sy ' EHL) 7% & CHAEHR L zRICHET 5 (K
112).
b) REEZRERFHIHHES T V6

81k Billroth 11 Bl L OREFLERY Y 7’0 — T2
R 7 0 0 BV TR 1 7 & D PITR SO T
B, BLOWRRATHRE %5, EEEEEFL
F— (PTBD) Tlv— b 2R L AL Z IR L7222,
JEEAICHHEA T — 7R HEAL TERTICNAT v b
AT—TNRERFATHAT 5.
) SHEHEREL

SEELME RO R ey, AR IR O, JE
EWLEWYEH, RN EONFRERTHh NS
TENHD.

(EWEE, HE &)

@3TEk

1) BARM{SREAEAERNERS
OF L HFE. HIHEK 1986 1 83 ¢ 309.

2) Lammert F, et al : Gallstone disease. In @ Rodes ], et al
(eds). Textbook of Hepatology : From Basic Science
to Clinical Practice, 8rd edition. New Jersey : Blackwell
Publishing ; 2007, p.1518.

3) AR BA, POILATA - £BEERE 1996 4F B A .
M 1997 5 11 2'133. :

HARICBITBHEA

ABERDRNIE

1 ®fHEEE cholecystitis

aBROKFEMEETH S, BEREIEATEERD
KEMEBONEL RTHOTH LD, HEWIZIZ
JEEER A S\, FEERERE L TEEL2LDIELAT
H5.

o JEEAIIFOMEREF R LBE £, A
D5 OFE L VARG EAEEICIRIE NS,
oBRME BT AEARERLE L, »OoBEREDIH

EREAREREEL LTV,

@ 2005 F121E [RHERRICE D CRBMRER - B
WROBET A FIM4 2] PEESN, EbHIT,
2007 EIZIZEIBHRY A K9 4 > “Tokyo Guidelines
for the management of acute cholangitis and chole-
cystitis” bEESI N/ BIE, FHAFFA4 7D
MEMEES TR TH B, BHIREELICKTT 5 H9HE
BN, WEEER T o0, REFEE AEEY
WET DO BELHHRERL I EPEETH
5.

-1

@ﬁ%m&ﬁsﬁsx

£ RH - fRREEEE
a 2EREEEN

S ERNIAT 5 OB EIIC L ) REABEIEEICHE
Wz b, JEENICIETDD -T2 L Th
B KEIEIEEANOBRGIC L 2 REEDHETH 5.
¥ 7z, itk e BRAIFFOEIRSEE (intravenous hyper-
alimentation : IVH) BHICA LN BIEHME, 5ikE
BOPE LD FRINVE VRO KINT LY IETD ) o5
LT AR D 5. B ofFic L A1k
SRR E S GERRE & LT, Escherichia
coli, Klebsiella, Enterobacter 7z £ DV T LhREIEIRH
ML) Db B LI LY, AWEELRE Lol
B 2 REOERISES 5.

b {S4EREEEN

JEA OFFET BHEICE ., BN ICIIEREE A
oo L CIEMEIEERE LTRELTL AGE L,
SEENCIEERE 5ED 5 VI BEIREERICT | SRV C
BIET AGENH B, BHEIKBTEEDS.

a REpRERN ‘

FEEERTE I EIR D 2 WRAL e LIZ B2 2 L,
REEBHECELNLTWA, JEERERL, EHEE
BrofpEdb@RooNns, [BRSEHICIEAARE L T
Wh T ENE MRS, SEICIEEnBE X
UNSEA A L5, BUMIRIRIERT S Ltk s 2
%, SEEeRIEE BRI Y EoB D S
L. WBEZEMIZIE 70 ~ 80 BOERT, JBBEEEL &
ONCRRTHRERE I & o TIHPIMIE 2 SEH T 5.

SEHBERIT, IR, fulRM:, 1
VIR D 3 OIS S NG, SHEERITEE
ThY, LITUITHEEILE &727, FHebdboL L
T, BUREEIBEELLED B, Clostridium perfrin-
gens Z EDOH AFEART AT AIMEREIILSHLD
T, JREEMRE, fEZERE, RREERHEMGRZ LA A
BrEDL L0 s (BEREEREY, K 113).

b {SEAETERN

JRERIIEEME L, BEIEEL, EROIRKILERRES.
i AN R g Sl e s R B i N BT Y
BEL, U v SEREE P HIERIEA RO b s,

a SMEAEEEN

BHRLEMICRAE L, GEWHD O OEEE, R

AT 5 5B RS BT AR ST 5. L
BUISE LB F 77 » AR R0, BRLHEEZ
fild1 4%, Murphy sign (G EBEE% FOEE LA
5EREICHEIR S X85 L BREOLDICER R ET
Tl 5) ZEMIRELOBINC BT, BRI 50 ~
6520 %THLD, FFREILTI~96 B LE.




B 114 SMBEERXOEFTHEK
JEZREA, AEAFTU, BREIEEINS.

b 1S4z
EESERICEB L2 DERICZLWEELH 5% £
CIIEEIE MR, BEAVRRE, GZEEED O LS
T, E0EL, BYONE BER ERERR 5.
[ o
a 2B
MRAETIE, gmskiEs (EARETeE)) 25
UM CRP BB MO RAEFT RASHD 5B %S, LR
ETRYINVEY, FSYATIF—¥, BEREE
ORED EFI L &F 5, WM Gl IE RS M
Eﬁ%%ﬁ%f%éﬁ%ﬂ@.@ﬁ@@k,%@%
ORE (ZfEHEE). 8RR (77)) OIFErgEs
N5, CTIZBZFFES, ERZELOBEIENS,
MR 2 FRIESER R B HE A O LS BIFCTH 5.
b 1S PERREEN
MR T, BBEIZEZ L2 Ea8
%o [BEBENARE CIRIEEIERL TwE I &
ZMLTWHI DD HLIEHAEZE-> TV A,
JEBEIZ U T AMICIUE L, ZBBET 274280
Hb.

