inserting a large Foley catheter through an appen-
dicostomy or distal ileal enterotomy secured with a purse-
string suture with the tip of the catheter placed into
the cecum. This Foley catheter is connected to a bag of
warm saline solution which is typically used for irrigation.
A large corrugated tube, such as an anesthesia ventilator
tube, is then placed in the open end of the descending
colon and secured with umbilical tape or large suture to
the bowel wall. The distal end of the tubing is placed into
a bucket on the floor where the effluent is collected. It
is frequently necessary to mobilize both the hepatic and
splenic flexures and manually propel solid stools towards
the distal end which can significantly increase opera-
tive times. A proximal stoma diversion in addition to a
colorectal anastomosis may be a prudent adjunct to the
operative procedure, with or without intraoperative co-
lonic lavage. Alternatively, a stricture can be treated with
placement of endoluminal metallic stents to correct the
obstruction, reduce the discrepancy in bowel diameter
and allow a subsequent one-stage surgical procedure con-
sisting of sigmoid resection and primary colorectal anas-
tomosis””. Other options in the management of large
bowel obstruction related to diverticular disease are sub-
total colectomy and primary ileorectal anastomosis, and,
in the most difficult cases, creation of a decompressive
colostomy proximal to the strictured sigmoid followed by
delayed sigmoid resection. The choice among these vari-
ous options depends on both the individual patient and
the surgeon’s level of confidence in performing each of
the approaches described above.
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Figure 5 Sigmoid diverticulitis complicated by pericolic abscesses (A and C, arrows) requiring treatment by placement of two separate CT-guided
percutaneous drains (B and D). This patient underwent laparoscopic sigmoidectomy with primary colorectal anastomosis and removal of both drains 6 wk after

percutaneous drain placement.

PERIDIVERTICULAR ABSCESS

There is evidence suggesting that clinical presentation
of sigmoid diverticulitis as peridiverticular abscess has
increased in recent years™. It is generally acknowledged
that elective surgery should be performed after percuta-
neous drainage of peridiverticular abscess (Figure 5) due
to the high risk of recurrent diverticulitis"*"". In these
cases surgery is generally performed 4-6 wk after initial
percutaneous drainage. Some surgeons prefer to leave
the drain in place until surgery, others remove the drain
if the output becomes minimal and a drain contrast
study rules out an existing sigmoid fistula. An accepted
exception is the use of percutaneous drainage alone to
obviate the need of surgery in poor risk patientsm].

The safety and effectiveness of percutaneous drain-
age in controlling the immediate symptoms of diver-
ticular disease presenting with an abscess have been
reported by several authors™*” 7", A number of variables
have been examined as possible factors associated with
the success rate of non-operative management.

Firstly, the size of the abscess seems to be an impor-
tant indicator for success of non-operative management,
especially when antibiotics alone are considered as first
line treatment. A diameter of approximately 3-4 cm
or less is more likely to be associated with successful
antibiotic treatment' """, Based on the ability of anti-
biotics alone to control smaller abscesses, some authots
have suggested that the role of CT-guided drainage of

diverticular-related abscesses should be re-evaluated and
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percutaneous drainage should be utilized less often!.

Another factor with a possible impact on management is
the abscess location. In fact, there is evidence suggesting
that an abscess located in the mesocolon might be more
responsive to non-operative treatment than a pelvic ab-
scess!™"". In this regard, in a study analyzing 73 patients
initially treated with antibiotics and undergoing CT-guid-
ed drainage only in case of failure of medical treatment,
71% of patients with a pelvic abscess ultimately required
surgery o5 51% after percutaneous drainage of a meso-
colic abscess. Based on these results, the authors sug-
gested that sigmoid colectomy should be recommended
after drainage of a pelvic abscess but not necessarily
after percutaneous drainage of a mesocolic abscess!™.
The success of non-operative treatment in at least some
patients has prompted other investigators to question
the role of routine surgery after successful drainage of
pericolonic abscess™.

It remains difficult to critically evaluate the results of
the various treatment options available for abdominal
and pelvic abscesses related to diverticulitis because of
both variability in clinical practices and data reporting. In
some institutions percutaneous drainage is the preferred
approach whenever technically feasible, which generally
requires an abscess diameter of at least 3 cm. On the
other hand, in other institutions the initial treatment of
diverticular abscesses includes antibiotics alone and only
after failure of antibiotic treatment is a percutaneous
drainage considered. In addition, the data regarding the
effectiveness of percutaneous drainage alone without
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subsequent surgery remain limited, because of both
small sample sizes and short follow-up. Further studies
will be necessary before the standard of care of elective
surgery after initial percutaneous drainage is abandoned.

GENERALIZED PERITONITIS FROM
PERFORATED SIGMOID DIVERTICULITIS

A perforation of a sigmoid diverticulum into the free
peritoneum is a life-threatening condition requiring im-
mediate surgical intervention. The standard of care in
most of these cases is a resection of the colonic seg-
ment including the perforation and creation of a proxi-
mal colostomy. Several authors refer to this operation as
a Hartmann procedure, which by definition involves the
resection of the sigmoid, closure of the rectal stump and
creation of an end-descending colostomy, and which has
also been performed laparoscopically™™. Other sur-
geons have suggested that especially when the patient is
severely septic and hemodynamically unstable the initial
goal should be an expedited resection limited to the in-
volved segmentm, sometimes referred to as a “perforec-
tomy”, in which at least some of the sigmoid should be
left intact until the patient completes his or her recovery
from the initial operation. In this case, a completion sig-
moid resection would be typically performed at the time
of colostomy takedown several months later so that the
patient ultimately receives appropriate surgical treatment
for sigmoid diverticulitis®". The morbidity and mortality
from Hartmann procedure for free diverticular perfora-
tion remain substantial. The aggregate mortality in a
total of 1051 patients reported in 54 combined studies
conducted between 1966 and 2003 was almost 19% and
was associated with a 24% incidence of wound infection
and a 10% incidence of stoma complications[szl. In spite
of advancements in intensive care, imaging and medical
treatments, the mortality for this condition has remained
stable over time®. Intestinal continuity can generally
be reestablished 3-6 mo after the initial operation[w al-
though it has been reported that between approximately
30% and 70% of patients never have their colostomy

81,85-87
closed'

| In addition, a Hartmann takedown remains
a difficult elective procedure[gsl fraught with significant
morbidity™”.

Considering the significant morbidity and mortality
associated with a Hartmann procedure and its sequelae,
some authors have suggested that in select circumstances
it might be possible to resect the perforated segment and
primarily reestablish intestinal continuity[gﬂ’gﬂ, which some
surgeons feel can benefit from intraoperative colonic la-
vage as described above!”” (Figure 4). This view remains
controversial and most surgeons would not recommend a
resection and primary colorectal anastomosis for general-
ized peritonitis from diverticular perforation. However, in
select circumstances it is possible to perform a colorectal
anastomosis and proximal diverting loop ileostomy. This
approach seems to be preferable to a Hartmann resection
when the degree of intraoperative contamination and the
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underlying patient condition allow this approach. In these
cases, the use of a defunctioning stoma in addition to
colorectal anastomosis might result in a good compromise
between postoperative morbidity, quality of life and prob-
ability of permanent stoma

LAPAROSCOPIC LAVAGE, A NOVEL
SURGICAL APPROACH TO GENERALIZED
PERITONITIS

The advent of laparoscopic surgery and the increased use
of the laparoscopic approach to treat perforated peptic
ulcers and appendicitis have led to the development of
laparoscopic strategies for the treatment of perforated di-
verticulitis. In this regard, laparoscopic lavage is a recently
proposed treatment option which would potentially save
the patient from both a major bowel resection and the cre-
ation of a stoma. The initial experiences of laparoscopic
lavage have been promising with respect to perioperative
mortality and complicationsm]. In addition, while most
proponents of initial laparoscopic lavage have decided
in favor of an elective, delayed sigmoidectomy” '™, a
multicenter study from Ireland has reported encouraging
results following a policy of lavage followed by contin-
ued observation. In fact, Myers ef al"" noted recurrence
of sigmoid diverticulitis in 4 out of 92 treated patients,
none of whom required surgery after a median follow-
up of 36 mo. These data from different centers suggest
that laparoscopic lavage has the potential to become, at
least in select cases, the definitive treatment for perforated
diverticulitis. However, the data on laparoscopic lavage for
diverticular peritonitis remains limited and further inves-
tigations into this option are warranted to confirm these
initial, promising results.

YOUNGER PATIENTS: SHOULD THE
INDICATIONS FOR SURGERY CHANGE?

The indication for surgery in younger patients, generally
defined as those who are 50 years old or younger, has
been the subject of controversy. It has been reported
that younger patients more frequently require surgery
for diverticulitis'™ or are prone to recurrent disease!"".
Based on the presumed association between younger age
and more virulent disease, some surgeons have suggested
that elective surgery should be recommended in patients
younger than 50 years old after their first attack of un-
complicated diverticulitis"**'"™!
spective series have not confirmed a correlation between
younger age and more severe disease! " In addition,
prospective data do not support a more aggtessive surgi-
cal approach for younger patients. In this regard, Guzzo
and Hyman""" examined 762 patients admitted to their
institution with sigmoid diverticulitis between 1990 and
2001, including 259 individuals younger than 50. The risk
of requiring surgery during the first admission was com-
parable between older and younger patients. In addition,

. However, other retro-
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out of 196 younger patients who were treated medically
at the time of their initial admission, only one (0.5%) pre-
sented with perforation during a median follow-up of 5.2
years. In another prospective study with a median follow-
up of 9.5 years, 118 patients were followed after their
initial attack of diverticulitis, 28 of whom were 50 years
old or younger. Age and findings at initial CT scan were
analyzed as possible predictive factors for risk of poor
outcome during the follow-up period, defined as recur-
rent, persistent or complicated diverticulitis. The prob-
ability of poor outcome at 5 years was 54% in younger
patients with initially severe CT diverticulitis »s 19% for
older patients with mild disease, based on CT imaging, At
univariate analysis, age was a predictive factor for poor
outcome. However, after stratification for severity of dis-
ease, age was no longer a significant factor""". Based on
the available contemporary data there does not seem to be
sufficient justification to recommend elective surgery after
one attack of sigmoid diverticulitis in younger patients
and rather the disease should be treated similatly in both
younger and older patients depending on its severity and
inclination to recurrence.

IMMUNOSUPPRESSED OR
IMMUNOCOMPROMISED PATIENTS

Transplant recipients or patients with chronic diseases
affecting the immune system are at increased risk of
more aggressive and complicated diverticulitis! >,
including initial presentation as free peritoneal perfora-
tionﬂlS,ll()

increased postoperative mortality after surgery for diver-
ticulitis"™”

Therefore, it is generally recommended that surgery
should be offered to this subset of patients after their first
documented episode of diverticulitis. The studies sup-
porting this practice are generally retrospective with small
sample sizes'™. On the other hand, there is no data pre-
senting evidence against this practice. Therefore it seems
reasonable to continue offering surgery after one episode
of uncomplicated diverticulitis in immunocompromised
patients. In this respect, some surgeons have emphasized
that surgery should be carried out after the diverticuli-
tis attack during the same hospital stay and a proximal
diversion should be considered"'”. Other authors have
even suggested that patients with one episode of un-
complicated diverticulitis who are transplant candidates
should undergo prophylactic sigmoidectomy before their
transplant. The evidence in favor of this practice remains
scant, based on eatlier studies and generally restricted to
renal transplant recipientsms’mj. On the other hand, pa-
tients awaiting liver, heart and lung transplant are typically
in poor health from their primary disease and generally
should not be considered for prophylactic sigmoidectomy
prior to their transplantation.

With respect to HIV infection and AIDS, there is
no substantial data specific for sigmoid diverticulitis"*".
In general, the outcome of major abdominal surgery in

| Chronic use of steroids is also associated with
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HIV-positive individuals without AIDS is not signifi-
cantly different from the general population. However,
when a patient develops diverticulitis in the presence
of AIDS or other causes of acute immunosuppression,
postoperative infections are more likely. If surgery be-
comes necessary in these cases, a Hartmann procedure
or a primary sigmoid resection with anastomosis and
proximal diversion should be therefore preferable.

EVOLVING CONCEPTS IN DIVERTICULAR
DISEASE

Sigmoid diverticulitis may have clinical manifestations
which are difficult to accurately characterize. Its symp-
toms may overlap in some cases with the conditions
collectively referred to as irritable bowel syndrome.
Our understanding and therapeutic approach for this
condition are evolving. From a surgical perspective it
is imperative to minimize unnecessary surgery if diver-
ticulitis cannot be documented radiologically, especially
with a concurrent clinical history suggestive of irritable
bowel syndrome. However, if irritable bowel syndrome
can be ruled out, there seem to be a group of patients
with chronic left lower quadrant abdominal pain and oc-
casional alteration of bowel habits, but without fever or
leukocytosis, who might still benefit from surgery. The
condition of this subgroup of patients has been referred
to as “smoldering diverticulitis”. Horgan and colleagues
identified smoldering diverticulitis in 47 patients, corre-
sponding to approximately 5% out of their denominator
of 930 patients undergoing sigmoid resection for diver-
ticulitis. A total of 88% of these patients remained pain-
free after at least 12 mo of follow-up following sigmoid-
ectomy and primary anastomosis'~ . Atypical sigmoid
diverticulitis should be part of the differential diagnosis
in the patient with left lower quadrant pain, as surgery is
curative in the majority of these cases.

An additional, novel clinical syndrome recently pro-
posed as a separate entity within the realm of diverticular
disease is referred to as segmental colitis associated with
diverticulosis (SCAD)"*". This is a non-specific, local-
ized inflammatory process associated with diverticulosis
involving the sigmoid but not the rectum or the proximal
colon, generally presenting in middle-aged or elderly pa-
tients with rectal bleeding, diarrhea and abdominal pain
variably combined. It most commonly affects males. His-
tology indicates inflammation without granulomas and se-
rology should be negative for anti-neutrophil cytoplasmic
antibodies (ANCA) and anti-Saccharomyces cerevisiae
antibodies (ASCA). Treatment with 5-aminosalicylate is
generally effective in resolving the inflammation both
symptomatically and endoscopically“zz].

The pathogenesis of SCAD and its relationship with
inflammatory bowel disease remain controversial*>'*,
Regardless, SCAD is becoming increasingly accepted as a
separate entity from the traditional sigmoid diverticulitis
and its known complications. While anti-inflammatory
agents have been effective in the management of SCAD,
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their role in the more common forms of diverticular
disease remain unproven.

Another area of investigation concerns the potential
causal relationship between sigmoid diverticulitis and
colorectal cancer, which has been suggested based on
comparisons with patients having diverticulosis with-
out diverticulitis"*. This association has not yet been
validated and will therefore require further study. At the
moment, sigmoid diverticulitis is not considered a pre-
cancerous or high-risk condition for the development
of colorectal cancer and the recommended screening
modalities do not differ from the guidelines accepted for
the average-risk population.

CONCLUSION

Sigmoid diverticulitis is a condition ranging from mild
inflammation of the sigmoid to life-threatening colonic
perforation. Antibiotics are generally effective in mild
forms of the disease while surgery is indicated in cases
of multiple recurrences or complicated disease. Based
on recent data, the systematic indication for surgery
after 2 attacks should be abandoned in favor of a more
individualized approach. Laparoscopic surgery is gaining
favor in the surgical treatment of sigmoid diverticulitis.
A subset of patients with atypical presentation presents
a significant challenge in management; some may benefit
from surgery whereas others could benefit from anti-
inflammatory agent treatment.
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Abstract

Pancreatic cancer is associated with a poor progno-
sis, and surgical resection remains the only chance for
curative therapy. In the absence of metastatic disease,
which would preclude resection, assessment of vascu-
lar invasion is an important parameter for determining
resectability of pancreatic cancer. A frequent error is to
misdiagnose an involved major vessel. Obviously, surgi-
cal exploration with pathological examination remains
the “gold standard” in terms of evaluation of resecta-
bility, especially from the point of view of vascular in-
volvement. However, current imaging modalities have
improved and allow detection of vascular invasion with
more accuracy. A venous resection in pancreatic cancer
is a feasible technique and relatively reliable. Neverthe-
less, a survival benefit is not achieved by curative re-
section in patients with pancreatic cancer and vascular
invasion. Although the discovery of an arterial invasion
during the operation might require an aggressive man-
agement, discovery before the operation should be con-
sidered as a contraindication. Detection of vascular in-
vasion remains one of the most important challenges in
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pancreatic surgery. The aim of this article is to provide
a complete review of the different imaging modalities in
the detection of vascular invasion in pancreatic cancer.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

The incidence of pancreatic cancer has gradually incre-
ased over the 20th century and in the eatly years of this
century™”. Cancer of the pancreas is the sixth most
common cancer and fourth cause of death from cancer
(22% of deaths among gastrointestinal cancers)" !,

Pancreatic cancer is associated with a poor prognosis,
with less than 5% of patients surviving 5 years after
the diagnosism. Surgical resection remains the only
chance for curative therapy in these patients[sﬂ. Accurate
preoperative staging of pancreatic cancer is essential to
avoid unnecessary surgery in those with unresectable
disease and, at the same time, in ordet not to deny the
opportunity for cure in patients with resectable disease™”,

Only 16% of patients initially present a disease
confined to the pancreas (stage | Y Thus, of patients
seen, 85%-90% have surgically unresectable tumors at
the time of diagnosisw’g’m.
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There is no evidence-based consensus on the optimal

preoperative imaging assessment of patients with sus-
pected pancreatic cancer®®',
The criteria of unresectability are numerous™”*",
However, in the absence of metastatic disease which
precludes resection, assessment of vascular invasion is
an important parameter for determining resectability for
pancreatic cancer”. A frequent error is to misdiagnose an
involved major vessel'!l. Vascular invasion is a relatively
frequent discovery in pancreatic cancer; found in 21%0-64%
of patients, depending on the population studied™".

From the point of view of arterial vessels, a tumoral
infiltration of a large trunk (celiac axis, superior mesenteric
artery, or hepatic artery) must be carefully analyzed
because it constitutes a contraindication to surgerymm.
However, isolated involvement of smaller branches such
as the gastro-duodenal artery will not preclude surgical
resection™, The superior mesenteric vessels are the most
frequently involved vessels in this cancer, due to their
intimate relationship with the head, the uncinate process,
and body of the pancreas[zs’zsl.

Limited venous invasion does not represent an abs-
olute contraindication for surgery™****! Obviously,
surgical exploration with pathological examination remains
the “gold standard” in terms of evaluation of resectability,
especially from the point of view of vascular involvement.
However, current imaging modalities have improved and
allow detection of vascular invasion with more accuracy.
Detection is the key to the surgeon’s preoperative plan-
ning, because the posterior and lateral surfaces of the
portal and superior mesenteric vein can be evaluated only
after the surgical procedure is well advanced"". Thus, the
management of a suspicious tumoral adhesion to a vessel
is one of the most important challenges in a Whipple type
procedure.

In this review, the current imaging modalities for
assessing vascular involvement of pancreatic cancer will
be discussed. Subsequently, the management and outcome
of vascular invasion in patients with pancreatic cancer will
also be reviewed briefly.

COMPUTED TOMOGRAPHY

Computer tomography (CT) gives information about
localization, size and extension of tumor™'™, while being
non-invasive™. A recent meta-analysis showed CT to be
91% sensitive and 85% specific for tumoral detection®”,
Phoa ¢t al™ showed that, with regard to tumor convex-
ity towards a vessel, Grades D (concave contour of the
tumor towards vessel) or E (citcumferential involvement
of vessel) have a risk of invasion of 88%; and a possibil-
ity of resection of 7% for the type D and of 0% for the
type E™. Loyer ¢ al™ found that Grades A (fat plane
separating the tumor from the vessel) and B (normal
pancreatic tissue between tumor and vessel) had a resec-
tion rate of 95%, therefore these two grades are factors
of better prognosis.

On the other hand, the length of tumor contact with
the vessel (if it is greater than 5 mm) is a relatively good
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predictive factor for vascular invasion (78% for portal
vein and 81% for superior mesenteric vein)®™',

A circumferential contact of more than 180 degrees
has been shown to have a good correlation with unre-
sectabilit§r[34’36’37]. For this criterion, Lu e /" found a
sensitivity of 84%, a specificity of 98%, a positive pre-
dictive value (PPV) of 95%, and a negative predictive
value (NPV) of 93%, for unresectability. Furthermore,
Phoa et a/”" reported a sensitivity of 60%, and a specifi-
city of 90%, if tumor convexity Grades D or E were
combined with circumferential involvement of > 90
degrees. In addition, a strongly narrowed vessel also has
an important risk of being invaded”™" but prudence
is essential, especially for a vein, due to the mass effect
of the tumor without the presence of vascular inva-

on""* In addition, an artery may be completely in-
vaded, with no apparent change in vessel caliber™.,

Concerning the irregularity of the vascular wall, Li
et al™ reported a sensitivity and a specificity of 45% and
99%, respectively, for tumor detection in arteties, and 63%
and 100% in the case of veins.

Regarding the rare superior mesenteric vein teardrop
sign, Hough ¢z a/*"' found a sensitivity of this CT sign
of 91% and a specificity of 98%; similar findings were
reported in other series”™.

Consequently, Li e a/* reported that the CT criteria
for arterial invasion might be: an arterial embedment in
tumor, or the combination of tumor involvement of
more than one-half of the circumference of the arter-
ies with artery wall irregularity or with artery stenosis
(sensitivity of 79%, specificity of 99%). The criteria for
venous invasion might be venous occlusion, tumor in-
volvement of more than one-half of the circumference
of the veins, vein wall irregularity, vein caliber stenosis,
and teardrop superior mesenteric vein sign (sensitivity of
92%, specificity of 100%).

From the point of view of the detection of vascu-
lar invasion, many studies have evaluated CT (Table 1).
CT has improved much these last years. Technology
has developed multi-slice with 4-64 detector rows, al-
lowed thin-sections and dual-phase, with faster time of
acquisition, and numerous possibilities of image post-
processing (3D reconstructions, multiplanar reconstruc-
tions)[lg’z()’m’“'m.

Fourteen years ago, Yoshimi ez al®® reported one of
the first cases of 3D vascular reconstruction, allowing
the evaluation of portal invasion with a higher accuracy
than angiography alone. Currently, pancreatic section
thickness of 1 mm is obtained in approximately 20 s,
allowing true volume acquisition, with vascular details
better than angiography[28’47’481 useful when assessing
vascular invasion'™, Furthermore, CT angiography al-
lows anatomical study of small pancreatic vessels with a
remarkable degree of accuracy”™".

Moreover, dilation of the peri-pancreatic veins with
no visualization of inferior branches on CT suggests tu-
mor invasion of peri-pancreatic tissue™’\

Several studies have highlighted the importance of
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Studies (yr) n Sensitivity (%) Specificity (%) PPV (%) NPV (%)
Megibow et al® (1995) 118 47 69 89 28
Raptopoulos et al®™ (1997) 82 NA NA NA 9
Sugiyama et al”"! (1997) 73 65' 77 NA NA
McCarthy et al™® (1998) 67 NA NA 55/94 95/94
Diehl et al®™ (1998) 89 86 NA NA NA
Bottger et al"” (1998) 255 222’ 96.4 72.7 74.1
Sugiyama et al'™! (1999) 91 64* 79 NA NA
Nakao et al"® (1999) 55 82.1° 74.1 76.7 80
Pietrabissa et al™* (1999) 50 82 53 NA NA
Gress et al® (1999) 151 15 100 100 60
Squillaci et al'*” (2003) 50 97 100 100 95
House et al™” (2004) 115 85-87° 95-99 83-93 92-98
Soriano et al® (2004) 62 67 94 89 80

Li et al®™ (2005) 54 92/79 100/99 NA NA
Buchs et al®™ (2007) 153 54.5° 91.2 66.7 86.1

1345

Only evaluated for portal vein invasion; PPV of 55% for venous invasion and 94% for arterial invasion; NPV

of 95% for venous invasion and 94% for arterial invasion; ‘Sensitivity of 85% for the superior mesenteric and portal

vein invasion, 86% for the superior mesenteric artery invasion, 87% for the celiac trunk invasion; specificity of 95%

for the superior mesenteric vein and portal vein involvement, 97% for the superior mesenteric artery invasion,

99% for celiac trunk involvement; PPV of 90% for the superior mesenteric vein and portal vein invasion, 83% for

the superior mesenteric artery involvement, 93% for celiac trunk invasion; NPV of 92% for the superior mesenteric

. PR . 0 . B B 7¢ PP
vein and portal vein involvement, 98% for the superior mesenteric artery and celiac trunk invasion; ‘Sensitivity of

92% for venous invasion and 79% for arterial invasion; specificity of 100% for the veins and 99% for the arteries;

*For multi-slice CT. CT: Computer tomography; PPV: Positive predictive value; NPV: Negative predictive value;

NA: Not available.

the moment of image acquisition. With regard to the
pancreas, it seems that a portal venous phase (60 s after
intravenous administration of iodinated contrast medium)
or that a pancreatic phase (40-70 s) provides more infor-
mation than an arterial phase (18 s) or that of a hepatic
phase (70 to 100 9?7 McNulty e al™ reported that
an arterial phase can be reserved for patients in whom CT
angiography is required.

Lastly, Imbriaco e a/*” showed that dual-phase
helical CT (arterial: 20 s, and pancreatic late: 70 s) was
interesting but was comparable with single-phase helical
CT (pancreatic early: 50 s).

In conclusion, CT is the assessment of choice in first
intention, permitting in one non-invasive examination a
TNM staging evaluation.

From the vascular point of view, many criteria exist
(especially circumferential involvement of vessel of
more than 180 degrees, radiological absence of a fat
plane between tumor and vessel, vascular occlusion
with collaterals, teardrop sign) which allow accuracy
in diagnosing vascular invasion. Development of new
radiological techniques (3D reconstructions, multiplanar
reconstructions) has improved accuracy of assessment
of vascular invasion.

MAGNETIC RESONANCE IMAGING (MRI)

MRI with cholangiopancreatography gives much infor-
mation for the evaluation of primary tumor and metastatic
dissemination, improved by the use of gadolinium or
mangafodipir trisodium™"**"****, Currently, the use of
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MRI in an “all-in-one” staging method (MRI, coupled
with angiography and cholangiopancreatography) is a
subject under deliberation™ ",

MRI criteria for vascular invasion are: (1) occlusion
of the vessel, with or without collaterals, (2) tumoral
infiltration of peri-vascular fat tissue, (3) circumferential
contact of more than 180 degrees between the tumor
and the vessel, and (4) mass effect along one side of the
vessel for more than 2 cm***%!,

As regards the detection of vascular invasion, MRI
has an accuracy of approximately 94% for enhanced T'1-
weighted imaging[éz]. Romijn ez al® found in their study
an accuracy of 81% with mangafodipir trisodium (defi-
nitely higher than MRI without contrast medium).

Other studies have attempted to analyze the perfor-
mance of MRI in the detection of vascular invasion. They
found a sensitivity of 47%-83%"*" a specificity of more
than 95%""". a PPV of more than 70%'™ and a NPV of
23%-96%".

Modern MRI technology makes it possible to obtain
3D reconstructions, facilitating the study of the peri-
pancreatic vessels”" . Some series have also demon-
strated the adequate time for vascular pancreatic image
acquisition: biphasic imaging at 15 and 45 s after arrival of
contrast material (gadolinium) in the abdominal aorta™

Accuracy of MRI for vascular visualization is quite
similar to that of CT™**“7) Tt consequently seems logical
to reserve this expensive and time-consuming technology
for those patients not able to benefit from CT' (allergy to
iodine, renal insufficiency, pregnancy) or if CT findings
are inconclusive™
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Currently, conventional angiography is no longer part of
the diagnostic protocol in most centers'”, because this
examination does not permit the detection of the tumor
itself"”, and can easily be replaced by other less invasive
methods which give more information on tumoral
extension.

On the other hand, preoperative arteriography may
visualize vascular abnormalities (anatomical variations,
acquired stenosis), allowing a possible modification of
surgical strategy (revascularisation, replacement hepatic
artery, embolization of an aneurism)!"*",

With regard to vascular invasion, angiographic crite-
ria are: (1) vascular stenosis or occlusion, with or without
collaterals, (2) thrombosis of a vessel, (3) acute angle ap-
pearing in the venous wall, and (4) envelopment of the
vessel within tumor®™”" ™,

In at least 20% of cases, angiography misses the vas-
cular invasion'"’, because it gives only information about
the lumen of the vessel ”. Angiography depends upon
displacement of vessels and distortion of vascular con-
tours unless clear vessel occlusion is present. Further-
more, the tumor may completely encase and invade the
small amount of fat surrounding the vessel, and yet not
cause a distortion of the contour of the vascular lumen,
which is required for detection on angiography. This
feature can be visualized during endoscopic ultrasonog-
raphy or CT. Thus, angiography requires more extensive
vascular involvement in order for it to be detected™ ™",

The results reported for detection of vascular invasion
by pancreatic cancer using angiography are: a sensitiv-
ity between 21% and more than 80%""", a specificity
between 50%"? and 100%™, 2 PPV mote than 60%">",
and a NPV between 50%"? and 83%"". Late angiographic
times allow visualization of the portal vein, and possible
invasions. In addition, it is possible to inject contrast me-
dium directly into the portal vein by a transhepatic access,
for example at the time of intravasculat ultrasonography
(see below).

In conclusion, studies show that angiography is
paradoxically relatively poor in the detection of vascular
invasion. On the other hand, it permits the visualization
of arterial and venous anomalies, allowing a change in
surgical strategy.

ABDOMINAL ULTRASONOGRAPHY (US)

Abdominal US is often the first line examination for a
patient presenting with jaundice and painmj.

From the vascular point of view, US coupled with
Doppler gives a reasonably reliable measure of vascular
patency and can improve accuracy in assessing vascular
invasion""™. Tts sensitivity ranges between 60%"" and
mote than 900/0[80j; its specificity has been reported to
be higher than 90%"*), the PPV is higher than 90%"",
and the NPV is higher than 75% 5%, Very recently,
authors reported US to be 93% accurate in detecting
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portal vein invasion, by using 3D vascular reconstruction
technology™

Color Doppler sonographic criteria for vascular
invasion are: (1) absence of hyperechoic tissue between
the tumor and the vessel, (2) more than 2 cm continuity
between tumor and vessel, (3) circumferential contact
between the tumor and the vessel, (4) circumferential
narrowing of vessel lumen, and (5) vascular occlusion or
thrombosis®™ ¥,

In addition, perioperative US has been reported as
100% sensitive in identifying tumors, and 92% sensitive
and specific in detecting portal invasion™. In 22% of
patients with pancreatic neoplasms, US-Doppler makes
it possible to modify therapeutic strategy™.

In conclusion, US coupled with Doppler is a relatively
accurate, cheap, and non-ionizing imaging modality for
initial screening of patients with suspicion of tumors of
the pancreas. However, US has demonstrated weakness
in recognition of deeper localizations.

With regard to the detection of vascular invasion,
studies have shown that US coupled with Doppler is a
reliable method. However, these series evaluated almost
exclusively the portal vein and its tributaries. Recent
improvement in US imaging, allowing 3D reconstruction,
offers new potential for this technology in the assessment
of tumoral vascular involvement.

ENDOSCOPIC ULTRASONOGRAPHY (EUS)

EUS is a relatively new technique, providing direct
ultrasonic imaging of the pancreas through the gastroin-
testinal lumen™", However, the probes are expensive
and EUS requires a trained endoscopist' "7,

EUS has been shown to be accurate in diagnosing
and staging pancreatic cancer™, with the help of fine
needle aspiration (FNA), with 96.6% sensitivity, 99.0%
specificity, 96.2% NPV, and 99.1% PPV"™",

EUS criteria for vascular invasion are: (1) loss of the
hypetechoic vessel wall/tumor intetface, (2) ditect visu-
alization of tumor within the vessel lumen, (3) vascular
encasement or occlusion, (4) non-visualization of a ma-
jor vessel, in the presence of collaterals, (5) proximity of
the tumor (< 3 mm) to the vessel, and (0) irregularity of
the vascular wall """,

Sugiyama ef al’" reported that EUS is more accurate
than CT, US, and angiography for the detection of portal
invasion; similar findings were shown in other series’ .
In addition, Brugge e a/” showed that EUS was highly
sensitive in the detection of portal and splenic vein inva-
sions.

Arterial invasion is assessed with more difficulty by
EUSP*™. Globally, the sensitivity is 50%-100%">"""" “’21
the specificity 58%-100%"*"", the PPV 28%-100%"" o
and the NPV 18%-93%""".

Very recently, Fritscher-Ravens e a/"™ reported the
use of 3D linear EUS in the assessment of vascular
involvement with very interesting results compared with
classical EUS. Linear 3D EUS enhanced the evaluation
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of vascular involvement of pancreatic lesions, especially
in chronic pancreatitis.

In conclusion, it is appropriate to incorporate EUS
in the preoperative assessment when there is suspicion
of pancreatic cancer. From the point of view of the
detection of vascular invasion, EUS has shown good
accuracy, especially for venous invasion.

INTRAVASCULAR ULTRASONOGRAPHY
(IVUS)

When a tumor appears to be contiguous with the portal
vein or with the superior mesenteric vein, the diagnosis of
vascular invasion can be difficult. Some limited reports have
suggested that IVUS might allow the distinction between a
simple compression by mass effect and invasion'".

Moreover, IVUS makes it possible to detect intra-
portal thrombus, sometimes missed by CT"", TVUS is
performed either by a transhepatic access, or by a transme-
senteric catheterization (during operative time)”"' """,
Complications are rarel™>"*"",

IVUS criteria for vascular invasion are: (1) obliteration
of the echoic band of the portal vein by the hypoechoic
tumor, (2) tumor mass blended with the venous wall, and
(3) tumor protrusion into the vascular lumen ™71 106197,

One of the limitations of IVUS is the lack of speci-
ficity in the case of pancreatitis” """, Moreover, IVUS has
a limited penetration, allowing only localised investigations.
Another weakness remains the lack of spatial otientation,
making the interpretation of the images difficult™'"".

There are few studies concerning IVUS in detection
of vascular invasion in pancreatic cancer. Moreover, they
report only portal and superior mesenteric vein results,
not evaluating arterial invasion. The results are: sensitivity
more than 95%"7%, specificity more than 90%"™ PPV
more than 90%!"™, and NPV more than 95%!"".

Kancko e al'"”, has pioneered the use of IVUS in
staging of pancreatic cancer, recently using 3D recon-
structions of IVUS with a high degree of accuracy.
Tezel et al''” also reported that a contact of more than
18 mm between the tumor and the portal or the supetior
mesenteric vein was a factor of poor prognosis. The use
of IVUS allows stent placement[m], a possibility in the
palliative treatment of portal stenosis.

In conclusion, studies show that IVUS is probably
superior to CT and portography for the detection of
vascular invasion. However, data is available only for the
portal vein and for the superior mesenteric vein. To our
knowledge, there are no data concerning the utility of
IVUS in detecting tumoral arterial invasion.

Because IVUS is expensive and invasive, Nakao ¢ 2/
recommend performing this examination only in cases in
which the distinction between compression and invasion
cannot be made by conventional imaging techniques.

LAPAROSCOPY AND LAPAROSCOPIC
ULTRASONOGRAPHY (LUS)

For almost 30 yearsmzj, laparoscopic examination of the
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abdominal cavity has offered an excellent, although inva-
sive, visualization of peritoneum and the liver! #0314,

From the vascular point of view, incision of the
gastrohepatic omentum allows a direct access to the
underlying vessels'™'"”. However, it seems certain that
laparoscopy alone cannot detect vascular invasion, in
particular mesenteric, without help of perioperative
ultrasonography' ',

Currently, routine laparoscopy is not recommended
in cases of cancer of the head of the pancreas, because
it influences further surgical strategy in only 14%-19%
of cases''™""". On the other hand, a study showed that in
the case of cancer of the body or the tail of the pancreas,
laparoscopy could avoid up to 50% of the operations,
because of metastases not identified during staging' "

Obviously, laparoscopy can also be used with a
palliative aim (double derivations), if the tumor is untes
ectable®", Laparoscopy has its limits: it only allows
visualization of the liver surface; impossibility of analyzing
the retroperitoneum and its vessels; technical problems
due to adherences’”* 21,

LUS was subsequently developed, and this allows
detailed study of the liver, the lymphatic area, and the
corresponding vessels""*""*, Vascular structures can be
accurately visualized by LUS in approximately 95% of
patients with tumors in the head of the pancreas'*”.

LUS criteria for vascular invasion are: (1) loss of the
hyperechoic vessel - tumor interface, (2) obliteration or
thrombosis of a vessel, (3) a fixed stenosis, (4) vessel en-
casement by tumor encirclement and rigidity, and (5) pres-
ence of invading tumor within the vessel lumen'" """,

There are numerous studies evaluating resectabil-
ity by LUS, but to our knowledge few have focused on
vascular invasion. They have found a sensitivity of more
than 50%"*, a specificity of more than 80%™" a PPV
of 93%"*" and a NPV of 73%!"*.

Despite these encouraging results, several authors do
not recommend systematic use of laparoscopy or LUS.
They prefer to recommend this technique for doubtful

[21,121,131-133]
cases .

POSITRON EMISSION TOMOGRAPHY
(PET) AND POSITRON EMISSION
TOMOGRAPHY COUPLED WITH
COMPUTED TOMOGRAPHY

PET is a non-invasive imaging method, which gives
information about cellular metabolic activity.

Currently, 18F-fluorodeoxyglucose (FDG) is injected
and taken up preferentially by malignant tumors, and
secondary localizations, rather than by healthy tiss-
ue! PPN e EDG s not metabolized and is
trapped inside the cell*”] allowing it to be imaged in
contrast to surrounding tissue!"”

PET is accurate in diagnosing small tumors (<
2 cm), as well as peritoneal implants and metastas-
eg!HPOIRIETI 10 addition, PET is able to differentiate
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. . 47,135,139,142,143)
inflammatory pathologies from tumoral ones' l

PET differentiates malignant and benign pathologies with
a sensitivity of 85%-100% and a specificity of 67%-99%;
often higher than that of CT">'* Bt

In addition, false negatives exist in the case of strongly
differentiated tumors, small periampullary tumors or in
cases of hyperglycemia[“’135’146’14‘7}. In the case of normo-
glycemic patients, PET has a sensitivity for tumoral
detection of 93%-98%'" > although in the
case of hyperglycemic patients, this falls to 63%, or even
less!">7 O i parallel with the NPV which falls from
96% to 38%!".

Concerning lymphatic invasion, PET detection has
proved poor, probably due to the proximity of regi-
onal lymph nodes to the pr1rnary tumor! AR
and the lack of anatomic detail’™'®"™”. PET alone is
unable to visualize vessels and cannot assess vascular
invasion™"”>""!. Thus, the association of PET with CT
(PET/CT) seems promising!”>*'*.,

Heinrich ¢z /"™ showed recently that PET/CT has
a PPV for the differentiation between a benign and a
malignant pathology of 91%, whereas its NPV is 64%.
PET/CT detects a cancer of the pancreas with a sensitivity
of 93%, and is more specific than CT alone (69% vs 21%,
respectively, P = 0.07). However, data are lacking regarding
the assessment of vascular involvement. The use of multi-
slice CT coupled with PET, and angio-CT protocols, might

allow better visualization of the vessels.

SURGICAL MANAGEMENT OF
VASCULAR INVASION

Frequently, vascular invasion may be assessed only when
the operation is already quite advanced (section of the
pancreas, digestive transection)”>*""**"*, Palpation at the
time of the Kocher maneuver (maneuver which permits
exposure of structures behind duodenum and pancreatic
head) is commonly performed to assess the relationship
of a pancreatic head tumor to the superior mesenteric
artery. However, if the tumor is large, if there is associ-
ated pancreatitis, or if the patient is undergoing reopera-
tion, palpation is an inaccurate way to assess this critical
tumor-vessel relationship prior to gastric and pancreatic
transection™”,

The management of a suspicious tumoral adhesion
to a vessel is one of the most important challenges in
a Whipple procedure. In such a case, the surgeon is
confronted with three options: (1) leave tumor attached
to the vessel, resulting in a grossly positive margin of
resection; (2) try to separate the tumor from the vessel,
with a considerable hemorrhagic risk; and (3) or perform
a partial or segmental resection of the portion of inva-
ded vessel with reconstruction”.

Arterial invasion

If the invasion of the superior mesenteric or portal vein is
not in itself a criterion of unresectability™™*"*>**" arterial
invasion is a more controversial issue. Many authors regard
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. . Lo 27,154,158
this invasion as a contraindication to surgery[ ],

because of the high morbidity and mortality rates
associated with arterial resection and reconstruction!™”,
Furthermore, arterial invasion usually includes extensive
involvement of the mesenteric neural plexusmo], rendering
radical resection oncologically unsound because of the
frequent finding of positive margins'>"

However, in many cases, the preoperative assessment
cannot diagnose such an invasion. The surgeon must
then adapt his surgical strategy. Fortner!""
ended the resection of invaded arterial segment, if a
reconstruction seemed possible.

From the arterial point of view, celiac or hepatic
invasion, discovered during the operation, can be the
object of a resection and a reconstruction, either by
direct anastomosis, by interposition of a venous graft
(for example reverse saphenous or internal jugular
vein), or with a prosthesis“%’m]’mj. An arterial graft (for
example the splenic artery) can also be used ™™ These
techniques seemed relatively reliable, with a mortality of
5%, in a recent stud el

Regarding the modlﬁed Appleby’s operation (en-bloc
resection of the celiac trunk with distal pancreatectomy
and total gastrectomy) for advanced cancers of body and
tail of the pancreas, several Japanese groups propose an
extended resection of the celiac trunk, splenic artery,
common hepatic artery, and/or superior mesentetic
artery, resulting in 5-6 mo of average survival. Hepatic
vascularization must be maintained and evaluated during
the whole operation, and if necessary, compensated, in
order to avoid an acute hepatic insufficiency "%,

Recently, Gagandeep ez al'” reported their experience
using celiac axis resection for pancreatic cancer with a
prolonged survival, and proposed the consideration of
this technique for central and distal pancreatic cancer
invading the celiac trunk.

Hirano ef al'™ reported a high RO resectability rate
(91%) with distal pancreatectomy with ez bloc celiac axis
resection.

When the superior mesenteric artery is invaded, an
arterial jejunal branch is isolated. Heparin is injected there,
in order to allow the clamping of the superior mesenteric
artery with full safety. The artery is then reconstructed

either by direct anastomosis, or by anastomosis to the
[161]

recomms-

aorta

In the case of an invasion of the hepatic artery,
techniques of reconstruction require a venous graft
(jugular, reverse saphenous, gonadic veins) or prosthesis,
or an arterial graft (splenic, gastro-epiploic, gastro-
duodenal)[22,1(13,1714173]'

In some cases of cancer of the body of the pancreas,
with invasion of the common hepatic artery and celiac
trunk, Kondo ¢# a/'"" tried to embolize the hepatic
artery, obtaining a collateral pathway from the superior
mesenteric artery. This allowed a distal pancreatectomy
with en bloc resection of the celiac trunk, without hepatic
ischemia.
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Other authors have described mote traditional tech-
niques of resection-reconstruction, using the gastro-
duodenal artery" ', Combined resection of the celiac trunk
with a distal pancreatectomy has been found to improve
the overall prognosis of patients with locally advanced
cancer of the body and tail of the pancreas””

Venous invasion

Contrary to artetial involvement, the invasion of the
superior mesenteric vein ot portal vein is not in itself a
criterion of unresectability™">*"*>**"7,

In uncommon cases, the pancreatic tumor infiltrates
the anterior surface of the inferior vena cava. It is possi-
ble to excise the invaded part, and to replace it with
a synthetic prosthesis. Often, autologous tissues atre
preferred (jugular, saphenous veins)™,

When the portal vein is involved, it is legitimate to
attempt a tesection, especially if the vein is invaded by
mote than 2 cm, in order to obtain negative matgins (Table
2 Portal invasion is not a predictor of aggressive
tumor biology, but rather a reflection of tumor size and
location"™"""™ Up to 50% of tumors thought to
have vascular invasion intraoperatively have been found
subsequently to have only inflammatory adhesions to
the portal vein after histologic examination!”""*""*,
This finding undetrlines the difficulty in determining
tumoral venous invasion before and during surgery,
since peritumoral inflammation may simulate true tumor
infiltration" ™. Very recently, Fukuda ez al™® reported
that the depth of portal vein invasion significantly alters
survival after curative pancreatic resection combined
with portal vein resection. The survival rate was similar
for patients with no portal invasion and those with
superficial invasion. However, a deeper portal invasion
was associated with a poorer survival rate, similar to that
of patients undergoing non-curative resection.

The excision is done either by a segmentary resection,
or by a tangential resection™**'*, The reconstruction
requires an end-to-end anastomosis either by direct
suture or by using an interposition venous or prosthetic
grafe?HIPHPOITICLIISHE] Do technical limit of portal
vein resection without graft is 4 cm in the hepatic hilus
and 7 cm after pancreatic resection™. For minimal tumor
invasion into the portal vein, autologous saphenous
vein patch has been described””. Wide resection of the
portal vein may require transection of the splenic vein.
To avoid segmental portal hypertension, end-to-side
reanastomosis of the splenic vein to the interposition
graft is recommended"*".

If the portal clampage lasts longer than 30 min, it
is recommended to clamp also the supetrior mesentetic
artery, in order to prevent intestinal congestion™"*,
If the portal clampage lasts longer than 60 min, it is
necessary to consider a bypass between the supetior mes-
enteric vein and femoral vein*""",

Resection of the portal vein is associated with a higher
morbidity rate (bleeding, infections, cardiopulmonary
complications), than when this is not performed“’ls‘r”m”.
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Studies (yr) n  Mortality Survival at Median
(%) 1 year (%) survival (mo)
Sindelar et al"* (1989) 20 20 50 12
Tashiro et al™ (1991) 27 8.4 51.9 NA
Ishikawa et al™ (1992) 35 5.7 NA 9+/-5
Launois et al" (1993) 9 0 NA 6.1
Takahashi et al™ (1994) 79 16.5 17-61.5° 6-14
Allema et al™™ (1994) 20 15 30% 7
Nakao et al®! (1995) 89 8 5.5-39.6° NA
Nakao et al™ (1995) 104 8 NA NA
Roder et al™” (1996) 31 0 39 8
Fuhrman et al™* (1996) 23 4 NA NA
Harrison et al™ (1996) 58 5 59 13
Leach et al™! (1998) 31 0 NA 22
Launois et al"™* (1999) 14 0 23 5
Bachellier et al™ (2001) 21 3.2 NA 13
van Geenen et al™ (2001) 34 0 55 14
Shibata et al"”" (2001) 23 4 31 6.8-20.6"
Hartel et al™™ (2002) 68 4 s NA
Aramaki et al" (2003) 22 45 NA NA
Nakagohri ef al®™ (2003) 33 6 35-81 15
Li et al"* (2004) 79 5° NA NA
Tseng et al® (2004) 110 1 85 23.4
Wagner et al™! (2004) 51 7.7 NA NA
Shimada et al"”" (2006) 86 1 7 14
Carrere et al™ (2006) 45 4.4 8 15
Riediger et al™ (2006) 53 3.8 ’ NA
Fukuda et al"™® (2007) 37 24 47.7 NA

"Included 3 arterial reconstructions. 17 patients benefited from adjunctive
radiotherapy; *17% survival at 1 year if margins were positive (median
survival: 6 mo) and 61.5% if margins were negative (median survival: 14
mo); *Survival at 1 year: 39.6% if the vessel was not invaded, 11.3% if the
media was invaded, and 5.5% if the intima was invaded; *Median survival
was 6.8 mo if the intima was invaded, 15.3 mo if the intima was spared, and
20.6 mo if there was no true vascular invasion; 55—year survival rate: 23%;
“This mortality also includes arterial reconstructions (11 patients); ’5-year
survival rate: 12%; 8?)—year survival rate: 22%; 95—year survival rate: 17.9%.

In addition, Fuhrman e at"" reported an operative time,
an operative blood loss, and perioperative transfusion
requirements of greater magnitude in patients who required
venous resection. The mortality rate is also higher after
portal vein resection but this value is not always signifi-
cant™™”*™ These findings are not confirmed by other ser
fes PP ISLISM SIS LIN Ny merous authors have reported
a mortality rate below 5%, similar to that of standard pancre
atoduodenectomy[27,]54,157,1(:4,178,18],182,185,188,194»197j.

In 62%-85% of cases, the vascular margins are found
to be positive™"*" " explaining a very poor median
survival. However, recently, Siriwardana e# al™™ reported,
in a systematic review of synchronous portal-superior
mesenteric vein resection during pancreatectomy for
cancer, a high rate (67.4%) of nodal involvement during
the procedure. For the authors, this implied that by the
time a pancreatic tumor involves the portal vein the risk
of metastases is high, rendering the possibility of cure
by surgery improbable””,

If the tumor invades the superior mesenteric vein,
it is not a criterion of unresectability. Various tech-
niques exist to allow complete resection of the tumor,
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Suspicion of pancreatic cancer:
Vascular assessment

If contraindication to CT

Angio CT Angio MRI

\/

EUS

l

Vascular invasion confirmed

If any doubt

Venous

Angiography Arterial
LUS
IVUS l

Consider operation Consider palliative care

Figure 1 Proposed algorithm for the management of suspected vascular
invasion in pancreatic cancer.

either by tangential excision, or by excision-recon-
struction’ .

In conclusion, various studies show that venous
resection in pancreatic cancer is a feasible technique and
relatively reliable, at least with regard to mortality, but
(importantly) at the price of a higher morbidity. However,
a survival benefit is not achieved by curative resection in
patients with pancreatic cancer and vascular invasion””*"".
On the other hand, the discovery of an arterial invasion
during the operation might requite an aggressive mana-
gement, using vascular reconstruction. Furthermore,
neoadjuvant treatment (combination of 5-fluorouracil/
cisplatin chemoradiation) showed only limited impact on
survival but appeared to be associated with improved local
control™”,

CONCLUSION

In the absence of metastatic disease, assessment of
vascular invasion is a key aspect in the evaluation of
resectability for pancreatic cancer. A frequent error is to
misdiagnose an involved major vessel. Obviously, surgical
exploration with pathological examination remains the
“gold standard” in terms of evaluation of resectability,
especially from the point of view of vascular invo-
lvement. However, current imaging modalities have
improved and now allow detection of vascular invasion
with more accuracy. Multi-slice CT has become the best
imaging modality for this purpose, and the adjunction of
PET might be a means to improve results further. EUS
is useful, but it remains very operator-dependant. Data
are still lacking for the exact role of MRI regarding this
issue (Figure 1). Detection of vascular invasion remains
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one of the most important challenges in pancreatic
surgery.
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Abstract

Diffusion-weighted magnetic resonance imaging (DWI)
provides image contrast that is different from that ob-
tained by conventional magnetic resonance techniques.
Although previously, DWI has been used to evaluate
various diseases of the central nervous system, several
technical advances have expanded the clinical applica-
tions of DWI beyond the central nervous system. As a
result, many reports have been published on the use of
DWI in abdominal diseases. Particularly, abdominal DWI
has now being focused on evaluation of patients with
abdominal cancer. DWI can be used for pretreatment
tumor detection, characterization including predicting
tumor response to therapy, monitoring tumor response
during therapy, and follow-up study after treatment to
detect possible tumor recurrence.
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INTRODUCTION

Diffusion-weighted magnetic resonance imaging (DWI)
has enabled us to obtain additional information detived
from the microscopic motion of water protons, which
is not possible using conventional magnetic resonance
imaging (MRI). Previously, DWI has been used to
evaluate various diseases of the central nervous system.
The most established clinical application of DWI for the
central nervous system is evaluation of acute stroke'".

DWI has many advantages. First, it is completely
noninvasive, does not require exposure to ionizing
radiation or injection of contrast material, and does not
cause patient discomfort. Second, because it is derived
from a well-established MRI technique, DWI does not
require expert technicians with sophisticated technical
skills or expensive equipment, such as a cyclotron that
is required for positron emission tomography. Another
advantage of DWI is that it can be added easily to a
routine MRI protocol because it requires only a very
short prolongation of examination time".

Recently, several technical advances have expanded
the clinical applications of DWI beyond the central
nervous system, and many studies have been published
on the use of DWI in abdominal diseases. Particularly,
abdominal DWI has now being focused on evaluating
patients with abdominal cancer™ . In this article, the
application of DWI in abdominal oncology is described.

HOW TO INTERPRET DWI

DWI can offer qualitative and quantitative information
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that can be helpful for tumor assessment (Figure 1).
The former assesses visual differences in signal intensity
between a tumor and its surrounding normal tissue,
and the latter enables calculation of values (apparent
diffusion coefficient, ADC) obtained from DWI, such as
a computed tomography value.

Qualitative assessment in DWI

Visual assessment of relative tissue signal intensity
on DWI is being used for tumor detection and chara-
cterization”, Tumors generally tend to block diffusion
more than the tissue from which they originate and show
relative high signal intensity on DWI (Figure 1B); however,
some normal organs, such as the spleen, adrenal gland
and seminal vesicle, also show high signal intensity on
DWI. Moreover, DWI has a pitfall known as “I2 shine-
through”. DWT is obtained by adding a diffusion-weighting
gradient (known as an MPG) to T2-weighted images, the
basic sequence of conventional MRI. Thus, because DWI
shows signal intensity that depends on diffusion and T2
signal intensity, a region with a high T2 signal retains the
high signal on DWI, and may be mistaken for restricted
diffusion. Therefore, special care must be taken with these
pitfalls in diagnosing with DWI. DW1 is usually interpreted
by superimposing DWI and conventional morphological
T2-weighted images because DWI cannot show minute
morphological structures (Figure 1C).

Quantitative analysis in DWI

Quantitative tumor assessment is possible by calculating
ADC after performing DWI with changed parameters
(known as & values). ADC values in various malignant
lesions generally tend to decrease, probably due to
increased tissue cellularity or cell density, because the latter
correlates with malignancy (Figure 1D). In addition to the
cellular membranes, intracellular cytoskeleton, organelles,
matrix fibers and soluble macromolecules contribute
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Figure 1 MRI of a patient
with gallbladder carcinoma.
A: Axial T2-weighted MRI of a
patient with gallbladder carci-
noma shows a mass (arrow)
protruding into the gallbladder
lumen; B: Corresponding axial
DW image shows high intensity
(arrow); C: Corresponding color
fusion image of T2-weighted
image and DW image shows
gallbladder carcinoma (arrow).
On color fusion images, the red
area corresponds to high signal
intensity on DW images and blue
correspond to low intensity; D:
Corresponding ADC map shows
low intensity (arrow).

to diffusion restrictions in tumors!"”; therefore, ADC

values are expected to reflect histopathological tissue
characteristics. ADC is calculated for each pixel of the
image and is displayed as a map. By setting regions of
interest within tumors on these maps, ADCs of the tumor
can be measured.

CLINICAL APPLICATIONS OF DWI IN
ABDOMINAL ONCOLOGY

Tumor detection and characterization

Tumors generally tend to show relative high signal intensity
on DWI. Using qualitative assessment, Nasu ef al"" have
shown that DWI is superior to superparamagnetic iron
oxide (SP1O)-enhanced MRI in detecting liver metastases,
which had been the best available examination technique.
They have reported that the sensitivity and specificity of
DWI was 82% and 94%, respectively. Koh ez al' also
have reported that the sensitivity and specificity of DWI
for detecting liver metastases was 78% and 95%. Thus,
qualitative assessment with DWI has superior ability for
assessing liver metastasis.

In colorectal tumors, Ichikawa ¢f /" have shown that
DWI has high sensitivity and specificity for detecting
tumors, and several authors have shown that DWI has
high sensitivity and specificity for detecting tumors even
in the pancreatico-biliary system!™”,

In quantitative assessment of DWI, ADC measure-
ment has the potential to differentiate benign and mali-
gnant liver tumors. In many studies, malignancy has
a lower ADC value than benignity. Taouli ez al™ have
shown that metastatic liver tumors have the lowest ADC
in malignant and benign focal lesions of the liver, and
have revealed a significant difference between benign
and malignant lesions. Chan ¢/ a/' have shown that DWI
can be used to distinguish between hepatic abscess and
cystic or necrotic malignant liver tumor; ADC of abscess
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cavities has a lower value than that of cystic or necrotic
malignant liver tumors. Also in abdominal tumors
other than in the liver, ADCs of malignant lesions have
shown lower values™'™'". However, most studies have
reported that ADC measurement has no clear threshold
to discriminate malignant and benign tumors because of

substantial overlapping[()’m‘ﬁm.

Predicting and monitoring response to therapy
Conventional criteria using morphological images have
been used to evaluate antitumor therapy; however, mea-
suring tumor size is often not adequate when tumors are
treated with cytotoxic therapy and molecular targeting
agents, because changes in tumor size after therapy
with these drugs are not expected“’m]; therefore, a new
method for evaluating tumor response is required that
can precisely reflects the clinical outcome, earlier than
conventional imaging modalities.

The ability of DWI to predict therapy outcome has
been shown in many clinical studies. Several authors have
reported that tumors with low pretreatment ADC values
show a better response to various therapies than those
with high ADCP"*. However, studies of areas other
than the abdomen have addressed that the relationship
between pretreatment ADC and prognosis yield, with
different results: patients suffering from a tumor with
high pretreatment ADC show better long-term post-
treatment prognosis than those with low ADC?**,

Many researchers have reported that DWI has the
potential for evaluating tumor response during treat-
ment. The results of animal studies have proved that
ADC increases can be depicted in those responding to
treatment””. In clinical studies, researchers have reported
that an early increase in the ADC value after starting
therapy suggests a better treatment outcome”™**,

Monitoring response to therapy by visual assessment
of DWI has been reported in brain tumors and bone
metastasis, but not in the abdominal region[21’33]. Studies
on bone metastasis have revealed that the treatment
response after therapy could be assessed as a decrease
in signal intensity"””. Several authors have shown that
tumors demonstrate an increase in ADC after treatment
before a change in tumor size occurs, which heralds later
diminution of the tumor size!*****. Chen e 4/ have
reported that patients with hepatocellular carcinoma
show a significant rise in ADC value when they respond
to treatment. Koh e¢# a/” also have reported that patients
with colorectal hepatic metastases show an increase in
ADC, at least in those who show a partial response to
treatment, but not in non-responders. A decrease in

ADC during follow-up suggests tumor recurrence’”

FUTURE DEVELOPMENT

Several studies have indicated that DWI may be useful
for tumor staging, including lymph node and distant
metastases” . For tumor staging, whole-body imaging
is desirable. Takahara ¢ a/ have shown that whole-body
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DWTI is promising'”*! using their method to examine the

whole body by composite construction of segmented
imaging. The images are processed using maximum
intensity projection and 3D display™™™*!. More clinical
research on this technique is needed because their study
was preliminary.

The most important issue regarding DWI is non-
standardization among MRI manufactures and researchers.
Substantial differences in the ADC values of the same
normal and diseased organs have been presentedm by
researchers using a different imaging technique; therefore,
standardization of the imaging protocol is fundamental.

Currently, spatial resolution of DWI is not high
enough. In order to compensate for such limited reso-
lution, qualitative assessment might need superimposition
of DWI on corresponding T2-weighted images, and
quantitative assessment may require meticulous ADC
measurements for small lesions. Utilization of high-field
MRI may be able to solve the issue of limited spatial
resolution.

CONCLUSION

DWI is a promising imaging technique to evaluate
abdominal tumors. This technique can be used for
pretreatment tumor detection, characterization including
predicting tumor response to therapy, monitoring tumor
response during therapy, and follow-up study after
treatment to detect possible tumor recurrence. Stand-
ardization of the imaging protocol and large clinical trials
regarding the usefulness of DWI are needed.
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Abstract

AIM: To investigate the pharmacological effect of
JCM-16021, a Chinese herbal formula, and its underlying
mechanisms.

METHODS: JCM-16021 is composed of seven herbal
plant materials. All raw materials of the formula were
examined according to the quality control criteria listed
in the Chinese Pharmacopeia (2005). In a neonatal
maternal separation (NMS) model, male Sprague-
Dawley rats were submitted to daily maternal separation
from postnatal day 2 to day 14, or no specific handling
(NH). Starting from postnatal day 60, rats were
administered JCM-16021 (2, 4, 8 g/kg per day) orally
twice a day for 28 d. Pain threshold pressure and
electromyographic activities of external oblique muscles
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in response to colorectal distention recorded with a
Power Lab System (AD Instruments International), were
tested as pain indices. Changes in serotonin (5-HT) and
5-hydroxyindoleacetic acid (5-HIAA) concentrations in
the colon of rats were analyzed; the enterochromaffin
cell numbers and serotonin transporter in the colon of
rats were also evaluated with an immunohistochemistry
method.

RESULTS: NMS treatment significantly reduced pain
threshold pressure (37.4 £ 1.4 mmHg), as compared
to that of NH rats (57.7 = 1.9 mmHg, P < 0.05). After
JCM-16021 treatment, the pain threshold pressure sig-
nificantly increased when compared to that before treat-
ment (34.2 £ 0.9 mmHg vs 52.8 £ 2.3 mmHg in the
high dose group, 40.2 £ 1.6 mmHg vs 46.5 £ 1.3 mmHg
in the middle dose group, and 39.3 £ 0.7 mmHg vs
46.5 £ 1.6 mmHg in the low dose group, P < 0.05).
Also JCM-16021 significantly and dose-dependently
decreased electromyographic activity to the graded
colorectal distension (CRD), (the mean AAUC values
were: 0.17 £ 0.03, 0.53 £ 0.15, 1.06 £ 0.18, 1.22 £ 0.24
in the high dose group; 0.23 + 0.04, 0.68 = 0.17, 1.27
+ 0.26, 1.8 £ 0.3 in the middle dose group; and 0.29
+ 0.06, 0.8 + 0.16, 1.53 + 0.24, 2.1 + 0.21 in the low
dose group for the pressures 20, 40, 60, 80 mmHg), as
compared to the NMS vehicle group. The mean AAUC
values were: 0.57 + 0.12, 1.33 £+ 0.18, 2.57 + 0.37,
3.08 £ 0.37 for the pressures 20, 40, 60, 80 mmHg (P
< 0.05). JCM-16021 treatment significantly reduced the
5-HT concentrations (from high, middle and low dos-
age groups: 60.25 £ 5.98 ng/100 mg, 60.32 £+ 4.22
ng/100 mg, 73.31 £ 7.65 ng/100 mg), as compared
to the NMS vehicle groups (93.11 + 9.85 ng/100 mg,
P < 0.05); and increased the 5-HIAA concentrations
(after treatment, from high, middle and low dosage
groups: 54.24 £+ 3.27 ng/100 mg, 50.34 + 1.26 ng/100
mg, 51.37 £ 2.13 ng/100 mg) when compared to that
in the NMS vehicle group (51.75 + 1.98 ng/100 mg, P
< 0.05); but did not change the enterochromaffin cell
numbers in the colon of rats. In addition, NMS rats had
higher SERT expression (7 = 10) than NH rats (7 = 8,
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P < 0.05). JICM-16021 treatment significantly decreased
SERT expression when compared to the NMS group (P
< 0.01-0.001).

CONCLUSION: JCM-16021 can attenuate visceral
hypersensitivity, and this analgesic effect may be
mediated through the serotonin signaling pathway in
the colon of rats.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Irritable bowel syndrome (IBS) is charactetized by chronic
abdominal pain and altered bowel movements such as
diarrhea and constipation[1’2]. Although conventional
therapies (e.g. laxatives, antidepressants, antispasmodics,
and bulking agents) are used to relieve the symptoms of

[3’4]; and

IBS, the overall efficacy of these agents is poor
these agents have not been proven to be more effective
than placebo in providing overall relief of symptoms
in randomized, controlled clinical trials. Therefore,
increasing numbers of IBS sufferers are seeking help
from complementary and alternative medicines. Recently,
our research group showed that JCM-16021, an herbal
formula composed of seven herbs, can relieve symptoms
in IBS patientsm. In this randomized, double-blinded, and
placebo-controlled trial, 84 diarrhea-predominant IBS
patients received treatment (28 patients in each arm). At
the end of the 8 wk treatment, 52% of participants in
the JCM-16021 plus Holopon (hyoscine methobromide)-
placebo group (Group A), 32% in the Holopon plus
herbal-placebo group (Group B), and 42.7% in the double
placebo group (Group C) experienced overall symptom
improvements. Patients in Group A had the highest
percentage improvement (Group A »s Group B s Group
C: 52% w5 32% vs 42.7%), but the mechanism of this
effect remains unclear.

Serotonin (5-HT), an important neurotransmitter and
paracrine signaling molecule, alters visceral perception
and motor function by influencing the sympathetic,
parasympathetic, and enteric nervous systems'”. The
majority of 5-HT is synthesized and stored in entero-
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chromaffin (EC) cells in the gastrointestinal tract.
Previous studies have shown that the changes in EC cells
and the increased 5-HT concentrations in the human
colon are associated with the generation of IBS symptoms
and in other gastrointestinal functional disorders"".
Furthermore, novel serotonergic agents, such as the 5-HT3
antagonist alosetron and the 5-HT4 agonist tegaserod,
have significant impacts on IBS symptoms through their
visceral analgesic properties and diverse effects on motor
functions in the lower gastrointestinal tract". Therefore,
the 5-HT signaling pathway represents a promising target
for IBS treatment.

A neonatal maternal separation (NMS)-induced visceral
hyperalgesia rat model was previously established"?.
Because its characteristics mimic the symptoms of IBS
patients, it is often used to study the mechanism of visceral
hyperalgesia and to evaluate the pharmacological effects
of potential IBS therapiesm’w.

Considering the effects of JCM-16021 in IBS patients
and the function of serotonin in visceral hyperalgesia,
this study aimed to investigate the analgesic effect of
JCM-16021 on NMS-induced visceral hyperalgesia
in rats, and its potential underlying mechanism. We
hypothesized that JCM-16021 could attenuate visceral
pain through the 5-HT signaling pathway in the colon of
rats. These results were previously presented as a poster
at the 16th United European Gastroenterology Week in
October 2008 in Vienna, Austria”.

MATERIALS AND METHODS

Herb materials

JCM-16021 is composed of seven plant materials, which
are listed in Table 1. Purchasing, authentication and quality
control of all seven herbs were performed based on the
requirements of the Chinese Pharmacopoeia''’. The
authenticated voucher specimens (the voucher numbers
are CMED-0043-02, CMED-0018-17, CMED0024-02,
CMED-0044-02, CMED-0180-02, CMED-0179-02,
CMED-0118-02) were stored in the Research Laboratory,
Hong Kong Jockey Club Institute of Chinese Medicine,
Hong Kong, China.

Reagents

Chloral hydrate was purchased from Fluka. Hematoxylin,
5-HT, and 5-HIAA were purchased from Sigma (Sigma-
Aldrich Co., St. Louis, MO, USA). Holopon (hyoscine
methobromide, 99%) was purchased from GSK Hong
Kong,

Preparation and quality analysis of JCM-16021

JCM-16021 was prepared in the form of granules as
follows: mixed medicinal materials weighing approximately
110 g (equal to the total amount of raw materials in one
day’s dosage of JCM-16021 formula for IBS patients) were
macerated for 30 min, subsequently decocted for 60 min
three times, and rinsed 10 times (v/w) with distilled water.
The filtrates were combined and dried in a vacuum at 40°C.
A water-soluble pale yellow powder, approximately 22 g,
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Composition and samples Atractylone' Gallic acid' Corilagin®> Paeoni- Magnolol* Honokiol® Tetrahydrop- Quercitrin’  Heavy metal &
florin® almatine® pesticide residues

Fructus Terminaliae Chebulae i 2.18% Pass

(Terminalia chebula Retz.) 9%

Radix Paeoniae Lactiflorae 0.45% Pass

(Paeonia lactiflora Pall.) 14%

Cortex Magnoliae Officinalis 1.76% 0.89% Pass

(Magnolia officinalis Rehd. et

Wils.) 9%

Rhizoma Corydalis Yanhusuo 0.10% Pass

(Corydalis yanhusuo W. T.

Wang) 14%

Herba Polygoni Chinensis 0.04% Pass

(Polygonum chinense L) 18%

Rhizoma Atractylodis + Pass

Macrocephalae (Atractylodes

macrocephala Koidz) 18%

Semen coicis Lachryma-jobi [Coix Pass

lacryma-jobi L. var. ma-yuan

(Roman.) Stapf] 18%

Final product = + 2.43% 0.70% ND ND 0.01% ND Pass

This table presents the composition of formula and its ratio of each component in whole formula. 'TLC test, + means detected, - means not detected; %Y =
4309.9x + 11.158, R* =1, 0.155-7.75 pg; °Y = 1141.8x + 54.916, R* = 0.9999, 0.322-18.343 pg; *Y = 7822.7x + 1167.9, R* = 0.9994, 0.375-3.75 ug; *Y=7947.5x + 1465.9, R*
=0.9982, 0.34-3.4 ug; Y = 5782.6x - 11.063, R* =1, 0.028-1.4 pg; "Y=2612.4x + 1.6674, R* = 1, 0.0228-1.14 ug; ND means that the chemical marker was detected but

not determined due to peak area being too small.

was obtained. To ensure the quality of the final product,
all raw materials were examined according to the quality
control criteria listed in the Chinese Pharmacopeia 2005"".
As recommended by the Chinese Pharmacopeia 2005"%,
paconiflorin, magnolol, honokiol, and tetrahydropalmatine
were selected as the chemical markers for Radix Paconiae
Lactiflorae, Cortexc Magnoliae Officinalis, and Rhizoma Corydalis
Yanhusuo, respectively. Corilagin, a constituent of Fructus
Terminaliae Chebulae was also selected since it is a major
component of the final product. Quercitrin was used as
the chemical marker of Herba Polygoni Chinensis. In addition,
gallic acid and atractylone were qualitatively checked
in Fructus Terminaliae Chebulae and Rhizoma Atractylodis
Macrocephalae, respectively. Heavy metals and pesticide
residues were monitored to ensure safety.

Animals and neonatal maternal separation

Primiparous timed-pregnant Sprague-Dawley female
rats were obtained from the Laboratory Animal Services
Centre, The Chinese University of Hong Kong, on
gestational day 13-14. Dams were housed individually
in macrolon cages and maintained in rooms with tempe-
rature kept at 23 + 2°C and an alternating 12: 12 h
light-dark cycle. All of the experimental protocols were
carried out with the approval of the Committee on Use
of Human-Animal Subjects in Teaching and Research of
the Hong Kong Baptist University and according to the
Regulations of the Department of Health, Hong Kong,
China.

The neonatal maternal separation (NMS) rat model
was established based on a previous report'”. Briefly, pups
in the NMS group were separated from their mothers and
placed into individual cages in another room 180 min daily
from postnatal day 2 to day 14, whereas normally-handled
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(NH) pups remained undisturbed in their home cage with
the dam. All pups were weaned on postnatal day 22, and
only male pups were used in the present study to avoid
hormonal cycle induced variations. Male rats on postnatal
day 60 were used in a series of three experiments.

Experimental design

This experiment involved three sets of studies: The
first series of experiments aimed to evaluate the
pharmacological effects of JCM-16021 on visceral pain by
assessing changes in pain threshold pressure before and
after JCM-16021 treatment. Six groups of rats were used.
Group 1 (# = 10) with NH rats and Group 2 (» = 10) with
NMS rats were given distilled water as a control. Groups 3,
4and 5 (n = 10, 9, 9) with NMS rats received JCM-16021
at 8, 4 and 2 g/kg per day, respectively. Group 6 received
0.3 mg/kg per day Holopon (hyoscine methobromide,
99%, GSK Hong Kong) as an active control (7 = 8). All
pain threshold pressure detection tests were conducted in
the morning between 9 am and 12 pm.

The second series of experiments aimed to test
the analgesic effect of JCM-16021 through assessing
electromyographic (EMG) activities of the left external
abdominal oblique muscles to colorectal distension (CRD)
before and after treatment with JCM-16021. Grouping
(n = 7-10) was the same as that in the first series, with
surgeries performed on treatment day 23, and EMG
recording conducted on treatment day 28. The pain
threshold test was not performed in this set of rats.

A third series of experiments with five groups (46
rats, 7 = 8-10 each group) of rats aimed to test the
effects of JCM-16021 on the concentration of 5-HT,
5-hydroxyindoleacetic acid (5-HIAA), EC cell number
and expression of serotonin transporter (SERT). Group
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1 with NH rats and Group 2 with NMS rats received
distilled water as a control. Groups 3, 4 and 5 with NMS
rats received JCM-16021 at dosages of 8, 4, and 2 g/kg
per day respectively. When the treatment course finished,
the rats were deeply anesthetized with an overdose of
midazolam hydrochloride, and 4 cm of the colon (5-6 cm
from the anus) was harvested immediately. A piece of
the colon was immediately fixed in 4% neutral-buffered
paraformaldehyde for immunostaining. The rest was
frozen with liquid nitrogen, and stored at -80°C for later
analysis of 5-HT/5-HIAA content.

Drug administration

Starting at postnatal day 60 (body weight around 250 g),
rats were daily treated orally with different dosages
of JCM-16021 (8, 4 and 2 g/kg per day body weight,
in 10 mL/kg distilled water), Holopon at a dosage of
0.3 mg/kg per day body weight, ot vehicle (distilled water
at 10 mL/kg body weight). The dosage of JCM-16021
was set according to the clinical trial and 4 g/kg per day
was determined to be equivalent to the clinical dosagem.

Abdominal withdrawal reflex (AWR) test

AWR tests were performed as previously described"”.
Briefly, a flexible latex balloon (medical finger glove, 4
cm long, 2.3 cm diameter flaccid) was inserted into the
rat colon. Rats were allowed to adapt in a transparent box
alone for 30 min after insertion of the colorectal balloon.
CRD was then applied in increments of 5 mmHg, main-
tained for 2 s at each step to observe. The pain threshold
pressure was defined as the intensity of CRD that induced
a sudden and persistent abdominal muscle contraction in
rats with abdomen lift off the platform. The experiments
were repeated three times with at least 5 min intervals for
recovery. During the test, the observers were blinded to
the treatment groups of the rats.

EMG recording test

To measure rat’s visceral sensitivity, the visceral motor
response (VMR) to CRD was studied by recording the
EMG as previously described with modification"*"".
Briefly, a pair of Teflon-coated stainless wires (Cooner
Wire, Chatsworth, CA) was surgically implanted into the
left external abdominal oblique muscles on treatment day
23 and EMG recording tests were conducted on treatment
day 28. On the test day, animals were subjected to CRD.
A flexible latex balloon (medical finger glove, 4 cm long,
2.3 cm diameter flaccid) tied around a urethral catheter
(3 mm diameter) was lubricated with liquid paraffin oil
and inserted intrarectally in its descending colon with
the distal tip 1 cm from the anal verge and secured to
the base of the tail under short ether anesthesia. CRD
was Initiated by Barostat (Distender Series II R, G&]J
electronics, Canada). The EMG recording signal was
amplified and filtered (50-5000 Hz) by Power Lab System
(AD Instruments International). Three cycles of graded
CRD (20, 40, 60, and 80 mmHg; 20 s duration; 2 min
inter-stimulus interval) were applied to each rat. During
the five day recovery from surgery, the treatments were
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continued. The overall effect of any given reagents was
determined by calculating the changes of the area under
the curve (AUC) of the raw EMG amplitude response
after treatment, based on the formula AAUC% baseline
= (AUC during CRD - AUC before CRD)/AUC before
CRD.

§-HT and 5-HIAA content assays
5-HT and 5-HIAA concentrations in the colon were
analyzed following a procedure with a slight modifi-
cation"”. Fluorescence of the handled sample was mea-
sured at an activation wavelength of 365 nm and an
emission wavelength of 470 nm.

Immunohistochemistry assay for EC cells and SERT
Immunohistochemical detection of EC cells in the colon
of rats was performed using a routine streptavidin-biotin
peroxidase technique employing Chr-A antibody (1:250,
Santa Cruz Biotechnology, Santa Cruz, CA, USA){ZOJ and
mouse monoclonal anti-SERT antibody (1:250, Advanced
targeting system, AB-N09) as previously described"”.
The immunoreaction products were observed under a
light NIKON microscope equipped with a NIKON color
digital camera system. A NIKON 20 X objective was used
to collect images of colon sections. The mean densities
of the positive immunoreaction of serotonin transporter
receptors and the positive cell numbers of Chr-A in at
least 6 serial slides from the colonic sections of each rat
were analyzed.

Statistical analysis

All data are expressed as mean = SE. The changes
in visceral pain threshold pressure were analyzed by
comparing the values before and after treatment for each
group using a paired #test, and the differences between
before and after treatment in a group using a one-way
analysis of variance (ANOVA). EMG activity data were
analyzed by one-way ANOVA between different groups
to determine whether the overall change was significant,
in a similar way to the analysis of the changes of
concentrations of 5-HT and 5-HIAA, EC cell numbers
and SERT in rat colon. P < 0.05 was considered stati-
stically significant.

RESULTS

Quality control of JCM-16021
To ensure the quality of JCM-16021, eight chemical
markers were qualitatively and quantitatively tracked
from the raw materials to the final product, and heavy
metals and pesticide residues were also examined. The
results are listed in Table 17,

NMS induced visceral hyperalgesia

As shown in Figure 1, there is a significant decrease in
pain threshold pressure in the NMS vehicle rats before
the treatment, when comparing with that of the NH
vehicle group before the treatment (P < 0.001). The
pain threshold pressure values were 37.4 * 4.4 mmHg
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Figure 1 Pain threshold pressure assessment in different groups. Data
are presented as the mean + SE. Before treatment, the pain threshold of NMS
groups was significantly decreased, as compared with that of the NH-VH group
(°P < 0.001). After treatment, JCM-16021 and Holopon significantly increased
the pain threshold pressure (°P < 0.05, °P < 0.01, P< 0.001) compared with
that before treatment of each group.

and 57.7 = 5.9 mmHg in NMS vehicle and NH vehicle
groups before treatment, respectively.