H 113 sMKEMEREXD CT
g

[BEREEDRE, BHEARE () &

FURBHEERE () OH XG5 -

a REAEER

BRPREIR, IR, BESEEOHRRELATZC IH
ARTA V] BT HPDMERE (£48) BLUERE
BHEELE (49 LS LAY, BHEEED
WL EEEHNELZIT). EERBEUNOER (&
Mg, HLEBREOSRIL, OHEELR L) OERD
BETHA,

b {EMEAEERR

FIEEAERT A TIEEAEEEORTE % 820
W, ETH B REELE . [BEHE & OEN 2K
HThHosrZ &ERBEICHELEDS.

[ A
a SIEAEFER

(A4 FT4 ] iy, SHEEEZEROEE I ER
ELTIEBERE T A Bt & L2feE (25 RED
W & RIHERE) %17,

WEBRE LT, BaARE 3¢, HE i,
PLEE, EEORS 2 LORFRELT) . BEE
Fek (ERLBATEIHEL M R, RIEMIEEX,
EEREAR s, TUIRMEIREER) T, 25FHE Y
LR THEFNPLEL 2 5.

HEERITIE, WIEEE L & B IREIC AT R IH
FULF—D 0BG T35, BREATH, ERE
(12 ~ 24 B5R) ICBUG L2 WBI T fHg P L
TV OB ERET A, BREOBEIT BELEE
MHEFERTT RO & & B8, fREHSHE
PHIERL, EEEROME BREOMHSE &7
L, LIELITEEZRRBIIBIT LT, B0
FHIEPLETH 5.

b {SHEREEER

JHBEREREDMR/ 2TV B D D, Lids { ARz
EBEHET A, Az REEEMET LT3
b, BMWBELEDETSOTIE, BERHTO
HISTH 5.

B 7

- 103~



%48 aMBEFEROBEHESE
A HEd: s

CRP : C-reactive protein (C RIt4ER), WBC : white
blood cell (FMER).

(Tokyo Guidelines for the management of acute cholangitis and
cholecystitis 2007)
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Pa0; : partial pressure of oxygen in arterial blood (EhiRM
BMFEAE), FiO, : factional concentration of inspiratory
oxygen (A (5) BEEFEE), S-CRE: serum creatinine
(f5E 7 L7 F =), PT-INR : prothrombin time-interna-
tional normalized ratio (700 k0> E CBSEIERERELL),
WBC : white blood cell (BIMER).

(Tokyo Guidelines for the management of acute cholangitis and
cholecystitis 2007)
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Chapter 1

GALLBLADDER CANCER: PATHOGENESIS AND
MOLECULAR TARGETING STRATEGIES FOR
THERAPEUTIC OPTIONS

Junichi ‘Shoda,l Toru Kawamoto® and Masakazu Yamamoto®
'Field of Basic Sports Medicine, Sports Medicine, Faculty of Medicine, University of
Tsukuba, Tsukuba-shi, Ibaraki, Japan;
Department of Surgery, Institute of Gastroenterology, Tokyo Women’s Medical
University, Shinjuku-ku, Tokyo, Japan

SUMMARY

Gallbladder cancer is a lethal malignancy. This is essentially attributed to slow
carcinogenesis under the complex of pathological circumstances and to asymptomatic growth
of gallbladder cancer infiltrating the surrounding structures in varying routes. The disease is
therefore usually detected at an advanced stage with a high frequency of distant organ
metastasis. To date, conventional chemotherapy and radiation therapy have been notably
ineffective against gallbladder cancer. For improved treatment outcome of gallbladder cancer
and its prolonged survival, there is now a real and urgent need to focus on developing novel
and potent therapeutic strategies aimed at exploiting select molecular targets associated with
tumor proliferation, invasion and/or metastasis that would impact in a significant way on
clinical outcome. The outcome of recent studies, by the analysis of gallbladder cancer cells,
animal models of gallbladder cancer, and clinical specimens of patients with gallbladder
cancer, has revealed in detail the molecular mechanism of carcinogenesis and tumor
progression of gallbladder cancer, and has exploited select molecular targets that would have
a significant impact on clinical outcome. In the USA and European countries, only a few
clinical phase II trials against gallbladder cancer and other biliary tract carcinoma using
anticancer drugs targeting growth factor receptors have been reported. Development of new
molecular targeting drugs with potent efficacy against gallbladder cancer and randomized-’
clinical trials of these drugs are urgent and essential for the treatment of patients with
gallbladder cancer.
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INTRODUCTION

Nearly two thirds of biliary tract cancers arise in the gallbladder, making gallbladder
cancer the most common biliary tract cancer. Gallbladder carcinoma has always been
associated with a dismal overall prognosis [1,2]. This is essentially attributed to the slow and
asymptomatic growth of gallbladder carcinoma infiltrating surrounding structures, and the
disease is therefore usually only detected at an advanced stage with a high frequency of
distant organ metastasis [3-5]. In some cases, the disease is likely to undergo metastasis to the
peritoneum (peritoneal dissemination) or the liver at early stages [6,7]. Details of
tumorigenesis as well as growth and progression of the disease are complex and not
completely understood.Thus, gallbladder cancer has been viewed as intractable cancers
unlikely to be cured completely. In Japan, the incidence of biliary tract cancer including
gallbladder cancer is about 10 out of every 100,000 people [8], which is higher than the
incidences in other countries. Among others, these cancers in females are expected to exceed
‘gastric cancer and breast cancer in the next ten years in terms of the death rate, thus becoming
the fifth leading cause of death from cancer of various organs [9]. Furthermore, the annual
number of deaths from biliary tract cancer is approximately equal to the annual number of
patients newly diagnosed as having this cancer, indicating that biliary tract cancer is a type of
cancer with considerably poor prognosis.