In EMG tests, the visceromotor response to CRD,
which was reflected as AUC changes over the baseline
in the NMS vehicle group after vehicle treatment (0.57
1 0.12, 1.33 £ 0.18, 2.57 £ 0.37, 3.08 £ 0.37 under the
pressures 20, 40, 60, 80 mmHg) was significantly in-
creased compared to that of the NH vehicle group after
vehicle treatment (0.11 + 0.04, 0.58 £ 0.19, 0.96 + 0.3,
1.39 £ 0.39 under the pressures 20, 40, 60, 80 mmHg,
Figure 2) (P < 0.05). These results indicate that NMS
induces allodynia (20 mmHg) and visceral hyperalgesia
(40-80 mmHg) in rats.

Analgesic effect of JCM-16021 in NMS rats

As shown in Figure 1, JCM-16021 can significantly
reduce the pain threshold pressure in three dosage
groups (from high dose to low dose: 52.8 = 2.3 mmHg,
46.5 + 1.3 mmHg, and 46.5 = 1.6 mmHg) comparing
with that of the NMS vehicle group (34.8 + 0.9 mmHg,
P < 0.05). After treatment the pain threshold pressure
in three JCM-16021 groups also significantly decreased
when compared to that before treatment (from high
dose to low dose: 52.8 + 2.3 mmHg »s 34.2 £ 0.9
mmHg, 46.5 £ 1.3 mmHg »s 40.2 + 1.6 mmHg and 46.5
*+ 1.6 mmHg »s 39.3 £ 0.7 mmHg, P < 0.01). Holopon
also had a similar analgesic effect to JCM-16021 when
comparing the pain threshold pressure values either
with that of NMS vehicle group or the value before the
Holopon treatment.

In the EMG test, as shown in Figure 2A-D, the EMG
activity to the graded CRD, which was reflected as AUC
changes over the baseline, significantly and dose-depend-
ently decreased after JCM-16021 treatment compared
to that of the NMS vehicle group (P < 0.05). The mean
AAUC significantly fell in the high dose group (0.17 % 0.03,
0.53 + 0.15, 1.06 £ 0.18, 1.22 £ 0.24 for the pressures 20,
40, 60, 80 mmHg), middle dose group (0.23 * 0.04, 0.68
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Figure 2 JCM-16021 effect on the electromyographic activity in response
to graded CRD at pressures of 20 mmHg (A), 40 mmHg (B), 60 mmHg
(C), 80 mmHg (D). Data are presented as mean + SE (n = 7-10). Significant
difference is indicated by °P < 0.05 when compared with the NMS-VH group.

+0.17,1.27 £ 0.26, 1.8 £ 0.3 for the pressures 20, 40, 60,
80 mmHg), and low dose group (0.29 £ 0.06, 0.8 £ 0.16,
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Figure 3 JCM-16021 effects on the concentrations of 5-HT and 5-HIAA in the colons of rats. A: JCM-16021 significantly decreased 5-HT concentration in
neonatal maternal separation (NMS) rats; B: JCM-16021 significantly increased 5-HIAA concentration in NMS rats. Data are presented as mean + SE (ng/100 mg
colon tissue, n = 8-10). Significant difference is indicated by *P < 0.05 when compared with the NH control group and by °P < 0.05 when compared with the NMS

control group.

1.53 £ 0.24, 2.1 £ 0.21 for the pressures 20, 40, 60, 80
mmHg), compared to that of the NMS vehicle group. The
mean AAUC values were: 0.57 = 0.12, 1.33 = 0.18, 2.57 =
0.37, 3.08 = 0.37 for the pressures 20, 40, 60, 80 mmHg,
P < 0.05. Also Holopon significantly reduced the EMG
activity compared to the NMS vehicle group (P < 0.05).

JCM-16021 decreases the 5-HT concentration in the
colon of rats

As shown in Figure 3A, 5-HT concentration in NMS
vehicle groups (7 = 9, 93.11 + 9.85 ng/100 mg) was
significantly higher than that in NH vehicle groups (#
=8,59.53 £ 7.57 ng/100 mg, P < 0.01). JCM-16021
treatment at the high and middle dosage, but not the low
dosage, significantly decreased the 5-HT concentration in
the colon of rats (P < 0.01), when compared to the NMS
vehicle group. After treatment with JCM-16021, the 5-HT
concentrations in high, middle and low dosage groups
(n =9, 10, 10) were 60.25 * 5.98 ng/100 mg, 60.32 *
4.22 ng/100 mg, 73.31 £ 7.65 ng/100 mg, respectively.
Further, although there was no significant difference in
5-HT concentration between the low dosage group and
NMS vehicle group, the value was still lower than that of
the NMS-VH group (93.11 + 9.85 ng/100 mg). Cleatly,
there is a tendency that JCM-16021 treatment could
reduce the 5-HT concentration.

JCM-16021 significantly increases the 5-HIAA
concentration in the colon of rats

NMS treatment significantly decreased 5-HIAA concen-
tration in the colon of rats. 5-HIAA concentration in
NMS vehicle groups (7 = 9, 44.86 + 2.13 ng/100 mg) was
significantly higher than that in NH vehicle groups (7 = 8,
51.75 £ 1.98 ng/100 mg, P < 0.05). JCM-16021 treatment
significantly increased the 5-HIAA concentration in the
colon of rats when compared with that of the NMS
control group (P < 0.05). After treatment with JCM-16021,
the 5-HIAA concentrations were 54.24 + 9.81 ng/100 mg
in the high dosage group, 50.61 £ 1.26 ng/100 mg in the
middle dosage group, and 51.37 £ 2.13 ng/100 mg in the
low dosage group (Figure 3B).
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JCM-16021 does not change EC cell numbers in the
colon of rats

As shown in Figure 4, EC cell number in NMS vehicle
groups (# = 9, 12.97 £ 1.17) was significantly higher
than that in NH vehicle groups (» = 8, 9.70 + 0.92, P <
0.05). JCM-16021 treatment did not significantly change
the EC cell number in the three dose groups.

JCM-16021 decreased SERT expression in the colon of
rats

As shown in Figure 5, NMS rats had higher SERT
expression (0.61 £ 0.03, » = 10) than NH rats (0.56 *
0.05, » =8, P < 0.05). JCM-16021 treatment at different
dosages (7 = 10 in each group) significantly decreased
SERT expression in the colon. The mean gray indexes
among JCM-16021 groups were 0.59 + 0.03 in the high
dose group, 0.54 & 0.02 in the middle dose group and 0.53
+ 0.03 in the low dose group (P < 0.01-0.001).

DISCUSSION

This study demonstrated that JCM-16021 can dose-
dependently attenuate the visceromotor response to CRD
in NMS rats. Moreover, it decreases 5-HT' concentration
and increases 5-HIAA concentration in the colon of rats.
These findings indicate that JCM-16021 has an analgesic
effect on visceral hyperalgesia, and this effect may be
mediated through the serotonin signaling pathway in the
colon of rats.

Chronic visceral hyperalgesia is an important and
characteristic featute of IBS and other functional bowel
disorders”. In order to investigate the mechanism of
visceral hyperalgesia, animal models have been developed,
such as the early life colon irritation model"”, neonatal
maternal separation model?, and adult repeated stress
model in rodents™. The current study showed that NMS
induced a lower pain threshold pressure than that seen in
NH rats, and increased EMG activity in response to CRD,
thus confirming that NMS induces visceral hyperalgesia
in adulthood"”. Further, our results also showed that
even in 20 mmHg CRD stimulation, NMS rats still have
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Figure 4 JCM-16021 effect on enterochromaffin cell number (Chr A positive cell number) in the colons of rats. Chr A staining cells (arrows) are present in
colon tissues in the normal control group (A), the NMS control group (B), the NMS with high dosage (C), the NMS with middle dosage (D), and the NMS with low
dosage of JCM-16021 (E). NMS significantly increased the number of Chr A positive cells in the colons of rats, and JCM-16021 did not change the number of Chr A
positive cells (F). Data are presented as mean + SE (n = 8-10). Significant difference is indicated by °P < 0.05 compared with the normal control group.
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Figure 5 SERT expression in rat colon by immunohistochemistry assay.
SERT expression in the colonic tissues of NMS rats was significantly increased
over that of NH rats. JCM-16021 treatment decreased SERT expression.
Results are expressed as mean + SE, n = 8-10 in each group. °P < 0.05, °P <
0.01, P < 0.001 vs NH.

significant EMG changes compared to NH rats, thus NMS
induces not only visceral hyperalgesia, but also allodynia
in adulthood. Our results also showed that JCM-16021
increased the pain threshold pressure with a dose-related
effect, and dose-dependently reduced the EMG activity to
CRD in NMS rats. Therefore, these results indicate that
JCM-16021 has an analgesic effect which can attenuate
allodynia and visceral pain in NMS rats. Interestingly, the
results from the AWR test showed that there is no dose-
related response, but the results from the EMG test did
show a dose-dependent response. The difference may
originate from the objectivity of the two pain indexes;
the EMG data, as a quantitative value, is more reliable
than that of pain threshold pressure.
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As for the mechanism of visceral hyperalgesia, it is
believed that the up-regulation of visceral pain perce-
ption results, at least in part, from profound and long-
lasting changes in the development of the central
nervous system, including systems that regulate stress
responsiveness” !, With regard to the 5-HT effect in
visceral hyperalgesia, previous data is not consistent.
Our previous study reported that the amount of colonic
5-HT in rats with visceral hyperalgesia induced by mech-
anical colorectal irritation significantly increased with
postnatal day"”. Another study showed that serotonin
is actively involved in pathophysiological processes of
visceral hyperalgesia because serotonin concentration is
significantly decreased in the spinal cord and but not in
the colon; and 5-HT significantly increased in the colons
of rats after CRD™. Tt is well known that 5-HT in the
gastrointestinal tract is generally believed to be one of
the most important mediators and regulators of bowel
sensation and motility™. The current study found that
5-HT concentrations in the colons of the NMS vehicle
group were significantly higher than that in the NH vehicle
group supporting the concept that 5-HT is an important
mediator involved in NMS-induced visceral hyperalgesia.

Our data also showed that JCM-16021 not only
significantly reduces the 5-HT concentration but also signi-
ficantly increases the 5-HIAA concentration. Serotonin,
as an important gastrointestinal signaling molecule,
is synthesized from the amino acid tryptophan via a
short metabolic pathway consisting of two enzymes:
tryptophan hydroxylase and amino acid decarbo-
carboxylase. Recent studies have demonstrated that distinct
changes in intestinal EC cell number and 5-HT content
have significant relationships with symptoms in IBS
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patientsp(”m. Therefore, the serotonin signaling pathway

has been proposed as a therapeutic target to improve the
symptoms of IBS"". Our current study found that NMS
not only increases 5-HT concentration but also decreases
the levels of its metabolite 5-HIAA in the colon of rats.
After JCM-16021 treatment, the 5-HT concentration was
decreased while 5-HIAA concentration increased. 5-HIAA
is a major product of 5-HT breakdown, which is excreted
in the urine. The increase in 5-HIAA indicates that mote
5-HT was broken down after JCM-16021 treatment.
Therefore, the data indicate that JCM-16021 affected 5-HT
action and its metabolism in the colon.

It is well-known that a large proportion of 5-HT
in the body is found in the gastrointestinal tract, and is
primarily contained within EC cells”. This study found
that EC cell number in NMS control rats is higher than
that in NH control rats. It is possible that NMS induces
hyperplasia of EC cells, thus NMS rats have higher
concentrations of 5-HT in their colons compared to NH
rats. Our results also showed that JCM-16021 cannot
significantly change EC cell number in the colon of rats.
This suggests that the hyperplasia of EC cells may be a
permanent change similar to the elevated activation of
the cingulate cortex and sensitization of the ascending
pathway involving the spinal cord and the thalamo-
cortico-amygdala pathway Y. Therefore, EC cell number
was not changed with treatment.

SERT is necessary for termination of serotonergic
action in the colon. After the release by EC cells, serotonin
is taken up again from the mucosa into the nerve fibers"".
Altered SERT expression and function could contribute
to the abdominal hypersensitivity and abnormal colonic
motility associated with IBS and IBD*. A previous report
showed 5-HT and mucosal SERT are both decteased in
ulcerative colitis, diarrhea-predominant IBS and consti-
pation-predominant IBS®". Our study showed that
NMS rats with vehicle have significantly increased SERT
expression in the colon with increased concentration of
5-HT, compared with NH rats with vehicle. The increase
in SERT expression could be due to an adaptive response
to improve disturbed gut function and ameliorate
symptoms; thus increased 5-HT could be terminated
quickly under different stimulations. After treatment with
JCM-16021, SERT expressions were decreased along
with 5-HT content. Such decreases could result in the
inhibition of SERT function. It is reported that inhibition
of SERT function leads to decreased transiency in the
gut and lower sensitivity”**”, Our data showed that
JCM-16021 reduced SERT expression in the colon of
rats, indicating that JCM-16021 inhibits SERT function so
as to induce lower sensitivity.

In summary, the present findings provide evidence for
the analgesic effect of JCM-16021 on visceral hyperalgesia
in rats. This effect may be mediated through changes in the
synthesis and metabolism of 5-HT in the colons of rats.

COMMENTS

Background

Increasing numbers of irritable bowel syndrome (IBS) sufferers are seeking help
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from complementary and alternative medicines because conventional therapies
have not been proven to be more effective than placebo in providing overall
relief of symptoms in randomized, controlled clinical trials. The 5-HT signaling
pathway represents a promising target for IBS treatment. JCM-16021 improved
the symptoms of IBS patients but the mechanism is unknown.

Research frontiers

A neonatal maternal separation (NMS)-induced visceral hyperalgesia rat model
is often used to study the mechanism of IBS and to evaluate the pharmacologi-
cal effects of potential IBS therapies. This study aimed to investigate the anal-
gesic effect of JCM-16021 on NMS-induced visceral hyperalgesia in rats, and
its potential underlying mechanism.

Innovations and breakthroughs

Recent studies have highlighted the role of serotonin (5-HT) in the generation of
IBS symptoms and in other gastrointestinal functional disorders. Furthermore,
novel serotonergic agents, such as the 5-HTs antagonist alosetron and the 5-HT4
agonist tegaserod, have significant impacts on IBS symptoms through their
visceral analgesic properties and diverse effects on motor functions in the lower
gastrointestinal tract. This is the first study to report that the analgesic effect
of JCM-16021, a Chinese herbal formula, on visceral hyperalgesia in rats may
be mediated through changes in the synthesis and metabolism of 5-HT in the
colons of rats.

Applications

This study provides direct evidence for the analgesic effect of JCM-16021 on
visceral hyperalgesia in rats. JCM-16021 might become a reliable therapy to
relieve the symptoms of IBS patients.

Peer review

This is an interesting paper showing the analgesic effect of a Chinese Medicine
herb, JCM-16021 on maternal separation stress induced visceral hypersensitivity
in male rats. Together with their previous data in IBS patients, this additional pre-
clinical work suggests that JCM-16021 may be of therapeutic interest for IBS.
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Abstract

AIM: To investigate the effect of celecoxib, a selec-
tive COX-2 inhibitor, on Helicobacter pylori (H. pylorr)
colonization-related factors and its mechanism.

METHODS: After co-incubation with celecoxib, mor-
phology of H. pylori strain 26695 was observed under
a transmission electron microscope. Flagella motility
was assessed by stab agar motility test. Adherence of
H. pylori to AGS cells was determined by enzyme
linked immunosorbent assay. Levels of mRNA expres-
sion in flagellar genes (faA, flaB), urease genes (ureA,
ureB) and adhesin genes (babA, sabA, alpA, alpB,
hpaA, hopZ) were measured by real-time polymerase
chain reaction.

RESULTS: Separation and non-integrity of bacterial
cell wall, rarefaction and asymmetry of cytoplasm, and
even lysis of H. pylori were observed in the presence
of celecoxib. When H. pylori strains were incubated in
the presence of celecoxib, their flagellar motility and
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adherence to AGS cells were inhibited. The expression
of ureA, ureB, babA, sabA, alpA, alpB, hpaA, hopZ was
up-regulated while the expression of flaA, flaB was
down-regulated in the presence of celecoxib.

CONCLUSION: Celecoxib inhibits flagellar motility and
adherence of H. pylori to AGS cells, and destructs their
normal structure /n vitro.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

About 30% of the population in developed countries
and up to 90% of the population in developing
countries are chronically infected with Helicobacter pylori
(H. p)//orz)“’zl. Non-steroidal anti-inflammatory drugs
(NSAID) are the most commonly used drugs, on a
wortld-wide scale, which are used by at least 30 million
peoplem. NSAID and H. pylori infection are two major
factors for gastric injuries. Subjects taking NSAID are
often infected with H. pylori. However, whether these
two factors exert synergistic or antagonistic actions
on gastric mucosa is still controversial™, Data from a
meta-analysis review have shown that the risk of peptic
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ulcer is approximately 60-fold higher in H. pylori positive
subjects taking NSAID than in H. pylori negative subjects
not taking NSAID'. Since both H. pylori and NSAID
are responsible for mucosal damage, they can increase
the risk of developing uncomplicated and complicated
peptic ulcer. However, data from several studies do not
always confirm such an assumptionm. A large clinical
trial demonstrated that eradication of H. py/ori delays the
healing of gastric ulcers in NSAID users after treatment
with omeprazolem, implying that H. pylori may protect
individuals against NSAID-induced ulcer, possibly by
stimulating mucosal prostaglandins and other protective
factots.

Recent studies 7 vitro also suggested that aspirin and
celecoxib, a selective COX-2 inhibitor, inhibit the growth
of H. pylori and decrease the activity of urease and
vacuolating cytotoxin in a dose-dependent manner®'?,
indicating that NSAID may antagonize injuries of gastric
mucosa caused by H. pylori infection. Colonization of
H. pylori in gastric mucosa is a prerequisite for pathogeni-
city and needs to have at least 4 basic characteristics:
integrate helical shape, motility of flagella, specific
binding to adhesin and its receptors, and urease activity
that provides an appropriate microenvironment!”. We
hypothesize that NSAID and celecoxib may influence
the pathogenicity of H. pylori in gastric mucosa injury
by altering the colonization. Therefore, the aim of the
present study was to investigate the effect of celecoxib
on H. pylori colonization- related factors and its mech-
anism 7z vitro.

MATERIALS AND METHODS

Bacterial culture

H. pylori 26695 strain was cultured at 37°C in a microaetobic
atmosphere containing 5% Oz, 85% Nz, and 10% CO:z for
48 h on Colombia agar medium supplemented with 8%
(v/v) defibtrinated goat blood containing 0.02 mmol/L
celecoxib or vehicle control (1/1000 DMSO).

Stab agar motility test

H. pylori strains were grown on Colombia agar medium
for 48 h and then harvested into a brain heart infusion
(37 g/L). After the concentration of bacteria was adjusted
to 10° CFU/mL, 10 uL was inoculated into a 0.3% agar
Brucella broth medium containing 8% defibrinated goat
blood using a sterile picker. Five days after incubation
under microaerobic condition at 37°C, the halo diameter
was measured.

Ultrastructural analysis

Forty-eight hours after exposure to 0.02 mmol/L
celecoxib, H. pylori cells were collected and rinsed three
times with 0.01 mol/L PBS, fixed in phosphate-buffer
solution containing 2.5% glutaraldehyde at 4C for 2 h.
After centrifugation, pellets were embedded in 2% agar,
fixed in 1% osmium tetraoxide (OsO4) at 4°C, and rinsed
three times with 0.01 mol/L PBS. After dehydrated
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in a series of graded acetone at 4°C, specimens were
embedded in Epon 812 (Emicron). The sample was cut
into 90 nm-thick sections which were stained with uranyl
acetate and lead citrate, and observed under a JEM1230
transmission electron microscope.

Adhesion of H. pylori to AGS cells

AGS cells (10*/well) were seeded in RPMI 1640
medium (Gibco) containing 10% fetal bovine serum
in a 96-well plate containing 5% COzat 37°C for 20 h.
H. pylori (10" CFU /well) were pretreated with celecoxib
at the concentrations of 0.01, 0.02 and 0.03 mmol/L.
The plate was agitated at 60 t/min for 30 min at 37°C.
Cultures were fixed with 1% paraformaldehyde. After
washed with PBS, H. pylori cells were blocked with 5%
bovine serum albumin (BSA) for 30 min, and incubated
for 24 h with mouse monoclonal anti-H. pylori antibody
(Santa cruz). After washed three times with PBS, goat
anti-mouse IgG-HRP (Santa cruz) was added for 1 h.
Binding was visualized by incubating with 100 pl. TMB
substrate for 30 min. Absorbance was read at 450 nm
after 2 mol/L of sulphuric acid was added to terminate
the reaction. Adherence of H. pylori to AGS cells was
calculated according to the formula: [(4 AGS cells with
H. pylori -A AGS cells without H. pylori)/ (A positive
control -A negative control)] X 100. For positive control,
only bacteria were added and allowed to adhere to the
well. Wells containing neither AGS cells nor H. pylori
were prepared as a negative control.

H. pylori RNA isolation and reverse transcription
Forty-eight hours after pretreatment with 0.02 mmol/L
celecoxib, strains of H. pylori were rinsed with Tris-
HCI and cleared with 1 mL of TRIzol. After 200 yL of
chloroform was added, the sample was vigorously shaken
and centrifuged. RNA in aqueous phase was precipitated
with 0.5 mL of isopropanol. The pellet was washed with
ethanol and dried. The RNA was resuspended in sterile
water and quantified by UV absorbance. Total RNA
(4 ng) treated with RO1 RNase-free DNase (Promega)
to remove DNA was used for reverse transcription
reaction. In brief, 1.5 pul. of random primers was added,
the samples were heated to 70C for 5 min. Then,
10 puL of 5 X RT buffer, 2.5 pul. of dNTPs, and 2 pL
of M-MLV were added. cDNA synthesis reaction was
performed for 60 min at 37°C and then at 70°C for 10 min.
Aliquots of cDNA were stored at -70°C.

Real-time polymerase chain reaction (RT-PCR)

mRNA levels of flagellar genes (flaA, flaB), urease genes
(ureA, ureB) and adhesin genes (babA, sabA, alpA, aipB,
hpaA, hopZ) were measured by real-time PCR using the
ABI Prism 7700 sequence detection system (Perkin-
Elmer Applied Biosystems, Foster City, Calif). Specific
primers and house-keeping gene 16SrRINA were designed
with the aid of Primer Express 3.0 software (Applied
Biosystem Perkin-Elmer) (Table 1). Real-time PCR was
performed in a 25 pl. reaction volume containing 2.5 pL.
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1 Primers and probes used in real-time quantitative

Gene Primer (5’-3”)

flaA-F ATTGGCGTGTTAGCAGAAGTGA
flaA-R TGACTGGACCGCCACATC
flaB-F ACATCATTGTGAGCGGTGTGA
flaB-R GCCCCTAACCGCTCTCAAAT
ureA-F GCTGGTGCGATTGGCTTTA
ureA-R GGATAGCGACTTGCACATCGT
ureB-F TCCTGATGGGACAAAACTCGTA
ureB-R ACGGCTTTTTTGCCTTCGT
babA-F TGCTCAGGGCAAGGGAATAA
babA-R ATCGTGGTGGTTACGCTTTTG
sabA-F GGTGTGCTGCAACAGACTCAA
sabA-R CATAAGCTGTTGCGCCAAATT
alpA-F GCACGATCGGTAGCCAGACT
alpA-R ACACATTCCCCGCATTCAAG
alpB-F ACGCTAAGAAACAGCCCTCAAC
alpB-R TCATGCGTAACCCCACATCA
hpaA-F GAGCGTGGTGGCTTTGTTAGT
hpaA-R TCGCTAGCTGGATGGTAATTCA
hopZ -F GCGCCGTTACTAGCATGATCA
hopZ-R GAAATCTTTCGGCGCGTTT
16SrRNA-F CCGCCTACGCGCTCTTTAC
16SrRNA-R CTAACGAATAAGCACCGGCTAAC

PCR: Polymerase chain reaction.

of cDNA, 12.5 uL of SYBR green real time PCR master
mix (Toyobo), 1 uL of sense and antisense primers
(5 pmol/L), and 9 ul. of DEPC water. PCR was cartied
out at 95C for 10 min, followed by 40 cycles at 95°C
for 15 s, at 61°C for 1 min. A further melting curve step
analyzing the purity of PCR products was performed at
95°C for 15 s, at 61°C for 30 s, and at 96°C for 15s. A
standard curve was plotted using 10-fold serial dilution
of each cDNA. mRNA level was expressed as the ratio
of detected mRNA to 16S tRNA mRNA [detected
mRNA (U/mL)/16S fRNA mRNA (U/mlL) X 100000].
PCR was carried out in quintuple using samples prepared
at the same time.

Statistical analysis

All experiments were performed at least in triplicate.
Data were presented as mean £ SD. Statistical analysis
between sample and control was conducted by Student’s
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Figure 1 Stab agar motility tests showing the H. pylori
motility. A: DMSO control (1/1000); B: Celecoxib (0.02
mmol/L).

#-test using SPSS 11.0 software. P < 0.05 was considered
statistically significant.

RESULTS

Effects of celecoxib on H. pylori motility

The halo diameter for the growth of H. pylori in the
presence of celecoxib was 5.92 = 1.20 mm after 5-d in-
cubation, which was significantly smaller than that (8.21
t+ 1.63 mm) of DMSO control (P < 0.05, Figure 1), in-
dicating that the motility of H. pylori is decreased in the
presence of celecoxib.

Ultrastructural effects of celecoxib on H. pylori
Transmission electron microscopy demonstrated that
both cytoplasmic and outer membranes of H. pylori
were intact, the cytoplasm was well-distributed and
the electron density was moderate in DMSO control.
When incubated with 0.02 mmol/L of celecoxib, V-
and U-shaped H. pylori were observed. The cell wall of
H. pylori was attenuated with abscission, or even perfora-
tion but no integrity. Separation of the outer membrane
from the cytoplasmic membrane (cell wall breakaway)
and even cell lysis were observed. Rarefaction and asym-
metry were observed in cytoplasm of H. pylori and the
components of H. pylori cells disappeared and distrib-
uted abnormally (Figure 2).

Effects of celecoxib on H. pylori adherence to AGS cells
Compared to the DMSO control (1/1000), celecoxib
significantly inhibited the adherence of H. pylori to AGS
cells in a dose-dependent manner (P < 0.05) (Figure 3).

Effects of celecoxib on H. pylori flagellin, urease and
adhesin gene expression

The mRNA expression levels in flagellar genes (flaA,
flaB), urease genes (ureA, nreB) and adhesin genes (babA,
sabA, alpA, alpB, hpaA, hopZ) were measured by real-
time PCR. After treatment with 0.02 mmol/L celecoxib,
the mRNA expression levels in flzA and flaB wete lower
than those in DMSO control (P < 0.05). However, the
mRNA expression levels were higher in urease genes
(nreA, wreB) and adhesin genes (babA, sabA, alpA, alpB,
hpaA, hopZ) than in DMSO control (P < 0.05). The
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Figure 2 Transmission electron microscopy (TEM). TEM showing rod-shaped H. pylori (A), well-distributed cytoplasm and moderate electron density (B), U-shaped
(C, arrow) and V-shaped (D, arrow) H. pylori, non-integrity (E, arrow) and abscission (F, arrow) of H. pylori cell wall, outer membrane separated from the cytoplasmic
membrane (G, arrow), decreased electron density in cytoplasm (H, arrow), and cell lysis (I) after treatment with celecoxib.

Table 2 mRNA levels in H. pylori flagellin, urease and adhesin

genes meausred by real-time quantitative PCR (mean + SD)

Gene Celecoxib (0.02 mmol/L) DMSO control (1/1000)
flaA 23.08 +£1.70° 51.08 + 6.91
flaB 16.01 +0.04* 34.80+7.13
ureA 19.61 +1.78" 7.65 £ 0.38
ureB 29.59 +5.31° 13.80 £1.63
babA 16.78 £0.91* 12.38 £ 0.38
sabA 49.00 £ 4.10° 22.55+2.26
alpA 15.55 +0.78" 7.34 £0.20
alpB 14.07 £ 0.23° 8.95 £+ 0.38
hpaA 123.98 +11.82° 57.15 +2.56
hopZ 100.25 + 4.37% 4554 +11.64
P < 0.05 vs DMSO control.

mRNA expression levels in the above genes increased
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(Table 2).

DISCUSSION

NSAID and H. pylori infection are the two main
etiological factors for peptic ulcers. However, their role
in the pathogenesis of gastric mucosal damage is still
controversial . It has been demonstrated that eradication
of H. pylori can decrease the recurrence rate of peptic
ulcer and its complications in chronic NSAID users',
while their co-existence aggravating gastric mucosal
damage has not been confirmed™”. It was reported that
the prostaglandin synthesis level in mucosa is significantly
higher in H. pylori positive patients than in H. pylori
negative patients' ™", demonstrating that colonization
of H. pylori reduces the inhibitory effect of NSAID
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Figure 3 Adhesion of H. pylori to AGS cells after treatment with celecoxib
at different concentrations.

on prostaglandin synthesis. Iz vitro studies further
revealed that NSAID can inhibit the growth of H. pylori,
and decrease the activity of urease and vacuolating
cytotoxin[g'lzl, suggesting that NSAID may alter the
pathogenicity of H. pylori in gastric mucosa injury when
the two factors are co-existed in gastric mucosa.

H. pylori infection may persist for many years in the
host and H. pylori colonization-related factors include its
spiral shape, flagellar motility, urease and adhesin. Urease
neutralizes the pH around H. pylori during exposure to
the acidic lumen of stomach. The flagella and the spiral
shape of H. pylori enable H. pylori strains to move and
penetrate the mucin layer where they come into contact
with gastric epithelial cells. Adherence of H. pylori to AGS
cells is a crucial initial step in colonization" """, as non-
adhering H. pylori strains would be washed away during
peristalsis-mediated flushing of stomach. NSAID and
celecoxib do not increase the colonization of H. pylori

121 On the contrary, the incidence of

in gastric mucosa

H. pylori infection in patients taking NSAID is low"***),
which may be partially explained by the fact that celecoxib
can destruct the normal structure of H. pylori, and inhibit
the motility of flagella, and the adherence of H. pylori to
AGS cells and the activity of urease!'”, which is consistent
with the findings in our study.

Adhesin, exposed on the surface of H. pylori cells,
facilitates interaction with host cellular receptors. The
particularly more important adhesins of H. pylori are
BabA, SabA, AlpA, AlpB, HpaA, HopZ"”**". Their
content and expression under different environmental
conditions are variable. In our 7z vitro study, celecoxib
inhibited the adherence of H. pylori to AGS cells, but
increased the mRNA expression levels in babA, sabA,
alpA, alpB, hpaA, hopZ. Whether the increased mRNA
expression in such genes is accompanied with an increased
competent protein or just a compensatory increase in
mRNA expression for the inhibition of H. pylori growth
and adherence activity remains to be further studied.
On the other hand, variable expression of cell receptors
in a single host and genetic variability of receptor
expression in different hosts make the adherence system
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very complex. Host receptor expression is up-regulated
following H. pylori adherence®. In this study, the impaired
adherence of H. pylori to AGS cells in the presence of
celecoxib down-regulated the host receptor expression.
In this condition, although the expression of H. pylori
adhesins increases, the adherence of H. pylori to AGS cells
may decrease.

Urease in H. pylori accounts for approximately 10%
of the total bacterial protein poolDZ]. Urease hydrolyzes
urea and releases ammonia, which neutralizes acid, thus
enabling survival and initial colonization. It has been
shown that urease activity is essential for the initial
bactetial colonization” ™. Anti-ulcer drug, ecabet, intet-
feres with H. pylori colonization by inhibiting urease
activity™. In the present study, celecoxib inhibited the
urease activity in a dose-dependent manner, suggesting
that it may further influence H. pylori colonization.

Utease is composed of two structural subunits, UreA
and UreB. Urease gene clusters include #re 4, B, C, D, E,
F G, H, I, with ureA and wureB being the structural genes.
ureC and #reD are located before the structural genes.
urel, nreE, urel’, nrgG and wureH are auxiliary genes. These
genes and the structural genes are necessary for urease
activityl37]. Urease is a metal enzyme possessing nickel
and its activity depends on the two Ni’" inserted into
its 6 active sites. The insertion process is accomplished
by proteins encoded by auxiliary genes in a urease gene
cluster. At present, a variety of identified proteins can
regulate the activity of urease by influencing nickel
ions. Besides proteins, different ion concentrations also
accommodate urease activity””. Urease inhibitors can be
generally classified into active site-directed (substrate-
like) and mechanism-directed inhibitors. Since active
site-directed inhibitors bridge the two paramagnetic
nickel ions in the active site of urease, the octahedral
nickel ions and the amino acid residues in the active
site-directed inhibitors are in an orientation similar to
those of the urease substrate, the mechanism-directed
inhibitors are designed to interfere with the urease’s
catalysis mechanism leading to enzyme inactivation. In
the present study, celecoxib inhibited the urease activity
in H. pylori, but increased the mRNA expression levels
in #reA and ureB. The mechanism still remains uncleat.
Further studies are needed to determine whether
alterations occur at protein translation or modification
level or some other mechanisms are involved.

The motility of H. pylori is considered another
colonization factor. Less motile strains atre less able to
colonize or survive in the host than fully motile strains.
It has been demonstrated that the degree of the motility
of H. pylori strains is correlated with the degree of
infectivity in gnotobiotic piglets. The most motile strains
have a 100% infection rate, while the least motile strains
have an infection rate of only 17%"”. Strains without
flagella or flagellar mutant strains cannot colonize the
gastric mucosa, thus losing their pathogenicity. The
flagella consist mainly of the flagellins, FlaA and FlaB.
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Both genes coding for these flagellins are necessary for
the full motility of H. pylori. Elimination of flaB yields
normal-looking flagella that retain some functions and
propel about 60% of the bacteria®™*!. Elimination of
flaA yields truncated flagella that only slightly move
the bacteria. Elimination of both flagellins results
in aflagellated immobile bacteria™!. Tt was reported
that NSAID inhibit the movement of Proteus vulgaris,
Protens mirablis, Providencia rettgeri, Providencia stuartiii and
Burkholderia cepacia in a dose- dependent manner'™, and
prevent emergence of Escherichia coli flagella by inhibiting
flagellin synthesis[43]. In this study, celecoxib inhibited the
motility of H. pylori and decreased the mRNA expression
in flaA and flaB.

The relation between the degree of H. pylori motility,
cytokine response levels and the severity of disease
has been extensively studied™*. The H. Ppylori motility
levels are correlated with IL-8 induction™. Kurihara™’
also found that the degree of H. pylori motility is low in
strains isolated from remnant gastritis, which is distinct
from chronic gastritis, peptic ulceration or gastric cancet,
indicating that the type and phase of H. pylori-related
diseases dictate the selective pressure for maintenance of
high H. pylori motility levels. Further study is needed to
demonstrate whether celecoxib prevents the progress
of H. pylori-related diseases by inhibiting H. pylori
motility.

Besides the flagella, the shape of H. pylori strains
makes them possible to penetrate the mucin layer where
they come into contact with the gastric epithelial cells.
In the present study, transmission electron microscopy
showed that celecoxib could impair the formation of
H. pylori, break the bacterial outer membrane, and
destruct its structure. Since the spiral shape of H. pylori
is one of the important virulence factors, celecoxib-
related morphological changes may have an impact on
the progress of H. pylori-induced diseases.

Gastric carcinoma is the forth most common cancer
and the second leading cause of cancer-related deaths
wotldwide. The high mortality is largely attributed to the
huge number of at-risk individuals. Chemoprevention
appears to be the most promising approach in reducing
the incidence and mortality of H. pylori-related gastric
cancer. WHO defined H. pylori as a risk factor for
gastric carcinoma and classified H. pylori strains as
group | carcinogen in 1994, The prevalence of H. pylori
infection increases with agem, and 50% of NSAID users
are over 60-year old. NSAID contribute to the chemo-
prevention of gastric cancer and prevention of lymphatic
metastasis by inhibiting angiogenesis and inducing
apoptosis of epithelial cells through the COX-dependent
and independent pathway. It has been shown that long-
term intake of NSAID and aspirin can significantly reduce
the incidence of non-cardial gastric cancer in a dose-
dependent manner™. The results of our study further
suggest that celecoxib can reduce H. pylori colonization,
thus attenuating the pathogenesis in gastric mucosa.
Although regular use of aspirin can prevent gastric cancer,
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it may be disadvantageous for populations with a lower
risk of gastric cancer. Those with a high risk of gastric
cancer can use celecoxib, a selective COX-2 inhibitor with
few gastrointestinal side-effects.
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Background

Use of non-steroidal anti-inflammatory drugs (NSAID) and Helicobacter pylori (H.
pylori) infection are the two main etiological factors for gastric injuries. Subjects
taking NSAID are often co-infected with H. pylori, but the interaction between
NSAID taking and infection with H. pylori remains unclear. Data from clinical
and epidemiological studies are still controversial.

Research frontiers

The relation between NSAID and H. pylori in the pathogenesis of gastric
mucosal damage is still controversial. A number of studies have shown that
it is not simply additive, synergistic or antagonistic. There may be complex
interactions between them which affect the pathogenicity of each other.
Innovations and breakthroughs

NSAID, as a harmful factor for gastric mucosal barrier, may be expected to
increase the colonization of H. pylori in gastric mucosa. However, evidence
from epidemiological studies indicates a lower prevalence of H. pylori infection
in patients taking NSAID, which may partially be explained by the fact that
celecoxib destructs the normal structure of H. pylori, and inhibits the flagellar
motility, the adherence of H. pylori to AGS cells and the urease activity, as
observed in this study.

Applications

Colonization of H. pylori is a crucial initial step in the pathogenesis of H. pylori
in gastric mucosa. The present study suggested that celecoxib could reduce the
colonization of H. pylori, thus attenuating the pathogenicity in gastric mucosa.
Terminology

SYBR green teal-time polymerase chain reaction (PCR): a quantitative PCR
method for determination of the cope number of PCR templates such as DNA
or cDNA in a PCR reaction. SYBR green: A dye that binds to the minor groove
of double stranded DNA. When SYBR green dye binds to double stranded
DNA, the intensity of fluorescent emissions increases. As more double stranded
amplicons are produced, SYBR green dye signals increase.
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The study described the effect of celecoxib on H. pylori. The study is well-
designed. The experimental data are sufficient to support its conclusion.
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Abstract

AIM: To investigate the expression of microRNA155
(miRNA155) in trinitrobenzene sulphonic acid (TNBS)-
induced colitis and the relationship between miRNA155
and tumor necrosis factor (TNF) expressions.

METHODS: In TNBS colitis mice, miRNA155 and TNF
mRNA expressions were measured in colons and CD4*
T cells of draining lymph nodes (LNs). CD4* T cells
were cultured /n vitro with or without anti-CD3/CD28
antibody, and the expressions of miRNA155 and TNF
mRNA in cells and TNF concentration in culture media
were examined.