Gallbladdercancer is often resistant to conventional chemotherapy and radiotherapy. In
Japan, gemcitabine and S-1 have begun to be used for anticancer chemotherapy [10-13], and
these drugs are expected to prolong the survival period of patients as compared to existing
anticancer drugs. Moreover, it has recently been reported that cisplatin plus gemcitabine is
associated with a significant survival advantage as compared with gemcitabine alone [14].
However, because of frequent adverse events of the hematological system arising from these
drugs and because of compromised hepatic function often noted in patients with gallbladder
cancer due to accompanying obstructive cholestasis, treatment with these drugs has to be
discontinued.

To improve the outcome of treatment of gallbladder cancer, it is very important to
identify the tumor biological factors involved in the various progression waysof the
disease(e.g., infiltration and metastasis) and to develop new valid means of auxiliary
treatment targeted at these factors (those means are expected to manifest high efficacy while
minimizing invasiveness to the host). This paper outlines the molecular mechanisms of onset
and progression of biliary tract cancer including gallbladder cancer and refers to the
perspectives for molecular-targeted therapy for the disease expected in the future.

EPIDEMIOLOGY AND RISK FACTORS FOR GALLBLADDER CANCERS

Gallbladder cancer is a relatively rare neoplasm that differs from other cancers of the
digestive tract, as being several-fold more common in women than in men [15].The incidence
has considerable geographic and ethnic variations [16,17].

Sex-specific incidence rates of gallbladder cancer and female-to-male ratios for the most
recent years available are available worldwide. The highest incidence rate was shown for
women from Delhi, India (21.5/100,000), followed by South Karachi, Pakistan
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(13.8/100,000) and Quito, Ecuador (12.9/100,000). High gallbladder cancer incidence rates
were also found in cancer registries from Far East Asia (Korea and Japan), Eastern Europe
(Slovakia, Poland, Czech Republic and Yugoslavia) and South America (Colombia). In
Western Europe, elevated incidence rates were seen in Granada, Spain. High incidence rates
among men (ranging between 4.4 and 8.0) were found in some areas of Asia and Eastern
Europe. Low incidence rates (below 3/ 100,000 women and 1.5/100,000 men) emerged for
most registries from Northern Europe, with the partial exception of Sweden, and from the
USA (SEER) and Canada.

In detail, in the United States, ~5000 new cases of gallbladder cancer are diagnosed per
year [18]. Japan has one of the world’s highest age-adjusted cancer death rates related to
gallbladder cancer, and it appears to be steadily increasing [9]. In 2007, biliary tract cancer
including gallbladder cancer became the sixth leading cause of death from cancer of various
organs and ca.17,000 subjects died per yearof the disease [8].

A systematic review of published findings on the association of gallbladder cancer with
the potent risk factors is recently available and can address the above issue [19]. The
consistent associations were found to be present with a history of gallstones, obesity,
multiparity and chronic infections like Salmonella typhi, S. paratyphi, Helicobacter bilis, and
H. pylori.

The geographic and ethnic variations in the incidence of gallbladder cancer can have
several interpretations, but they refer particularly to the worldwide distribution of gallstones,
which are the most important risk factor for gallbladder cancer [20,21]. The association
between a history of benign gallbladder diseases (mainly gallstones) and gallbladder cancer
risk was evaluated, and the relative risk for a history of gallstones was found to be
significantly heterogeneous among the studies, such as cohort studies [22-24] and case-
control studies [21,25-30]. Family history of gallbladder disease was also associated with an
increased risk of gallbladder cancer in 2 studies [25,31]. Moreover, the particularly strong
association between gallbladder cancer risk and large gallstones (>3 cm) was confirmed in 2
studies [32,33].

In addition, the results ofthe Japan Public Health Center-Based Prospective Study, an
epidemiological study based on the prospective follow-up of a large number of the Japanese
population [34] has recently been reported from the Ministry of Health, Welfare, and Labor,
and has concluded that the past history of gallstone disease is proven to be a risk factor for
gallbladder cancer. However, only a small proportion (1-3%) of patients with gallstones
develop gallbladder cancer [35],and other risk factors have been proposed to play a role. The
interplay of risk factors for gallbladder carcinogenesis; e.g., genetic susceptibility, lifestyle
factors, and infections; is still poorly understood.

Obesity and overweight are major risk factors for gallstones [36], and body mass index
(BMI) was related to gallbladder cancer risk in the previous studies [21,37-43]. In a cohort
study [37], the association of GC with obesity was the second strongest among all cancer sites
after that with cancer of the corpus uteri among women and liver cancer among men. In
respect to dietary factors, in the multinational collaborative study from the SEARCH
program, the strongest direct associations with gallbladder cancer risk were for total
carbohydrate intake and total energy intake, and the inverse ones were for fibers, vitamin V.6,
E and C [21]. However, apart from obesity, there is no nutritional or dietary factor
consistently related to gallbladder cancer risk. '
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High parity and number of pregnancies, again recognized risk factors for gallstones, were
related to increased gallbladder cancer risk in the majority of the 10 studies dealing with this
association, depending on the level of parity and gravidity considered [21,26,39,42,44-47].

Chronic infection of the gallbladder may contribute to the onset of gallbladder cancer, per
se or via gallstone formation. Most available evidence implicates S. typhi and S. paratyphi.
Epidemiological studies [24,42,43,46,48-51] have shown the relation between S. typhi and S.
paratyphi and gallbladder cancer. All studiesbased on biological markers, such as serum Vi
antigen or thepresence of the bacteria in bile specimens, found a significant
positiveassociation between the carrier state of S. typhi and S. paratyphiand gallbladder
cancer risk. ,

H. bilis and H. pylori have been identified in bile specimens and associated with risk of
biliary tract cancer [52-54]. One study [53] conducted in Japanese and Thai populations
showed that patients positive for H. bilis had an ~6-fold higher risk of biliary tract carcinoma
than the negative ones. H. pylori infection was also identified as a risk factor for biliary tract
cancer [53]. Another study [55] found a positive association between H. bilis and gallbladder
cancer.Unfortunately, most studies of infection and GC to date have been small (no more than
15 exposed cases), have lacked well matched controls (with or without gallstones) and have
been hampered by the lack of standardized and non invasive methods (from self-reported
diagnosis to PCR) for the detection of these infectious agents in large epidemiological studies.

Collecting the findings of the published findings on the association of gallbladder cancer
with the potent risk factors, it seems that a main pathway to gallbladder cancer exists
worldwide and that the predominant pathway involves gallstones and resultant cholecystitis
and affects women to a greater extent than men [56].

MOLECULAR MECHANISMS OF
CARCINOGENESIS AND CANCER PROGRESSION

‘In a clinical aspect, for many years, chronic inflammation of the biliary tract epithelium
has been thought to be involved in the mechanisms of cancer onset and progression of biliary
tract cancer for the following reasons: (1) Gallbladder cancer is often complicated by
gallstones or chronic cystitis [19,57]. (2) Intrahepatic bile duct cancer develops in the
segment of the bile duct close to the area affected by primary sclerosing cholangitis, liver
flukes, or stones (causing chronic proliferative cholangitis associated with intrahepatic
lithiasis) [58,59]. (3) Chronic biliary tract inflammation accompanied by metaplastic or
dysplastic changes are noted in the cancer-free mucosal epithelium around the gallbladder
cancer. (4) Experimental induction of inflammation in the biliary tract epithelium leads to
hyperplastic or dysplastic changes and an increase in cell proliferative potentials.Taken
together, at any site the of biliary tract (e.g., gallbladder, extra- or intrahepatic bile duct), the
long-standing injuries of the epithelia due to bile stasis and chronic inflammation, that are
coupled with abnormalities in epithelial restoration and repair mechanism, may play a certain
role in stimulating the process of carcinogenesis and cancer progression.

In normal cells, cellular signal transduction pathways transmit information from one
molecule to another and eventually regulate the function of genes located in the nucleus.
Multiple signal transduction systems interact with each other to control cell proliferation,
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apoptosis, function/secretion, etc., thus preserving the orderly number and function of normal
cells. If a chronic inflammatory disease or other factors described later cause abnormalities in
genes encoding some particular molecules involved in cellular signal transduction pathways,
the relevant signal transduction systems become abnormal, resulting in the inability to control
cell proliferation or persistence of the cells originally destined to lose viability. This might
lead to the appearance of cancer cells.

Usually, cancer cells are not present independently but are located in microenvironments
composed of normal host cells (e.g., parenchymal cells, interstitial cells, etc.) and
extracellular matrix. For the expression of factors related to biliary tract carcinogenesis, the
importance of host cells (playing a secondary role) in addition to that of cancer cells (playing
the primary role) has been indicated. To be more precise, in the presence of an inflammatory
disease, physiologically active substances (growth factors, cytokines, prostaglandins, etc.) are
produced in the microenvironments composed of host cells and extracellular matrix; changes
in these micro-environmental factors due to chronic exposure to bile acid activate oncogenes
and cause abnormalities in cellular signal transduction pathways, leading to the induction of
cancer cells (Figure 1). In addition, changes in these factors also modify the expression of
factors related to infiltration and metastasis of cancer.

Carcinogenesis and Tumor Progression
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Figure 1. A schematic overview of key mechanisms regulating gallbladder carcinogenesis.

Sirica recently elegantly outlined the molecular mechanisms of carcinogenesis and cancer
progression of cholangiocarcinoma (bile duct cancer) in a review paper, focusing on potential
tumor-associated molecules useful for chemical prevention and molecular-targeted therapy
for cholangiocarcinoma [60]. Since these tumor-associated molecules might also play central
roles in the onset and progression of gallbladder cancer, that paper is partially presented
below.
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MOLECULAR MECHANISM OF CARCINOGENESIS

Bile tract cancer is usually known to develop from the epithelium of gallbladder,
extrahepatic or intrahepatic bile ducts through multiple steps [61,62]. Underlying pathologic
conditions are disorders of the biliary epithelium due to bile stasis (primarily involving bile
components such as bile acid) associated with chronic inflammation and obstructive
cholestasis. The tumor biological molecules involved in biliary tract carcinogenesis as target
molecules for chemoprevention include tumor necrosis factor-alpha (TNFO), inducible nitric
oxide synthetase (iNOS), cyclooxygenase-2 (COX-2), epidermal growth factor (EGF)
receptor, myeloid cell leukemia protein 1 (Mcl-1), etc. and interactions among these
molecules [60,63-66]. Inflammatory cytokines produced in the presence of inflammation
induce the expression of iNOS, leading to excessive formation of NO in the biliary tract. This
causes disorders of the biliary epithelium due to oxidative stress. The increase in DNA
damage and suppression of DNA repair stimulate gene mutation [67]. Induced iNOS and
oxysterols contained in bile induce COX-2, resulting in increased formation of prostaglandin
E2 (PGE2) due to activation of the arachidonic acid metabolism and leading to acceleration of
cancer cell proliferation, accompanied by prolongation of the survival period of cancer cells.
Furthermore, bile acid induces transactivation of EGF receptor, resulting in the induction of
COX-2 and the suppression of Mcl-1 (anti-apoptosis protein) degradation, which leads to
suppression of apoptosis. Due to accumulation of these intracellular events, biliary tract
carcinogenesis is probably stimulated. Therefore, the molecules involved in these events may
be useful as target molecules for chemoprevention of biliary tract cancer, including
gallbladder cancer.