RESULTS: miRNA155 and TNF mRNA expressions in
colons and in cells of LNs were significantly increased
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in TNBS colitis compared with controls. In TNBS colitis,
miRNA155 and TNF mRNA expressions in CD4" T cells
of LNs and TNF concentration in CD4" T cells culture
media increased compared with controls. When cultured
with anti-CD3/CD28 antibody, miRNA155 and TNF mRNA
expressions in CD4" T cells and TNF concentration in
the CD4" T cells culture media were significantly higher
than those cultured without anti-CD3/CD28 antibody.
Following analysis using the Pearson’s correlation
coefficient, miRNA155 expression had a significant
positive correlation with either TNF mRNA expression in
CD4" T cells (~ = 0.860, P < 0.05) or TNF concentration
in CD4"* T cells culture media (+ = 0.892, P < 0.05).

CONCLUSION: miRNA155 is induced in colons and
activated CD4" T cells in TNBS colitis, and the levels
of miRNA155 and TNF expressions have a significant
positive correlation.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Crohn’s disease (CD) is a chronic relapsing inflammatory
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disorder of the gastrointestinal tract. CD is thought to
be a multifactorial, polygenic disease, however, the exact
pathogenesis of CD is still unclear’ . Some studies have
suggested that CD is mediated by T helper type 1 (Th1)
cells producing interferon-y (IFN-y), tumor necrosis
factor (TNF) and interleukin (IL)-12"". "TNF, which is
a proinflammatory cytokine secreted by monocytes/
macrophages, T cells, B cells, NK cells and mast cells,
is necessary for both the initiation and persistence of
the Thl response and contributes to intestinal inflam-
mation in CD patients[g'“]. Today, many animal models
of CD are available, and each model has reflected
one aspect of human CD. Hapten-induced colitis, in
which trinitrobenzene sulfonic acid (TNBS) is delivered
intrarectally to rodents, displays Th1 activity of local
CD4" T cells and is considered to closely resemble
CD[12—14].

MicroRNAs (miRNAs) are a group of small non-
coding RNAs which posttranscriptionally regulate gene
expression'™'"), More than 700 miRNAs have been
identified in mammals and ate involved in a wide vatiety
of biological processes'™"". They are transcribed as
primary transcripts by RNA polymerase 11, cleaved into a
precursor miRNA by the Drosha nuclease, and exported
from the nucleus by exportin 5. In the cytoplasm, the
precursor miRNAs are further processed by the Dicer
nuclease and are incorporated into the RNA-induced
silencing complexes. The miRNAs guide the RNA-
induced silencing complexes binding to the mRNAs
3'-untranslated regions (UTRs), resulting in ecither the
mRNAs degradation or translational inhibition!"**.

Although the exact functions of most miRNAs have
yet to be elucidated, many studies have suggested that
miRNAs have been implicated in many aspects of innate
and acquired immunity, such as differentiation, survival
and functions of immune cells, and the intracellular
signaling pathways” ). miRNA155, which was reported
to be involved in the production of TNF and regulation
of immunity®*?" is processed from an exon of the
noncoding RNA known as bic®?. In this study, we mainly
evaluated the expression of miRNA155 in TNBS colitis,
and speculated on the relationship between miRNA155
and TNF expressions.

MATERIALS AND METHODS

Mice

Female 6- to 8-wk-old BALB/C mice weighing 18-22 ¢
were obtained from Shanghai Experimental Animals
Centre of Chinese Academy of Sciences. The mice were
maintained under specific pathogen free conditions in a
room at 23 £ 2°C with a 12 h light-dark cycle, and had
free access to food and water during the study. They were
allowed to acclimate to these conditions for at least seven
days before inclusion in an experiment. All procedures
were approved by the Investigation and Ethics Committee
of Shanghai Jiaotong University School of Medicine.

144

&?s:iﬁmg"‘ WJG | www.wjgnet.com

Chen DF et a/. MicroRNA155 in experimental colitis in mice

855

Establishment of TNBS-induced colitis

Colitis was induced in BALB/C mice as described
previously with some modification'**”, For sensitization,
a2 cm X 2 cm field of the abdominal skin was shaved
and 150 pL of 2.5% TNBS (Sigma Chemical Co., St.
Louis, MO, USA) in 50% ethanol was applied. Five days
after sensitization, mice were anesthetized slightly with
an intraperitoneal injection of xylazine (10 mg/kg) and
ketamine (50 mg/kg), and then intrarectally administered
100 pL solution of 1% TNBS dissolved in 45% ethanol
via a 3.5-French catheter equipped with a 1 mL syringe.
The tip of the catheter was inserted 4 cm proximal to
the anal verge. Mice were held in a vertical position for
1 min after the intrarectal injection. Control mice were
given 100 pL. 45% ethanol solution without TNBS using
the same technique.

Clinical observations and histologic assessments of
colitis

Daily body weight, stool consistency, and occult blood
(measured by the guaiac reaction, hemoccult) were
assessed. Three days after intrarectal injection, mice were
killed by cervical dislocation after being anesthetized
with diethyl ether and entire colons were removed
from the cecum to the anus, and flushed with saline.
Colon specimens located 2 cm above the anal verge
were achieved. One section of the specimen was fixed
overnight in 4% paraformaldehyde and embedded in
paratfin, and then sections stained with hematoxylin and
eosin were examined. The other sections of the colon
were immediately frozen in liquid nitrogen after dissection
and used for quantification of miRNA155, IL-1f3, IL-6,
TNF and IFN-y mRNA.

Cell preparation

Three days after intrarectal injection, colon draining
lymph nodes (LNs) were aseptically removed. Single-cell
suspensions were prepared by pressing LNs through a
40 pum cell strainer using the plunger of a 1 mL syringe.
CD4" T cells were isolated from the cell suspensions
with magnetic beads labeled with anti-CD4 (1.3T4)
monoclonal antibodies (Miltenyi Biotec Inc, Bergisch
Gladbach, Germany). Cells were incubated in media
(RPMI 1640 supplemented with 100 U/mL penicillin/
streptomycin, 2 mmol/L L-glutamine, 50 mol/L
2-mercaptoethanol, and 10% fetal calf serum) at 8 X 10"
cells in 150 pl. media per well in 96-well plates for 48 h
in the absence or presence of dynabeads CD3/CD28 T
cells activator (Invitrogen, Carlsbad, CA, USA) at a con-
centration of 2 uL/well.

Enzyme-linked immunosorbent assay (ELISA)

After incubation for 48 h, the supernatants of the
culture media were harvested and assayed for TNF
concentration by ELISA using an ELISA kit (R&D
Systems, Minneapolis, MN, USA).
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Gene name Primer sequences (57-3”)

IL-1B Sense GCAACTGTTCCTGAACTCAACT
Antisense ATCTTTTGGGGTCCGTCAACT

IL-6 Sense CCACTTCACAAGTCGGAGGCTTA
Antisense GCAAGTGCATCATCGTTGTTCATAC

IFN-y Sense TCAAGTGGCATAGATGTGGAAGAA
Antisense TGGCTCTGCAGGATTTTCATG

TNF Sense CCACCACGCTCTTCTGTCTAC
Antisense TGGGCTACAGGCTTGTCACT

B-actin Sense CTAGGCACCAGGGTGTGAT
Antisense TGCCAGATCTTCTCCATGTC

miRNA155 Stem-loop primer ~ GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACACCCCT
Sense GCCCGCTTAATGCTAATTGTGAT
Antisense GTGCAGGGTCCGAGGT

U6 Sense CTCGCTTCGGCAGCACA
Antisense AACGCTTCACGAATTTGCGT

RT: Reverse transcription; PCR: Polymerase chain reaction.

Quantitative real-time polymerase chain reaction (QqPCR)
analysis of mRNA detection

Total RNA from cells and colon samples were extracted
using the TRIzol reagent (Invitrogen, Carlsbad, CA,
USA). RNA concentrations were determined with a
spectrophotometer (Eppendorf, Hamburg, Germany).
0.2-0.5 pg of total RNA was reverse transcribed, and
RNA expression levels were quantified by sybergreen-
based qPCR using a sequence detection system (Prism
7500; Applied Biosystems Inc., Foster City, USA).
B-actin served as the endogenous control. Gene-specific
primers for the reported genes are indicated in Table 1.
To evaluate the relative expression of each target gene,
the comparative threshold (Ct) cycle method was used
according to the manufacturer’s manual. The threshold
cycle (Ct) for each gene was determined as the cycle
number at which the reaction crossed an arbitrarily
placed threshold, and the relative amount of each
mRNA to B-actin was described using the formula 2
where ACt = (CtmrNa - Ctp-actin).

gPCR analysis of miRNA detection

Total RNA from cells and colon samples were iso-
lated using the TRIzol reagent. Real time quantitative
analyses for miRNAs were performed using stem-
loop RT-PCR™. 0.2-0.5 pg of total RNA was reverse
transcribed to cDNA using a target-specific stem-loop
primer indicated in Table 1. qPCR was performed on a
sequence detection system (Prism 7500; Applied Biosys-
tems Inc., Foster City, USA). In brief, cDNA in water
was added to 5 pl. of the 2 X SYBR green master mix
(Applied Biosystems Inc., Foster City, USA), 400 nmol/L
of gene-specific primer and water to 10 pL. The reac-
tions were amplified at 95°C for 10 min followed by
40 cycles at 95°C for 15 s and 60°C for 60 s. U6 small
nuclear RNA (U6) served as the endogenous control. At
the end of the qPCR, the thermal denaturation protocol
was run to determine the number of products that were

1494

&?s:ﬁmg"‘ WJG | www.wjgnet.com

present in the reaction. The relative amount of miRNA
to UG was calculated using the Ct cycle method. The
relative amount of each miRNA to U6 was described
using the formula 2"“where ACt = (Ctmirna - Ctug) pos1

Statistical analysis

Each group contained 5-8 mice, and results were
expressed as the mean = SD. A comparison between
the two groups was made using the Student’s #test.
The relationship between the two targets was tested
with Pearson’s correlation coefficient. Differences were
considered significant at P < 0.05.

RESULTS

Successful establishment of experimental colitis
Administration of TNBS to presensitized mice resulted
in a severe illness characterized by bloody diarthea, rec-
tal prolapse accompanied by sustained weight loss. At
day 3-4, the disease reached a peak. Histologic examina-
tion of the colons showed severe depletion of mucin-
producing goblet and epithelial cells, large areas of ulcer-
ation, a marked increase in the thickness of the muscular
layer, and transmural inflammation involving all colon
wall layers with infiltration of lymphocytes, macrophages
and neutrophils extending from the mucosa into the
muscular and serosal layers (Figure 1).

Increased expressions of miRNA155, IL-13, IL-6, TNF,
and IFN-y mRNA in the colons of TNBS-induced colitis
mice

To investigate miRNA155 and cytokine expressions in
colons, we assessed miRNA155, IL-1f, IL-6, TNF and
IFN-y mRNA in colon homogenates by qPCR. We found
that miRNA155 expression in colon homogenates was
significantly increased in TNBS-induced colitis, which was
3.10-fold higher than in control mice. IL-1f, IL-6, TNE,
and IFN-y mRNA expressions in colon homogenates
were also significantly increased in TNBS-induced colitis,
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Figure 1 Representative micropho-
tographs of the colon sections stained
with hematoxylin and eosin (original
magnification, x 100). A: Control colon;
B: Colon was obtained on day 3 after
intrarectal TNBS.
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Figure 2 IL-18 (A), IL-6 (B), TNF (C), IFN-y (D) mRNA and miRNA155 (E) expressions in colon homogenates of control and TNBS colitis groups. gPCR-
derived IL-1B, IL-6, TNF, IFN-y, and miRNA155 expressions in colon homogenates were significantly increased in TNBS-induced colitis. °P < 0.05 vs control.

and were 15.58-, 46.34-, 5.43-, and 4.23-fold higher than
in control mice, respectively (Figure 2).

miRNA155 and TNF mRNA expressions in the CD4' T
cells of colon draining LNs and TNF concentration in
CD4’ T cells culture media

As CD4" T cells play a central role in Th1 response, we
evaluated the levels of miRNA155 and TNF mRNA
expressions in LNs and CD4" T cells from LNs. In TNBS
colitis, miRNA155 in draining I.Ns or CD4" T cells from
LNs increased and were 3.74- and 3.07-fold higher than in
controls, respectively (Figure 3). TNF mRNA in draining
INs or CD4" T cells from LNs of TNBS colitis were
3.34- and 2.06-fold higher than in controls (Figure 3).
In the CD4" T cells culture media, the concentration of
TNF protein increased in TNBS colitis and was 4.19-fold
higher than in controls (128.04 & 38.71 pg/mL »s 30.55 £
8.37 pg/mlL, P < 0.05, Figure 4).

Anti-CD3/CD28 antibody promoted the miRNA155 and
TNF mRNA expressions in the CD4* T cells and the TNF
concentration in the supernatants of CD4* T cells culture
media

To study whether the T cell receptor (T'CR) and the
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costimulatory receptor were involved in miRNA155 expre-
ssion, and to study the relationship between miRINA155
and TNF production, we used anti-CD3/CD28 antibody
to stimulate CD4" T cells. When cultured with anti-
CD3/CD28 antibody, the CD4" T cells became larger
and displayed an activated appearance. In control and
TNBS colitis, the miRNA155 expressions in CD4" T
cells cultured with antd-CD3/CD28 antibody were 4.72-
and 3.61-fold higher than cells cultured without anti-
CD3/CD28 antibody, and the TNF mRNA expression
in CD4" T cells cultured with anti-CD3/CD28 antibody
were 3.42- and 3.03-fold higher than cells cultured without
anti-CD3/CD28 antibody, respectively (Figure 4). The
TNF concentration in the supernatants of culture media
which contained anti-CD3/CD28 antibody increased
both in control and TNBS colitis mice, and were 4.28-
and 6.87-fold higher than in media cultured without anti-
CD3/CD28 antibody (135.66 *+ 32.11 pg/mL »s 30.55 £
8.37 pg/mL, P < 0.05; 850.94 + 219.49 pg/mL »s 128.04
+ 38.71 pg/mlL, P < 0.05, Figure 4).

Relationship between miRNA155 and TNF gene

expressions
Since TNF plays an important role in the pathogenesis
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Figure 3 TNF mRNA (A) and miRNA155 (B) expressions in LNs and CD4"
T cells in control and TNBS colitis groups. TNF mRNA and miRNA155
expressions in LNs and CD4" T cells were significantly increased in TNBS-
induced colitis. *P < 0.05 vs control.

of CD, we evaluated the potential correlation between
miRNA155 and TNF gene expressions. Our data indicated
that there was a significant positive correlation between
miRNA155 and TNF mRNA expressions in CD4" T cells
(r=0.860, P < 0.05, Figure 5), and miRNA155 expression
in CD4" T cells and TNF protein concentration in CD4"
T cells culture media (»= 0.892, P < 0.05, Figure 5).

DISCUSSION

As the exact etiology of CD is still unclear, TNBS-induced
colitis was used to study many important aspects of the
pathogenesis in CD. TNBS colitis is thought to resemble
CD because of the mucosal inflammation mediated
by excessive IFN-y, TNF and other proinflammatory
cytokine production*'¥, In agreement with previous
results, our data also showed that TNBS colitis is a Th1
model with elevated IFN-y and TNF expressions in colon.
In this study, we found that miRNA155 was increased in
colons and in CD4" T cells of I.Ns in TNBS colitis and
the levels of miRNA155 and TNF expressions had a
significant positive correlation.

MiRNAs are a group of small noncoding RNAs
which are thought to posttranscriptionally regulate gene
expressions. Dysregulation of miRNAs has been associated
with several autoimmune diseases”>*. miRNA155 is
processed from an exon of the noncoding RNA. Some
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studies have shown that miRNA155 is required for normal
innate and acquired immunity”*"*,

In macrophages, miRNA155 was reported to enhance
the production of TNF, but may target transcripts
encoding for several proteins, such as IxBe kinase and
Fas-associated death domain protein whose ultimate
function results in the activation of the lipopolysaccharide
(LPS)/TNF pathway”’. Therefore, miRNA155 may exert
both positive and negative effects on the activation of
innate immunity. In acquired immunity, miRINA155 was
reported to affect lymphoid cell development™***. In
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miRNA155" mice, CD4" T cells are intrinsically biased
toward Th2 differentiation. miRNA155 modulates the
level of a transcription factor c-Maf in T cells and is
likely to induce the attenuation of Th2 cell responses 7
vive™. With regard to B cells, several studies have proved
that B cells require miRNA155 for normal production
of isotype-switched, high-affinity antibodies and for
a memory response”’ ”’. However, the expression of
miRNA155 and its relationship with CD remains unclear.
In this paper, we reported that miRNA155 expression
is increased in the colon and it’s draining L.Ns in TNBS
colitis. This result hints that miRNA155 may have a role
in the pathogenesis of TNBS colitis. As CD4" T cells play
a central role in Th1 response, we determined the level of
miRNA155 expression in the CD4" T cells from LN in
TNBS colitis and found that miRNA155 was increased in
CD4" T cells in TNBS colitis.

Considering TNF plays an important role in the
pathogenesis of CD, we evaluated the relationship bet-
ween miRNA155 and TNF expression in CD4" T cells.
Our data indicated that the gene expression of miRNA155
in CD4" T cells of draining I.Ns in TNBS colitis has a
significant positive correlation with either TNF mRNA in
CD4" T cells or the concentration of TNF protein in the
culture media. Some reports have shown that miRNA155
may be involved in TNF production””. Eu-miR-155
transgenic mice which specifically overexpress miRNA155
in B cells produced more TNF when challenged with LPS,
and were hypersensitive to LPS/D-galactosamine-induced
septic shock™. In addition, miRNA155 " B cells produce
less TNF when activated i# zitro by BCR cross-linking'”.
Scientists have found that the miRNA155 effects on
TNF production are at both the transcriptional and
posttranscriptional level™*”, More TNF transcripts were
observed in wild-type mice compared with miRNA155"
mice™. At the posttranscriptional level, miRNA155 may
target the 3-UTR of TNF transcripts to increase the
stability of transcripts and enhance translation®™. Our
results showed that the TNF protein concentration in the
CD4" T cells culture media increased more than the TNF
mRNA in CD4" T cells, which is in agreement with the
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proposition that miRNA155 regulated TNF production
at both the transcriptional and posttranscriptional levels.
These findings suggested that miRNA155 may prompt
the production of TNF in some types of immune cells.
From our results, miRNA155 increased and had a positive
relationship with TNF expression in CD4" T cells,
therefore we suppose that miRNA155 may influence TNF
expression in CD4" T cells and is possibly involved in the
pathogenesis of TNBS colitis.

The exact mechanism of miRNA155 expression
regulation in CD4" T cells remains unclear. To study
the role of TCR in miRNA155 expression and the
relationship between miRNA155 expression and the
activation of CD4" T cells, we used anti-CD3/CD28
antibody to stimulate CD4" T cells, and found that the
miRNA155 expression level was elevated in CD4" T
cells when cultured with the antibody. Stimulation of the
TCR/CD3 complex and costimulatory receptor CD28
in CD4" T cells by anti-CD3/CD28 antibody can lead to
activation of multiple transcription factors, including NF-
AT and NF-xB, which ultimately control transcription
of cytokines and T-cell proliferationl37j. miRNA155 level
was reported to have a link with the NF-kB pathway. NF-
kB activity is required for the change in miRNA155 levels
following TNF stimulation in macrophages, however, this
relationship remains elusive™. The precise mechanism of
the regulation of miRINA155 expression may be a new
issue for future research.

In conclusion, miRNA155 expression was found to
increase in colons and activated CD4" T cells in TNBS
colitis. A significant positive correlation was observed
between miRNA155 expression in CD4" T cells and
the expression of TNF mRNA in CD4" T cells and
the TNF protein concentration in CD4" T cells culture
media. miRNA155 may be involved in the activation and

TNF production of CD4" T cells in TNBS colitis.

COMMENTS

Background
MicroRNAs (miRNAs) are a group of small noncoding RNAs which post-
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transcriptionally regulate gene expression. miRNA155 is reported to be involved
in the production of TNF and the regulation of immunity. Tumor necrosis factor
(TNF) plays an important role in the pathogenesis of Crohn’s disease (CD).
However, the expression of miRNA155 and its relationship with TNF production
in CD remains unclear.

Research frontiers

The exact etiology of CD is still unclear. MiRNA research may represent a new
way to explore the pathogenesis of CD. The expressions and functions of most
miRNAs in CD remain a mystery.

Innovations and breakthroughs

The study found that miRNA155 is increased in colons and draining lymph
nodes. In CD4" T cells which play a central role in Th1 response, miRNA155
expression is higher in TNBS colitis than in controls. As CD4" T cells were
activated by anti-CD3/CD28 antibody, the miRNA155 expression was higher
than that when cultured without anti-CD3/CD28 antibody. In addition, the levels
of miRNA155 and TNF expressions had a significant positive correlation.

Applications

The results of this study may enhance our understanding of the pathogenesis
of CD. By investigating the exact function of miRNA155 in the pathogenesis of
CD, the findings may contribute to improvements in future drug therapies.
Terminology

MiRNA: MicroRNAs (miRNAs) are a group of small noncoding RNAs which
post-transcriptionally regulate gene expressions. More than 700 miRNAs have
been identified in mammals and are involved in a wide variety of biological
processes. Stem-loop RT-PCR: RNA is reverse transcribed to cDNA using a
gene-specific stem-loop RT primer, and then the RT products are quantified
using conventional real time PCR.

Peer review

This paper reports a set of relatively new data about the pathogenic mechanism
of IBD that may be referred by those investigators working on IBD.
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Abstract

AIM: To evaluate changes in colorectal cancer (CRC)
survival over the last 20 years.

METHODS: We compared two groups of consecutive
CRC patients that were prospectively recruited: Group
I included 1990 patients diagnosed between 1980 and
1994. Group II included 871 patients diagnosed in 2001.

RESULTS: The average follow up time was 21 mo
(1-229) for Group I and 50 mo (1-73.4) for Group II.
Overall median survival was significantly longer in Group
II than in Group I (73 mo s 25 mo, P < 0.001) and
the difference was significant for all tumor stages. Post
surgical mortality was 8% for Group I and 2% for Group
II (P < 0.001). Only 17% of Group I patients received
chemotherapy compared with 50% of Group II patients
(P < 0.001).

CONCLUSION: Survival in colorectal cancer patients
has doubled over the past 20 years. This increase
seems to be partly due to the generalization in the
administration of chemotherapy and to the decrease of
post surgical mortality.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Colorectal cancer (CRC) is the second most common
form of cancer and the second leading cause of cancer
death in both men and women in most developed
countties including Spain. Mortality has increased by an
annual average of 2.6% for men and 0.8% for women
since 1975, without variations'. It is estimated that CRC
caused 11900 deaths in Spain in 2000, which represents
11% of the total deaths from cancer in men and 15% of
those in women!".

The primary treatment for this condition is surgical
resection. Despite resection of all macroscopic tumors,
patients whose primary tumor has penectrated the serosa
or that have regional lymph node metastases at the
time of surgery have high recurrence rates. An effective
adjuvant program to eradicate microscopic tumor foci
is clearly needed for such high-risk patientsm. A major
advance in adjuvant treatment of CRC came with trials
that explored the combination of 5-fluorouracil and
levamisole or leucovorin (FL). Therapy with FL reduced
the overall death rate by 33% relative to surgery alone
in patients with stage Il disease. During the last few
years, sequential advances in chemotherapy after surgical
resection (adjuvant chemotherapy) have had an irrefutable
and substantial benefit”.

The aim of the present study was to evaluate CRC
survival over the last 20 years.

MATERIALS AND METHODS

Study population

A total of 1990 patients patients diagnosed with CRC
between 1980 and 1994 and 2001 were included in a pro-
spective and consecutive manner. Patients were enrolled
in two time periods: Group I included 1119 patients
recruited between 1980 and 1994. Group Il included 871
patients recruited during 2001. Patients were recruited
as part of the EPICOLON project'™’. Age, sex, tumor
features (location, TNM stage, differentiation) and type of
chemotherapy administered, if any, was collected for all
patients. Stage was defined according to the 4th Edition
of the TNM classification.

EPICOLON was a prospective, multicenter, nation-
wide study that was set up to record consecutive cases
of CRC in 25 hospitals in Spain over one year. The
initial aim of the study was to determine the incidence
and characteristics of familial forms of CRC in Spain.

Patients went through petiodical follow up in medical
consultations or by telephone. Patients with familial
adenomatous polyposis or inflammatory bowel disease
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were excluded.

In order to evaluate survival trends, Group [ was
divided in three subgroups: patients diagnosed between
1980 and 1985 (343); patients diagnosed between 1986
and 1990 (392); and patients diagnosed between 1991
and 1994 (384).

Death during the first 30 d post surgery was consi-
dered postoperative mortality.

All patients provided written informed consent
before enrollment in the study. The study was approved
by the Institutional Review Board or Ethics Committee
at each center and complied with the provisions of the
Good Clinical Practice guidelines.

Statistical analysis

Continuous variables are defined with (mean * SD).
Discrete variables are defined by absolute and relative
frequencies. The function of survival is calculated by the
Kaplan Meier estimator. The accumulated probability of
survival is presented at 3, 5 and 10 years of monitoring;
The Log-Rank test is used to evaluate the differences in
survival between the different categories of independent
variables. Multivariable models are constructed using
Cox regression analysis and the independent effect of
each variable on mortality is estimated using Relative
Risks (Hazard Ratio) and the respective confidence
intervals of 95%. The SPSS v.15 program was used for
analysis.

RESULTS

Tumor features, follow up and treatment

The average follow up time was 21 mo for Group [ and
50 mo for Group II. Average follow up for deceased
patients was 12 mo for Group I and 16 mo for
Group II. For patients still alive, follow up was 67 mo
for Group I and 60 mo for Group II.

The characteristics of the patients are described
in Table 1. Both groups were similar regarding tumor
stages at diagnose and tumor location. Significant
differences were observed in sex and age: the average
age of Group [ was 66.7 years compared to 69 years
in Group II; the percentage of men was 61% and
57%, respectively. Slight differences were also observed
in tumor differentiation: Group I had 4% of poorly
differentiated tumors and Group II 8%. The greatest
differences were found in the proportion of patients that
received chemotherapy: 17% in Group I and 47% in
Group 1II..

Mortality
The probability of survival at 3 and 5 years was appro-
ximately 20% higher in Group I than in Group I .
Three year survival was 44% for Group I and 65% for
Group II. Five year survival was 35% for Group [ and
57% for Group II.

Overall median survival was significantly longer in
Group II than in Group [ (73 mo »s 25 mo, P < 0.001).
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Group 1 Group II P value
n=1119) (n = 871)

Age mean (SD) 66.7 (12.4) 69.1(115)  0.000

Sex 0.027
Males 638 (57) 531 (61)

Females 481 (43) 340 (39)
Tumor localization
Distal to splenic flexure 831 (75) 644 (74)
Proximal to splenic flexure 272 (25) 227 (26)
TNM 0.11
I 190 (17) 122 (14)
I 403 (36) 348 (40)
i 302 (27) 244 (28)
\% 224 (20) 157 (18)

Tumor differentiation 0.000
Poor 45 (4) 70 (8)
Well-moderate 1074 (96) 801 (92)

Receiving chemotherapy 190 (17) 409 (46.9) 0.000

Hazard ratio (95% CI)

Stage

Ios I 1.6 (1.2-2.1)

I os I 3.5 (2.7-4.6)

NV os 1 13.7 (10.4-18.0)
Group

Ios I 2.0 (1.7-2.4)
Chemotherapy

No vs Yes 1.6 (1.3-1.9)
Grade

I,0osIl 1.5 (1.1-1.9)

Three years after cancer diagnosis, 21% more patients
were alive in Group II than in Group 1.

Multivariate analysis showed 4 independent factors
associated with a higher mortality risk (Table 2).

Survival in Group [ : In Group I survival increased
over the years in parallel to chemotherapy use (Figure
1). Ten percent of patients (35 patients) received chemo-
therapy between 1980 and 1985, 16% (63) in the period
between 1986 and 1990 and 24% (92) in the period
between 1991 and 1994. The median sutrvival was 17 mo
for the period between 1980 and 1985, 28 mo for the
period between 1986 and 1990 and 34 mo for the period
between 1991 and 1994 (Figure 1).

Survival and stages

Survival was greater for group II than for group I for all
tumor stages (Figure 2). Postoperative mortality was 8%
for Group I and 2% for Group II (Table 3). However,
when patients in Group I who had died within 30 d
of emergency surgery were excluded the postoperative
mortality rate was equal to that in Group II. Postoperative
mortality in patients operated electively in Group [ was 3%
(5 patients) for stage I , 2% (10 patients) for stage II, 3%
(10 patients) for stage Il and 4% (10 patients) for stage IV.
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Figure 1 Kaplan-Meier analysis of overall survival in the different groups.

These data were similar to Group II. Twenty six percent
more patients received chemotherapy in Group II than in
Group [ for stage Il CRC For the other tumor stages the
percentage of patients that received chemotherapy was also
greater in Group II, but to a smaller degree than stage IIl:
3% for stage 1 , 14% for stage Il and 11% for stage IV.

DISCUSSION

The last few years have seen great advances in treatment
of CRC. The survival has increased substantially. In
our study survival rate almost doubled over the last 20
years, from 35% to 57% at 5 years. Determining factors
in this increased survival have been the generalization
of chemotherapeutic agents and surgical advances,
especially pertaining to rectal cancer.

The first chemotherapeutical agent used in the
treatment of CRC was fluorouracil (FL) in 1958, Since
then and up to the last decade, FL has been the only
drug used in CRC treatment. In 1988 a meta-analysis on
the effect of FL. showed a 10% reduction in the risk of
death and an increase of 2.3% in survival after 5 years.
In a subgroup of patients the risk of death was reduced
by 17% and global survival after 5 years improved up to
34%'". Based on the results of this and other studies, the
National Cancer Institute and the American Society of
Clinical Oncology recommended FIL-based post surgical
treatment in their annual conference in 1997. In stage
Il disease, FL increases overall five year survival from
about 51% to 64%!". The use of adjuvant FL in patients
with stage II disease is controversial. FL in advanced
CRC prolongs median survival by approximately 5 mo
(6 mo without treatment to 11 mo with FL)".,

The US Food and Drug Administration (FDA) has
approved a host of new chemotherapeutic agents for
advanced colon cancer and for relapsing disease. Since the
year 2000, itinotecan was approved as a first line treatment
in metastatic CRC. In 2002, oxaliplatin was approved
for use along with other drugs as adjuvant treatment
of relapsing CRC. Sequential exposure to various
combinations of FL, irinotecan and oxaliplatin extends
median overall survival by approximately 20 mo"”. The

February 21, 2010 | Volume 16 | Issue 7 |



Bujanda L et a/. Colorectal cancer prognosis twenty years later

Stage 1 Stage II Stage I Stage IV
Group I Group II Group I Group II Group 1 Group II Group I Group II
(n = 190) (n=122) (@ =403) (n = 348) (n = 302) (n = 244) (n = 224) (n = 157)
Age 66.7 70 66.7 70 66.7 70 67.5 70
Rectal localization 93 (49) 65 (44) 121 (30) 115 (33) 103 (34) 81 (33) 67 (30) 49 (31)
Postoperative mortality 17 (9) 2(2) 20 (5) 7 (2) 21 (7) 5(2) 29 (13) 6 (4)
Chemotherapy and/or 10 (5) 10 (8) 48 (12) 90 (26) 91 (30) 137 (56) 54 (24) 55 (35)
radiotherapy
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Figure 2 Kaplan-Meier analysis of overall survival and the stage of colorectal cancer according to the group of patients.

FDA approved capecitabine in 2005. Bevacizumab, a
monoclonal humanized antibody united with the vascular
endothelial growth factor (VEGEF) was approved by the
FDA for metastatic colon cancer in 2005. The availability
of these new agents has resulted in a sustained increase in
the use of chemotherapy for CRC patients from 17% in
the period of 1980 to 1994 to 50% in 2001. This has been
key to the increase of survival, fundamentally in stage III
and slightly less in the other CRC stages.

The other important factor that has contributed to
an increased survival has been surgical improvements,
specifically in the rectal area. Surgery-related mortality
has consistently decreased over the years. For example,
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a Belgian study showed a decrease in surgical mortality
from 20.1% between 1973 and 1979 to 7.8% between
1980 and 1986"". In our hospital, mortality decreased
from 9.1% in 1981 to 8% in 1991"%. In the last decade,
the postoperative mortality for CRC varied between 1%
and 9.9%"*", Emergency surgery for CRC is associated
with a high postoperative morbidity and mortality"™*"™"”,
In rectal cancer, the number of abdomino-perineal
resections has decreased from 26.3% in 1981 to 17.2%
in 1991 Between 1987 and 1992, the mortality in
the Istituto di Patologia Speciale Chirurgica of the
University of Bologna was 7.6% in anterior resections
and 14.2% in abdomino-perineal resections”. Our study
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also observed a significant decrease in the percentage
of abdomino-perineal resections, from 30% in 1980 to
18% in 1994. The use of mechanical sutures in rectal
cancer operations has allowed a higher rate of sphincter
preservation after low anterior resection™. On the
other hand, the number of anterior rectal resections has
increased due to the use of mechanical sutures in the
middle third of the rectum.

The availability since 1994 of self-expanding stents
for obstructive colorectal cancer™ has resulted in a
dramatic decrease in the number of urgent palliative
surgeries in patients with metastases and a subsequent
decrease in the associated postoperative mortality in our
study and others™.

Other factors that we have not analyzed and may
also have played a significant role in the increased survival
include the use of new antibiotics, improvements in the
pre- and post-surgical care of patients, the improved
application of radiotherapy and chemotherapy in rectal
cancer, the surgical treatment of metastases and the
improvement in bowel cleansing. Another limitation of our
study is that the Group II cohort was not entirely similar
to that of Group I , however, it was a cohort suitable for
comparing with Group [ (20 years earlier) and showing
the differences in different variables such as survival,
postoperative mortality or the application of chemotherapy-
radiotherapy. In both groups of patients data were collected
consecutively and protocols followed strictly.

In conclusion, we observed the sutrvival has increased
steadily over the years and is now almost double that
20 years ago. This increase has been in parallel with an
increase in the administration of adjuvant chemotherapy
and a decline in postoperative mortality.
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COMMENTS

Background

Colorectal cancer (CRC) is the second leading cause of cancer mortality. In
the last two decades major advances have occurred in treatment. Adjuvant
chemotherapy has extended its indications and incorporated new drugs.
Surgery outcomes have also significantly improved, with less emergency
operations, lower postoperative mortality and a decrease in the number of
abdomino-perineal resections. There are few studies geared at analyzing these
factors and their influence on CRC survival looking at a 20 year time span.
Research frontiers

Numerous clinical trials have shown that chemotherapy and surgical advances
have dramatically improved the prognosis in patients with CRC. Few studies
outside the mentioned clinical trials have examined the impact of these
advances on clinical outcome over the past two decades.

Innovations and breakthroughs

This study has quantified the effect of new adjuvant chemotherapy and
improved surgical techniques on the prognosis of patients with CRC.
Applications

These data show that the increased use of chemotherapy for CRC
and better surgical techniques are directly linked to improved survival.
Peer review

This article compares survival differences between two cohorts of patients
operated by colorectal cancer from 1980 to 1994 and 2001. It emphasizes the
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importance of the highest percentage of patients receiving chemotherapy and
better postsurgical mortality in the last group doubled over the last 20 years.
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Abstract
AIM: To investigate feasibility, morbidity and surgical
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mortality of a docetaxel-based chemotherapy regimen
randomly administered before or after gastrectomy
in patients suffering from locally-advanced resectable
gastric cancer.

METHODS: Patients suffering from locally-advanced
(T3-4 any N MO or any T N1-3 MO0) gastric carcinoma,
staged with endoscopic ultrasound, bone scan, comput-
ed tomography, and laparoscopy, were assigned to re-
ceive four 21 d/cycles of TCF (docetaxel 75 mg/m’ day
1, cisplatin 75 mg/m?” day 1, and fluorouracil 300 mg/m’
per day for days 1-14), either before (Arm A) or after
(Arm B) gastrectomy. Operative morbidity, overall mor-
tality, and severe adverse events were compared by
intention-to-treat analysis.

RESULTS: From November 1999 to November 2005,
70 patients were treated. After preoperative TCF (Arm
A), thirty-two (94%) resections were performed, 85%
of which were R0. Pathological response was complete
in 4 patients (11.7%), and partial in 18 (55%). No
surgical mortality and 28.5% morbidity rate were ob-
served, similar to those of immediate surgery arm (P =
0.86). Serious chemotherapy adverse events tended to
be more frequent in arm B (23% vs 11%, P = 0.07),
with a single death per arm.

CONCLUSION: Surgery following docetaxel-based
chemotherapy was safe and with similar morbidity to
immediate surgery in patients with locally-advanced
resectable gastric carcinoma.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

In spite of a declining incidence in the Western world,
gastric cancer is still a major malignant disease in many
populations, and the second leading cause for cancer
mortality wotldwide!". While localized disease, limited
to the submucosa, can be best treated surgically, with a
long-term survival of 70%-95%, the prognosis of locally-
advanced tumor is pooret, due to a high unresectability
rate at presentation, and a much higher relapse rate after
radical surgery[z], thus demanding further studies regarding
adjuvant and neoadjuvant treatment. Docetaxel (Taxotere®;
Sanofi-Aventis, Paris, France) has been approved for
treatment of metastatic gastric cancer, when combined
with cisplatin and infused fluorouracil (TCF regimen),
showing supetiority in survival, time to progression, and
response rate (RR) »s cisplatin/fluorouracil (CF) in a
randomized phase TN trial”. A better RR for docetaxel/
cisplatin (TC) »s epirubicin/cisplatin/protracted venous
infusion fluorouracil (ECF) has been documented in
a randomized phase I trial”. These data suggested
investigational use TCF in a preoperative neoadjuvant
setting. This analysis aimed to test the hypothesis that
preoperative chemotherapy with TCF does not influence
negatively the results of subsequent surgery, when
compared to immediate surgery. Primary endpoints of
this study were operative morbidity and mortality rates;
secondary endpoints were surgical and pathological
assessments of downstaging and assessment by the surgeon
as to whether the surgery was curative or not.

MATERIALS AND METHODS

Patient selection and treatment

Patients with histologically-proven locally-advanced resect-
able gastric carcinoma (13-4 any N MO or any T N1-3 MO
as defined in the 1997 TNM classification) were screened
for eligibility. Other inclusion criteria were: World Health
Organization (WHO) performance status < 2; age 18-75
years; adequate blood counts (white blood cell count
= 4000/mm’, platelets = 100000/ mrns); normal renal
(calculated creatinine clearance = 60 mL/min) and liver
function. Patients suffering from Siewert type I cardia
location adenocarcinoma (extended mostly into the lower
esophagus) were excluded. All patients underwent chest
X-ray, gastric endoscopic ultrasound (EUS), spiral tho-
raco-abdominal computerized tomography (CT) scan,
bone scintigraphy and staging laparoscopy to define
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nodal status and rule out distant deposits and/or petito-
neal seeding,

The trial was approved in all centers by relevant eth-
ics committees. All patients gave written informed con-
sent for participation in the trial.