Recently, a couple of papers [64,68] have shown that interleukin-6 (IL-6), an
inflammatory cytokine, may play a significant role in the onset and progression of bile duct
cancer by causing a chronic inflammatory pathological condition in the biliary tract. IL-6 is
produced not only in interstitial cells but also in cancer cells. The produced IL- 6 binds the
IL-6 receptors on the tumor cell surface and then activates several signaling pathways; e.g.,
JAK/STAT, PI3/Akt, and MAPK (Figure 2). Activation of the JAK/STAT pathway leads to
nuclear translocation of a transcription factor STAT3 and then to an induction of Mcl-1. This
pathway activation also up-regulates EGFR expression in cancer cells. The activation of the
PI3/Akt pathway inhibits apoptosis and thereby induces cell growth promotion. The
activation of the MAPK pathway promotes cell proliferation through a modification of cell
cycle-related gene expressions [69]. In addition, IL-6 is involved in the control of DNA
methyltransferase expression and mediates methylation of several genes that are important for
biliary carcinogenesis [68].

Excessive expression of these tumor biological molecules and activation of interactions
among these molecules probably stimulate the progression of biliary tract cancer. Treatment
targeted at these molecules may suppress the progression of cancer through the inhibition of
the malignant behavior of cancer cells. The development of new drugs for various target
molecules is desirable in the future.
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Figure 2. A schematic overview of IL-6 signaling and its downstream effectors in biliary tract cancer.

ANIMAL MODELS OF GALLBLADDER CANCER

Spontaneous gallbladder cancer is rare in mice and rats.Several papers of chemically
induced neoplastic lesions of the mouse gallbladder have been reported [90,91], but a low
incidence of gallbladder adenocarcinomas can be induced by continuous administration of
either N n-propyl-N-formylhydrazine [90] or 2-acetamido-fluorene [91]. In contrast, Hoch-
Legeti et al.[92] reported a high incidence of spontaneous gallbladder adenocarcinoma in two
inbred strains of guinea pigs. With respect to the cholangiocarcinoma model, the furan rat
model described by Sirica and co-workers [93,94] gives rise to a very high incidence of
cholangiocarcinoma in the liver. In addition, in the Syrian golden hamster combined
treatment with dihydroxy-di-n-propyl nitrosamine and liver fluke infestation was associated
with enhancement of cholangiocarcinomas and pre-neoplastic lesions in the gallbladder [95].

A group of molecules called receptor tyrosine kinases are closely involved in the signal
transduction system related to cell proliferation and apoptosis. ErbB2 is a representative of
receptor tyrosine kinase molecules and one of the molecules serving as the origin of this
signal transduction system. ErbB2 is largely produced and activated in many cancer cells such
as cells of breast cancer, lung cancer, and uterine cancer. Abnormal expression or activation
of erbB2 is noted in 30-50% of patients with gallbladder cancer in Japan (higher percentages
in the USA and Chile), although the percentage varies across different reports.
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Transgenic mice overexpressing erbB2 (BK5.erbB2 transgenic mice), created at the MD
Anderson Cancer Center, University of Texas, USA, are destined to develop gallbladder
cancer (resembling that in humans) as well as common bile duct cancer and intrahepatic bile
duct cancer [96,97]. In this mouse, expression of rat erbB2 cDNA is targeted to the basal
layer of multiple epithelial tissues, including the biliarytract epithelia, by a bovine keratin 5
promoter. This mouse line represents the first genetically engineered mouse model for biliary
tract cancer. The mechanism for carcinogenesis in this mouse model is considered to involve
excessive phosphorylation of the EGF receptor/erbB2 gene, formation of complexes from
EGF receptor/erbB2 gene products, and growth promotion of the biliary tract epithelium due
to signal transduction associated with these events.

Some tumorous lesions were found in the gallbladder of about 90% of these mice at the
age of 12 weeks. The lesions were histologically rated as hyperplastic epithelium or
adenocarcinoma. Analysis of the transgenic mice diagnosed as adenocarcinoma of the
gallbladder revealed that gallbladder cancer evolved by two distinct etiological pathways,
carcinoma arising from hyperplasia in focal lesion (type HIF Ca, 41%) or hyperplasia in
whole epithelium (type HIW Ca, 59%) [98]. Type HIW Ca had a higher frequency of
invasiveness compared with that of type HIF Ca. The results suggest that gallbladder
carcinoma may arise via the two distinct pathways in the transgenic mouse, and that these
pathways are reminiscent of the adenoma-carcinoma sequence and dysplasia-carcinoma
sequence observed in human gallbladder cancer.

In the immunohistochemical analysis, fluorescent immunostaining for erbB2 revealed a
tendency of fluorescence intensity to increase in the ascending order of normal mouse <
hyperplastic epithelium < adenocarcinoma. Phosphorylated erbB2 (p-erbB2; the active form
of erbB2) was detected in the areas of hyperplasia and in both type HIF Ca and type HIW Ca
of the gallbladder. Strong expression of p-erbB2 was also observed in the areas of invasion.
When the proteins extracted from these tissues were analyzed by western blotting, normal
mice showed hardly any expression as they did in immunofluorescent staining, whereas the
intensity of the bands increased in the order of hyperplastic epithelium < adenocarcinoma.
Slight phosphorylation of erbB2 was noted in the hyperplastic epithelium and was more
intense in adenocarcinoma. When gefitinib or GW2974 (an inhibitor of EGF receptor and
erbB2 tyrosine kinase) was administered to these mice, the level of phosphorylated erbB2 and
COX-2 expression decreased, accompanied by reduced cell proliferating potential and
enhanced apoptosis, leading to a significant reduction in the incidence of cancer [99]. These
experimental results suggest that activation of erbB2 and its downstream signaling pathways
is needed for not only gallbladder carcinogenesis but also tumor progression.

MOLECULES POSSIBLY SERVING AS TARGETS FOR
THE TREATMENT OF GALLBLADDER CANCER

Detailed analyses were conducted for the cancer specimens from these mice and clinical
specimens from patients with gallbladder cancer and bile duct cancer, focusing on surface
molecules (primarily growth factor receptors and cytokine receptors), signal molecules, and
infiltration/metastasis factors, to identify tumor biological factors expressed in biliary tract
cancer including gallbladder cancer. These analyses yielded the findings on the molecular
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mechanisms of onset and progression of biliary tract cancer. Especially, EGFR and/or erbB2,

etc. are expected to be useful targets for the treatment of biliary tract cancer. Understanding

the growth factor-signaling pathways up-regulated in biliary tract cancer will provide critical

clues for novel therapeutic and chemopreventive strategies using drugs and/or agents that

selectively target these specific pathways. This part of the paper deals with tumor biological
~molecules involved in the onset and progression of biliary tract cancer.

(1) EGF Receptor and erbB2

In connection with the findings from previous studies on BK5.erbB2 transgenic mice,
many reports have been published concerning the expression of the EGF receptor or erbB2
gene in human biliary tract cancer. Among the studies reported from Japan, Nonomura et al.
analyzed the frequency of EGF receptor expression (59.5%) in patients with intrahepatic bile
duct cancer, stating that the frequency was significantly higher than that in normal controls
[100]. Nakazawa et al. analyzed the frequency of erbB2 gene expression in biliary tract
cancer, reporting differences in the frequency depending on its location (15.7% in gallbladder
cancer, 11.5% in papillary cancer, 5.1% in extrahepatic bile duct cancer, and 0% in
intrahepatic bile duct cancer) [101]. Kawamoto et al. analyzed the frequency of EGF receptor
and erbB2 gene expression in biliary tract cancer, emphasizing the high frequency of erhB2
gene expression (EGF receptor: 11.7%, phosphorylated EGF receptor: 6.8%, erbB2 gene:
31.6%, phosphorylated erbB2 gene: 21.1%) [102]. Thus, EGFR and erbB2 genes are suitable
therapeutic targets for biliary tract and gallbladder cancers, and molecular-targeted treatment
directed at the EGF receptor or erbB2 has been shown to be effective in clinical studies, as
described later. In addition, it has recently been reported that targeting EGFR/erbB2 pathways
enhances the anti-proliferative effect of chemotherapeutic drugs in biliary tract cancers [103].

(2) Cyclooxygenase-2 (COX-2)

Activation of the arachidonic acid metabolism is important for the onset and progression
of inflammation closely involved in the mechanisms of onset or progression of biliary tract
cancer; abnormal expression of receptors for a series of enzymes and prostanoids in cancer
tissue has been shown to serve as an underlying mechanism of such activation [102—105]. In
addition toCOX-2 being important in the arachidonic acid cascade because it is involved in
the formation of prostaglandins from the substrate (arachidonic acid), the profiles of the
expression of prostanoid receptor subtype (EP) are also important. In this context, it is
interesting that some investigators reported mutual regulation between erbB2 oncogene
products and COX-2 [106,107].

Regarding the expression of COX-2 in gallbladder epithelium, high COX-2 expression
was not found in the normal epithelium, whereas the frequency of high COX-2 expression in
the gallbladder cancer epithelium was higher at advanced stages of the cancer (stage II-1V)
than that at the early stage (stage I): Interestingly, high COX-2 expression in the stroma was
frequently noted in advanced cancer (stage II-1V) but less frequently in the normal epithelium
or noncancerous epithelium. COX-2 protein expression level in the gallbladder cancer tissues
increases in proportion to the stage of the disease, suggesting that an increase in COX-2 and
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its expression in cancer stroma are important factors in determining the progression of
gallbladder cancer.

Regarding PGE2, which is formed following excessive expression of COX-2, analysis
regarding the signal transduction pathways related to cancer progression is important for the
pathophysiological understanding as well as identification of targets for treatment. In
gallbladder cancer tissues, mRNA expression was noted for EP2, EP3, and EP4, but not for
EP1 [105]. With regard to the distribution of EP2, EP3, and EP4 in tissues, in sifu
hybridization analysis revealed that mRNA signals were consistent with the distribution of
glandular epithelium of the cancer-affected area [108]. COX-2, EP2, EP3, and EP4 seem to
be important molecular targets for the treatment of biliary tract cancer. In a recently
conducted analysis of the effects of various COX-2 inhibitors in animal models of cancer, all
COX-2 inhibitors tested were reported to be promising means of treating and preventing
biliary tract cancer [109].

(3) Vascular Endothelial Growth Factor (VEGF)

VEGF is a glycoprotein playing a central role in vascularization within cancer tissue. The
density of blood vessels in biliary tract cancer has been reported to serve as a predictor of
poor prognosis [110]. The expression of VEGF in biliary tract cancer has been reported to
possibly serve as a factor predicting poor prognosis [111,112]. In view of these findings,
VEGF is a promising molecular target for the treatment of biliary tract cancer. Bevacizumab
is a molecular-targeted drug whose target is VEGF, and clinical trials of this drug in cases of
biliary tract cancer are now in progress.