Patients were stratified by center, tumor size, tumor
location (cardia adenocarcinoma Siewert I and III #s tu-
mors of the rest of the stomach) and nodal status (N+ 25
N-). Patients received four 21-d/cycles of TCF (docetaxel
75 mg/m’, 1-h IV infusion, day 1; cisplatin 75 mg/m” 4-h
IV infusion, day 1; and 5-fluorouracil (5-FU) 300 mg/ m’
per day continuous IV infusion, days 1 to 14), either pre-
operatively (Arm A) or postoperatively (Arm B). Just be-
fore starting chemotherapy all patients underwent place-
ment of a totally implantable central venous port. In Arm
A, a re-evaluation was petformed after 2 cycles. If local
progression had occurred, then the patient immediately
underwent surgery. Otherwise two more TCF cycles were
administered and surgery was performed within 3-5 wk
after day 1 of the last cycle. In Arm B, surgery was sched-
uled to take place within 1 wk after randomization. Post-
operative TCF was to be initiated 3 to 6 wk after surgery.

Perioperative complications

Data about postoperative course and complications
were reported on hospital cards by surgical teams.
In addition, an epidemiology nurse was in charge of
regulatly collecting microbiology data with respect to
nosocomial infections (surgical site, pulmonary, urinary,
and/or intravascular catheter infections). Data on hospital
infections were regularly submitted to the infection central
committees on a 3-mo basis.

As conclusive assessments of surgical procedures
remain difficult, and there is a lack of consensus on how
to define complications and to stratify them by severity,
we decided to apply a single classification, proposed by
Dindo e# al”, which is based on the evaluation of a co-
hort of 6336 patients and the results of a survey. In this
classification, the therapy used to correct a specific com-
plication is the cornerstone in ranking a complication.
For example, life-threatening complications requiring an
intermediate or intensive care_management (IC/ICU)
have to be differentiated from complications treated
on the ward; as such complications are associated with
a high mortality, stress for the patients, and substantial
resource consumption. Therefore, registered complica-
tions in both groups were analyzed accordingly, with
the exception of those classified as grade I (deviation
from the normal postoperative course without the need
for pharmacological treatment or surgical, endoscopic
or radiological interventions). This grade also included
wound infections treated at bedside.

Surgery

A careful intraoperative staging of disease was first pet-
formed, in order to rule out peritoneal seeding, ovarian
involvement, “drop” metastasis in the pelvis, or petiaortic
gross adenopathy. Attention was directed to the liver, great-
er omentum and root of the mesentery below the trans-
verse colon. The stomach was always inspected and gently
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D1 D2
Upper third 1-2-3-4 D1+5-6-7-8-9-10-11-110
Middle third 1-3-4-5-6 D1+2-7-8 -9-10 -11
Lower third 3-4-5-6 D1+1-7-8-9

JRSGC: Japanese Research Society for the Study of Gastric Cancer.

palpated to assess the location and the extent of the tumor
and to exclude direct invasion of adjacent structures.
Frozen sections of every suspect tissue were obtained
(e.g preaortic, infracolic nodes); intraoperative, histology-
proven recognition of metastatic spread was considered an
exclusion criterion. The extent of gastrectomy depended
on the proximal distance of the tumor from the cardia;
therefore, total gastrectomy was performed in all patients
with cardia locations and in those having antral and body
tumors in whom a 6-cm gross proximal margin could not
be obtained. Subtotal distal gastrectomy was performed
in the others (almost exclusively small-size body or antral
locations). Proximal gastric resection was never carried
out, as total gastrectomy with 2-3 cm extent to abdominal
esophagus was chosen for all cardia locations.

Lymphadenectomy included excision of all N1 and
most N2 stations (stations 7, 8, 9 and station 11), accord-
ing to the classification of the Japanese Research Society
for the Study of Gastric Cancer (JRSGC)™” (Table 1).
Hepatoduodenal ligament nodes (station 12) were also dis-
sected, limiting the lymphadenectomy to the 12a station
(left side of the hepatic attery), and leaving undissected
the parts b and p of the station (right side of the ligament
and just posteriotly to the portal vein, respectively). Lymph
nodes of the surgical specimen were routinely dissected
by experienced pathologists, using standard techniques;
in some cases, depending on the pathologist’s judgement,
clearing fixatives were used prior to the dissection. Sple-
nectomy was only carried out in cases of direct invasion of
the spleen by the tumor, or gross appearance of metastatic
nodes at station 10 (splenic hilum). Caudal pancreas was
always preserved, according to the Maruyama’s technique,
even when splenectomy was performed, unless tumor di-
rect involvement was clinically evident.

Surgeons were asked to document the extent of node
dissection and to state whether the procedure was likely to
be curative as follows: (1) Absolutely curative: absence of
hepatic and/or peritoneal metastasis; serosa not involved;
no infiltration within 10 mm of the proximal resection
line; (2) Relatively curative: as above, but serosa involved,
and/or cancer infiltrates within 10 mm of the proximal
resection line, and/or nodal involvement (N stage) equals
D number; and (3) Non-radical: resection line involve-
ment; any residual disease after resection.

Reconstruction technique (Roux-en-Y, Braun or
others) was entirely left to the discretion of the surgeon.

Pathology
Pathological response to chemotherapy was centrally
evaluated and classified as follows: (1) Complete
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response (pCR): No residual tumor could be found after
in toto examination of the potential tumor site. Acellular
mucus or acellular necrosis in the gastric wall or in
lymph nodes was not considered as residual tumor and
therefore was not taken into consideration for staging
(neither for T, nor for N); (2) Partial microscopic re-
sponse: Microscopic residual tumor (persistence of mi-
croscopic islands of tumor cells); (3) Partial macroscopic
response: Macroscopic residual tumor, but overt necro-
sis or calcification, or downstaging of the tumor; and (4)
No response: Only minor necrosis and no downstaging
of the tumor.

Statistical analysis

Initially a target sample size at 240 patients was set, assuming
a 3-year event-free survival rate of 20% in arm B and 35%
in arm A (+ 15%). Trial was prematurely stopped at 70
randomized patients, due to insufficient accrual. Only two
centers out of nine showed a good accrual rate, whereas
most participating groups were not ready to be involved
in such a multi-disciplinary approach. Moreover, some
patients refused to participate to this kind of trial because
they wanted to be operated on as soon as possible. For this
reason, these study results are underpowered to detect any
possibly significant differences in the experimental groups.
Nevertheless, results were descriptively compared between
the two arms on an intention-to-treat basis, using Mann-
Whitney U-test and Kruskal-Wallis test to compate means
and medians, respectively. XZ or Fishet’s exact test were used
to compare proportions. All tests were two-sided. A P value
less than 0.05 was assumed significant. Intention-to-treat
principle was adopted.

RESULTS

This trial was activated in November 1999 and closed in
November 2005 due to insufficient accrual. From De-
cember 1999 to August 2005 a total of 70 patients were
enrolled from 9 Institutions in three countties. Eighty-five
percent of included patients were from two Institutions;
from Milan (IEO-European Institute of Oncology) and
Geneva (University Hospitals of Geneva). One patient
withdrew consent, did not receive any chemotherapy,
and was excluded from the analysis. Of the remaining 69
patients, 34 were randomized to Arm A (TCF followed
by surgery) and 35 to Arm B (surgery followed by TCE).
One patient in Arm A did not receive any chemotherapy
because he died before starting. This patient was included
in the analysis, in agreement with the intention-to-treat
principle. A trial profile, conforming to the Consolidated
Standards of Reporting Trials (CONSORT) is shown in
Figure 1. The two groups of patients were similar with
respect to various characteristics (Table 2).

Table 3 shows details about surgical procedures per-
formed and pathology reports. Thirty-two patients in
Arm A (94%) underwent laparotomy: 29 (85%) had an
RO resection, and two a non-radical resection; one had
no resection due to unsuspected peritoneal carcinomato-
sis. All 35 patients in Arm B underwent laparotomy; 32
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Total population considered (7 = 70)

Number of patients randomized (7 = 69)

Allocated to Arm A (7 = 34) Allocated to Arm B (7 = 35)

* \
Received preoperative
Chemotherapy (7 = 33) Underwent surgery (7 = 35)
Completed 4 cycles (7 = 25) ‘

Received post-chemotherapy Ritrzi\r;e;:ltr?;s:sscz;at_lvg 3)

surgery‘ (n=32) Completed 4 cycles (7 = 12)
\

Analyzed (7 = 34) Analyzed (7 = 35)

Figure 1 Trial profile conforming to the Consolidated Standards of
Reporting Trials (CONSORT) guidelines.

ArmA (n = 34) ArmB (n = 35)

Age (yr): median (range) 57 (25-75) 59 (39-76)
Male (%) 68 71
PS0/1/2 (%) 91/6/3 86/14/0
Tumor site (%)

Cardia 21 20

Fundus/body 38 40

Antrum/pylorus 41 40
Stage (by EUS + CT scan)

IB 2 1

I 14 13

I 18 21

EUS: Endoscopic ultrasound; CT: Computerized tomography.

(91%) had an RO resection, two a non-radical resection
and one no resection due to peritoneal carcinomatosis.
In Arm A, pathological response was complete in 4 pa-
tients (11.7%), and partial (macro- or microscopic) in 18
(55%). The respective proportions of total »s subtotal
gastrectomies, D = 2 »s D1 lymph node dissections, me-
dian number of excised lymph nodes and of metastatic
nodes were very similar in the two arms of the study,
and all differences were not statistically significant.
Postoperative mortality and morbidity events are
detailed in Table 4; they are stratified by severity, apply-
ing the classification proposed by Dindo e7 al”. In Arm
A these included four septic intraabdominal complica-
tions (one anastomotic leak, two abdominal abscesses
and one infected fluid peritoneal collection), one gastro-
jejunal anastomosis bleeding, one pneumonia requiring
ICU admission, one pulmonary embolism, one urinary
infection, and one fever of unknown origin. Morbidity
events in Arm B included three septic intraabdominal
complications (one anastomotic leak, one abdominal ab-
scess, and one infected fluid peritoneal collection), and
six extra abdominal infections (one infected mediastinal
collection, three pneumonias requiring ICU admission,
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Arm A Arm B

(n = 32) (n = 35)
Complete resection RO (%) 29 (85) 32 (91)
Non-radical resection (%) 2(5.8) 2(5.7)
No resection pM1 (peritoneum) (%) 1(2.9) 1(2.8)
PCR 1 (%) 4(11.7) NA
PPR 7 (%) 18 (55) NA
Total gastrectomy 20 24
Subtotal gastrectomy 11 10
D-2 lymphadenectomy 29 31
D-3 lymphadenectomy - 2
Excised lymph nodes median (range) 20 (9-39) 26 (13-76)
Metastatic lymph nodes median (range) 1(0-23) 5 (0-50)

PCR: Pathological complete response; pPR: Pathological partial response;
NA: Not available.

Type of complication Arm A Arm B

nn = 32) (n = 35)
Anastomotic leak 1-Vb 1-Vb
Abdominal abscess 2-TMa 1-Ma
Infected peritoneal collection 1-Ma 1-Ma
Anastomotic bleeding 1-Ib -

(re-operation)
Pneumonia requiring ICU 1-IVa 3-Va-IVa,
V (re-operation, death)

Pulmonary embolism 1-0 -
Urinary infection 1-0 -
Fever of unknown origin 1-1 -
Mediastinal infected collection - 1-V (re-operation,
+ MOF death)
Central venous catheter- - 2-T
related blood stream infection
Total 9 (28.5%), 1 re- 9(25.7%), 2 re-

operation operations, 1 death

°P = 0.86. ICU: Intensive care unit; MOF: Multiple organ failure.

and two central venous catheter-related blood stream
infections). Three re-operations were performed, one
in Arm A due to anastomotic hemorrhage, and two in
Arm B, due to infected mediastinal collection and pleural
empyema complicating severe pneumonia, respectively.
Opverall, 9 morbidity events occurtred in each arm (28.5%
in Arm A and 25.7% in Arm B). Two postoperative
deaths occurred, in Arm B, as a consequence of multiple
organ failure (MOF) complicating mediastinal infected
fluid collection, in spite of re-operation. All these differ-
ences were not statistically significant (P = 0.80).

A total of 189 TCF cycles were administered; 118
in Arm A and 71 in Arm B (Table 5). In Arm A, 25 pa-
tients (74%) received all 4 cycles, two patients 3 cycles,
and six patients 2 cycles. In Arm B, only 12 patients
received all 4 cycles (34%), five patients 3 cycles, two
patients 2 cycles, four patients 1 cycle and 12 patients
received no cycle. A 64-year-old female patient who
had received one cycle of preoperative TCF died after
severe worsening of performance status and dyspnoea.
Excluding this case, serious adverse events (SAEs) oc-
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Arm A Arm B
(n=33) (n=23)
Total number of cycles 118 71
Causes of treatment failure
Progression of disease 1 0
G4 toxicity 2 6
Death 1 1
Patient refusal 1 1
Investigator’s decision 2 3
Other 1 1
Total 8 12
Severe adverse events (% of cycles)® 13 (11) 16 (23)
No. of patients involved (% of pts. treated)” 10 (30) 14 (60)

P =0.07, °P = 0.15. SAE: Severe adverse event.

curred more frequently in Arm B. In Arm A, 13 SAEs
in 10 patients were observed (13 SAEs out of 118 cycles
= 11%), 7 of them infectious (3 febrile neutropenia). In
Arm B, 16 SAEs occurred in 14 patients (16 SAEs out
of 71 cycles = 23%). All these differences were not sta-
tistically significant (P = 0.07 and 0.15, respectively).

A 58-year-old male patient in Arm B died suddenly
38 d after gastrectomy from severe arrhythmia and pul-
monary infection. Table 5 details reasons for cessation
of therapy in the two arms of the study.

DISCUSSION

Prognosis of locally-advanced gastric cancer is generally
poor in Western surgical and population-based series, with
5-year overall survival rates of 25% or less"™, in spite of
complete excision of the gastric and nodal components
of the disease”. This is the consequence of a high relapse
rate after radical surgery, and has prompted many studies
in the last decade, aimed at improving these results by
means of adjuvant and neoadjuvant treatments"” .
Both these approaches remain controversial and are
under current investigation. A large randomized trial
[Medical Research Council Adjuvant Gastric Infusional
Chemotherapy (MAGIC)]™, demonstrated a survival
benefit with the use of perioperative chemotherapy (i.e.
pre- and postoperatively delivered) as compared with
surgery alone. Similarly, the FFCD 9703 trial™ showed
an improvement in both disease free survival (DFS)
and overall survival (OS) with the use of perioperative
chemotherapy (FP regimen: 5-FU continuous infusion
+ cisplatin) as compared to surgery. To date, no trial has
so far investigated the effects of the same chemotherapy
regimen given either pre- or postoperatively.

Although our study is underpowered to detect any
possible significant difference in short-term postoperative
outcome, it gives some preliminary answers to questions
not yet available in the medical literature that could be
interesting for future studies. The first relevant inform-
ation provided by the present study is the safety of surgery
following a preoperative docetaxel-based chemotherapy
regimen. In fact, we did not register any mortality and
we had a 28.5% morbidity rate, without any significant
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difference between pre- and postoperative administration
of chemotherapy. Although our patient population was
slightly different from that of the MAGIC and FFCD
trials, since Type [ Siewert adenocarcinomas of the lower
third of the esophagus were excluded, results of our
study compare favorably with those of the MAGIC trial,
where a 45% morbidity rate and 5% mortality rate were
observed. In the FFCD trial, postoperative morbidity was
21% in the surgical arm, and 28% in the perioperative
chemotherapy arm, whereas surgical mortality was 5% for
both groups. A possible favorable factor was that 85%
of patients in our series were operated on in two high-
volume institutions where D2 gastrectomy is routinely
carried out as standard treatment of gastric cancer. Our
results support the conclusions that D2 gastrectomy
can be considered a safe treatment of gastric cancer in
Western patients, at least when performed in experienced

15
Centers[ ]

, and that gastric cancer resection should
probably be added to the growing list of procedures
which are safer when performed in high-volume

167 This could explain why reports from

institutions
single large volume institutions continue to demonstrate
low operative mortality after D2 radical gastrectomy, while
randomized trials show no survival benefit and severely
increased surgical mortality after this procedureﬂg’w].

In addition, our data indicate that chemotherapy-
related SAEs tended to be more frequent in Arm B
(adjuvant) than in Arm A (neoadjuvant), suggesting that
lower patient tolerance to treatment is a key factor in
determining higher toxicity. This could be explained by
an increased risk of gastrointestinal toxicity after surgery,
when patients are already deeply affected in their eating
capacity by the gastrectomy. For instance, it was shown
that, in a population of 23 patients followed for dietary
intake and nutritional status after total gastrectomy, no
patient reached recommended dietary allowances by first
monthly follow up[zol.

Our trial confirms the difficulties in administer-
ing intensive adjuvant chemotherapy in gastric cancer.
In the MAGIC trial, 34% of patients who completed
preoperative chemotherapy and surgery did not start
postoperative chemotherapy, mostly owing to early pro-
gression, patient refusal and/ot surgical complication.
In the weekly-PELF trial®! only 14% of experimental
arm patients completed the scheduled adjuvant treat-
ment without time and/or dose modifications. Even
without preoperative chemotherapy, 12 patients in this
series did not receive any adjuvant chemotherapy. The
most frequent reasons were patient refusal and medical
decision. However, even when adjuvant chemotherapy
was started, only 34% of the patients received all the
four cycles. In the ACT-GC Group Trial (Adjuvant Che-
motherapy Trial of TS-1 for Gastric Cancer), evaluating
an oral fluoropyrimidine as adjuvant agent, enrollment
was stopped after 1 year as a consequence of the higher
rate of overall survival in the S-1 treated group than in
controls who had only surgery””. Nevertheless, among
the 517 patients who received S-1, 71 refused to con-
tinue treatment because of adverse events, and in 72 the
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decision of the investigators was to terminate treatment
because of adverse events or complications (143/571,
25.04%). The dose of S-1 was reduced in 219 of the 517
treated patients (42.4%).

Laparoscopy has been reported to improve clinical
staging when compared to conventional methods, iden-
tifying unexpected peritoneal or liver metastases in
up to 20% of operable patients”*!
significant proportion of patients can avoid unnecessary
laparotomy[ZS]. Although in our study staging laparoscopy
has been confirmed as an effective tool to demonstrate
peritoneal deposits even when missed by preoperative
CT scan, minimal peritoneal deposits were found and
biopsied at laparotomy in 3 patients previously judged
peritoneal seeding-free at laparoscopy. These false-negative
results of laparoscopy occurred within the omentum
and/or the lesser sac, emphasizing the limits of staging
laparoscopy to demonstrate a minimal peritoneal spread
in these difficult locations. Similarly, in a recent report, the
sensitivity for detecting petitoneal carcinomatosis was 85%
for 1aparoscopy[26’27]. The possible role of the preoperative
PET scan in reducing the rate of false negative results of
staging laparoscopy is currently under investigation, with
conflicting preliminary evidence™”; it seems a priori
highly improbable that such small-volume disease could be
detected by this imaging technique.

Finally, our data confirm the huge difficulties in
petforming this kind of study, which requires a high
level of cooperation between different disciplines.
Principal investigators analyzed the reasons for the slow
accrual of patients for their neoadjuvant study with
FAMTX" for operable gastric cancer, and observed that
around half of the participating centers were not ready
for such a multi-disciplinary approach, not believing
in the potential efficacy of the neoadjuvant treatment.
Moteover, several patients refused to participate in this
kind of trial because they wanted to be operated on as
soon as possible.

In conclusion, our study does not provide information
on efficacy of preoperatively-delivered TCE, due to eatly
discontinuation for slow accrual. It is also underpowered
to detect any possible significant differences in short-term
postoperative outcome. Nevertheless, data regarding TCF
efficacy and feasibility in the preoperative setting and TCF
feasibility in the adjuvant setting could be interesting for
future studies. In particular, neoadjuvant TCF achieved
promising results with a 12% pCR rate. This evidence
prompts further studies, since patients achieving a pCR
tend to have a much better outcome, as underlined in
a recent phase II trial of preoperative chemo-radiation
therapy for resectable gastric cancer” . Surgery was safe
after TCF preoperative chemotherapy, while toxicity
(especially gastrointestinal) made adjuvant postoperative
TCF more difficult to administer fully compared to the
neoadjuvant setting. These data are consistent with the
results of the recent FFCD trial'”] where postoperative
chemotherapy was completed in less than 50% of the
patients. This should be carefully considered when an
intensive adjuvant chemotherapy regimen is planned.
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Background

In spite of a declining incidence in the Western world, gastric cancer is still
a major malignant disease in many populations, and the second leading
cause for cancer mortality worldwide. While localized disease, limited to the
submucosa, can be best treated surgically, with a long-term survival rate of
70%-95%, the prognosis of locally-advanced tumor is poorer, due to a high
unresectability rate at presentation, and a much higher relapse rate after
radical surgery. Docetaxel (Taxotere®; Sanofi-Aventis, Paris, France) has
been approved for treatment of metastatic gastric cancer, when combined
with cisplatin and infused fluorouracil (TCF regimen), showing superiority in
survival, time to progression, and response rate (RR) vs cisplatin/fluorouracil
(CF) in a randomized phase I trial.

Research frontiers

The above mentioned results obtained in metastatic disease suggested the
investigational use of the TCF regimen in a preoperative neoadjuvant setting.
The present trial aimed to test the hypothesis that preoperative chemotherapy
with TCF does not influence negatively the results of subsequent surgery, when
compared to immediate surgery.

Innovations and breakthroughs

This trial proved that surgery is safe after TCF preoperative chemotherapy,
while toxicity (especially gastrointestinal) makes adjuvant postoperative TCF
more difficult to administer fully compared to the neoadjuvant setting. Moreover,
neoadjuvant TCF achieved promising results with a 12% pCR (pathological
complete response) rate.

Applications

Obtained data regarding TCF efficacy and feasibility in the preoperative setting
and TCF feasibility in the adjuvant setting could be interesting for future studies.
In fact, patients achieving a pCR tend to have a much better oncology outcome.
Finally, data here presented are consistent with the results of the recent FFCD
trial, where postoperative chemotherapy was completed in less than 50% of
the patients. This should be carefully considered when an intensive adjuvant
chemotherapy regimen is planned.

Peer review

This is an interesting report of the efficacy of neoadjuvant chemotherapy for
advanced gastric cancer.
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Abstract

AIM: To suggest a new cleansing score system for
small bowel preparation and to evaluate its clinical
efficacy.

METHODS: Twenty capsule endoscopy cases were
reviewed and small bowel preparation was assessed
with the new scoring system. For the assessment, two
visual parameters were used: proportion of visualized
mucosa and degree of obscuration. Representative
frames from small bowel images were serially selected
and scored at 5-min intervals. Intraclass correlation
coefficient (ICC) was obtained to assess the reliability
of the new scoring system. For efficacy evaluation
and validation, scores of our new scoring system were
compared with another previously reported cleansing
grading system.

RESULTS: Concordance with the previous system,
inter-observer agreement, and intra-patient agree-
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ment were excellent with ICC values of 0.82, 0.80,
and 0.76, respectively. The intra-observer agreements
at four-week intervals were also excellent. The cut-
off value of adequate image quality was found to be
2.25.

CONCLUSION: Our new scoring system is simple,
efficient, and can be considered to be applicable in
clinical practice and research.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Capsule endoscopy (CE) was introduced as a method
for investigating the full length of the small intestine!"™”
However, there are limitations such as impaired visu-
alization by air bubbles, food residue, bile, and blood
clots. Unfortunately, current CE does not have func-
tions which allow suctioning of fluid or washing the
small bowel mucosa during the examination. Therefore,
since some of the lesions can be ovetlooked and missed,
adequate bowel cleansing is mandatory for a successful
CE". There have been many studies on the necessity
and methods of bowel preparation for CE". Howev-
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er, the benefits of bowel preparation prior to CE remain
controversial and it is unclear which method is best.

One of the reasons for this controversy is that the
current grading systems have not been standardized and
therefore, a generally accepted grading system is not
available. The presence of numerous grading systems
has caused difficulties in comparing the results of stud-
ies on small bowel preparation prior to CE™. In addi-
tion, most of the previously reported grading systems
are time-consuming, complicated, and difficult to apply
in the clinical setting, The aim of this study is to suggest
a new cleansing score system for small bowel prepara-
tion and to evaluate its clinical efficacy.

MATERIALS AND METHODS

Twenty CE cases were reviewed according to the pro-
tocol by three examiners who had experience in inter-
preting more than 50 cases of CE. These examiners
separately assessed small bowel cleanliness by using the
grading system described below. The software program
Rapid Reader 4 (Given Imaging Ltd, Yoqneam, Isracl)
was used to review and score the images.

Scoring system

Two visual parameters were used in our scoring system.
The first parameter was the proportion of visualized mu-
cosa. This was scored using a 4-step scale ranging from
0 to 3: score 3, greater than 75%; score 2, 50% to 75%;
scote 1, 25% to 50%; score 0, less than 25% (Table 1,
Figure 1). The second parameter was the degree of obscu-
ration by bubbles, debtis, and bile ¢#. This was also scored
using a 4-step scale ranging from 0 to 3: score 3, less than
5%, no obscuration; score 2, mild (5% to 25%) obscura-
tion; score 1, moderate (25% to 50%) obscuration; score 0,
severe (greater than 50%) obscuration (Table 1, Figure 1).
Images from the entire small bowel were serially selected
at 5-min intetvals (1 frame/5 min) by manual mode using
the RAPID system. If the capsule got stuck or remained
in the same place for more than 5 min, the frames were
scored only once and not repeatedly.

Mean scores of each parameter were obtained by
summing the scores of all selected images and dividing
them by the number of examined frames. The represen-
tative values for each parameter were then calculated by
the overall average of two mean scotes.

Efficacy evaluation
First, 20 CE cases were reviewed and frames were select-
ed twice: once according to our scoring system and once
according to one of the previously reported systems
which evaluated CE images for 2 min in every 5-min pe-
riod (e.g. 240 frames/5 min or 40% of the small bowel
images)"”. The images from selected frames were then
graded using the aforementioned parameters. The con-
cordance of scores between the two grading systems was
analyzed.

Second, the reliability of our grading system was
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The proportion of visualized mucosa

Score 3 =75%

Score 2 50%-75%

Score 1 25%-50%

Score 0 <25%

The degree of bubbles, debris and bile

Score 3 < 5%, no obscuration

Score 2 5%-25%, mild obscuration

Score 1 25%-50%, moderate obscuration

Score 0 = 50%, severe obscuration
CE: Capsule endoscopy.

evaluated by assessing the inter-observer, intra-patient,
and intra-observer agreement. For the assessment on
inter-observer agreement, three examiners each scored
the same selected frames separately at 5-min intervals
which were then compared. For the evaluation of intra-
patient agreement, each examiner reviewed the same
case after choosing their own starting frame within the
first 5 min of the capsule’s entrance into the duodenum,
from where the ensuing frames were picked up at 5-min
intervals and scored accordingly. For the analysis on in-
tra-observer agreement, the same frames from the same
cases were scored once again after four weeks and scores
were compared with the previous results.

Third, in order to determine the cut-off value for
adequate cleansing, our scoring system was compared
with another grading system, which examined all of the
images obtained from the entire small bowel. This grad-
ing system defined small bowel mucosa as “clean” if less
than 25% of the mucosal surface was covered by intes-
tinal contents or food debris, and cleanliness was graded
as “adequate” if the time the mucosa appeared clean
was greater than 90% of the total examination time®.
Overall adequacy was compared with that of our scoring
system and the results were analyzed using the receiver
operating characteristic (ROC) curve.

Statistical analysis

Concordance was determined by using the intraclass
correlation coefficient (ICC). An ICC value less than 0.40
was considered poor, between 0.40 and 0.75 was consid-
ered fair to good, and greater than 0.75 was considered
excellent®™ ", The cut-off value of the cleansing scores
according to our scoring system, with optimal sensitiv-
ity and specificity, was determined using the ROC curve.
Area under the curve (AUC) was used for assessing the
overall accuracy of our scoring system which employed
the ROC curve. All statistical analyses were performed
with SPSS version 12.0 (SPSS Inc, Chicago, 1L, USA).

RESULTS

Twenty cases were selected from previously diagnosed
patients. Mean age of the subjects was 48.5 (21-80) years
and 80% (18/20) were male. Their indications for CE

February 21, 2010 | Volume 16 | Issue 7 |



Park SC et a/. Cleansing score system

Figure 1 Images of scores according to the proportion of the visualized mucosa (A-D) and the degree of obscuration (E-H). A: Score 3; B: Score 2; C: Score 1;

D: Score 0; E: Score 3; F: Score 2; G: Score 1; H: Score 0.

Table 2 Agreement between our scoring system A and
previous scoring system B

Table 3 Inter-observer agreement of our scoring system

among three examiners

Parameter System Score (median and Inter-system ICC Parameter Observer  Score (median Inter-observer
IQR) (95% CI) and IQR) ICC (95% CI)
Visualized mucosa A 244 (2.20-2.62)  0.72(0.27, 0.89) Visualized mucosa A 2.61 (2.40-2.81)  0.88 (0.47, 0.99)
B 2.24 (2.11-2.48) B 2.62 (2.42-2.82)
Degree of obscuration A 2.13 (1.92-2.35) 0.86 (0.53, 0.95) C 2.44 (2.20-2.62)
B 1.98 (1.87-2.22) Degree of obscuration A 2.34 (217-2.55)  0.71 (0.39, 0.87)
Overall average A 230 (2.09-2.50)  0.82(0.33, 0.94) B 2.28 (2.12-2.56)
B 2.12 (1.97-2.36) © 2.13 (1.92-2.35)
Overall average A 247 (2.32-2.63)  0.80 (0.35, 0.93)
A: 1 frame per 5 min; B: 2 min per 5 min. IQR: Interquartile range; ICC: B A (PR
C 2.30 (2.09-2.50)

Intraclass correlation coefficient.

were gastrointestinal bleeding (12/20, 60%), iron defi-
ciency anemia (4/20, 20%), abdominal pain (3/20, 15%),
and diarrhea (1/20, 5%). Cases were prepared with 4 L of
polyethylene glycol (PEG) four hours before examination
without prokinetic agent or simethicone. The concor-
dance between our cleansing score system and a previous-
ly reported system, which selected the frames and evalu-
ated them for 2 min in every 5-min period, was excellent
with an ICC value of 0.82 [95% confidence interval (CI),
0.33-0.94, Table 2).

As for the assessment on reliability, inter-observer
and intra-patient agreement were excellent with ICC
values of 0.80 (95% CI: 0.35-0.93, Table 3) and 0.76
(95% CI: 0.41-0.93, Table 4), respectively. The data re-
garding the assessment on intra-observer agreement was
available from three examiners and the results were also
excellent with ICC values of 0.80, 0.82, and 0.92, respec-
tively (Figure 2).

To assess the overall adequacy of small bowel cleans-
ing, the ROC curve was generated to determine the cut-
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off value of image quality. The cut-off value, estimated
by the ROC curve at an optimal level of sensitivity and
specificity, was 2.25 with 85% sensitivity and 87% speci-
ficity. The AUC of the scoring system was 0.925 (95%
CI: 0.859-0.990, Figure 3).

DISCUSSION

CE has provided a new perspective for diagnosing,
treating, and monitoring small bowel diseases, such
as obscure GI bleeding, Crohn’s disease, celiac sprue,
polyposis syndromes, and small-bowel tumors.

However, CE has several limitations, one of which is
image quality. Although 12 h-fasting or PEG ingestion is
used for small bowel preparation in CE, air bubbles, in-
testinal secretions, bile or food residue occasionally cover
the small bowel mucosa and obscure the view. The cap-
sule endoscope is not equipped with functions to allow
suctioning, inflating, and washing the lumen of the small
intestine. Therefore, some parts of the lumen will not be
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W Visualized mucosa
[0 Degree of obscuration
I Overall average

0.934
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Figure 2 Intra-observer agreements between the scores at 4-wk intervals
for two parameters and the overall average.

Parameter Frame Score (median and Intra-patient ICC
IQR) (95% CI)
Visualized mucosa A 2.33 (1.93-2.59) 0.95 (0.81, 0.98)
B 2.39 (1.88-2.66)
C 2.31 (1.90-2.44)
Degree of obscuration A 213 (1.97-2.61) 0.72 (0.39, 0.87)
B 2.01 (1.52-2.34)
C 2.01 (1.57-2.20)
Overall average A 2.28 (2.08-2.61) 0.76 (0.41, 0.93)
B 2.45 (1.70-2.50)
C 2.16 (2.09-2.50)

visualized and examiners are unable to observe the entire
small bowel mucosa thoroughly. This means that small
bowel preparation plays an important role because it can
improve image quality by cleansing the small bowel. There
have been many studies on the preparation for CE, how-
ever, there is no standardized procedure for small bowel
preparation for CE. In addition, preparation type, doses,
and time of administration differ among centers.

To assess the effect of bowel preparation on the
cleansing of the small bowel mucosa objectively, scoring
systems for grading small bowel cleanliness have been in-
troduced™>*'*". Prior studies on preparation, formulated
and used their own scoring systems to grade small bowel
cleanliness, thus making it difficult to compare the effect
of preparation among studies™. For example, the grad-
ing system by Viazis e a/” simply graded the small bowel
cleanliness as “adequate” or “inadequate” and the time,
during which the small bowel mucosa appeared unclean,
was recorded using a timer; the concordance among the
investigators was excellent (92.5%). However, thousands
of frames per case had to be reviewed with this system.
Therefore, grading the cleanliness is time-consuming and
laborious. In the studies by Niv ez a/"” the capsule images
were graded according to the proportion of the small
bowel transit time during which the intraluminal fluid
interfered with visualization and interpretation. Although
concordance on the quality of bowel preparation was ex-

cellent (kappa statistic = 0.91, P < 0.001), this grading sys-
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Figure 3 The area under the curve (AUC) was 0.925 (95% confidence
interval, 0.859-0.990) in receiver operating characteristic (ROC) curve of
image quality scores for grading small bowel cleansing.

tem, in which the entite small bowel could be examined, is
also time-consuming,

The study by Dai ¢ o/ assessed the visibility of the
small bowel as a percentage of the visualized intestinal
wall during 10-min video segments at 1-h intervals. In
the study by Shiotani ez 2/ individual frames were exam-
ined for 2 min of every 5-min period and scored using
four visual parameters: circumference, bubbles, debris,
and lightning, In recent studies, five video segments (each
5 or 10 min long) were selected from all the videos'™"”.
However, no standard guidelines for grading small bowel
cleanliness are currently available. Most of the reported
grading systems are time-consuming, complicated, and
difficult to apply clinically. In addition, the reliability
and efficacy of these grading systems have rarely been
evaluated. Therefore, we designed a novel, simple, and
time-sparing grading system of small bowel preparation
for CE. In our scoring system, one frame was selected
every 5 min (1 frame/5 min) to reduce the duration of
grading small bowel cleansing. As a result, the duration
of grading was greatly shortened compared with prior
systems, which evaluated the entire small bowel mu-
cosa. Our scoring system was compared with a previous
method, which analyzed the frames for 2 min of every
5-min period; this method is a grading system that has
recently been reported, but is time-consuming in that a
substantial number of frames have to be analyzed. The
concordance between this grading system and our scor-
ing system was excellent.

Validity and reliability are two minimum qualities
required for a grading system. Without reliability, even a
valid scale can differ among study groups' . In a recent
study, the quantitative index (QI) was better than the
qualitative evaluation (QE) for intra-observer and intet-
observer reliability'"”. To make the scoring system more
reliable, we selected two parameters: the proportion of
visualized mucosa and the degree of obscuration by
bubbles, debris, bile, ez. For each parameter, small bowel
cleanliness can be graded objectively by scoring the im-
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ages according to the percent of the area. As a result,
although the agreement on the degree of obscuration
tended to be lower than that of the visualized mucosa
in some cases, inter-observer, intra-patient, and intra-
observer agreements were excellent. If the examiners in
our study had received a calibration exercise before grad-
ing cleanliness, the concordance may have been better.

To determine whether our grading system was
reasonable for assessing the adequacy of small bowel
preparation, we compated our system with the grading
system by Viazis ez a/”, and the AUC of the ROC curve
was 0.925. This means that our grading system had good
discriminative power. From the ROC curve, we found
that the cut-off value of image quality score on adequate
bowel cleansing was 2.25, which was considered to have
optimal sensitivity and specificity. Therefore, this value
may be used as a criterion for determining the overall
adequacy of small bowel preparation for CE.

In conclusion, our novel scoring system for CE
was simple, objective, and efficient. It showed excellent
inter-observer, intra-patient, and intra-observer agree-
ment. In addition, a cut-off value for the adequacy of
small bowel preparation was also proposed. Therefore,
our scoting system may be useful in clinical practice and
in studies determining the optimal small bowel cleans-
ing method.

COMMENTS

Background

For successful capsule endoscopy (CE), adequate bowel cleansing is
mandatory. However, the benefits of bowel preparation prior to CE remain
controversial and it is unclear which method is best. One of the reasons for this
controversy is that the current grading systems have not been standardized and
a generally accepted grading system is not available.

Research frontiers

Most of the reported grading systems are time-consuming, complicated,
and difficult to apply clinically. In addition, the reliability and efficacy of these
grading systems have rarely been evaluated. Therefore, the authors designed
a novel, simple, and time-sparing grading system of small bowel preparation
for CE. For assessment, two visual parameters were used: the proportion of
visualized mucosa and degree of obscuration. Representative frames from
small bowel images were serially selected and scored at 5-min intervals.
Intraclass correlation coefficient (ICC) was obtained to assess the reliability
of the new scoring system. For efficacy evaluation and validation, scores of
this new scoring system were compared with those of another previously
reported cleansing grading system. Concordance with the previous system,
inter-observer agreement, and intra-patient agreement were excellent with ICC
values of 0.82, 0.80, and 0.76, respectively. The intra-observer agreements at
four-week intervals were also excellent. The cut-off value for adequate image
quality was shown to be 2.25.

Innovations and breakthroughs

In this scoring system, one frame was selected every 5 min (1 frame/5 min) to
reduce the duration of grading small bowel cleansing. As a result, the duration
of grading was greatly shortened compared with prior systems, which evaluated
the entire small bowel mucosa. From the receiver operating characteristic (ROC)
curve, the found that the cut-off value of image quality score on adequate bowel
cleansing was 2.25, which was considered to have optimal sensitivity and
specificity. Therefore, this value may be used as a criterion to determine the
overall adequacy of small bowel preparation for capsule endoscopy.

Applications
The new scoring system is simple, efficient, and may be useful in clinical
practice and in studies to determine the optimal small bowel cleansing method.
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Terminology

ICC: A descriptive statistic that can be used when quantitative measurements
are made on units that are organized into groups. It describes how strongly
units in the same group resemble each other. Its major application is in the
assessment of consistency or reproducibility of quantitative measurements
made by different observers measuring the same quantity.