(4) Hepatocyte Growth Factor (HGF)/c-Met

HGF is a cytokine serving as a powerful growth factor for the normal bile duct
epithelium [74]. HGF has been reported to function also as a growth factor in bile duct cancer
~cells, and cancer cells are known to produce HGF and thus activate cell proliferation [113—
115]. The activity of HGF is transmitted via its receptor c-Met; i.e., the binding of HGF to c-
Met leads to c-Met dimer formation, self-phosphorylation, and binding to intracellular
effectors, resulting in the activation of the downstream pathways [Raf-Ras-mitogen activated
protein kinase (MAPK) pathway, phosphatidylinositol-3-kinase (PI3K)-Akt pathway, etc.].
As a result, processesincluding proliferation, migration, and morphogenesis of cancer cells
are stimulated. Excessive c-Met expressions are found in more than half of all cases with
biliary tract cancer [116,117]. Taken together, these findings indicate that HGF/c-Met is a
promising molecular target. At present, drugs such as monoclonal antibodies to HGF and c-
Met tyrosine kinase inhibitors are under clinical development.
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(5) TGF-B/IL-6

TGF-B remarkably suppresses the proliferation of normal bile duct epithelial cells. In
many malignant tumors, including biliary tract cancer, at least one step of the TGF-f signal
transduction pathways is abnormal, leading to TGF-B-induced stimulation of cancer cell
proliferation [118,119]. A detailed analysis in an in vitro experiment revealed that biliary tract
cancer cells produce TGF-P and stimulate themselves through an autocrine or paracrine
mechanism, resulting in the formation of the growth factor IL-6 [120]. The disappearance of
the effect of TGF-B in stimulating the proliferation of biliary tract cancer cells following
siRNA-induced suppression of IL-6 signals allows the assumption that IL-6 is closely
involved in the stimulation of cancer cell proliferation by TGF-B. On the basis of these
findings, RNA interference (RNAi) therapy has been devised using TGF-B and its
intracellular signals (factors that seem to be closely involved in the stimulation of biliary tract
cancer growth) as molecular targets and aiming at the suppression of TGF- receptor I1. This
therapy is now being evaluated in in vitro experiments.

(6) Mammalian Target of Rapamycin (mTOR)

ThemTOR is a serine/threonine kinase identified as a target molecule for rapamycin (a
macrolide antibiotic). This molecule plays multiple roles in the regulation of cell division,
growth, and survival. Analysis of the above-mentioned BKS5.erbB2 transgenic mice and
biliary tract cancer cells suggested that during cellular signal transduction through the erbB
family, the erbB2-erbB3 system is primarily involved in the PI3K-Akt pathway, and that
the EGFR-erbB2 system is primarily involved in the Raf-Ras-MAPK pathway. Because
mTOR is a signaling molecule of the PI3K-Akt pathway, mTOR inhibitors are expected to
be useful in suppressing the PI3K-Akt pathway involved in anti-apoptotic activity.
Although no report on the clinical application of mTOR inhibitors in the cases of biliary
tract cancer has been published, their anti-tumor efficacy has been shown and evaluated in
BKS5.erbB2 transgenic mice [121].

(7) Interleukin-4 (IL-4) Receptor

In human intrahepatic bile duct cancer, the frequency of IL-4 receptor expression is
higher than normal [122]. Pseudomonas exotoxin (PE) is an exotoxin derived from
Pseudomonas aeruginosa and IL-4 receptor-targeted cytotoxin (IL-4-PE), composed of PE
and IL-4, has been shown to efficiently exert cytocidal and antitumor actions against tumors
with high IL-4 receptor expression [123,124]. In an experiment on IL-4-PE-induced cell
damage, protein synthesis in biliary cancer cell lines was substantially suppressed. When its
anti-tumor efficacy was evaluated in nude mice subcutaneously implanted with a tumor, the
tumor size decreased significantly in the IL-4-PE-treated groups (administration of IL-4-PE
into the tumor or intraperitoneal administration), and the survival period of mice with
intraperitoneal dissemination of the tumor was significantly extended following
intraperitoneal administration of IL-4-PE [122]. IL-4 receptor cytotoxin therapy is thus
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expected to be useful as a new means of molecular-targeted therapy for intrahepatic bile duct
cancer.

(8) Insulin-like growth Factor (IGF) Receptor

The insulin-like growth factor (IGF) receptor and its downstream cellular signals play
important roles in the proliferation, apoptosis, migration, and differentiation of cells [125].
Activation of IGF receptor arises from its association with the EGF receptor or from IGF-1
and IGF-2. In cancer cell biology, activation of the IGF receptor and downstream cellular
signals are known to be involved in mobility, adhesiveness, and vascularization potentials
[126,127]. The frequency of IGF receptor expression in biliary tract cancer is reported to be
high [128,129]. In our analysis (data not shown), the expression of IGF receptors did not
correlate with any clinicopathological indicators, but the prognosis (survival) was
significantly poorer in IGF receptor-expressing cases. The IGF receptor is expected to be
useful as a target molecule for molecular-targeted therapy for biliary tract cancer.

(9) Mucin Core Polypeptide 4 (MUC4)

Several studies have recently shown the involvement of membrane mucins such as Mucl
and Muc4 in cell signaling [77,130,131]. Muc4contains two epidermal growth factor (EGF)
domains with conserved amino acid residues of active EGF-like growth factors, one of which
reportedly acts as a ligand for erbB2 [77]. Thus, Muc4 acts as a novel transmembrane ligand
for the tyrosine kinase erbB2, triggering specific phosphorylation of erbB2 [132]. The
expression of MUC4 has been reported in human biliary tract carcinomas [133,134]. In terms
of pathobiology for biliary carcinogenesis, these findings can be combined with erbB2
amplification and/or overexpression in biliary tract carcinomas [71].

The expression levels of MUC4 protein and mRNA were increased in specimens of
gallbladder carcinoma. Immunoprecipitation experiments showed an interaction between
MUC4 and erbB2. This interaction was associated with the hyperphosphorylation of erbB2,
MAPK and Akt and with the overexpression of cyclooxygenase-2. Transfection experiments
showed that MUC4 amplifies cell proliferation in the presence of heregulin through
potentiating phosphorylation of erbB2 and its downstream signaling pathways. MUC4 is up-
regulated and interacts with erbB2 in human gallbladder carcinoma and thereby supports the
potential implication of MUC4 in erbB2 activation. Therefore, MUC4 may be a molecular
target for a novel therapeutic and chemopreventive approach against gallbladder cancer.