Peer review

In this manuscript, authors have reported a novel cleansing score system
for capsule endoscopy. This new scoring system is simple, and efficient.
Furthermore, it showed good inter-observer, intra-patient, and intra-observer
agreement.
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Abstract

AIM: To investigate the prevalence, risk factors, and
clinicopathologic characteristics of intrahepatic cholan-
giocarcinoma (ICC) in young patients.

METHODS: A retrospective analysis was performed
in ICC patients referred to the Eastern Hepatobiliary
Surgery Hospital in Shanghai, China. Among 317
consecutively enrolled patients, 40 patients were aged
< 40 years (12.61%). We compared the risk factors
and clinicopathologic characteristics of these patients
(group I : n = 40) with those aged > 40 years (group
I:n=277).

RESULTS: Group I had distinct features compared with
group II, including a low frequency of hepatolithiasis
(P = 0.000); a high positive rate of serum hepatitis B
surface antigen (P = 0.000) and hepatitis B virus (HBV)-
associated cirrhosis (P = 0.038); a high frequency
of a-fetoprotein (> 400 ug/L) (P = 0.011); a low
frequency of carbohydrate antigen 19-9 (> 37 U/mL)
(P = 0.017); and a high frequency of liver histological
inflammation (P = 0.002). Although there was no
significant difference between the two groups in regards
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to hepatic schistosomiasis, alcohol-associated cirrhosis
and cirrhosis due to other causes (P > 0.05), they only
occurred in the elderly group.

CONCLUSION: The risk factors are significantly diffe-
rent between young and elderly ICC patients. HBV and
HBV-associated cirrhosis are the most important risk
factors for young ICC patients.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Intrahepatic cholangiocarcinoma (ICC) is a fatal cancer of
the biliary epithelium, arising within the intrahepatic bile
ducts. Globally, ICC is the most common primary hepatic
malignancy after hepatocellular carcinoma (HCC). The
incidence rates of ICC vary greatly among different areas
of the world; this variation is related to the distribution
of risk factors. Viral infection [hepatitis B virus (HBV) or
hepatitis C virus (HCV)] m primary sclerosingcholangitis
(PSC)™, liver fluke infestation (particularly the endemic
Opisthorchis viverrin)™ and hepatolithiasis are known as
the risk factors for ICC™". ICC, similar to HCC, affects
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predominantly those individuals aged > 40 years'”;

however, younger patients have recently been diagnosed
with ICC. The risk factors and clinicopathologic features
of young ICC patients have not yet been studied.

The aim of the present study was to investigate
the prevalence, risk factors, and the clinicopathologic
characteristics of ICC in young patients, and to compare
these findings with the characteristics and risk factors
associated with elderly patients with ICC.

MATERIALS AND METHODS

We performed a retrospective analysis using medical
records of the patients initially diagnosed with ICC in
the Eastern Hepatobiliary Surgery Hospital of the Sec-
ond Military Medical University, Shanghai, China from
January 2003 to December 2006. The diagnosis of 1CC
was confirmed pathologically. We evaluated the age and
sex distribution of the patients, and compared the risk
factors and clinicopathologic characteristics of patients
aged < 40 years (group 1) with those of patients aged
> 40 years (group II).

To clarify a difference in the risk factors between the
two groups, we analyzed HBV or HCV infection, liver
cirrhosis, hepatolithiasis, and hepatic schistosomiasis
(our previous study verified that these ate the main risk
factors for ICC patients from China). The presence of
a seropositive HBsAg and/or anti-HCV (Abbott Labo-
ratories, North Chicago, IL, USA) and HCV RNA (real time
PCR; Abbott, IL, USA) was interpreted as an indication
of chronic hepatitis infection. The diagnosis of ICC was
confirmed by pathology. Liver function and serum tumor
marker (carbohydrate antigen 19-9 and a-fetoprotein)
concentrations wete evaluated in all the patients.

To determine the pathological characteristics, the
diameter of the largest tumor was measured directly in
the surgical specimens from patients who had undergone
hepatic resection. The WHO tumor classification was used
for pathological grading of the tumor (well, moderate
or poor differentiation). When histological diversity was
observed in a tumor, the higher grade, according to the
classification system, was taken as the overall grade. The
tumor mass was estimated by computed tomography (CT),
and enlarged lymph nodes were defined as lymph nodes
0.1 cm in diameter at the portal, celiac, retrocrural or
retroperitoneal lymph node stations. Ultrasound, CT scan,
or surgery was used to diagnose portal vein thrombosis.

Statistical analysis

Statistical analysis was performed using the XZ test to
compare discrete variables, and analysis of variance
(ANOVA) was made to compare continuous variables.
SPSS for Windows (vetsion 16.0) was used. P < 0.05 was
considered as significant difference.

RESULTS

Age and sex distribution
A total of 317 patients (223 men and 94 women, a male
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Figure 1 Age and sex distribution of intrahepatic cellular carcinoma (ICC)
between 2003 and 2006 at the Eastern Hepatobiliary Surgery Hospital in
Shanghai, China.

Risk factors Group 1 Group II P value
(n = 40) (n = 277)
HBYV infection 34 (85.0) 120 (43.3) 0.000
HCV infection 0(0.0) 1(04) 0.703
Liver cirrhosis 0.038
Related to HBV 16 (40.0) 68 (24.5) 0.347
Related to alcohol 0(0.0) 6(2.2) 0.392
Other causes 0 (0.0) 5(1.8)
Total 16 (40.0) 79 (28.52)
Hepatolithiasis 0 (0.0) 25 (9.0) 0.000
Liver schistosomiasis 0 (0.0) 16 (5.8) 0.119

HBV: Hepatitis B virus; HCV: Hepatitis C virus.

to female ratio, 2.37:1) initially diagnosed with ICC were
enrolled in the present study. The mean age was 53.05 *
10.53 years (range 21-78). Most of ICC developed during
the 4th-7th decades, with a peak at 54 years of age. Forty
(12.61%) patients were aged < 40 years, including 30 men
and 10 women (Figure 1).

Risk factor distribution

The risk factors for ICC are listed in Table 1. Of the 40
young ICC patients, 34 (85.0%) were seropositive for
HBsAg, 16 (40.0%) had liver cirrhosis related to HBV,
and none had intrahepatic-duct stones (IHD stones), liver
schistosomiasis, or HCV (Figure 2A). In group II, 120
(43.3%) patients were seropositive for HBsAg, 1 (0.4%)
was seropositive for anti-HCV and HCV RNA, 79 (28.5%)
had liver cirrhosis, including 68 (24.5%) whose cirrhosis
was related to HBV, 6 (2.2%) with liver cirrhosis related
to alcohol, 5 (1.8%)with liver cirrhosis due to other causes
(1 with liver cirrhosis related to HCV, 1 with nonalcoholic
liver cirrhosis, and 3 with occult liver cirthosis), 25 (9.0%)
had IHD stones, and 16 (5.8%) had liver schistosomiasis
(Figure 2B). It is worth mentioning that the HCV that is
prevalent in Japan and some Western countries has been
found to be the significant cause of ICC. In our series,
only one case of ICC had HCV.
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Figure 2 Distribution of potential risk factors for ICC among young ICC
patients (A) and elderly ICC patients (B). HBV = Seropositivity for HBsAg;

Cir = Liver cirrhosis; IHD = Intrahepatic duct stone (Hepatolithiasis); Sch = Liver
schistosomiasis.

Clinical features

For further comparison between the two groups, the
following clinical variables were investigated: gender, total
bilirubin (TBIL) (> 20 pmol/L »s < 20 pumol/L), albumin,
alanine aminotransferase (ALT) (> 42 U/L »s < 42 U/L),
aspartate aminotransferase (AST) (> 37 U/L »s < 37 U/L),
r-glutamyl-transferase (+-GT) (> 64 U/L »s < 64 U/L),
alkaline phosphatase (ALP) (> 119 U/L »s < 119 U/L),
o-fetoprotein (AFP) (> 400 pg/L »s < 400 pg/ L) and
carbohydrate antigen 19-9 (CA19-9, > 37 ng/mlL »s < 37
ng/mL). AFP (> 400 ug/L) and CA19-9 (> 37 U/mL)
wete significantly different between group I and group 1
by univariate analysis (Table 2).

Pathological characteristics

Table 3 reveals the pathological characteristics in the
two groups. There was significantly more histological
inflammation (present #s5 no hepatitis) in the younger
patient group (P = 0.002). No difference was detected
between the two groups with regard to the tumor number
(< 2 5 = 2), location (right lobe, left lobe, or both lobes),
tumor size (main tumor or the largest one), capsule (present
vs absent), tumor differentiation (well, moderate or poor),
portal vein invasion (invasion #s no invasion), microscopic
satellite lesion (tiny nodule present around the main tumor
vs no satellite), and immunohistochemical examination
(cytokeratin 18 and cytokeratin 19).

DISCUSSION

Although several risk factors have been associated with
ICC, such as viral infection (HBV and/or HCV), liver
cirrhosis, IHD stones, and liver parasite infestation,
the distribution characteristics of these risk factors in
young and elderly ICC patients and the mechanism
responsible for ICC remain unknown. Here, we not
only demonstrated different etiological characteristics
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Group I Group II P value

(n = 40) (n = 277)
Gender (M/F) 30/10 193/84 0.491
ALT (> 42 U/L) 15 (60.00) 89 (32.13) 0.499
AST (>37 U/L) 12 (30.00) 103 (37.18) 0.377
TBIL (> 20 pmol/L) 7 (17.50) 62 (22.38) 0.484
Albumin (g/L) 43.82 +4.27 42.07 £5.12 0.236
GGT (> 64 U/L) 19 (47.50) 176 (63.54) 0.051
ALP (> 119 U/L) 15 (11.19) 134 (48.38) 0.198
AFP (> 400 pg/L) 7 (17.50) 17 (6.14) 0.011
CA19-9 (> 37 U/mL) 14 (35.00) 153 (55.23) 0.017

M: Male; F: Female; TBIL: Total bilirubin; ALT: Alanine aminotransferase;
AST: Aspartate aminotransferase; AFP: a-fetoprotein; ALP: Alkaline
phosphatase; r-GT: r-glutamyl-transferase; CA 19-9: Carbohydrate antigen
19-9. Group I: ICC patients aged < 40 years; Group II: ICC patients aged >
40 years.

Group I Group II P value
(n = 40) (n = 277)
Tumor location 0.827

Right lobe 25 (6.25) 160 (57.76)

Left lobe 14 (35.00) 111 (40.07)

Both lobes 1 (2.50) 6 (15.00)

Tumor size (cm) 6.80 £3.92 6.67 +3.38 0.892
Tumor number 0.474

1 36 (90.00) 258 (93.14)

=2 4 (10.00) 19 (6.86)
Histological inflammation 15 (37.50) 47 (16.97) 0.002
Capsule 5 (12.50) 35 (12.64) 0.981
Tumor differentiation 0.506

Well 0 (0.00) 9(3.25)

Moderate 29 (72.50) 191 (68.95)

Poor 11 (27.50) 71 (25.63)
Microvascular invasion 10 (25.00) 41 (14.80) 0.101
Perineural infiltration 0 (0.00) 4(1.44) 0.444
Portal vein invasion 3 (7.50) 30 (10.83) 0.519
Lymphatic metastasis 8 (20.00) 46 (16.61) 0.594
Microscopic satellite lesion 7 (17.50) 69 (24.91) 0.305
Immunohistochemical
examinations

Ck18 positive 38 (95.00) 269 (97.11) 0.475

Ck19 positive 40 (100.00) 267 (93.39) 0.222

Ck: Cytokeratin.

of ICC between young and elderly patients, but also the
clinicopathologic features of young patients.

Our study focused on patients with ICC who were
40 years of age, and the “young patients” were defined
as those < 40 years of age at diagnosis. We chose the
cut-off age of 40 years based on the recommended age
for starting regular HCC screening for men in Asia® and
according to Lam e7 al”. The age distribution of patients
with ICC in China is described by a triangular-shaped
curve (Figure 1). Only 12.61% of patients were < 40
years of age.

HBYV or HCV infection was strongly associated

<

~
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with ICC risk. Korean investigators performed a case-
control study comparing 41 cases of ICC with 406
controls without cancer and found that 13.8% of cases
and 3.5% of controls were anti-HCV positive and 12.5%
of cases and 2.3% of controls were HBsAg positivem].
In a Japanese hospital-based study, investigators found
that 36% of 50 patients with ICC but only 3% of 205
controls (surgical patients who did not have primary
liver cancer) were HCV seropositive [OR (odds ratio)
= 16.87; 95% CI (confidence interval): 5.69-50.00]"".
Through a population based cohort study including
146394 HCV-infected and 572293 HCV-uninfected
patients, El-Serag ez al"™ showed a strong association
of ICC with HCV infection (hazard ratio = 2.55, 95%
CI: 1.31-4.95), but the association was not observed in
extrahepatic cholangiocarcinoma. Our previous study
also found that the incidence of HBV infection in ICC
patients was significantly higher than that in non-cancer
individuals (48.6% o5 6.6%), indicating that chronic HBV
infection was independently the most important risk
factor for ICC in Chinese population (OR = 9.669, 95%
CI: 6.329-14.770). Our findings were consistent with that
reported by Zhou ef al™ recently. In our study, 85.0% of
young ICC patients had chronic HBV infection, which
is significantly higher than that of elderly ICC patients
(43.3%). It 1s interesting to note that HBV infection was
also the only risk factor identified in young ICC patients.
It is worth mentioning that the HCV that is prevalent in
Japan and some Western countries has been proven to be
the significant cause of ICC. In our series, only one case
of ICC had HCV.

Cirrhosis, of any cause, has also been associated with
intrahepatic cholangiocarcinomam. A cohort study of
over 11000 patients with cirrhosis, followed up over 6
years, showed a 10-fold risk compared with the general
population”. A prospective controlled study from Japan
reported the risk of developing cholangiocarcinoma in
patients with cirrhosis related to HCV as 3.5% at 10 years,
1000 times higher than in the general population”. The
data obtained from our previous study also showed that
cirrhosis, particularly HBV-associated cirrhosis, was an
important risk factor for ICC in Chinese population. In
the present study, the etiological distribution of cirrhosis
was significantly different between young ICC patients
and elderly ICC patients. HBV-associated cirrhosis had a
higher incidence in young ICC patients than in the elderly
group, while alcoholic cirrhosis and cirrhosis due to other
causes only occurred in eldetly ICC patients.

Hepatolithiasis is rare in Western countries, but
relatively common in some parts of Asia, and is associated
particularly with peripheral intrahepatic cholangio-
™. In Taiwan, up to 70% of patients with
intrahepatic cholangiocarcinoma undergoing resection

carcinoma

reportedly have intrahepatic biliary stones, and in Japan
this figure is 6%-18%""". Biliary stones are thought to
cause bile stasis, predisposing to recurrent bacterial
infections and subsequent inflammation, a potential
cofactor for cholangiocarcinogenesis. In our cohort,
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hepatolithiasis only occurred in elderly ICC patients. The
result indicates hepatolithiasis may be not a risk factor of
ICC development for young patients.

A large body of experimental and epidemiological
data suggests a pathogenic association between liver
parasite infection, especially Opisthorchis viverrini (and
less definitively Clonorchis sinensis) and intrahepatic cho-
langiocarcinomam. Our previous study showed that
hepatic schistosomiasis had a higher incidence in ICC
patients than in no-cancer individuals. The data suggests
that hepatic schistosomiasis was a risk factor for ICC
development (OR = 11.06, 95% CI: 3.368-36.337).
Although there was no significant difference between the
young ICC patents and elderly ICC patients in regards
to hepatic schistosomiasis (P > 0.05), similar to alcohol-
cirrhosis and cirrhosis due to other causes, hepatic
schistosomiasis also only occurred in the elderly group.

a-fetoprotein (AFP), a 70-kDa glycoprotein, is
normally produced during fetal development by the
liver and yolk sac. The protein levels drop off rapidly
after birth, and by the second year of life only trace
amounts are detectable in the serum. AFP is increased
in the majority of patients with HCC and is useful in the
diagnosis and follow-up of cases. Studies suggest that,
in patients with suspected HCC clinically, AFP levels
> 400 ng/mL should strongly confirm the presence

17,18
U7 Some cancers may

of HCC via a tissue diagnosis
originate from cancer stem cells, which may form via
the carcinogenesis of normal stem cells™?". Tt has been
suggested that hepatocytes and cholangiocytes arise from
the same pool of hepatic precursor cells, also called oval
cells. Carcinogenesis of such hepatic precursor cells may
cause ICC™. Hepatic progenitor cells were also shown to
strongly express AFP mRNA and produce AFP during
differentiation™. Compared with the elderly ICC patients,
young ICC patients exhibited a higher incidence of AFP
> 400 pg/L (17.50% s 6.14%). Our data indicated that
the neoplastic transformation of oval cells may be one
of the mechanisms for ICC development and that the
oval cell precursor retains its ability to produce AFPin the
process of malignant transformation.

In a recent prospective study, serum CA19-9 was
found to be useful in diagnosing cholangiocarcinoma, in
deciding whether the tumor had been radically resected
and in monitoring the effect of treatment. Serum CA19-9
concentrations were significantly elevated in patients with
cholangiocarcinoma compared with patients with HCC,
benign biliary disease or healthy individuals. After curative
resection, serum CA19-9 decreasesd to a preoperative
level™. In the present study, young ICC patientsexhibited
a lower serum CA19-9 level, similar to HCC.

In conclusion, the risk factors for ICC are different
between young and elderly patients. HBV infection
and HBV-associated cirrhosis may be the main risk
factors for young ICC patients. Young ICC patients
share etiological and many clinicopathologic similarities
with HCC patients. These results indicated that ICC in
young patients and HCC have a common process of
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carcinogenesis (through a similar long-term inflammatory
carcinogenic process) and that both may arise from
hepatic progenitor cells.
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Abstract

AIM: To perform a meta-analysis of observational
studies and randomized controlled trials (RCTs) on the
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association between Helicobacter pylori (H. pylori) and
iron deficiency anemia (IDA).

METHODS: A defined search strategy was used to
search Medline, Embase, the Cochrane Library, Clinical
Trials, Cochrane Central Register of Controlled Trials,
Premedline and Healthstar. Odds ratio (OR) was used
to evaluate observational epidemiology studies, and
weighted mean difference (WMD) was used to demon-
strate the difference between control and intervention
groups.

RESULTS: Fifteen observational studies and 5 RCTs
were identified and used for calculation. The pooled
OR for observational studies was 2.22 (95% CI:
1.52-3.24, P < 0.0001). The WMD for hemoglobin (HB)
was 4.06 g/L (95% CI: -2.57-10.69, P = 0.01), and the
WMD for serum ferritin (SF) was 9.47 ug/L (95% CI:
-0.50-19.43, P < 0.0001). Results were heterogeneous
for all comparisons.

CONCLUSION: This meta-analysis on observational
studies suggests an association between H. pylori and
IDA. In RCTs, eradication of H. pylori can improve HB
and SF levels but not significantly.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Anemia, defined as a hemoglobin concentration below
established cut-off levels, is a widespread public health
problem with major consequences for human health as
well as social and economic developmentm. The World
Health Otrganization (WHO) estimates that about 2 bil-
lion people in the world are suffering from this disease,
and that approximately 50% of all anemia cases are
diagnosed as iron deficiency anemia (IDA)*Y, IDA af-
fects the work capacity of patients and may contribute
to mortality, thus limiting economic development. The
overall death rate from IDA has been underestimated
in most surveys from many developing and developed
countries™. WHO suggested that researchers and clini-
cal doctors should investigate the etiology of IDA and
develop therapeutic strategies because timely treatment
restores personal health and increases national produc-
tivity by 20%*.

It is known that a variety of causes such as inadequate
iron intake, chronic blood loss, chronic disease, malab-
sorption, hemolysis, or a combination of these, can
induce IDAP*"", Among possible causes, the involvement
of Helicobacter pylori (H. pylori) infection remains
controversial'™, H. Pylori is a highly prevalent microbial
infection. Over 50% people in the world are infected by
H. pylori. In Africa, Mexico, South America and Central
America, H. pylori infection reaches 70%-90% of the
populationll4’15]. H. pylori has been considered as a major
cause for the development of peptic ulcer disease, gastric
malignancy and dyspeptic symptoms'**”. Recent studies
have shown that H. pylori can also cause other extragastric
diseases”™ . However, knowledge regarding any relation
between H. pylori infection and IDA is limited. Moreover,
studies regarding the role of H. pylori infection in IDA
and the effectiveness of the eradication of H. pylori in the
treatment of IDA are controversial.

This clinical research question is addressed by this
meta-analysis. The aim of the study was to evaluate
the association between H. pylori infection and IDA
and examine the effect of H. pylori eradication on
serum hemoglobin (HB) and serum ferritin (SF) levels.
Observational epidemiological studies have demonstrated
an association between H. pylori and IDA by comparing
IDA risk between H. pylori-infected and non-infected
participants. Randomized controlled trials (RCTs) have
established a cause and effect relationship between
H. pylori and IDA. In this meta-analysis, we hypothesized
that there is a significant difference in IDA risk between
H. pyloriinfected and non-infected participants, and that
H. pylori eradication therapy can significantly increase HB
and SF concentration, thus alleviating IDA. We tested our
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hypothesis by pooling the results of studies on H. pylori
and IDA.

MATERIALS AND METHODS

Search strategy and identification of studies

We searched, without language restrictions, for all
publications on H. pylori and IDA between January 1960,
and June 2009. Searches were performed on Medline,
Embase, Clinical Trials, Database of Abstracts of
Reviews of Effects (DARE), Cochrane Central Register
of Controlled Trials (CENTRAL), the Cochrane
Database of Systematic Reviews, Premedline, Healthstar,
by using the MeSH heading: “Helicobacter pylor?”, “iron-
deficiency anemia”, “anemia”, “iron” and “hemoglobin”
and the non-MeSH terms “sideropenic refractory
anemia” and “serum ferritin”. The reference lists of
major textbooks, review articles, and of all the included
articles identified by the search were then individually
searched to find other potentially eligible studies.
Information about unpublished and ongoing RCTs was
sought from authors of the included RCTs, and experts
in the field.

Selection criteria and validity assessment

The present meta-analysis followed the Quality of
Reports of Meta-Analyses of RCTs (QUOROM) guide-
line for RCTs and observational studies in epidemi-
ology [Meta-analysis of Observational Studies in
Epidemiology (MOOSE) and Methodological Index
for Non-Randomized Studies (MINORS)] guideline
in observational studies™ ™. To avoid selection bias,
selection criteria were established before searching.
Two reviewers (Qu XH and Huang XL) identified
articles eligible for further review by performing an
initial screen of the abstracts or titles of the search
results. The second screening was based on a full-text
review according to the selection criteria. The observed
agreement between reviewers for eligibility of articles
was 96.3%, corresponding to modest agreement (K =
0.40). Discrepancies were resolved by discussion and
consultation with other reviewers (Xiong P and Zhu

cY).

Observational epidemiology studies: Observational
epidemiology studies (cross-sectional, case-control, or
cohort) investigating the prevalence of IDA in H. pylori-
positive patients and negative controls were included
in this meta-analysis. Duplicate publications and those
studies in which patients had other underlying common
IDA causes (e.g. aspirin/NSAID use, colonic carcinoma,
gastric carcinoma, angiodysplasia) were excluded.

Randomized controlled trials: In order for an RCT to
be included, its participants must have had both H. pylori
infection and IDA/iron deficiency (ID). At least 2 authors
independently assessed the methodological quality of
included RCTs by Jadad scores™. In addition, for a study

February 21, 2010 | Volume 16 | Issue 7 |



Qu XH et al. H. pylori and iron deficiency anemia

to be eligible for inclusion, the use of therapy to eradicate
H. pylori in intervention groups and administration of
oral ferrous sulfate to both intervention and control
groups were required. Discrepancies in data extraction
were tesolved by discussion among authors (Qu XH and
Huang XT).

Data abstraction

For observational epidemiology studies, we collected
information on the year of publication, location of the
study, age groups, number of cases and controls, country
and region, number of IDA positive and negative
patients, test method for H. pylori.

For RCTs, we collected information on references,
year of publication, sample size, age group, treatment
therapies, H. pylori testing methods and changes in
mean T SD of HB and SF in both the intervention and
control groups.

Statistical analysis

For observational epidemiology studies, we recorded
the prevalence of IDA in H. pylori-positive patients
and controls for each study as an odds ratio (OR)
and 95% CI and the weight of the studies. We used
the heterogeneity Xz (Cochran Q) statistic to formally
analyze heterogeneity across included studies. Meta-
analysis was performed using Review Manager Version
5 (Cochrane Collaboration and Update Software) for
observational studies””.

For RCTs, we collected changes in HB and SF
concentration after H. pylori eradication and evaluated
them by using weighted mean difference (WMD) with
95% CL A y” test was used to assess heterogeneity of the
studies. If the studies were found to be heterogeneous, (i.e.
XZ > df), we utilized the DerSimonian and Laird random-
effects model™ rather than a fixed effects model to
reassess the pooled estimates. The source of heterogeneity
was investigated as described below. Publican bias was
performed by both Review Manager Version 5 and
STATA version 10. We also performed the Duval and
Tweedie nonparametric “trim and fill” procedure™
further assess the possible effect of publication bias in our
meta-analysis.

to

Subgroup analysis

Subgroup analysis was performed to assess the factors
that might impact the pooled estimates and to investigate
the source of heterogeneity. Sensitivity analysis was also
conducted to test whether the analysis was robust by
changing statistical methods, reanalyzing the data, and
comparing the 2 results by the 7 test.

Publication bias

Funnel plots and Begg’s test™ " are thought to detect
the existence of publication bias of pooled ORs within
observational studies. Small studies are scattered widely
at the bottom of the graph, while the spread narrows
for larger studies. When a funnel plot seemed to be

[30]
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7969 potentially relevant
references screened

7689 excluded because they were
irrelevant (e.g. animal studies, diagnostic
studies, physiological or pharmacological
studies)

280 abstracts for
assessment

121 excluded from study:

37 had no available data and non-
randomized trials or set healthy people as
control.

24 H. pylori infections with other diseases
19 editorials

18 narrative reviews

13 case report

10 wrong topic

159 studies for full text
review

139 excluded from study:

RCT:

27 H. pylori infections with other diseases
(gastric cancer, gastric ulcer, efc.)

11 duplicate studies

7 Jadad score was less than 3

5 H. pylori eradication without iron
supplement

1 incomplete outcome data
Observational studies:

39 incomplete outcome data

18 had no objective diagnosis HP or IDA
15 wrong topic

13 duplicate studies

3 could not understand

Included in study:

5 RCTs (4 had SF and HB
data, 1 had only SF data)
15 observational studies

Figure 1 Flow chart showing the trial flow for selection of RCTs and
observational studies to be included. RCT: Randomized controlled trial; HP:
H. pylori; IDA: Iron deficiency anemia; HB: Hemoglobin; SF: Serum ferritin.

asymmetrical, we used Duval and Tweedie’s nonparametric
“trim and filled” method as a sensitivity analysis to
reassess the pooled estimates™. This method considers
the possibility of hypothetical “missing” studies that
might exist and recalculates the results with the imputed
missing studies.

RESULTS

Search results

The search strategy retrieved 7969 potentially relevant
references. Of these, 7689 were not relevant, e.g. animal
studies, physiological or pharmacological studies. The
remaining 280 references were assessed by screening
their abstracts, and we excluded any references that
were editorials or narrative reviews. One hundred and
fifty nine studies were subjected to a full text review and
excluded according to the selection criteria as desctibed
carlier. Supplementary studies were identified that
had been published only as abstracts from conference
proceedings of scientific meetings. We then excluded all
RCTs with a Jadad score under 3 to ensure the quality
of eligible trials. Fifteen observational studies”™ ' and
5 RCTs™™* (4 of which™™ provided both HB and SF
data, and one study™ provided only SF data) meeting
our criteria were included in our meta-analysis (Figure 1).
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Ref. Participants Age group (yr) Male (%)

Prevalence of H.
pylori infection (%)

H. pylori test methods

Observational studies

Milman et al™" 2264 30-60 1153 (51)
Choe et al™ 375 10-15 205 (55)
Cuoco et al™ 362 16-58 115 (32)
Choe et al®™ 660 15-17 376 (57)
Nahon et al™ 210  57.4(21.4)(SD) 80 (38)
Choe et al™ 937 10-18 475 (51)
Choi™” 674 9-12 344 (51)
Ciacci et al®™ 55 >17 22 (40)
Hershko et al™ 210 16-77 NA
Gessner et al™) 690 7-11 NA
Baggett et al*! 668 7-11 354 (53)
Cardenas et al'*? 7462 =3 NA
Stioglu et al®” 70 4-16 NA
Haghi-Ashtiani et al'*! 209 2-14 111 (45)
Mulayim et al'*” 117 NA 0 (0)
Randomized controlled trials

Choe et al” 13 10-17 NA
Gessner et al™! 201 7-11 NA
Chen et al""” 86 18-76 50 (58)
Vijayan et al* 22 >13 NA
Sarker et al*” 99 2-5 46 (46)

Sampling mode

32.0 Hospital/health examination Serum IgG
16.8 High school/questionnaires ~ Serum IgG
21.0 Hospital diagnosed patients  Histological examination
29.5 High school/ physical Serum IgG
examination
NA Hospital diagnosed patients ~ Histological examination
20.8 -/ physical examination Serum IgG
13.6 Middle-class families/ Serum IgG
physical examination
60.0 Hospital diagnosed patients  Histological examination/
rapid urease test
NA Hospital diagnosed patients UBT/Serum IgG
87.0 8 most populous villages/ UBT
physical examination
86.5 10 predominantly villages/  UBT
physical examination
27.1 NHANES/ questionnaire, Serum IgG
laboratory, examination data
50.0 Hospital diagnosed patients  Histological examination
47.8 Hospital diagnosed patients  Histological examination
61.5 Hospital diagnosed patients UBT
Treatment therapies
19.7 B+A+M Histology
87.0 L+A+C UBT
NA B+A+M UBT
NA L+T+C Rapid urease test/
histology
NA O+A+C UBT

UBT: Urea breath test; IgG: Immunoglobulin G; NHANES: National Health and Nutrition Examination Survey; B: Bismuth; A: Amoxicillin; M:
Metronidazole; L: Lansoprazole; C: Clarithromycin; T: Tinidazole; O: Omeprazole.

Study characteristics and quality
In total, 15183 patients from 20 studies (15 observational
and 5 RCTs) were included in the meta-analysis, and the
characteristics of the sample are summarized in Table 1.
Of the observational studies, 4 studies with partici-
dP% and one study with
patients aged 16-58 years old™ were classified as adult
groups. Three studies with patients aged 10-18 years old
were classified as adolescent groupsm’34’3ﬁj. Two studies
with patients younger than 11 years old were classified as
child groups™*. For the presence of H. pylori, 6 studies

utilized serum immunoglobulin G (IgG)?">**¥# "5

pants over 18 years ol

utilized histological examination”>*** and 3 used
the urea breath test (UBT)™"*. UBT and serum IgG
were utilized by Hershko ez a/™ in their studies. Of the
RCTs, 2 studies with participants aged 2-11 years old
were classified as child groupsmw] and 3 were classified
as adolescent and adult groupsm%j. All the RCTs used
eradication triple therapy for H. pylori as intervention.
Study methodological quality is shown in Table 2
(observational studies) and Table 3 (RCTs). In obser-
vational studies, the MINORS quality score ranged from
6 to 14 points. Only 8 (53%) of the articles included
employment outcomes as part of the main study aim.
Five studies satisfied the criteria for inclusion. Most data
wete collected according to a protocol established before
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the beginning of the study, and most studies have no
exclusion or details about the reasons for exclusion. In
RCTs, qualities of all the studies were evaluated by Jadad
sore. All of the studies included had a score greater than 3.
Only one study fulfilled all of the evaluated quality criteria.
All studies were randomized, and for 4 of them, the
generation of allocation sequence was judged adequate.
Only 2 studies were designed as double-blind, but placebo
was offered in only one study. Three of the 5 RCTs had
no exclusions, and one of the 5 RCTs gave details on the
reasons for exclusion.

Summary estimates

Risk of IDA for H. pylori-positive versus H. pylori-
negative patients: We tested the heterogeneity of the
15 observational studies that provided information
about prevalence OR, and the heterogeneity y” statistic
was 51.29 (P < 0.00001). Therefore, the pooled estimates
were evaluated under a random effects model instead of
a fixed effects model. The pooled OR was 2.22 and the
95% CI was 1.52-3.24 (P < 0.0001) suggesting that IDA
is associated with H. pylori (Figure 2).

H. pylori eradication effect in IDA patients: Four
RCTs"**** reported blood parameter (HB levels and
SF concentrations) differences and one RCT™ reported

February 21, 2010 | Volume 16 | Issue 7 |
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Source Aim? Rate® Data* Measure® Bias® Time’ Loss® Size’ Total'®
Milman et al® 2 2 2 2 2 1 1 0 12
Choe et al™ 2 1 1 1 2 1 0 0 8
Cuoco et al™ 1 1 1 2 2 0 0 1 8
Choe et al™ 2 1 1 2 2 1 0 0 9
Nahon et al™ 1 2 2 1 2 1 1 0 10
Choe et al™ 2 2 1 1 0 0 0 0 6
Choi™ 2 1 1 2 2 2 1 0 11
Ciacci et al™ 1 1 2 1 2 1 0 0 8
Hershko et al™ 1 1 1 1 2 1 1 0 8
Gessner et al'™”! 2 2 2 1 2 2 2 1 14
Baggett et al*! 2 1 2 1 2 1 1 0 10
Cardenas et al™? 2 2 2 1 2 1 1 1 12
Stioglu et al*” 1 1 1 1 2 1 0 0 7

!Assessed with the adapted Methodological Index for Non-Randomized Studies (MINORS); *Clearly stated aim (0,1,2 points); *Inclusion of consecutive
patients and response rate (0,1,2); 4Prospec’cive collection of data (0,1,2); ®Inclusion of employment measure (0,1,2); *Unbiased assessment of study end
points (0 or 2); "Follow-up time appropriate (0,1,2); *Loss to follow-up (0,1,2); *Prospective calculation of the study size (0 or 1); "Total: minimum equals 0;
maximum equals 15 points.

Odds ratio Odds ratio
Study or subgroup M-H, random  95% CI Year M-H, random, 95% CI
Milman et a/*"! 0.83 0.30-2.34 1998 T
Choe et a/*® 2.49 1.11-5.55 2000 L
Cuoco et a/* 6.30 3.61-10.99 2001 L
Choe et a/*" 2.83 1.51-5.32 2001 -
Nahon et a/* 2.00 1.15-3.46 2003 -
Choi®” 1.08 0.49-2.37 2003 —r
Choe et a/*® 3.24 1.53-6.86 2003 -
Ciacci et a/™® 0.63 0.20-1.94 2004 R
Hershko et a/*” 0.99 0.54-1.80 2005 T
Baggett et a/*! 4.26 1.02-17.81 2006 —
Cardenas et a/*”? 2.67 1.92-3.73 2006 -
Gessner et a/*” 5.32 1.28-22.19 2006 -
Siioglu et a/*! 6.44 2.13-19.46 2007 —
Haghi-Ashtiani et a/*" 0.88 0.44-1.73 2008 T
Mulayim et a/*! 30.89 1.81-526.83 2008
Total (95% CI) 2.22 1.52-3.24 <
Total events
Heterogeneity: Tau® = 0.35; 5° = 51.29, df = 14 (P < 0.00001); /> = 73% : : : :
Test for overall effect: Z = 4.12 (P < 0.0001) 0.01 0.1 1 10 100

Figure 2 Forest plot of the observational studies. M-H, Random: Mantel-Haenszel heterogeneity random effects model. Horizontal lines = 95% CI. The rectangles
represent the point estimates of the study and the size of the rectangle represents the weight given to each study in the meta-analysis. The diamond represents the
summary estimate; the size of the diamond represents the Cls of the summary estimate.

effect and underlying connection between H. pylori and
IDA. The results showed that H. py/ori eradication therapy
RCT Randomization Blindness Withdraw and  Total f:an improve IDA. Eour RCTs compared th.e 1ncregse

dropout in HB levels and 5 in SF concentrations achieved with
H. pylori eradication (plus iron) treatment and with iron

46]
gl;:;eetraelt A i i (1) i administration alone in patients with IDA, and found a
Chen et al*? 1 1 1 3 greater effect in the eradication group (WMD of HB:
Vijayan et al* 2 2 1 5 4.06 g/1, 95% CI: -2.57-10.69, P = 0.01; WMD of SF:
Sarker et al"’ 2 0 1 3 9.47 ng/T; 95% CI: -0.50-19.43, P < 0.0001, Figure 3).

Subgroup analysis

SF concentration differences between the intervention Subgroup analysis was performed to investigate the source

and control groups after H. pylori eradication therapy. We ~ of heterogeneity and detect the influential factors that

pooled summary estimates to demonstrate the treatment  could impact the summary estimates. The methodological
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A Mean difference Mean difference
Study or subgroup IV, random  95% CI IV, random  95% CI
Choe et a/*® 32.00 9.37-54.63
Gessner et a/*” 1.20 -1.31-3.71
Sarker et a/*”! -1.00 -5.35-3.35
Vijayan et a/*¥ 19.10 -1.77-39.97
Total (95% CI) 4.06 -2.57-10.69
Heterogeneity: Tau® = 23.92; * = 10.92, df = 3 (P < 0.01); I* = 73% : : : :
Test for overall effect: Z = 1.20 (P = 0.23) -50 -25 0 25 50
Favours control Favours experimental
B Mean difference Mean difference
Study or subgroup 1V, random 95% CI 1V, random 95% CI
Chen et a/*”! 17.20 13.99-20.41 =
Choe et a/**! 5.50 0.18-10.82 -
Gessner et a/*” 0.60 -1.13-2.33 I
Sarker et a/*” 5.00 -6.26-16.26 L
Vijayan et a/*¥ 61.17 16.75-105.59
Total (95% CI) 947  -0.50-19.43 @
Heterogeneity: Tau® = 98.34; 4? = 86.11, df = 4 (P < 0.00001); 7 = 95% ‘ ‘ ‘ ‘
-100 -50 0 50 100

Test for overall effect: Z = 1.86 (P = 0.06)

Favours control Favours experimental

Figure 3 The treatment effect and underlying connection between H. pylori and IDA. A: Weighted mean difference (WMD) forest plots of HB (g/L) involved in the
meta-analysis; B: Forest plots of studies estimate changes in SF (ug/L) level. IV, Random: Inverse variance heterogeneity random effects model. Horizontal lines =
95% CI. The size of the data marker corresponds to the weight of that study. The diamond represents the summary estimate. The result favors experimental groups.

and biological heterogeneity of the studies made it
possible to explore the summary estimates in many diffe-
rent subgroups.

In observational studies, differences in the sensitivity
of the H. pylori test methods could partly result in
different pooled ORs. The 15 observational studies
utilized 3 methods, enzyme-linked immunosorbent assay
(ELISA) serum IgG, histological biopsy and UBT, to test
for the presence of H. pylori. The pooled OR of ELISA
serum IgG was lowest (OR = 2.16, 95% CI: 1.49-3.14,
P =0.10) and the pooled OR of UBT was highest (OR
= 5.88, 95% CI: 2.27-15.23, P = 0.47). The pooled ORs
were consistent with the sensitivity of these methods.

Subgroup analysis for different age groups revealed a
significant difference between children, adolescents and
adults in the association between H. pylori and IDA. The
pooled OR of children younger than 11 years was 4.76
(95% CI: 1.73-13.08, P = 0.83). Adolescents yielded a
pooled OR of 2.85 (95% CI: 1.68-4.31, P = 0.89), while
adults had a pooled OR of 1.55 (95% CI: 0.67-3.62, P <
0.0001).

In RCTs, factors included in the subgroup analysis
were age and therapy of each study. The summary
estimate from children was 0.65 g/L (95% CI: -1.52-2.82,
P = 0.39) for HB changes, significantly different from
the pooled estimate of 25.03 g/L (95% CI: 9.69-40.37,
P = 0.41) from adolescent and adult groups, indicating
that adult IDA patients react more strongly to H. pylori
eradication therapy. The WMD for SF changes was
0.70 pg/L (95% CI: -1.01-2.41, P = 0.45) in children while
the WMD was 14.79 ug/L (95% CI: 2.53-27.05, P =
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0.0001) in adolescent and adult patients.

To examine the method of therapy, we separated the
studies into a bismuth triple therapy group and a proton
pump inhibitor (PPI) triple therapy group. Bismuth
triple therapy showed an obvious advantage (WMD of
SF = 11.55 pg/L, 95% CI: 0.09- 23.01, P = 0.0002) over
PPI triple therapy (WMD of SF = 7.15 pg/L, 95% CI:
-0.45-20.75, P = 0.002), particulatly when used together
with oral ferrous sulfate for H. pylori patients with IDA.

We analyzed the association between H. pylori and
IDA in developed areas and less developed areas, large
sample subgroups and small sample subgroups, and
did not find any significant difference between those
parameters. Table 4 shows the summary estimates of
subgroups of both RCTs and observational studies.

Sensitivity analysis

We chose to change the weights of every observational
study involved so as to detect the stability of this meta-
analysis. We then reanalyzed the data using different
statistical methods. The pooled OR using a fixed effects
model was 2.34 (95% CI: 1.97-2.78), which is not a
significant change from the original random effects

model (P = 0.74).

Publication bias

Visual inspection of the Begg’s funnel plot revealed
asymmetry (P < 0.01). This raises the possibility of
publication bias, so we undertook a sensitivity analysis
using the trim and fill method. This method conservatively
imputes hypothetical negative unpublished studies
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Subjects (1) 95% CI Heterogeneity (xz) P
Observational studies Odds ratio (OR)
H. pylori test methods
ELISA serum IgG 12372 2.16 1.49-3.14 9.27 0.10
Histological biopsy 906 217 0.90-5.26 28.85 <0.0001
UBT 1475 5.88 2.27-15.23 1L} 0.47
Age
Child 1358 4.76 1.73-13.08 0.05 0.83
Adolescent 1972 2.85 1.68-4.31 0.22 0.89
Adult 3101 155 0.67-3.62 28.41 <0.0001
Randomized controlled trials® Weighted mean difference (WMD)
Hemoglobin (g/L)
Age
Child 300 0.65 -1.52-2.82 0.74 0.39
Adolescent and adult 35 25.03 9.69-40.37 0.67 0.41
Therapy
PPI 322 0.95 -2.98-4.87 3.71 0.16
Bismuth 13 32.00 9.37-54.63 - -
H. pylori test methods
Histological biopsy 223 7.03 -9.41-23.47 2.79 0.10
UBT 35 25.03 9.69-40.37 0.67 0.41
Serum ferritin (ug/L)
Age
Child 300 0.70 -1.01-2.41 0.57 0.45
Adolescent and adult 121 14.79 2.53-27.05 17.91 0.0001
Therapy
PPI 322 715 -6.45-20.75 7.68 0.002
Bismuth 99 11.55 0.09-23.01 13.61 0.0002

'P-value tested for heterogeneity of subgroups; ‘Data were derived from hemoglobin changes and serum ferritin changes.
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Figure 4 Funnel plots without (A) and with (B) trim and fill. The pseudo 95% Cl is computed as part of the analysis that produces the funnel plot, and corresponds

to the expected 95% Cl for a given standard error (SE). OR: Odds ratio.

to mirror the positive studies that cause funnel plot
asymmetry. The adjusted summary OR is based on the
eventually filled funnel plot (4.32, 95% CI: 3.00-5.66, P <
0.001), which continued to show a statistically significant
association between H. pylori and IDA (Figure 4).

DISCUSSION

Our results from a meta-analysis of 15 observational
epidemiological studies revealed a correlation between
H. pylori and IDA (OR, 2.22; 95% CI: 1.52-3.24, P <
0.0001), although some studies reported only a slight
association. In addition, In RCTs, eradication of H. pylori
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can improve HB and SF levels but not significantly (WMD
of HB: 4.06 g/L, 95% CI: -2.57-10.69, P = 0.01; WMD
of SF: 9.47 ng/L, 95% CI: -0.50-19.43, P < 0.0001).
Dufour e al first reported that H. pylori eradication
had a positive effect on sideropenic refractory anemia,
indicating a possible underlying association between
H. pylori and IDA. A large population-based study from the
USA reported that H. pylori infection was an independent
risk factor for IDA in 7462 children, adolescents, and
adults'™”. This research reported that H. pylori infection
was associated with an increased risk of IDA (OR, 2.6;
95% CI: 1.5-4.6). Compared to former studies, our meta-
analysis was a detailed and comprehensive investigation
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procedure. It included RCTs of highly detailed power and
large-scale observational epidemiology studies.

It is reported that H. pylori infection is observed in
over 50% people in the world with peaks of 70%-90% for
some countries. Moreover, IDA affects 2 billion people in
the world. When 2 diseases have such a high prevalence
in the population they may appear to be associated with
each other. Recent studies regarding the role of H. pylori
infection in IDA are controversial. However, whether
eradication of H. pylori prevents IDA has been widely
debated. This meta-analysis was performed to clarify this
issue: whether iron deficiency could specifically be related
to H. pylori infection. The observational studies in our
meta-analysis prove the association between H. pylori and
IDA. In fact, in the RCTs of our meta-analysis, after iron
replacement, HB and SF were not different between the
groups with or without H. pylori eradication. However,
these data should be interpreted with caution because of
the marked heterogeneity among studies. We carefully per-
formed subgroup analysis, and found age and therapies
had an impact on the increase in the levels of HB and SE
These results should be investigated further in the future.
Larger scale RCTSs should be recommended to test the re-
sults of our meta-analysis.

As with all meta-analyses, the results we obtained
could be impacted by 3 factors: heterogeneity within
the studies involved, bias (including selection bias”"*
and detection bias®™>"), and publication bias™ ", The
generation of heterogeneity could occur by virtue of
the methodological and biological heterogeneity of
the studies analyzed, such as differences in diagnostic
methods, the population under study, the sample size,
and language of publication. Each of the subgroups
described above contributed partly to the heterogeneity
of the observational studies.

We assessed the included studies with caution.
For observational studies, the MINORS quality score
ranged from 6 to 14 points. In RCTs, quality of all the
studies were evaluated by the Jadad sore. All of the
studies included had a score greater than 3. Our test
for heterogeneity was significant, and hence we utilized
a random effects model that accounted for inter-study
variation. Compared with the fixed effects model, the
random effects model evenly distributes weight among
studies, minimizing the impact of heterogeneity™.

We used age as one subset determinant for the pooled
estimates. A significant association between H. pylori and
IDA was found in children younger than 11 years. The
common causes of IDA, such as colonic carcinoma,
gastrectomy or menstruation, were usually absent in
children. Thus, H. pylori infection can be treated as the
only indicator for refractory IDA in children, and H.
pylori infection should be considered first in children with
IDAP”*" The same scenatio occurred in adolescents, as
adolescents are particularly susceptible to ID. Because
of the requirement for a large amount of iron to sustain
their growth, dietary deficiency, and menstrual blood
loss, girls should be more strongly affected by H. pylori
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infection" ", In adults, no such strong association was
found. The possible explanation for this phenomenon is
that H. pylori plays a smaller part in the etiology of IDA
in adults"*. In RCT subgroup analysis, eradication
therapy for H. pylori did not demonstrate the same
curative effect on IDA in children as in adults. This may
arise from the special characteristics of children (quickly
growing blood volume and large requirement)™ ",

Different diagnostic methods for H. pylori contribute
to the variation of the pooled estimates because of their
different sensitivities. The pooled OR value increased
with the sensitivity of the diagnostic method. Therefore,
UBT, which has the highest sensitivity of the 3 tests

sed® obtained the highest pooled OR, while ELISA
serum IgG tests yielded the lowest pooled OR. Recent
guidelines have indicated that UBT is regarded as a
gold standard diagnostic method and the most reliable
nonendoscopic test for the existence of H. py/onW].

The way in which RCTSs chose to eradicate H. pylori can
make a difference in pooled analyses. Bismuth-based triple
therapy indicated a much better response to iron intake
than PPI-based triple therapy. The work done by McColl
and Hutchinson may explain this phenomenon[és’ﬁg]. It was
reported that PPI therapy lowers the concentration of
vitamin C in gastric juice and reduces the bioavailability
of ingested vitamin C thus resulting in low absorption of
nonheme iron. It may also retard the clinical response to
iron supplementation. Vitamin C, as an essential factor
in alimentary iron absorption, not only converts ferric
iron to the ferrous form, which maintains solubility at the
alkaline pH of the duodenum, but also chelates with ferric
chloride which is also stable at a pH > 3. PPI can also
reduce the absorption of vitamin Biz, a significant factor
in iron absorption, probably by inhibiting intragastric
proteolysis.

Publication bias was tested by Begg’s test and
illustrated by funnel plots. The results indicated the
existence of publication bias. The funnel plot showed
that there were some missing small sample studies.
Therefore, meta-analysis would underestimate the asso-
ciation between IDA and H. pylori. The “trim and fill”
method helped to resolve this problem by imputing
the hypothetical studies symmetrically and reassessing
the pooled estimates as a sensitivity analysis. The filled
funnel plot showed a strong association between IDA
and H. pylori. Possible sources of asymmetry in funnel
plots were explored: variations in sample size, etc, could
contribute to publication bias.

Sensitivity analysis was performed in several ways
to test concordance of the results by changing the
statistical methods used. The sensitivity analyses that
were performed did not materially change the results,
increasing the confidence that can be placed in these
results when applying the conclusion in practice.

Our study has limitations. We have excluded trials
that studied the relationship between H. pylori and iron
deficiency. However, these studies have been reviewed
elsewhere”. Furthermore, in the experimental studies,
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eradication treatment without ferrous sulfate but with
placebo groups were excluded because the number
of studies was not adequate. This kind of design can
illustrate the role that H. pylori plays in IDA in a better
way, and we expect further investigations will take that
design into consideration. Lastly, results were matkedly
heterogeneous for all comparisons. These data should
be interpreted with caution because of the marked
heterogeneity among studies.

In conclusion, our meta-analysis of 15 observational
studies demonstrated an association between H. pylori
and IDA. In addition, the meta-analysis of RCTs showed
that eradication of H. pylori can improve HB and SF
levels, though not significantly. From the analysis, we
also concluded that IDA could not specifically be related
to H. pylori infection. We do not recommend a strategy
of population-based screening and treatment for
H. pylori infection to prevent IDA. This concept should
be discussed in the future. UBT is the most reliable
nonendoscopic test for the existence of. Bismuth-based
triple therapy has a better response to increase HB and
SF levels than PPI-based triple therapy. There are no
significant differences between less developed areas
and developed areas in the association between H. pylori
infection and IDA.

COMMENTS
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The research showed an association between H. pylori and IDA. Eradication of
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infection to prevent IDA.
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Abstract

AIM: To test whether ethanol feeding could induce
Toll-like receptor 4 (TLR4) responses, assess the hepa-
toprotective effect of betaine and its inhibitive effect on
TLR4 in animal models of alcoholic liver injury.

METHODS: Forty-eight female Sprague-Dawley rats
were randomly divided into four groups as control,
model, low and high dose betaine groups. Except
control group, all rats were fed with high fat-containing
diet plus ethanol and fish oil gavages for 8 wk. Betaine
was administered intragastrically after exposure
of ethanol for 4 wk. The changes of liver histology
were examined. The expression of TLR4 mRNA and
protein was detected by RT-PCR and Western blotting,
respectively. The serum aminotransferase activity
[alanine transarninase (ALT), aspartate aminotransferase
(AST)], serum endotoxin, and liver inflammatory factors
[tumor necrosis factor-o. (TNF-o), interferon-y (IFN-y),
interleukin-18 (IL-18)] were also assayed.

RESULTS: Compared with control group, rats of model
group developed marked liver injury, accompanied
by an increase of ALT (159.41 + 7.74 U/L vs 59.47 +
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2.34 U/L, P < 0.0001), AST (248.25 + 1.40 U/L vs
116.89 + 3.48 U/L, P < 0.0001), endotoxin (135.37 +
30.17 ng/L vs 44.15 £ 7.54 ng/L, P < 0.0001), TNF-a
(20.81 + 8.58 pg/mL vs 9.34 £+ 2.57 pg/mL, P = 0.0003),
IFN-y (30.18 £ 7.60 pg/mL vs 16.86 % 9.49 pg/mL, P =
0.0039) and IL-18 (40.99 £ 8.25 pg/mL vs 19.73 £ 9.31
pg/mL, P = 0.0001). At the same time, the expression
of TLR4 mRNA and protein was markedly induced in the
liver after chronic ethanol consumption (1.45 £+ 0.07 vs
0.44 + 0.04, P < 0.0001; 1.83 + 0.13 vs 0.56 + 0.08,
P < 0.0001). Compared with model group, betaine
feeding resulted in significant decreases of ALT (64.93
+ 6.06 U/L vs 159.41 + 7.74 U/L, P < 0.0001), AST
(188.73 + 1.11 U/L vs 248.25 + 1.40 U/L, P < 0.0001),
endotoxin (61.80 + 12.56 ng/L vs 135.37 + 30.17 ng/L,
P < 0.0001), TNF-a (9.79 + 1.32 pg/mL vs 20.81 +
8.58 pg/mL, P = 0.0003), IFN-y (18.02 £ 5.96 pg/mL vs
30.18 £ 7.60 pg/mL, 2 = 0.0008) and IL-18 (18.23 £ 7.01
pg/mL vs 40.99 = 8.25 pg/mL, £ < 0.0001). Betaine
also improved liver steatosis. The expression levels of
TLR4 mRNA or protein in liver tissues were significantly
lowered (0.62 + 0.04 vs 1.45 + 0.07, » < 0.0001;
and 0.65 + 0.06 s 1.83 + 0.13, P < 0.0001). There
was a statistical difference of TLR4 mRNA and protein
expression between high- and low-dose betaine groups
(0.62 £+ 0.04 vs 0.73 = 0.05, £ < 0.0001, and 0.65 + 0.06
vs 0.81 + 0.09, £ < 0.0001).

CONCLUSION: Betaine can prevent the alcohol-
induced liver injury effectively and improve the liver
function. The expression of TLR4 increases significantly
in ethanol-fed rats and betaine administration can
inhibit TLR4 expression.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Previous studies have shown that the chronic ingestion
of ethanol can induce functional and structural changes
in liver. Bacterial lipopolysaccharide (LPS; endotoxin),
an abundant and essential component of the outer
membrane of gram negative bacteria, causes liver
injury in many experimental models™”. Chronic alcohol
administration increases gut-derived endotoxin in the
portal circulation, thereby activating Kupffer cells to
produce several proinflammatory cytokines such as tumor
necrosis factor o, (TNF-o) and interleukin (I1)-1°%,

Toll-like receptor 4 (TLR4), a transmembrane protein
with a cytoplasmic domain that bears homology to the
IL-1 receptor, is expressed in monocytes and macrophages,
including Kupffer cells?. Recently, TLR4 has been shown
to mediate LPS-induced signal transduction in peripheral
blood monocytesm. Furthermore, it has been shown
that Kupffer cell activation by LPS is dependent on the
presence of a functional TLR4™. It has been confirmed
that TLLR4 is involved in the mechanism of eatly alcohol-
induced liver injury[&l”. Ethanol administration can lead to
the synthesis of TLR4 protein and its gene expression in
Kupfter cells, indicating that TLR4 may play a major role
in the development of alcohol-induced liver injury.

Betaine, also known as trimethyl glycine, is the only
methyl donor, which can replace folate or S-ademetionine
in the human body“z’m. Betaine is quaternary ammonium
salt soluble alkaloids, which participates in the methionine
recycling and phosphatidylcholine synthesism’ls]. Many
studies including our previous study have indicated that
betaine can prevent the alcohol-induced liver injury
effectively and improve the liver function"*""). The
hepatoprotective mechanism of betaine is related to the
inhibition of inflammatory factor, the decrease of lipid
peroxidation, the promotion of endoplasmic reticulum
stress and the prevention of apoptosism’m.

In the present study, we employed the intragastric
ethanol-fed rat model, which reproduces the pathological
features of early alcohol-induced liver injury, to observe
the changes of TLR4 expression and study the effect of
betaine in alcohol-induced liver injury animal models.

MATERIALS AND METHODS

Chemicals and reagents
Betaine hydrochlorides (99% of purity) were kindly
presented by Juhua Group Co. (Zhejiang, China). Ferrous
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sulfate was obtained from Shanghai reagent chemicals
Co. Ltd (Shanghai, China). Fish oil and 560 mL/L of
alcohol were purchased from supermarkets. Limulus
amoebocyte lysate assay kit for serum endotoxin assay
was purchased from BioWhittaker Inc. (USA). Enzyme-
linked immunosorbent (ELISA) kits for rat TNF-q,
IFN-y, and IL-18 detection were purchased from
Shanghai Senxiong Biotech industry Co. Ltd. (Shanghai,
China). TRIzol reagent was purchased from Invitrogen
Co. (USA). DL1000 DNA ladder marker was purchased
from TaKaRa Biotech Co. Ltd. (Japan). M-MLV reverse
transcriptase, deoxytibonucleotide (dNTP, 10 mmol/L),
oligo (dT)1s primer, Taq DNA polymerase, RNasin
were purchased from Promega Biotech Co. Ltd. (USA).
Polymerase chain reaction (PCR) primers for TLR4 and
GAPDH were synthesized by Sai-Bai-Sheng Biocompany
(Shanghai, China).

Animal models

Forty-eight female specific pathogen free (SPF) Sprague-
Dawley rats, weighing 150 £ 10 g, were purchased from
the Experimental Animal Center of Wuhan University.
After acclimation for 1 wk, animals were randomly
divided into four groups as control, model, low dose
and high dose betaine groups. Each group contains 12
rats. Except rats of control group fed with ordinary
diet and administrated intragastrically with physiological
saline, the rats of the other three groups were fed with
fat-rich diet containing common animal feeds, lard and
whole milk powder (80:10:10), and were administrated
intragastrically with ethanol and 0.5 mL fish oil. The initial
dose of ethanol was 6 g/kg per day (solutions maximally
containing 560 mL/L alcohol). Within the first week, the
dose was increased progressively to a maintenance dose
of 8 g/kg per day that was continued for 8 more weeks.
After exposure of ethanol for 4 wk, the rats of low dose
and high dose groups were administrated intragastrically
with betaine 200 and 400 mg/kg per day, respectively.
Animals were weighted three times per week. At the
end of the experiment, animals were anaesthetized with
urethane (20%, 1.0 g/kg) and sacrificed by bleeding
from femoral arteries. Blood samples were collected.
Immediately after exsanguination, the livers were
harvested. Small portions of the livers were kept frozen at
-70°C for reverse transctiptase-polymerase chain reaction
(RT-PCR), whereas other portions were separated
and immersed in 10% buffered formalin solution for
histological examination. All animals were given humane
care in compliance with the institutional guidelines.

Liver function assay

Blood samples were allowed to clot, and the sera were
isolated by centrifugation at 1000 X g for 10 min and
kept at -20°C before determination. Serum alanine
transaminase (ALT), aspartate transaminase (AST) and
albumin (ALB) were determined by routine laboratory
methods using a Hitachi Automatic Analyzer (Hitachi,
Inc. Japan).
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Determination of serum endotoxin, TNF-c, IFN-y and
IL-18

Serum levels of endotoxin, TNF-q, IFN-y and 1L-18
were measured using commercial kits according to the
manufacturet’s protocol.

Detection of liver TLR4 mRNA in liver tissues

Total RNA was extracted from approximately 100 mg
frozen liver tissue using TRIzol reagent according to
the manufacturer’s protocol. The concentration of total
RNA was assayed by ultraviolet spectrophotometric
measurements at wavelength of 260 nm, and its putity was
estimated by the ratio of 4a0/A42s0. The total RNA was reve-
rsely transcribed into single-stranded complementary DNA
(cDNA) using the following methods: 2 ug RNA, 0.5 ug
oligo(dT)1s primer and DEPC (diethylpyrocarbonate)-
treated water were added to reach a total volume of 15 L.
mixture at 70°C for 5 min, then rapidly chilled on ice.
Finally, 5 ul. 5 X reaction buffer, 1.25 pl. ANTP (10
mmol/L, each), 25 units of RNasin, 200 units of M-MLV
reverse transcriptase and DEPC-treated water were added
to reach a total volume of 25 pl. mixture and incubated
at 42°C for 60 min, then terminated by placing it on ice
after deactivation at 85°C for 5 min. The cDNA was
amplified by PCR. The amplification primers for rat TLR
4 were 5'-ACTCGAGCCAGAATGAGGACT-3' and
5-ACTGCCATGTCTGAGCAATCT-3', for rat GADPH
were 5'-TCCCTCAAGATTGTCAGCAA-3' and
5-AGATCCACAACGGATACATT-3". The 50 uL. PCR
reaction mix contained 10 mmol/L dNTP, 2.5 mmol/L
MgClz, 20 mmol/L Tris-HCl (pH 8.4), 50 mmol/L KCI,
25 pmol/L of sense and antisense primers, and 2U of
Taq DNA polymerase. Amplification was performed with
35 cycles with initial incubation at 94°C for 3 min and
final extension at 72°C for 7 min, each cycle consisted
of denaturation for 45 s at 94°C, annealing for 45 s at
55°C, and extension for 1 min at 72°C. The PCR prod-
ucts were 237 bp and 309 bp for TLR 4 and GADPH,
respectively. In all experiments, possible contamination
with genomic DNA was excluded by PCR amplification
in the absence of reverse transcriptase. The PCR products
wete electrophoresed on 2% agarose gel. Semiquantitative
evaluation was performed using the Gel Doc 2000 System
(BioRad Laboratories GmbH, Minchen, Germany).
GADPH was used as a positive internal control and was
positive for each specimen. Its expression was used as a
correction factor for TLR 4 mRNA, thus the results were
calculated as the ratio of the intensity of bands of TLR 4
cDNA per GADPH cDNA on the gel.

Western blotting assay of TLR4 protein in liver tissues

Liver tissue samples of 100 mg wete crushed in a lig-
uid nitrogen-cooled grinding bowl and then were lysed
in cold RIPA buffer (25 mmol/L Tris-HCI pH 7.6,
150 mmol/L NaCl, 1% NP-40, 1% sodium deoxycholate,
0.1% SDS) (Pierce Biotechnology, Inc., USA), supple-
mented with Halt™ Protease Inhibitor Cocktail (Pierce
Biotechnology, Inc., USA). Whole cell lysates were ob-
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tained by subsequent centrifugation at 15000 X g for 10
min at 4°C. Protein concentrations were determined using
Bradford Protein Assay Kit with bovine serum albumin
(BSA) as standard (SinoBio Biotech Co., Ltd. Shanghai,
China). Fifty pug of protein extracts were subjected to 10%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred to a Protran” nitrocellulose
membrane (Schleicher & Schuell BioScience GmbH,
Whatman Group, Germany). The membrane was incu-
bated with the rabbit anti-TLLR4 polyclonal antibody (Bio-
Chain, USA) at 4°C overnight after being blocked with
a 10% BSA solution. The membrane was washed with
TBST buffer (20 mmol/L Tris-HCl pH 7.4, 150 mmol/L
NaCl, 0.1% Tween-20) and incubated with a secondary
goat anti-rabbit horseradish peroxidase (HRP)-conjugated
antibody (Zhongshan Golden Bridge Biotechnology Co.,
Ltd., Beijing, China) for 2 h at room temperature, and
finally detected by chemiluminescence using Enhanced
NuGlo™ Chemiluminescent Substrate Kit (Alpha Diag-
nostic Intl. Inc., USA) followed by autoradiographic and
densitometric analysis. 3-actin was used as an internal
control.

Histological examinations of liver

The liver specimens were fixed in 10% formaldehyde
for 12-24 h, embedded in paraffin, sliced into sections
of 5 um thickness and stained with hematoxylin-eosin
(HE). Histological assessment was performed by three
pathologists independently. The severity of steatosis
was scoted as 0 (no hepatocytes), 1 (less than 25%
of hepatocytes), 2 (26%-50%), 3 (51%-75%), and 4
(greater than 75% of hepatocytes). The severity of the
inflammation was scored as 0 (none), 1 (minimal), 2 (mild),
3 (moderate) and 4 (severe) based on the degree of portal
and lobular inflammation and the evidence of piecemeal
and spotty necrosis. The degree of necrotic hepatocytes
was also scored as 0 to 4 (none, minimal, mild, moderate,
and severe, respectively) based on the evidence of piece-
meal and spotty necrosis.

Statistical analysis

All data were presented as mean * SE. Differences
among groups were assessed using unpaired Student’s
# test and one-way ANOVA. P value less than 0.05 was
considered to be statistically significant. Calculations
were performed with the SPSS11.0 statistical software
package.

RESULTS

General conditions of rats

During the experiment, 4 rats in the model group died
because fluids were poured mistakenly into trachea when
they were administrated intragastrically. The other 44
rats survived.

Changes of weight and liver index of rats
The changes of the rat weight in models were significantly
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Table 1 Changes of weight and liver index in rats

Groups n Weight change(g) Liver index (Liver wet weight/rats weight x 100)
Control 12 27.27 +1.55" 3.65+0.22°
Model 8 1844 +£1.16 549 +0.34
Low dose betaine 12 19.38 £1.95 3.83 +0.14°
High dose betaine 12 19.34+£1.38 3.75 £0.68"

°P < 0.01 compared with model group.

Table 2 Changes of liver function in rats

Groups n ALT (U/L) AST (U/L) ALB (g/L) ALB/GLB
Control 12 59.47 +2.34" 116.89 + 3.48" 38.1+0.16 1.40 +0.34
Model 8 159.41+7.74 248.25 +1.40 36.1+1.22 1.55 £ 0.06
Low dose betaine 12 62.82 +7.78" 189.25 +5.9° 37.8+2.36 1.50 + 0.03
High dose betaine 12 64.93 + 6.06" 188.73 +1.11° 36.4+3.17 146+0.12

"P < 0.01 compared with model group. ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALB:

Albumin; GLB: Globulin.

Table 3 Changes of rat serum endotoxin, TNF-a, IFN-y and IL-18

Groups n Endotoxin (ng/L) TNF-o (pg/mL) INF-y (pg/mL) IL-18 (pg/mL)
Control 12 4415 +7.54° 934 +257° 16.86 + 9.49" 19.73 +£9.31°
Model 8 135.37 +30.17 20.81 +8.58 30.18 + 7.60 40.99 +8.25
Low dose betaine 12 87.36 +15.93° 12.61 +1.70° 22.63 + 4.90° 26.51 + 5.59°
High dose betaine 12 61.80 £ 12.56" 9.79 £1.32 18.02 £5.96™ 18.23 +7.01™

°P < 0.01 compared with model group; P < 0.01 compared with low dose betaine group. TNF-a: tumor necrosis

factor-o; IL-10: Interleukin-10; IL-18: Interleukin-18; IFN-y: Interferon-y.

lower than that in controls (P < 0.01). Compared with
the model group, there were no significant differences in
betaine intervention groups (P > 0.05). Liver index was
significantly higher in models than in controls (P < 0.01).
Compared with the model group, liver index decreased
significantly in the betaine intervention groups (P < 0.01),
and there was no statistical difference between high dose
betaine group and low dose betaine group (P > 0.05)
(Table 1).

Changes of liver function

The changes of the ALT and AST in models were
significantly higher than in controls (P < 0.01). Compared
with the model group, the ALT and AST levels were
significantly lowered in betaine intervention groups,
indicating that the betaine can greatly improve the alcohol-
induced liver injury, and there was no statistical difference
between high dose betaine group and low dose betaine
group (P > 0.05). There were no significant differences
in ALB and A/G between model group and betaine
intervention groups (P > 0.05) (Table 2).

Changes of serum endotoxin, TNF-o, IFN-y and IL-18
The levels of serum endotoxin, TNF-q, IFN-y and
1L-18 were significantly higher in model group than in
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control group (P < 0.01). Compared with model group,
serum endotoxin, TNF-q, IFN-y and 1L-18 significantly
decreased in betaine intervention groups (P < 0.01).
There was a statistical difference between high dose
betaine group and low dose betaine group (P < 0.01)
(Table 3).

Expressions of TLR4 mRNA and protein in liver tissue of
rats

The software Quantiscan was used to analyze the
absorbance of the products of TLR4 mRNA or protein
quantitatively. The expression of TLR4 mRNA and
protein was both significantly higher in model group
than in normal (P < 0.01). Compared with the model
group, the expression of TLR4 mRNA and protein
was significantly reduced in betaine intervention groups
(P < 0.01). There was a statistical difference of TLR4
expression between high dose betaine group and low
dose betaine group (P < 0.01) (Table 4 and Figure 1).

Histopathological changes of liver

The liver structure in control group was normal, and no
obvious inflammation and hepatic steatosis were observed
(Figure 2A). In model group, the structure of hepatic
cord was deranged, and various degrees of diffuse hepatic
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Table 4 Changes of TLR4 expression in rat liver tissues

Groups n TLR4 mRNA TLR4 protein
Control 12 0.44 +0.04° 0.56 + 0.08"
Model 8 1.45+0.07 1.83+0.13
Low dose betaine 12 0.73 +0.05 0.81+0.09°
High dose betaine 12 0.62 +0.04™ 0.65 + 0.06™

°P < 0.01 compared with model group; ‘P < 0.01 compared with low dose
betaine group. TLR 4: Toll-like receptor 4.

A
TLR4 300 bp
200 bp
100 bp
GAPDH -
300 bp
200 bp
100 bp
B
TLR4
B-actin

Figure 1 Expression of TLR4 in rat liver tissues. A: RT-PCR assay of TLR4
mRNA; B: Western blotting assay of TLR4 protein. 1: Control; 2: High dose
betaine group; 3: Low dose betaine group; 4: Model; M: DNA marker.

steatosis and intralobular inflammation could be found
obviously (Figure 2B). Compared with model group, the
degree of hepatic steatosis and inflammation was greatly
reduced in betaine intervention groups. The improvement
of liver histopathology in the high dose betaine group was
most significant (Figure 2C and D).

DISCUSSION

In this study, by establishing the intragastric fat-rich and
ethanol diet mouse model, we found that the rats in model
group had lower weight and higher liver index, obvious
liver injury and hepatic steatosis, higher serum endotoxin,
TNF-q, IFN-y and 1L-18 levels compared with the rats
in control group. Endotoxemia and oxidative stress are
two key factors for the progression of alcoholic liver
diseases™. There are solid data supporting the hypothesis
that endotoxin is indeed involved in alcoholic liver injury.
First, it has been shown that excessive alcohol intake
increases gut permeability of normally nonabsorbed
substances™. Second, intestinal gram-negative bacteria,
as well as blood endotoxin levels, are increased both in
alcoholic patients and in the Tsukamoto-French enteral
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Figure 2 Histopathological changes of rat liver after betaine intervention.
A: In control group, liver structure was normal, without obvious inflammation
and hepatic steatosis; B: In model group, the structure of hepatic cord was
deranged, with various degrees of diffuse hepatic steatosis and intralobular
inflammation; C: In low dose betaine group, the degree of hepatic steatosis and
inflammation was greatly reduced compared with model group; D: High dose
betaine group, showing more significant improvement of hepatic steatosis and
inflammation than the low does betaine group. Original magnification x 400.

alcohol feeding model™?. Third, intestinal sterilization
with antibiotics and displacement of gram-negative
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bacteria with lactobacillus treatment prevents alcohol-
induced liver injury”™*. Alcohol can increase the levels
of circulating endotoxin in the portal blood. Once bound
to LPS-binding protein (LBP), this complex is formed
with the endotoxin receptor and CD14, activates Kupffer
cells via TLR4™, Kupffer cell activation leads to the up-
regulation of key cytokines, including TNF-q. Besides
direct toxic effects on hepatocytes, TNF-q, can indirectly
damage the liver by increasing expression of intercellular
adhesion molecule-1 (ICAM-1) on endothelial cells, as
well as increasing the production of chemoattractant
molecules from inflammatory cells™.

In this study, we also found that the rats in model
group fed with ethanol had a significantly higher
expression of TLR4 mRNA and protein than normal
rats. Many studies have confirmed that TLR4 is critical
for early alcoholic liver injury®". It was shown that a
functional mutation in TLR4 prevents early alcohol-
induced liver injury in mice. Specifically, no differences in
alcohol levels or plasma endotoxin were observed between
the groups fed with ethanol. Moteovet, a functional
mutation in the TLR4 receptor prevents all downstream
events, including increased TNF-q, expression, inflam-
mation, and liver injury“”. These results support the
hypothesis that endotoxin and TLR4 play a major role
in the development of eatly alcohol-induced liver injury.
CD14, a glycosylphosphatidylinositol-anchored receptor
for LPS, is important in mediating the effects of LPS/
LPB complexes on peripheral blood monocytes”", and
it is known that ethanol increases expression of CD14
on Kupffer cells™. However, CD14 lacks the ability to
transduce LPS-induced cytoplasmic signals across a cell
membrane, because it is not a transmembrane proteinmj.
It had been suggested that LPS-induced inflammatory
cell activation »ia CD14 also requires TLR4, which
associates with CD14 on the cell surface, mediating LPS-
induced signal transduction”. The finding that alcoholic
liver injury is blocked in both CD14 and TLR4-deficient
mice suggests that both of these receptors are necessary
to initiate liver damage caused by alcohol™. Therefore,
pharmacologic manipulation and targeting of the
endotoxin-CD14/TLR4 signaling pathways could prove
to be useful in alcoholic liver disease.

Previous studies have shown that betaine can prevent
the alcohol-induced liver injury effectively and improve
the liver function, which is related to the inhibition of
inflammatory factor, the decrease of lipid peroxidation,
the rivalry of endoplasmic reticulum stress and the
prevention of apoptosis“()'m. Our study indicates that
in rats with alcohol-induced liver injury, betaine feeding
can decrease the levels of serum ALT, AST, endotoxin,
TNF-q, IFN-y and 1L-18, and reduced the expressions of
TLR4, and improved the degree of hepatic steatosis and
inflammation in liver tissues. It is suggested that betaine
can prevent the alcohol-induced liver injury effectively
and improve the liver function. The hepatoprotective
mechanism of betaine is probably related to the inhibition
of endotoxin/TLR4 signaling pathways.

In summary, the results of this study show that the
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expression of TLR4 increased significantly in ethanol-fed
rats. Betaine administration can inhibit TLLR4 expression,
which may be one of mechanisms of alcoholic liver injury
protected by betaine.

COMMENTS

Background

Chronic ethanol ingestion increases gut-derived endotoxin (LPS) in the
portal circulation, thereby activating Kupffer cells to produce proinflammatory
cytokines and induce liver injury. Toll-like receptor 4 (TLR4), via mediating LPS-
induced signal transduction, plays a major role in the development of alcohol-
induced liver injury. Blocking TLR4 signaling pathways is a therapeutic target
of alcoholic liver disease. Many studies reported that betaine can prevent the
alcohol-induced liver injury effectively and improve the liver function, but there
are few reports about the effects of betaine on TLR4 and endotoxin in alcohol-
induced liver injury.

Research frontiers

Betaine is the only methyl donor, which can replace folate or S-ademetionine
to participate in methionine recycling and phosphatidylcholine synthesis in
the human body. The hepatoprotective effect and mechanism of betaine is a
research hotspot in the area of prevention and cure of alcoholic liver disease.
Current studies show that the hepatoprotective mechanism of betaine is related
to the inhibition of inflammatory factor, the decrease of lipid peroxidation, the
promotion of endoplasmic reticulum stress and the prevention of apoptosis.
However, whether the inhibition of TLR4 expression and reduction of endotoxin
are involved in hepatoprotective effect of betaine in the alcoholic liver injury
remains unclear.

Innovations and breakthroughs

In the present study, the authors employed the intragastric ethanol-fed rat
model, which reproduces the pathological features of early alcohol-induced
liver injury, to observe the changes of TLR4 and endotoxin, and to study the
protective effect of betaine on alcohol-induced liver injury. The authors found
that the ethanol-fed rats had obvious liver injury and hepatic steatosis, higher
serum endotoxin and inflammatory factor (TNF-ct, IFN-y and IL-18) levels, and
significantly higher TLR4 expression, whereas betaine feeding can improve
the liver function, reduce the expressions of TLR4 and endotoxin levels, and
improve the degree of hepatic steatosis and inflammation in liver tissues.

Applications

The study results suggest that betaine can prevent the alcohol-induced liver
injury effectively, and one of the hepatoprotective mechanisms of betaine is
probably related to the inhibition of endotoxin/TLR4 signaling pathways.

Terminology

Betaine, also known as trimethylglycine, is a chemical compound similar to folic
acid and S-ademetionine. These compounds function as “methyl donors” that
carry methyl molecules throughout the body, thus helping in the completion
of several vital chemical processes. Toll-like receptor 4 (TLR4): TLR4 is a
member of the Toll-like receptors (TLRs) family which can recognize pathogen-
associated molecular patterns (PAMPs) that are expressed on infectious
agents, and mediate the production of cytokines necessary for the development
of effective immunity, and thereby plays a fundamental role in pathogen
recognition and activation of innate immunity.

Peer review

This is a well conducted and well written study. The experiments are described
in detail, the results are shown nicely and the figures are impressive. This study
for the first time shows that Betaine reduces the expression of TLR4 in rats with
ethanol-induced liver injury, and proposes that the hepatoprotective mechanism
of betaine is secondary to inhibition of endotoxin/TLR4 signaling pathways.
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Abstract

AIM: To investigate the relation between RECK meth-
ylation and clinicopathological characteristics of gastric
cancer patients and evaluate the role of RECK meth-
ylation in peritoneal metastasis of gastric cancer.

METHODS: Methylation of RECK gene in 40 paired
samples of gastric cancer and its corresponding ad-
jacent normal mucosa, lymph nodes and peritoneal
irrigation fluid was detected by methylation-specific
polymerase chain reaction.