(10) N-Acetylglucosaminyltransferase

It is a well-known fact that oligosaccharide structures are dramatically changed in
carcinogenesis including malignant transformation. Oligosaccharides are synthesized by a set
of several glycosyltransferases, whose genes are approximately 1% of the human genome. N-
Acetylglucosaminyltransferase V (GnT-V) is one of the most important among several kinds
of glycosyltransferases, which are enzymes involved in carcinogenesis and tumor metastasis
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[135-137]. GnT-V is involved in the synthesis of (J1-6 GlcNAc branching formation on N-
glycans. A study of GnT-V-deficient mice clearly showed that GnT-V was essential for tumor
growth and metastasis [138]. The mechanisms underlying how GnT-V regulates tumor
metastasis involve the up-regulation of signaling of many growth factor receptors on the cell
surface by suppressing their endocytosis [139], the enhancement of certain kinds of protease
activity [140], and the stimulation of angiogenesis as a co-factor [141].

The expression of GnT-V at the protein level is up-regulated in gallbladder carcinoma
tissues and the immunohistochemical expression level of GnT-V is correlated with
aggressiveness of the disease, such as the tendency to form distant recurrences, and with
postsurgical survival [142]. Moreover, in the in vitro and in vivo experiments using the
gallbladder carcinoma cells, the expression levels of GnT-V in the cells were positively
correlated with malignant behaviors, such as rapid cell growth, potent angiogenic capability,
and potent metastatic potential. Taken together, the expression levels of GnT-V may serve as
a unique biological feature associated with the malignant behavior of gallbladder carcinoma.
Therefore, the malignant phenotype can be blocked by a GnT-V inhibitor, Swainsonine, a
potent GnT-V inhibitor that reduces tumor metastasis and tumor solid growth in mice
[143,144].

RESULTS OF TREATMENT WITH
MOLECULAR-TARGETED DRUGS

Of the target molecules for the treatment of biliary tract cancer discussed in the preceding
sections, the EGF receptor, erbB2 gene, and VEGF, etc., were used as targets in clinical
studies designed to evaluate their efficacy.

Erlotinib inhibits the tyrosine kinase domain of the EGF receptor of erbB family
members. When used for primary treatment of pancreatic cancer, this drug, in combination
with gemcitabine, prolonged the survival period of patients compared to gemcitabine
treatment alone. This drug is thus considered as a promising molecular-targeted drug. As far
as treatment of biliary tract cancer is concerned, results of a phase II clinical study have been
reported on erlotinib monotherapy as a means of initial and secondary treatment [145]. The
response rate was low (8%), but the percentage of cases that remained free of aggravation for
24 weeks or longer (the primary endpoint) was relatively higher (17%). However, the
prognosis after this therapy did not differ depending on the presence/absence of EGF receptor
expression or the intensity of EGF receptor expression.

Lapatinib is a tyrosine kinase inhibitor capable of blocking the tyrosine kinases domains
of the EGF receptor and erbB2 among the erbB. family members (Figure 7). It is a low-
molecular-weight drug designed for oral use. The results of a phase II clinical study on
lapatinib monotherapy in patients with advanced biliary tract cancer or advanced
hepatocellular carcinoma have been reported [146]. The evaluation of its efficacy revealed
that the response rate was 55% for hepatocellular carcinoma, but there was no responder
among the cases of biliary tract cancer. Thus, the results were unsatisfactory.

In patients with gallbladder cancer or bile duct cancer having failed to respond-to
GEMOX therapy (gemcitabine + oxaliplatin), treatment combining these two drugs with
cetuximab (a monoclonal antibody to EGF receptor) was attempted. The response rate was
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reported to be 10% for complete response and 53% for partial response [147]. While this was
a small-scale study,the results have shown that cetuximab plus GEMOX has encouraging
antitumor activity and warrant further study in a large randomized trial.

Vascular endothelial growth factor (VEGF), that is a potent regulator in pathological
angiogenesis, has been detected in bile duct and gallbladder cancers. The expression levels
correlate with advanced disease stage and poor prognosis [145,148]. Bevacizumab, a
recombinant humanized monoclonal antibody against VEGF, is an important therapeutic
agent in several malignancies [149-151]. Given the promising efficacy and favorable
tolerability profile of GEMOX, the combination of bevacizumab with GEMOX in advanced
biliary tract cancers was assessed by use of FDG-PET [152]. The results of this combination

therapy have shown antitumor activity with tolerable safety in patients with advanced biliary
tract cancers.

PERSPECTIVES FOR THE FUTURE

Early detection of biliary tract cancer is difficult, and this cancer can rarely be surgically
resected at early stages. Because this cancer is often resistant to current ways of
chemotherapy and radiotherapy, the following strategies are desirable to improve the outcome
of treatment and survival prognosis in cases of biliary tract cancer. That is, factors stimulating
carcinogenesis in the high-risk group as well as tumor biological factors involved in the
infiltration and metastasis of cancer in patients with advanced biliary tract cancer needs to be
identified. Following identification of these factors, it is essential to develop drugs, etc., for
use in the new ways of molecular-targeted therapy directed at these factors.

In this context, clinical trials on molecular-targeted drugs for biliary tract cancer are now
in progress in Western countries [153]. All of these clinical trials are at phase II. They often
pertain to antibodies or tyrosine kinase inhibitors targeted at the EGF receptor, erbB2 gene,
etc. In the near future, it is highly probable that the tumor biological factors (e.g., cell surface
receptors, downstream signal molecules, etc.) discussed in this review will become important
targets in the development of molecular-targeted therapies for biliary tract cancer and their
clinical application will be discussed.
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