RESULTS: Aberrant methylation of RECK gene was
detected in 27.5% (11/40) of the adjacent normal
mucosa samples, in 47.5% (19/40) of gastric cancer
samples, in 57.1% (12/21) of the lymph node samples,
and in 35% (14/40) of peritoneal irrigation fluid sam-
ples, respectively, with a significant difference between
the adjacent normal mucosa and lymph node samples
(P = 0.023). Presence of RECK methylation in the pri-
mary tumor samples was significantly correlated with
tumor invasion (P = 0.023). The accuracy of RECK
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methylation in peritoneal lavage fluid samples for the
diagnosis of peritoneal metastasis of gastric cancer
was 72.5% (26/40), with a sensitivity of 66.7% (6/9)
and a specificity of 74.2% (23/31).

CONCLUSION: Aberrant methylation of RECK gene
may provide useful information for the early diagnosis
and treatment of peritoneal metastasis of gastric cancer.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Gastric cancer seriously threatens the human health
wortldwide. There is increasing evidence that almost all
gastric cancers have epigenetic abnormalities that drive
cancer development and progression in collaboration
with genetic changes. Aberrant methylation in the
promoter CpG island of tumor suppressor genes
(TSG) where DNA is transcribed into RNA causes its
silence. Transcription of DNA is the first major step in
decoding DNA into a protein. DNA methylation can
inactivate tumor suppressor genes'. It has been shown
that aberrant methylation and diminished expression of
DNA in the promoter CpG island occur in a number
of tumor-related genes in gastric cancer™. For example,
RASSF1A, a candidate tumor suppressor gene, is
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hypermethylated in gastric cancer™ TIMP-3, a silenced
tumor suppressor gene, encodes a protease inhibitor
that may inhibit tissue invasion"”, and RECK, a newly
discovered metastasis suppressor gene, is silenced with
aberrant CpG island hypermethylation in some common

81 However, the relation between methylation

tumors
of RECK gene and gastric cancer has not been fully
studied.

In this study, RECK gene methylation was detected
in samples of primary tumor tissue and its adjacent
normal mucosa, metastatic lymph nodes and peritoneal
irrigation fluid by methylation-specific PCR in order
to find the relation between RECK methylation and
clinicopathological characteristics of gastric cancer and
the role of RECK methylation in diagnosis of peritoneal
metastasis of gastric cancer.

MATERIALS AND METHODS

Patients

Forty patients including 28 males and 12 females at the
age of 34-78 years underwent resection of their gastric
cancer at the First Affiliated Hospital of China Medical
University from July 2008 to January 2009. All patients
did not receive chemotherapy or radiotherapy before
operation.

Samples

Physiological saline (50 mL) was injected into the Douglas
cavity at the beginning of operation and aspirated after
gentle stirring, and then peritoneal lavage fluid was
collected from the cavity before operation. Half of the
peritoneal lavage fluid was examined using conventional
cytological methods with Papanicolaou’s staining and
intact cells were harvested from the other half centrifuged
at 2000 r/min for 20 min as previously described”"
and stored in liquid nitrogen. Samples of primary
tumor tissue and its paired adjacent normal mucosa and
metastatic lymph nodes were taken immediately after
resection of gastric cancer and stored in liquid nitrogen
until use. The diagnosis of gastric cancer was made with
hematoxylin and cosin (HE) staining. Paired adjacent
normal mucosa samples were obtained at least 3 cm
from the distal negative surgical margin to confirm the
absence of malignancy. Lymph node samples were also
stained with HE to confirm the occurrence of metastasis.
Differentiation of tumor cells was detected and the tumor
was staged following the guidelines of International
Union against Cancer (UICC).

DNA extraction and bisulfite treatment

DNA was extracted from the genome with the hydroxy-
benzene-chloroform extraction method, stored at -70°C,
and treated with bisulfite to convert the unmethylated
cytosine to uracil.

Methylation-specific PCR
DNA was purified using a Wizard DNA clean-up system
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Figure 1 PCR showing methylation of RECK in primary tumor and its
paired adjacent normal mucosa and metastatic lymphnode samples. M:
Methylation; U: Unmethylation; Ma: 50 bp DNA ladder marker; MP: Methylation
positive control; UP: Unmethylation positive control; 1-9: Sample number.

(Promega) according to its manufacturer’s instructions.
A 20 pL reaction volume was consisted of 3 pl. DNA,
2 uL 10 x PCR buffer, 0.8 pL. ANTP, 0.4 pL primers,
0.15 pL Tap enzyme, and 13.25 pL. double-distilled wa-
ter. PCR conditions were as follows: pre-denaturation at
94°C for 10 min, followed by 40 cycles at 94°C for 30 s,
at 54°C for 20 s, at 72°C for 30 s, and a final extension at
72°C for 5 min. Methyltransferase Sss I -treated DNA in
peripheral blood cells from healthy people was used as a
methylation positive control, untreated DNA served as
an unmethylation positive control, and double-distilled
water served as a negative control™. The sequences
of primers are as follows: unmethylation primer:
UF_RECK (5'-GGTTAGTTTTTTTTTTTATTT-
TAGTGGTTTGA-3") and UR_RECK (5'-ATTTC-
CAAAACCTCCCAAAAACAAAAACA-3"), methyla-
tion primer: MF_RECK (5-GTTAGTTTTTTTTTT-
TATTTTAGTGGTTCGA-3") and MR_RECK (5'-TC-
CAAAACCTCCCGAAAACGAAAACG-3Y". The PCR
products (205 bp and 201 bp) were subjected to 2.5%
agarose gel electrophoresis at 120 V for 40 min and
quantified with the Fluor Chen 2.0 system.

Statistical analysis

Statistical analysis was performed using the SPSS13.0
software package. X2 test and Fisher’s exact test were
adopted to verify the difference. P < 0.05 was considered
statistically significant.

RESULTS

Clinicopathological characteristics of gastric cancer
patients and RECK methylation
The methylation of RECK in samples of primary
tumor tissue and its paired adjacent normal mucosa
and metastatic lymphnode was detected by methylation
special-PCR (Figure 1).

Methylation of RECK was found in 47.5% (19/40)
of primary tumor tissue samples, in 27.5% (11/40)
of paired adjacent normal mucosa samples, in 57.1%
(12/21) of metastatic lymphnode samples, respectively.
A significant relation was found between adjacent
normal mucosa and metastatic lymphnode samples.
RECK methylation was related with tumor invasion
(P = 0.023) but not with other clinicopathological
characteristics of gastric cancer patients such as age,

February 21, 2010 | Volume 16 | Issue 7 |



Du YY et a/. RECK gene and gastric cancer

Variable Patients (7) RECK methylation P value

Age (yr) 0.689
<65 32 16
> 65 8 8]

Tumor size (cm) 0.121
<5 24 9
>5 16 10

Borrmann classification 0.199
1+2 19 7
3+4 21 12

Tumor differentiation 0.935
Well 25 12
Moderate/poor 15 7

Tumor invasion 0.023
T1+T2 28 10
T3+T4 12 9

Nodal status 0.199
N- 19 7
N+ 21 12

TNM was staged according to the guideline of International Union against
Cancer (UICC). N-: Without nodal metastasis; N+: With nodal metastasis.

tumor size, tumor differentiation, and Borrmann classi-
fication (Table 1).

Relation between peritoneal metastasis of gastric
cancer and RECK methylation in peritoneal lavage fluid
In this study, the promoter of RECK gene was hyper-
methylated in 35% (14/40) of the samples. Among
the 14 samples, peritoneal metastasis of gastric cancer
was observed in 9. The diagnostic accuracy of RECK
methylation in peritoneal lavage fluid for peritoneal
metastasis of gastric cancer was 72.5%, with a sensitivity
of 66.7%, a specificity of 74.2%, a PPV of 47.1%, and a
NPV of 95.7% (Table 2).

RECK methylation in peritoneal lavage fluid was
found in tumors with lymph node metastasis (42.6%) and
without lymph node metastasis (26.3%), although the
difference between them was not statistically significant

(Table 3).

DISCUSSION

RECK gene was discovered on chromosome region
9p13-p12 by Takahashi es alin 1998. It encodes a
membrane-anchored glucose protein with a relative
molecular mass of 110000. RECK protein is an important
mediator of tissue remodeling to inhibit MMP-2, MMP-9
and MT1-MMP after transcription . RECK protein
limits tumor invasion and metastasis and angiogenesis
through negatively regulated MMPs. It has been shown
that several common tumors, such as colorectal, breast,
and lung carcinomas, are linked to down-regulation of
RECK". In these tumors, RECK is down-regulated
most likely as a result of inhibition at the Sp7 promoter
site. Tt was reported that down-regulation of the RECK
gene is mediated by promoter methylation which causes
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PLM Peritoneal metastasis
+ -
T 6 8
- 3 23
PLM: Methylation in peritoneal lavage.
Variable Patients (7) RECK methylation in P value
peritoneal lavage
Tumor invasion 0.193
T1+T2 28 8
T3+T4 12 6
Nodal status 0.273
N- 19 5
N+ 21 9
[7.8,18]

its silence, just as other tumor suppressor genes .
Epigenetic alteration induced by DNA methyltransferases
(DNMT) catalyzing methylation at 5 positions of cytosine
ring using S-adenosylmethionine as the donor molecule for
the methyl group plays an important role in tumorigenesis
and progressionm. The mechanism underlying RECK
down-regulation appears to be multifactorial, and more
studies ate required to define its reasons.

In this study, RECK methylation was observed in
samples of primary tumor tissue and its paired adjacent
normal mucosa and metastatic lymph nodes from gastric
cancer patients, indicating that RECK methylation in
primary tumor tissue samples (47.5%) and in metastatic
lymph node samples (57.1%) is much higher than that
in paired adjacent normal mucosa samples (27.5%) (P
= 0.023) and that RECK methylation is correlated with
tumor invasion (P = 0.023). No significant difference was
found in other factors, including age, tumor size, tumor
differentiation, nodal status, Borrmann classification.
However, Song ef a/'” found that RECK expression is
negatively related with lymph node metastasis and tumor
stage in gastric cancer patients, which may be due to
the small sample size, contamination of normal tissues,
technical limitations'”, and down-regulation of RECK.
Cho et al” showed that RECK promoter is methylated
in 44% of tumor tissue samples and down-regulation
of RECK is significantly correlated with promoter met-
hylation (P < 0.05), suggesting that RECK methylation
plays a significant role in inhibiting tumorigenesis and
metastasis.

Methylation alteration occurs not only in solid
cancer tissues but also in various remote samples from
cancer patients. It has been recently reported that DNA
methylation can act as a promising biomarker in early
diagnosis and prognosis of gastric cancer™. In our
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study, RECK methylation in peritoneal lavage fluid was
related with peritoneal metastasis of gastric cancer.
Peritoneal metastasis of gastric cancer with cytologically
positive peritoneal lavage was found in 9 of 14 patients
with promoter hypermethylation. RECK promoter
hypermethylation in peritoneal lavage showed a higher
sensitivity (66.7%) for the diagnosis of peritoneal disse-
mination of gastric cancer than cytology. The reasons
why methylation alteration acts as a biomarker are as
follows. First, the methylation signal can act as a marker
at a low concentration. Second, the methylation pattern
and underlying DNA are more stable than RNA level
and molecules"”. However, methylation alteration in
peritoneal lavage has a lower specificity for the diagnosis
of peritoneal dissemination of gastric cancer, which can
explained as follows. First, most cells in peritoneal lavage
are mesothelial cells leading to false positive RECK
methylation. Second, the discrepancy of methylation
profile exists sometimes in peritoneal lavage and cancer
tissue. In order to solve these problems, serial test,
RECK methylation and other examinations, such as
carcino-embryonic antigen in peritoneal lavage, can
be used in the diagnosis of peritoneal dissemination
of gastric cancer. In our study, RECK methylation in
peritoneal lavage fluid was more frequently found in
tumors with lymph node metastasis than in tumors
without lymph node metastasis, suggesting that RECK
methylation in peritoneal lavage can be considered a
biomarker for predicting peritoneal metastasis of gastric
cancet.

In summary, hypermethylation of RECK promoter
1s a common event in gastric cancer patients. RECK
methylation in peritoneal lavage fluid acts as a biomarker
of peritoneal metastasis of gastric cancer. Promoter
hypermethylation of RECK gene provides a new tool for
the prevention and treatment of gastric cancer. Further
study is needed on the mechanism underlying RECK
hypermethylation in gastric cancer patients.

COMMENTS

Background

Gastric cancer is a common tumor which seriously threatens the human health
worldwide. DNA methylation in the promoter CpG island of tumor suppressor
genes is one of the reasons for tumorigenesis and progression. It has been
shown that DNA methylation, especially in body fluid, can act as a biomarker for
predicting tumor metastasis.

Research frontiers

RECK hypermethylation plays an important role in the epigenetic regulation of
gene transcription. There is evidence that DNA promoter hypermethylation can
cause transcription repression, contributing to tumorigenesis and progression.
It has been recently shown that DNA methylation, especially in body fluid, can
act as a biomarker for predicting tumorigenesis and prognosis. However, further
study is needed on the mechanism underlying RECK hypermethylation.
Innovations and breakthroughs

RECK methylation in gastric cancer and peritoneal lavage fluid was detected,
showing that RECK methylation plays an important role in diagnosing peritoneal
metastasis.

Applications

Promoter hypermethylation of RECK gene provides a new tool for the
prevention and treatment of gastric cancer. In addition, RECK methylation,
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especially in peritoneal lavage fluid, can act as a biomarker for diagnosing
peritoneal metastasis.

Peer review

It is a very interested topic for the readers of WJG. The results of this study
show that promoter hypermethylation of RECK gene provides a new tool for the
prevention and treatment of gastric cancer and RECK methylation, especially
in peritoneal lavage fluid, can act as a biomarker for diagnosing peritoneal
metastasis, which are of great value for the diagnosis of gastric cancer.
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Abstract ]:imori T, Hirai.shi H. Successful endo.scopic procedures for
intraductal papillary neoplasm of the bile duct: A case report.
Attention has recently been focused on biliary papillary — worid J Gastroenterol 2010; 16(7): 909-913  Available from:
tumors as the novel disease entity intraductal papillary ~ URL: http:/www.wjgnet.com/1007-9327/full/v16/i7/909.htm
neoplasm of the bile duct (IPNB), which consists of DO http://dx.doi.org/10.3748/wjg.v16.i7.909
papillary proliferation of dysplastic biliary epithelium.
As even benign papillary tumors are considered as
premalignant, some investigators recommend aggres-
sive surgical therapy for IPNB, although no guidelines INTRODUCTION
are available to manage this disease. Few reports have
described long-term follow-up of patients with benign Recently, the novel disease entity of intraductal papillary
IPNB without radical resection. If patients with IPNB neoplasm of the bile duct IPNB) has been proposed to
who are treated only with endoscopic procedures are include biliary papillomatosis, which comprises multiple
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biliary papillomas composed of papillary proliferation
of the dysplastic biliary epithelium, and papillary cholan-
giocarcinomam. IPNB is thought to represent the biliary
counterpart of pancreatic intraductal papillary mucinous
neoplasm (IPMN-P) and is thus considered premalig-
nant?. The prognosis of patients with IPNB is good
when curative surgery is performed, therefore, aggressive
resection is recommended as the first choice””. Howev-
er, little information is available regarding the prognosis
of IPNB without curative surgery, as few patients with
IPNB who have been followed for several years without
surgery have been reported. Here, we present a patient
with IPNB who was followed for 10 years without sur-
gical resection, and has done well during the follow-up
period. This case indicates a natural course of the novel
entity IPNB and alternative therapies for this disease.

CASE REPORT

A previously healthy 76-year-old woman developed acute
cholecystitis caused by gallbladder stones, and cholecys-
tectomy was performed in 1999. Cholangioscopic ex-
amination during surgery revealed a bile duct tumor with
papillary proliferation protruding into the common bile
duct (Figure 1A). The tumor was followed without re-
section, and a biopsy specimen showed tubular adenoma
packed with small glandular or papillary components.
When the patient was admitted for acute cholangitis
in 2004, the papillary tumor in the bile duct appeared
unchanged. The patient recovered well until she became
symptomatic again in September 2007, for which an en-
doscopic retrograde biliary drainage (ERBD) catheter
(FLEXIMATM Biliary Stent System, Boston Scientific Co.,
Natick, MA, USA) was placed. In December 2007, the pa-
tient developed recurrent cholangitis because of slippage
of the ERBD catheter, which was re-inserted into the bile
duct. In early January 2008, the ERBD catheter slipped,
and the patient was seen for abdominal pain and fever.
Laboratory test results included: alkaline phosphatase,
498 U/L (normal: 104-338 U/L); y-glutamyltranspeptida
se, 122 U/L (normal: 18-66 U/L); aspartate aminotrans-
ferase, 58 U/L (normal: 10-37 U/L); alanine aminotrans-
ferase, 71 U/L (normal: 3-34 U/L); catbohydrate antigen
19-9, 414 U/mL (normal: 0-37 U/mlL); white blood cell
count, 11400/mm” (normal: 4000-9000/mm?); and C-re-
active protein, 17.3 mg/dL (normal: 0-0.3 mg/dL).
Endoscopic retrograde cholangiography (ERC) re-
vealed extrahepatic bile duct dilatation, which was more
marked than that seen in 1999, and the presence of in-
traductal polypoid and amorphous filling defects (Figure
1B and C). Magnetic resonance cholangiopancreatog-
raphy (MRCP) showed cystic lesions connected to the
intrahepatic bile duct in the left liver. Cystic lesions were
enlarged compared with those in 1999 (Figure 1D and
E). Abdominal computed tomography (CT) showed both
intrahepatic and extrahepatic bile ducts to be dilated and
the presence of a 20-mm mass in the distal common bile
duct. In addition, the cystic lesion in the left liver was
enlarged compared to that in 1999 (Figure 1F-I). Con-

144

&?s:iﬁmg"‘ WJG | www.wjgnet.com

910

trast-enhanced harmonic endoscopic ultrasound (CEH-
EUS) with Sonazoid® (Daiichi-Sankyo, Tokyo, Japan)
showed flow signals inside the whole mass, which revealed
the papillary structure (Figure 2A and B). CEH-EUS for
biliary diseases was approved by the ethical committee of
Dokkyo Medical University, and written informed consent
was obtained from the patient before the examination.
Intraductal ultrasonography (IDUS) showed a 10-mm
papillary mass in the middle bile duct (Figure 2C), and
multilobular lesions in the distal bile duct (Figure 2D).
Duodenoscopy demonstrated a 10-mm discolored mass
on the ampulla of Vater. A biopsy specimen from the dis-
colored mass showed adenoma.

As the patient was diagnosed with cholangitis caused
by obstruction of the bile duct by intraductal papillary
tumor, endoscopic biliary sphincterotomy (EST) was
performed (Figure 3). Radical resection was not recom-
mended because of the age of the patient. Through the
orifice of the ampulla of Vater, a soft, bead-like mass
was extracted by balloon sweep and a net-type catheter.

Pathological diagnosis of the extracted mass was pap-
illary neoplasia without invasive carcinoma (Figure 4A).
Immunohistochemical analysis was performed for mucin
core proteins and cytokeratins (CKs). Less than 5% of
adenoma cells showed positivity for MUC1 in the apical
membrane (Figure 4B). Negative results were obtained for
MUC2. About 40%-50% of adenoma cells showed posi-
tivity for MUCS5AC in the cytoplasm (Figure 4C). Both
CK7 and CK20 were negative.

Although the patient was readmitted in May 2008 and
in June 2009 with signs of cholangitis, for which no spe-
cial procedures and placement of ERBD catheter were re-
spectively performed, the patient has done well since EST.

DISCUSSION

This case is compatible with the novel disease entity of
IPNB" and biliary papillomatosis can be diagnosed as
discussed below. Biliary papilloma is a rare benign neo-
plasm that consists of papillary proliferation of atypi-
cal biliary epithelium along with delicate fibrovascular
stalks!®. Biliary papillomatosis is defined as the presence
of more than three papillomas at different sites of the
biliary tree. Some cholangiocarcinomas that show mainly
papillary proliferation in the bile duct are designated as
papillary cholangiocarcinoma. Zen ef al" have proposed
biliary papilloma(tosis) and papillary cholangiocarcinoma
with or without mucus hypersecretion as belonging to
the novel tumor entity of IPNB. In this case, cholan-
gioscopy and tissue specimens demonstrated that the
tumor originated from the biliary epithelium, and vari-
ous imaging modalities revealed tumors with papillary
formation. Two papillary tumors in the extrahepatic bile
duct detected by IDUS, and an expanding cystic lesion in
the liver contiguous with the intrahepatic bile duct sug-
gested that at least three lesions were present at different
sites of the biliary tree. To summarize, this case could
be diagnosed as biliary papillomatosis, although whether
malignant transformation was present is unknown.
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Figure 1 Images of cholangioscopic
examination, ERC, MRCP and abdo-
minal CT. A: Cholangioscopic examination
performed in 1999. A multilobulated
papillary tumor was seen protruding into
the common bile duct; B: ERC performed
in 1999; C: ERC performed in 2008. The
extrahepatic bile duct became more dilated
in 2008 than in 1999. A polypoid filling
defect (arrow heads) could be detected in
the distal bile duct; D: MRCP in 1999; E:
MRCP in 2004. Cystic lesions connected
to the intrahepatic bile ducts of the left
liver became enlarged in 2004; F and G:
Abdominal CT in 1999; H and I: Abdominal
CT in 2004. Intra- and extrahepatic bile
ducts became dilated in 2004. A mass in
the distal bile duct (arrow heads) and a
cystic lesion in the left liver were enlarged
in 2004, compared with those in 1999.

Figure 2 Images of ultrasonographic studies. A: EUS showed a mixed echoic mass in the distal bile duct (arrow heads); B: Papillary structure of the mass could
be apparently observed on CEH-EUS with Sonazoid®; C: IDUS showed a 10-mm papillary mass (arrows) in the middle bile duct; D: In the distal bile duct, multilobular
and papillary lesions (arrows) were observed. L: Lumen of the bile duct.

Occasional association with mucin hypersecretion
is one of the pathological similarities between IPNB
and TPMN-P". Zen ¢z al'' have performed immunohis-
tochemical analysis for mucin core proteins in patients
with IPNB and compared the results with patients with
IPMN-P. They have proposed the typical mucin and cy-
tokeratin expression profile of IPNB as MUCI-negative,
MUC2-positive, MUC5AC-positive, CDX2-positive, CK7-
positive, CK20-positive. According to Shibahara ez al”,
patients with MUCT1-positive expression show poorer
survival than those with MUC1-negative expression in
papillary cholangiocarcinoma. In addition, the same group
has reported that IPMN-P tends to show MUC1-negative
and MUC2-positive expression, in contrast to invasive car-
cinoma, which shows MUC1-positive and MUC2-negative
expression[s]. The mucin and cytokeratin expression profile
in the present case was MUC1-positive, MUC2-negative,
MUC5AC-positive, CK7-negative, CK20-negative, which
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differs from the typical profile reported by Zen e al'.
Reasons for this difference might have included: (1) our
specimens were taken by biopsy and immunohistochemical
analysis was not performed for the entire lesion; (2) even
in the original paper by Zen ef al" not all cases showed the
typical profile; and (3) MUCI-positivity implies that our
case could have malignant potential and needs cautious
observation in the future.

Surgical resection is often recommended because of
the high malignancy rate, diffuse pattern of disease, and
better survival after curative surgery[}s]. Liver transplan-
tation has been suggested as an alternative””, while many
patients with biliary papillomatosis, which is a disease of
the elderly (mean age at time of diagnosis, 63 years)",
would not be eligible for transplantation.

We consider that curative resection is not necessarily
reasonable for every patient with IPNB for the follow-
ing reasons. First, compared with the prognosis of usual
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Figure 3 EST was performed. A: A soft,
bead-like mass was extracted through the
orifice of the ampulla of Vater after EST;
B: Image of the ampulla of Vater after
extraction of the mass by balloon sweep
and a net-type catheter.

Figure 4 Histopathological findings. A: Hematoxylin-eosin staining; B: Immunohistochemical analysis for MUC1; C: Immunohistochemical analysis for MUC5AC.

1 Patients with IPNB treated by endoscopic procedures reported between 2005 and 2009

Author Gender Age (yr) Follow-up after Treatment Reason surgery was not Outcome
diagnosis of IPNB performed
Bechmann et al"  Male 65 10 years Whipple, right Patient’s age Death without cholestasis
hepatectomy, PDT
Park et al™ Female 78 3 wk EST, EPBD Unknown Well for a short time
Brauer et al™ Male 86 1mo APC Diffuse involvement of biliary =~ Death due to hepatic
system, patient’s age and encephalopathy
comorbidities
Jazrawi et al™ Male 37 6 mo Extrahepatic bile duct ~ Patient’s refusal Being evaluated for liver
resection, APC transplantation due to disease
progression
Current case Female 86 11 years Cholecystectomy, EST, Patient’s age Being well irrespective of slow
ERBD disease progression

EST: Endoscopic sphincterotomy; EPBD: Endoscopic papillary balloon dilatation; Whipple: Pancreaticoduodenectomy; PDT: Photodynamic therapy; APC:
Argon plasma coagulation; ERBD: Endoscopic retrograde biliary drainage.

cholangiocellular carcinoma, that of biliary papillomatosis database with keywords of ‘biliary papillomatosis’ and

including benign and malignant cases is much better'”. ‘intraductal papillary neoplasm of the bile duct’. Five
This implies that the prognosis of benign biliary papillo- patients with pathologically benign TPNB""Y including
matosis, in particulat, may be good enough to be observed the present case, have been followed up using endoscop-
without radical resection, although precise information on ic procedures (Table 1). Two patients had been followed
the clinical course of patients with biliary papillomatosis for > 10 years. Among these five patients, surgery was
is currently uncleat. Second, the Whipple procedure and not considered a viable option because of the age of the
hemihepatectomy are the therapies of choice depending patient in three cases, small range of the disease in one
on the location and extension of the disease. In addition, case, and for unknown reasons in the other.
malignant change is observed in 40%-50% of cases'"! The therapy offered to these patients was EST plus
which means that half of the cases remain benign. If additional endoscopic papillary balloon dilation in two
radical resection were recommended for all patients, the cases, argon plasma coagulation in two cases, and photo-
therapy might be too invasive for the potentially large dynamic therapy (PDT) in one case. Prognosis of these
population of patients with benign disease. patients was unchanged with occasional cholangitis in two
A search of the English-language literature published cases, exacerbation in one, death from another disease in
in the past 5 years was performed using the MEDLINE one, and unknown in one. Based upon the summaries of
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these patients, cases in which malignant transformation
cannot be ascertained pathologically could be cautiously
followed using endoscopic procedures, and using radical
resection as the gold standard is unnecessary. In addition,
another patient similar to our own was followed up for 10
years, and treated using endoscopic procedures for recur-
rent biliary papillomatosis, because there was no surgical
option left. As IPNB is considered as the biliary counter-
part of IPNM-P"" 2 follow-up period of over a decade
for some patients with IPNB; as in our case, is not neces-
sarily inappropriate.

To conclude, we encountered a patient with IPNB
who was treated only with endoscopic procedures for
10 years, which suggests that some patients with benign
IPNB could be followed conservatively without radical
resection. Moreover, the present case might partly dem-
onstrate the natural coutrse of patients with the novel
disease entity of IPNB.
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Abstract

I read with great interest the article by Gabele et a/
published in issue 44 of World J Gastroentero/ 2009.
The results of their study indicate that -2518 Monocyte
chemotactic protein-1 (MCP-1) genotype AA is a risk
factor for spontaneous bacterial peritonitis in patients
with alcoholic cirrhosis. However, there are some items
that need to be discussed.
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TO THE EDITOR

I read with great interest the article by Giébele ez al"
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published in issue 44 of World | Gastroenterol 2009. The
article provides important data. The results of their
study indicate that the -2518 Monocyte chemotactic prote-
in-1 (MCP-7) genotype AA is a risk factor for sponta-
neous bacterial peritonitis (SBP) in patients with alco-
holic cirrhosis. The authors suggested that the reduced
MCP-1 ascites level may a cause for patients with SBP
compared to those with G allele. However, there are
some items that need to be discussed. It is debatable
to get this conclusion unless ascites MCP-1 levels are
measured before and after the treatment of SBP. It has
been reported that the MCP-1 level in both sera and
ascites is higher in SBP than in non-SBP patients, and
decreases after treatment”. Infection other than SBP
data is also missed in that article. For example, urinary
tract infection and even asymptomatic bacteriuria may
precede SBP. It is not easy to decide if MCP-1 poly-
morphism causes urinary tract infection and subsequ-
ently SBP, because MCP-1 plays a role even in asymp-
tomatic bacteriuria®. Another issue of my concern
is the number of SBP episodes. No data in relation
with repeated SBP were provided in the article. Did
the authors observe repeated SBP episodes in the pa-
tients with genotype AA over a 6-year period between
2001-2007? Did the patients respond to the antibiotic
therapy well in a similar time interval?
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peer review, editorial board members can also obtain cutting-edge
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contribution; (2) Maximization of the benefits of authors: Since
W]G is an open-access journal, readers around the world can
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peers as well as public reading; (3) Maximization of the benefits
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benefits of employees: It is an iron law that a first-class journal is
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an open, fair and transparent environment, could contribute their
wisdom to edit and publish high-quality articles, thereby realizing
the maximization of the personal benefits of editorial board
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research and clinical practice gastroenterology and hepatology.
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Abstract, Introduction, Materials and Methods, Results, Discussion,
Acknowledgements, References, Tables, Figures, and Figure Legends.
Neither the editors nor the publisher are responsible for the opinions
expressed by contributors. Manuscripts formally accepted for
publication become the permanent property of Beijing Baishideng
BioMed Scientific Co., Ltd, and may not be reproduced by any
means, in whole or in part, without the written permission of both
the authors and the publisher. We reserve the right to copy-edit
and put onto our website accepted manuscripts. Authors should
follow the relevant guidelines for the care and use of laboratory
animals of their institution ot national animal welfare committee.
For the sake of transparency in regard to the performance and
reporting of clinical trials, we endorse the policy of the International
Committee of Medical Journal Editors to refuse to publish papers
on clinical trial results if the trial was not recorded in a publicly-
accessible registry at its outset. The only register now available, to
our knowledge, is http://www. clinicaltrials.gov sponsored by the
United States National Library of Medicine and we encourage all
potential contributors to register with it. However, in the case that
other registers become available you will be duly notified. A letter of
recommendation from each author’s organization should be provided
with the contributed article to ensure the privacy and secrecy of
research is protected.

Authors should retain one copy of the text, tables, photographs
and illustrations because rejected manuscripts will not be returned
to the author(s) and the editors will not be responsible for loss or
damage to photographs and illustrations sustained during mailing.

Online submissions

Manuscripts should be submitted through the Online Submission
System at: http:/ /www.wjgnet.com/1007-9327office. Authors are
highly recommended to consult the ONLINE INSTRUCTIONS
TO AUTHORS (http:/ /www.wignet.com/1007-9327 /Instructions-
toAuthprs.asp) before attempting to submit online. For assistance,
authors encountering problems with the Online Submission System
may send an email describing the problem to wjg@wijgnet.com, or by
telephone: +86-10-5908-0039. If you submit your manuscript online,
do not make a postal contribution. Repeated online submission for the
same manuscript is strictly prohibited.

MANUSCRIPT PREPARATION

All contributions should be written in English. All articles must be
submitted using word-processing software. All submissions must
be typed in 1.5 line spacing and 12 pt. Book Antiqua with ample
margins. Style should conform to our house format. Required
information for each of the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of less than 6 words should
be provided.

Authorship: Authorship credit should be in accordance with the
standard proposed by International Committee of Medical Journal
Editors, based on (1) substantial contributions to conception and
design, acquisition of data, or analysis and interpretation of data; (2)
drafting the article or revising it critically for important intellectual
content; and (3) final approval of the version to be published.
Authors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the
complete name of institution, city, province and postcode. For
example, Xu-Chen Zhang, Li-Xin Mei, Department of Pathology,
Chengde Medical College, Chengde 067000, Hebei Province,
China. One author may be represented from two institutions, for
example, George Sgourakis, Department of General, Visceral, and
Transplantation Surgery, Essen 45122, Germany; Geotge Sgourakis,
2nd Surgical Department, Korgialenio-Benakio Red Cross Hospital,
Athens 15451, Greece
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to this work; Wang CL, Liang L, Fu JEF, Zou CC, Hong F and Wu
XM designed the research; Wang CL, Zou CC, Hong F and Wu
XM performed the research; Xue JZ and Lu JR contributed new
reagents/analytic tools; Wang CL, Liang L. and Fu JF analyzed the
data; and Wang CL, Liang L. and Fu JF wrote the paper.

Supportive foundations: The complete name and number of
supportive foundations should be provided, e.g., Supported by
National Natural Science Foundation of China, No. 30224801

Correspondence to: Only one corresponding address should
be provided. Author names should be given first, then author
title, affiliation, the complete name of institution, city, postcode,
province, country, and email. All the letters in the email should be
in lower case. A space interval should be inserted between country
name and email address. For example, Montgomery Bissell, MD,
Professor of Medicine, Chief, Liver Center, Gastroenterology
Division, University of California, Box 0538, San Francisco, CA
94143, United States. montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of +,
country number, district number and telephone or fax number, e.g,,
Telephone: +86-10-59080039 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision for
acceptance is made only when at least two experts recommend
an article for publication. Reviewers for accepted manuscripts are
acknowledged in each manuscript, and reviewers of articles which
were not accepted will be acknowledged at the end of each issue.
To ensure the quality of the articles published in WJ]G, reviewers
of accepted manuscripts will be announced by publishing the
name, title/position and institution of the reviewer in the footnote
accompanying the printed article. For example, reviewers: Professor
Jing-Yuan Fang, Shanghai Institute of Digestive Disease, Shanghai,
Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong
University, Shanghai, China; Professor Xin-Wei Han, Department
of Radiology, The First Affiliated Hospital, Zhengzhou University,
Zhengzhou, Henan Province, China; and Professor Anren Kuang,
Department of Nuclear Medicine, Huaxi Hospital, Sichuan
University, Chengdu, Sichuan Province, China.

Abstract

There are unstructured abstracts (no more than 256 words) and
structured abstracts (no more than 480). The specific requirements
for structured abstracts are as follows:

An informative, structured abstracts of no more than 480
words should accompany each manuscript. Abstracts for original
contributions should be structured into the following sections. AIM
(no more than 20 words): Only the purpose should be included.
Please write the aim as the form of “To investigate/study/...;
MATERIALS AND METHODS (no more than 140 words);
RESULTS (no more than 294 words): You should present P values
where appropriate and must provide relevant data to illustrate
how they were obtained, e.g. 6.92 £ 3.86 »s 3.61 £ 1.67, P < 0.001;
CONCLUSION (no mote than 26 wotds). Available from: http://
www.wignet.com/wjg/help/8.doc; Writing requirements of abstract
at: http:/ /www.wijgnet.com/1007-9327 /links/ Abstract.doc.

Key words
Please list 5-10 key words, selected mainly from Index Medicus,
which reflect the content of the study.

Text

For articles of these sections, original articles, rapid communication
and case reports, the main text should be structured into the
following sections: INTRODUCTION, MATERIALS AND
METHODS, RESULTS and DISCUSSION, and should include
appropriate Figures and Tables. Data should be presented in the
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main text or in Figures and Tables, but not in both. The main text
format of these sections, editorial, topic highlight, case report,
letters to the editors, can be found at: http://www.wjgnet.com/
wijg/help/instructions.jsp.

Hllustrations

Figures should be numbered as 1, 2, 3, e«., and mentioned cleatly
in the main text. Provide a brief title for each figure on a separate
page. Detailed legends should not be provided under the figures.
This part should be added into the text where the figures are
applicable. Figures should be either Photoshop or Illustrator
files (in tiff, eps, jpeg formats) at high-resolution. Examples can
be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf;
http://www.wjgnet.com/1007-9327/13/4891.pdf; http://
www.wjgnet.com/1007-9327/13/4986.pdf; http://www.
wijgnet.com/1007-9327/13/4498.pdf. Keeping all elements
compiled is necessary in line-art image. Scale bars should
be used rather than magnification factors, with the length
of the bar defined in the legend rather than on the bar
itself. File names should identify the figure and panel. Avoid
layering type directly over shaded or textured areas. Please use
uniform legends for the same subjects. For example: Figure 1
Pathological changes in atrophic gastritis after treatment. A:...; B:..;
C:..; D B Fu; Gr Lluete It is our principle to publish high
resolution-figures for the printed and E-versions.

Tables

Three-line tables should be numbered 1, 2, 3, e, and mentioned
clearly in the main text. Provide a brief title for each table. Detailed
legends should not be included under tables, but rather added into
the text where applicable. The information should complement,
but not duplicate the text. Use one horizontal line under the title, a
second under column heads, and a third below the Table, above any
footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations

Data that are not statistically significant should not be noted. *P <
0.05, "P < 0.01 should be noted (P > 0.05 should not be noted). If
there are other seties of P values, ‘P < 0.05 and “P < 0.01 are used.
A third series of Pvalues can be expressed as “P < 0.05 and ‘P < 0.01.
Other notes in tables or under illustrations should be expressed as
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numerals) in the upper left corner. In a multi-curve illustration, each
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Statistical data
Write as mean £ SD or mean * SE.

Statistical expression

Express 7 test as 7 (in italics), I test as I (in italics), chi square
test as y” (in Greek), related coefficient as 7 (in italics), degree
of freedom as v (in Greek), sample number as # (in italics), and
probability as P (in italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood
pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) =
96 h, blood glucose concentration, ¢ (glucose) 6.4 + 2.1 mmol/L;
blood CEA mass concentration, p (CEA) = 8.6 24.5 ug/L; CO,
volume fraction, 50 mL/L CO,, not 5% CO,; likewise for 40 g/L
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Arabic numerals such as 23, 243, 641 should be read 23243 641.
The format for how to accurately write common units and
quantums can be found at: http://www.wignet.com/wijg/help/15.
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Abbreviations

Standard abbreviations should be defined in the abstract and
on first mention in the text. In general, terms should not be
abbreviated unless they are used repeatedly and the abbreviation
is helpful to the reader. Permissible abbreviations are listed in
Units, Symbols and Abbreviations: A Guide for Biological and
Medical Editors and Authors (Ed. Baron DN, 1988) published by
The Royal Society of Medicine, London. Certain commonly used
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abbreviations, such as DNA, RNA, HIV, LD50, PCR, HBV, ECG,
WBC, RBC, CT, ESR, CSF, IgG, ELISA, PBS, ATP, EDTA, mAb,
can be used directly without further explanation.

Italics

Quantities: 7 time or temperature, ¢ concentration, 4 area, /length,
m mass, 17 volume.

Genotypes: gyrA, arg 1, ¢ mye, ¢ fos, ete.

Restriction enzymes: EcwRI, Hindl, BamHI, Kbo 1, Kpn 1, etz.
Biology: H. pylori, E coli, ete.
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